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Introduction - 

Over a decade ago, in August 1977, [he First Marine 
hlammal Stranding Workshop was convened in Athens, 
Georgia. That  workshop, organized by J . R .  Geraci and 
D.J.  St. Xubin, not only considered biology and pathology 
of stranded marine mammals, but it also served as a 
springboard for the formation of regional marine mammal 
stranding networks in the United States. The ramifications 
have been extremely important to the field of marine mam- 
malogy since, for some species, examination or rehabilita- 
tion of stranded specimens serves as virtually the only 
source of information on distribution, anatomy, physiol- 
ogy, reproduction, and pathology. The First Marine Mam- 
mal Stranding Workshop led to increased awareness of the 
marine mammals themselves, as well as the logistic and 
legal factors associated with effective handling of the 
animals. 

X number of individuals indicated that they felt that a 
Second Marine Mammal Stranding Workshop held prior 
to the Seventh Biennial Conference on the Biology of 
Marine Mammals (Miami, Florida: December 1987) 
would be both timely and productive. Accordingly, we 
organized the workshop and scheduled it to occur on 3-5 
December. Our  goals for the workshop were several, in- 
cluding 1) providing descriptions of some research, espe- 
cially new techniques, regarding stranded marine mam- 
mals': 2) providing a forum where scientists could interact 
and possibly initiate cooperative research activities; 3) 
presenting information regarding procedures used effec- 
tively to handle stranded animals; 4) assessing ways to 
standardize data and specimen collection, archiving, and 
retrieval; and 5) providing a forum for assessing accom- 
plishments and status of regional stranding networks to 
date, as well as for making recommendations regarding 
future activities of the networks. Nearly 100 individuals 
representing Federal and State governments, academic in- 
stitutions, the oceanarium industry, consulting groups, 
conservation organizations. and the private sector attended 
the workshop (see Workshop Participants, this volume). 

The majority of the papers presented at the workshop 
are presented in this volume, and they address the goals 
stated above. The second and third papers provide a 
historical view of the regional networks, as well as a discus- 
sion of legal implications of handling stranded marine 
mammals. The  following six papers summarize the 
organization, accomplishments, frustrations, and goals of 
the six regional marine mammal stranding networks in the 

' I n  this volume, different authors have used terms such as . 'stranded". 
"beached", and "beach cast" to describe marine mammals on beaches 
.Although Hofman differentiates between "beached" and "stranded" 
in his paper (paper 2 ) .  12-e have allo\z-ed authors to use the term they 
prefer to describe dead or live marine mammals that acc~dently smim 
ashore. xvash ashore, or are trapped by receding tides. 

United States. The next nine papers cover a variety of 
specific topics including a description of specimen collec- 
tion and archiving: specific case histories involving marine 
mammals, and assessments of the use of certain approaches 
( i .e . ,  cytogenetic and pollutant studies) to permit a better 
understanding of marine mammal natural history. The  
final paper in this volume includes a relevant paper that 
was not given at the workshop. 

The Second Marine Mammal Stranding Workshop 
could not have been planned or held without the help of 
many individuals and organizations. The  participants 
themselves were an active, vocal group whose presenta- 
tions and discussions n-ere thorough and productive; group 
discussion leaders Murray Johnson. Charles Woodhouse, 
Steven Zimmerman, and Aleta Hohn deserve special men- 
tion for their skill in conducting fruitful sessions. Thomas 
McIntyre, Robert Hofman, and James Mead were par- 
ticularly helpful in organizing the workshop. We thank the 
Rosensteil School of Marine and Atmospheric Science at 
the University of Miami for serving as host for the event. 
We also thank Andrew Dizon and Linda Jones (National 
Marine Fisheries Service) for their help in publishing the 
workshop proceedings and Dean Wilkinson (National 
Marine Fisheries Service) for his many helpful suggestions 
and for his support. Several graduate students at Univer- 
sity of Miami (Nelio Rarros, Vicki Credle, Michael Car-  
van, and Miriam hlarmontel) contributed considerable 
time and energy to help the workshop run smoothly. 
Finally. we are grateful to the organizations that provided 
monetary support that permitted the workshop to be held, 
receptions to occur. and publication and dissemination of 
this proceedings volume. Those organizations are Ceta- 
cean Society International, Eckerd College, Florida 
Department of Natural Resources. Florida Power & Light 
Company, National Marine Fisheries Service, Sea World 
of Florida. and Sea World Research Institute. 

The  First Marine Mammal Stranding Network cata- 
lyzed considerable research regarding marine mammals 
and considerable rethinking of the logistics of dealing with 
strandings. We hope that the information contained in this 
volume will also be useful to scientists, managers. enforce- 
ment personnel. and others whose work involves stranded 
marine mammals. 

John E .  Reynolds I11 
Marine Science Department 
Eckerd College 
St .  Petersburg. FL 33733 

Daniel K .  Ode11 
Sea World of Florida 
7007 Sea World Drive 
Orlando. FL 32821 
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The Second hlarine hlammal Stranding LVorkshop in- 
volved presentation and discussion of 22  papers (17 of 
mhich appear in this volume) that considered a variety of' 
topics (see Introduction). The  LVorkshop also included t\vo 
panel discussions, one dealing mith mass strandings, the 
second ~vith the extremely high mortality of' bottlenose 
dolphins (T/irsiops truncat/is) that began along the mid- 
Atlantic coast in late June 1987. As a culminating event. 
~vorkshop participants Lvere randomly divided into four 
lvorking groups (11-ith each group numbering about 20 
people) to discuss a 1.ariety of questions, including the 
fbllowing: 

e LVhat ha le  the reyional stranding- net\\orks don? \\ell 
thdt should be continued' 

e LVhat could the net\\orks do better, giLen adequate 
fundlng' 

@ TVhdt t ipes of research should be emphas~zed in the 
future' 

@ \\'hat basic funding requirements are needed for Indin- 
tenance and for enhdn~ernent of netmork d c t i ~  i t~es?  
TL hat could be done to stdndardize data c o l l e ~ t ~ o n  and 
enhance qualiti control' 

Four lvorkshop participants graciously agreed to moder- 
ate and report on the working group discussions ~vithin par- 
ticular groups and to report on their group's ideas to all 
\vorkshop participants. Those individuals (lfurr-ay John- 
son, Charles LVoodhouse, Aleta Hohn, and Steven Zim- 
merman) did skillful jobs in promoting and moderating 
discussions and in structuring their reports, and me are 
grateful fbr their contributions. 

This paper summarizes the responses ofthe four work- 
ing groups to the questions posed above. S o  effbrt was 
made to determine quantitatively ho\\- many participants 

agreed ~vith various points: holvever, the follo~ving discus- 
sion is based on general group consensus as determined 
by each group's moderator. A draft of'this paper \vas sent 
to all lvorkshop participants for their comments, and was 
revised accordingly. 

It should be noted rhat activities of the regional netmorks 
described in papers 4-9 ofthis vo!ume were not formally 
compared or contrasted in terms of their effectiveness. 
12'ilkinson (in prep.) considers network effectiveness and 
makes appropriate recommendations. 

Network Accomplishments 

LVorkshop participants felt that the net\\-orks ha\-e done 
several things well. First, there as general agreement that 
most regional net~vorks had established an effective organ- 
izational frame~vork consisting of a regional coordinator(s) 
~ v h o  maintained a data base and who organized volunteers 
to respond to stranding events. There was agreement that 
the network personnel respond well to unusual ei-ents. such 
as mass strandings. and that public knowledge and interest 
regarding marine mammals has increased. 

One  important benefit of the ~vell-structured networks 
has been publication and dissemination of good-quality 
scientific information. For example, anatomical speci- 
mens, especially hard parts, have been and are being 
collected and used fbr distributional and systematic studies. 
and the results of these studies are routinely published 
in peer revie\\ journals. Another benefit has been rhat 
people have learned how to evaluate, transport. and re- 
habilitate abandoned, injured, and sick pinnipeds. mana- 
tees; and sea otters; efforts ~vith cetaceans have been less 
successful. 
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One of the working groups ~ a i n t a i n e d  that three im- 
portant brnef::s ,derive i':-o?i~ ~ h c  e'.Eciz,:t op~r3ti(i:l cf i h ~  
stranding netbvorks. First. as we gain experience dealing 
~vith livz-strandings. and as Se t~e r  communications Lead 
to shortel response times, the pain and s~ffer ing  of live- 
strandtd animals can be r e d ~ c e d ,  Second: the networks 
provide a means for planning and orgarlizing responses to 
human health an3  dispcsal problems. Third, the networks 
have helped increase scientific kncv\.ledge and public 
awareness of marine mammals and problems affecting their 
health and welfare. 

Future Goals 

il'orkshop participants made a number of recommenda- 
tions regard~ng areas whcre the netxvorks could improve 
if there were increased funding available for tral~el, speci- 
men preparation, salaries, and equipment. The  extent to 
~vhich stranding networks have relied on volunteers and 
"good will" has limited, in some cases, what can be done. 
Participants recommended (in no particular order) that in- 
dividuals involved in regional stranding netbvorks should 
do the following: 

Learn to recognize and notify relevant authorities before 
initiating investigations of strandings that might be 
caused by human activities (e .g . ,  illegal dumping. 
harassment. commercial fishing) so as to permit the 
establishment of a chain of custody of e\-idence. Such 
notification would help ensure that possible human- 
related mortalities are properly and effectively inves- 
tigated. Subsequently, efforts could be made to work 
with the appropriate agencies to prevent or reduce such 
mortality. 
Determine cause of death in all possible instances. Some 
workshop participants noted that cause of death was not 
determined as frequently as is desirable. Lack of effort. 
lack of resources, and lack of appropriate training \\ere 
cited as some of the reasons \vhy cause of death is not 
being determined in all cases. 

0 Educate the public and volunteers of the possible con- 
sequences of returning li\.e animals to the sea. the value 
of studying both live and dead stranded animals, the 
methods and purposes of various study techniques, and 
the possible dangers associated with contact with both 
live and dead stranded marine mammals. The view was 
expressed that people generally respond positively when 
they are \\ell-informed. Public relations, a problem dur- 
ing some past stranding events, could be improved: a) 
by using \\ell-informed people trained in public relations 
to deal with the press and with questions by other in- 
terested individuals at the stranding events; b) by dis- 
tributing prepared information packages or brochures 
that describe types and causes of strandings, purposes 

and methods 3f in\-estigating strandings, hoiv to report 
stlal~dings, aad  possible dangers associated with ar-  
Tempts to rescue or handle stranded animals: and c) by 
providing thanks or .cl<nowledgment fcr help pr?~.i:dcd 
by the public. Some participants suggested that edu- 
cating school children tiould be an effective way tc 
communicate the imporrance of s t ~ d y i n g  stranded 
rnarine mammals. The press kits developed i ~ y  The 
Cousteau Society and the Smithsonian i:-istitution would 
be very useful, 

0 Accurately and promptly reccrd, verify. and archive 
Lei-el .A data (see Hofman 1991). This reccmmendation 
relates to quality control and data standardization. bvhich 
wc \\ill address later in this papzr. Participants beiieved 
very strongly that people responding to and investigating 
marine mammal strandings must conscientiously at- 
tempt to collect a full and accurate set of basehne (Level 
A) data. The  view \\as expressed that collection of in- 
accurate data could be more harmful than collection nf 
no data at all. 
Accurately and effectively tag, label. or otherwise mark 
all specimens at the time of collection (see Heyning 1991). 
Participants involved in developing and using museum 
and other collections noted that specimens that are not 
accurately and permanently tagged or marked often will 
become useless over time. 
Tag or otherwise mark all live-stranded animals as soon 
as possible to a) make it easier to maintain records, and 
establish priorities for carrying out various tasks; b) avoid 
taking duplicate samples or administering duplicate 
treatments to indil~idual animals: and c) ensure that 
animals that escape or are deliberately returned to the 
sea can be recognized as they beach again or are seen 
at sea. The  latter procedure is important because scant 
information is available concerning post-release survi\,or- 
ship and behal~ior. 
Maintain records of calls not responded to, changes in 
operational procedures, and other factors that may 
change over time. The stranding networks are still in 
their infancy, and failure to keep good records of re- 
porting and other procedures may make it difficult or 
impossible to detect or assess the significance of changes 
in the nature, frequencies. or locations of strandings. 
Develop and maintain inventories or directories indi- 
cating what and where data and specimens are archived. 
Such directories bvould assist scientists and other users 
to locate data and specimen materials. and thereby pro- 
mote research and ensure maximum benefit from the 
regional stranding programs. 
Increase communication within and among regional net- 
works. The  need for better feedback to participants and 
to indii-iduals assisting in stranding events was noted. 
Annual meetings of members and others interested in 
the regional networks were suggested as a means by 
which participants, regional coordinators, and Federal 
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and State government representatives could revien and 
agree on ivays to improve logistic procedures and scien- 
tific protocols for investigating and reporting the results 
of marine mammal strandings. For some regions, it was 
suggested that data summaries should be distributed to 
participants more promptly, and that specimen requests 
should be advertised. It was pointed out that com- 
puterization of all data at the regional level would 
enhance dissemination of information. 
Respond to frequent strandings of pinnipeds, and 
develop and maintain a centralized data file for pinniped 
strandings, as is being done for rarer strandings of ceta- 
ceans and sirenians. In some regions pinniped strandings 
occur so frequently that there is little interest and not 
enough participants to respond consistently. Some work- 
shop participants felt that more volunteers, and funds 
to provide necessary resources to these volunteers, should 
be sought and acquired in these regions. 
Train and periodically evaluate the performance of 
volunteers, professional staff. and participating institu- 
tions. This recommendation. similar to the above recom- 
mendation for quality control and data standardization, 
relates to quality control; thus, it will be discussed in 
greater detail later in this paper. Some ~ o r k s h o p  par- 
ticipants felt that some volunteers were poorly trained 
and had insufficient resources to respond effectively to 
stranding events. Others felt that some volunteers simply 
do incomplete or inaccurate jobs and that it would be 
better to have fewer volunteers involved in investigating 
stranding events. 
Increase coverage of certain remote and inaccessible 
coastlines to determine frequency and types of marine 
mammals strandings there. Periodic aerial surveys may 
be the only way to accomplish this. Prohibitive costs of 
such surveys could be circumvented if the surveys were 
"piggy-backed" on an existing routine patrol. 
Encourage increased participa~ion by agencies such as 
the Coast Guard and National Guard v:ho have man- 
polver and resources that could facilitate handling of 
stranded animals. Mass strandings, especially those in- 
volving large whales, mould be cases ivhere such help 
could be particularly useful. 
Exercise responsibility, ethics, and courtesy in terms 
of release and use of data from stranded animals. There 
was uncertainty in some participants' minds regard- . 
ing to whom stranding data "belong." Data collected 
during investigatic-ns of both live and dead stranded 
marine mammals may be of value to scientists, to State 
or  Federal agencies responsible for protecting and 
conserving marine mammals and the e c o s g e m s  of 
which they are a part, and to organizations maintain- 
ing marine mammals in captivity for purposes of scien- 
tific research or public display. As a general rule, data 
belong to the individual(s) who collect them or to the 
agency that funds or coordinates the investigation. 

Thus,  as a matter of practice, data should not be made 
available to or used by individuals or organizations not 
involved in particular investigations without the approval 
of the appropriate individual or organization. Con- 
versely, these individuals and organizations are respon- 
sible for analyzing and publishing the results of strand- 
ing investigations in a timely manner and for making 
the data available to anyone \ ~ i t h  a legitimate interest 
in them. 

Future Research 

The research recommendations proposed by the ivork- 
shop participants involved both live and dead stranded 
marine mammals. Certain recommendations also involved 
research involving methods of program or procedural 
assessment. TVorkshop participanrs noted that both live and 
dead stranded marine mammals provide unique oppor- 
tunities for acquiring biological and medical information; 
scientists should be well-trained and  ell-prepared to make 
rhe best use of these opportunities. 

With regard to live strandings, participants recom- 
mended that networks continue and expand efforts to 
develop criteria and procedures for quickly evaluating the 
medical status of live-stranded animals to focus efforts 
on determining why they strand, what happens to them 
physiologically when they strand, and how they can best 
be treated. Field protocols (including transport, tagging. 
and release methods) should be developed and published. 
With regard to treatment, it was pointed out that little is 
known about survival and behavior of stranded animals 
that are returned to the sea. and that tagging and,  ~vhere 
possible, radio and satellite tracking should be done to pro- 
vide a basis for deciding when and ivhat animals should 
be returned to the sea. Indeed, tagging of rehabilitated 
pinnipeds prior to return to the ~vild is required in the 
Southwestern Region by the National Marine Fisheries 
Service. Similarly, it was noted that criteria should be 
developed to assist in determining ivhen euthanasia ~ o u l d  
be more humane. A suggestion Ivas made that a paper be 
developed and published describing potential benefits and 
consequences of returning stranded and rehabilitated 
marine mammals to the sea. 

Lt'ith regard to dead animals, a strong recommendation 
Ivas made to establish a tissue data bank and to determine 
current levels of potentially harmful contaminants in tissues 
from recently stranded animals (by species, age. sex. and 
geographic location). Participants noted that new bio- 
chemical and cytogenetic techniques could be used on 
banked tissues to assess the extent to which marine mam- 
mals from different groups and geographic areas are 
genetically related. Functional anatomical and systematic 
research will continue to require access to ivell-preserved 
specimens. 
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?.? indicated in the previous secriorl ofthis palper. every 
L.C- .,,,, -t .,,iCii,d :L . ~ . I  hc: made io inl-chileati acd  deter.rnin: ca-~s i  

r;C Sheath. En rhose instances :\here human acti:.ities cause 
r~ncrrali~y or illness, identif-catiijr, of cause-effer~ re!stion- 
siii?;. can help determine steps rzquir-d to I-du.ce 3r ?re. 

% ,i:r the de!eteriolis impacts. 
Anorhe!: category :,f rzsearch relates i.0 stagdardizing, 

pe:-iodicaily evaiuating, and irriproviiig methods for reporr- 
Ing, ri-spond~ng to: and a:chi;-ing data Crom strandings. 
7 
i his is particularly important i f  on? of the g ~ a l s  cf the 
srrard~r.y n5:::iirk is to de~-elop 13r.g tiL>: series c?:̂ data 
;k?t -.+.i!! !;e usef:~l for detecting c!-L~I-igos in thr nu-mber. 

. .  . .;peci~s. zgts. ar.d olt:er chzracl:cr~s:i;s c i  mar:ne .;ilamr~lil.; 
rka; strand in difkrei-:r ertas. as ;i;dices o i  the status oil.vii;? 

. . 
;;opi-~iations and 3 f  maripe ecosystems. P-rt iciparts  noted 
+,-, .:,at cl~anges in ~ rocedures  and effcrt .devoted to cbtain- 

ing rep3rts of, and respondrrzg ta. straniirngs c o ~ l d  make 
it difffcult to iierecc changes and trends sin strandicg pat- 
< e 77 r:ls, c. prcx - ; ie  ;iie basiz f,,? idcrAtif::ii-Lz 3cd - ~ ~ - ~ l ~ ~ ~ i ~ ~  " 
pcss'bie s x r c e s  of bias, :hey rzccrrLrne;lded that a )  corn- 
i:lete yecords of reporting and respr,nse py-ccedul-es and 

. . c'iaiigel: be c a r e f ~ ! : ~  r?>a~i:iainecjl: aipd 5: JirictF- studies 
ix danc in rcpxsentar iv~ "iildc:~:" arfas to pro.-ide 5s.e- 
line? .for isszssing  he effects ct' changc-s in reporring a d  
respi;use procedure; c;n such things as tbc nuim'cers and 
prcporcicns 3f strandings thz: arc crbser:-ed, repol-red, a n d  
ii~vestigated Particip:inrs a!so soggested that as many data 
as pxsible be recorded in a digital. electronic format, 
possibly using a star~dard '"rompred" entry form. 

Discussions of funding rrquirements covered a sariety of 
items y a n g i ~ g  from administrative support provided by 
coordinators. to sponsorship of ~ v o r k r h o p ,  to purchase of 
eqsiprnent and s-~pplies, to support ot'travei and research 
s.c:ivities Appropriate fcnding sources .\,ere nnt detcr- 
mined, alchoi~gh one of the ~vorking groups suggested that 
t~T;. ,._ T\T- . iaL!onz! .-' Llarine Fisheries Service and other agencies 
shculd encourage corporate and locai government supper: 
71vo v.orking grollps suggested that money derived from 
fines generatcd by viola:ions of the Marine M2mrnal Pro.- 
tectior: Act be used to support the s t r a ~ ~ d i n g  netlvorks. A 
final suggesrion v\.as that support be sought locall>-: Cor ex- 
~ m p l e ,  a local hospital might be ~viliing to do occasional 
clinical analyses, 

The most critical fund~ng  needs are f ~ r  equipment, sup- 
plies. 9:~d travel, "Jgncapiral eqiripment such as knives, 
co!lectilg ;-iais, specimen containers, data forn;s, s:a!es, 
and other tools v;ould greatly enhacce rhe quantity and 
quaiit:: of th: data collected at stranding events. Additional 
fiilnls are needed ic p r c h a s e  eq!.liprnent and supplies for 
1- ; , ?~ .+-~1  . . , . and patho!ogical studies. Xn3iller critical need 
i s  tralel morley, sirice responses could be considerably 

improved and made .mnre consistent if funds lvi-re rrvai!ahie 
io ;eiiribul-se i i i~e i~igators  and ~~-o!untezrs foi- he:, ihcd. 
lodging-. and teleph-ne costs associated with strandings. 
S e ~ e r a l  \v>rkshop pzrticipants thought th3t a conting-ency 
fuxd shnuld be established to help ensure a thorougi~ 
response to anusua.: sit:iations ( e .g . ,  the die-off of abollir - 1 

, I+() TZL~A-I 'L~~JS trz ir l~ai: :~  i.; the mid-.Atlantic in 1987-1988). 
g2ap1rai equipmen: needs inclirde cameras (essential to 

document a d  \-erify species identifications): radio and 
satellite tags for attachment to representative live-stranded 
anirnals [her  are :-!eased: and psrscnal. IB11-co~1pztibte 
ccmputers. \si:lz ap~ropr i a t e  5oitv.are and har"lwar fc,r 

. . 
stcring, transr?lr:i7< sn i i  z c c ~ s i i r p  data files A s.'~ggec,- 
ticn xvas made that a corpcjraeion such as IB>~lI rnkght :;.c 
y a . ,  ..:!ling to pwvide compu:ers 71 no cost or reduced cr-st an6 

thar :-egional coordinators should determin- computer 
. . 

needs and inquiries re deirrizlne ~f they might he 
rnec hy vrluntar!. coctrib-Ltcrs 

. . i170r!.rs!rou ;:zrrls:panrs feI: :ha: sri?:le, long tern1 cu:~S- 
:ng shculd be r;i;;ai:~ed ro srrppcrt the sctis-ities of regionai 
ciicrriinators 2 2 1  zf a natic~lal stranding coordinator. th9 
Iztter being 3 pcsirion thar soixe ~t~orkshop p:jr:icipants fe!; 
\ needed. These rands ciiu!d provide secrztarial srlppcrr 
fc!r 3ata encry into cc;mputeri, es :veil as telephone zi1i 

general d i c e  expenses. Some funds shouid be acquit-ed t~ 
proi-ide '"00" t2lephon.e numbers that people can use :o 
report strandings. A role that might be assumed h>- a 
national stranding c3ordinztor \vou!d involve a c q u i r i ~ g  
h n d s  ts enhancr regional network activities, 

Th.2 o t k r  genera! !;ategor:i of funding nceds involved 
provision of travei rn:or,ey for ner\c-ork participants to at- 
tend interilatioi?al, national, a.nd regior~a! meetings related 
to stranded marine i ~ ~ a m m a i s .  Tke workshop participanis 
felt thar regional \vork.shops and training sessions for 
vo!unteers should be supporred because such gatherings 
would have imporrani cocsequences in terms (2f the qual- 
ity and quantity of inbrmnrion co!lected. 

Data Collection and Quality 
Control Needs -- 

Standardization and quality control ivere idenc-iced as im- 
portant needs by 211 i'.orkshop parlicipants, One of the 
~vorking groups, in fact, devoted its entire session to these 
topics. number of specific and ger~eral recorr.mendations 
;%ere made, 

Standardization it .iias feit, should be approached to 
ens-dre that members have common objectives, standard- 
ized data Corms and training in collecting, recording, and 
reporting various types of dam. Communication among 
2nd ~vithin regions. via ne:vsietters or periodic meetings. 
is necessayy to keep peopie \.;.orking [ogether toward com- 
m?n goals, as 7,ieli as to provide both positive an2 negarive 
feedback. 



Reynolds a n d  Odell: Assessment of Accomplishments of Regional Marine  Mammal  Stranding Networks 5 

Some participants felt that the National Marine Fisheries 
Service should take a leading role in efforts to standardize 
procedures used throughout the regions. although it was 
noted that presently the level of participation and involve- 
ment by Service personnel varies considerably from region 
to region. Several specific recommendations xvere made by 
the xvorkshop participants regarding ways to enhance stan- 
dardization. Thev are as follo\vs: 

Develop and publicize agreed net\vork objectives Clear 
and uniform goals ~vould allow individuals \vithin a 
region to \vork better as a team. 
Have one person responsible for verifying, recording, 
and archiving data within a region. Presumably this in- 
dividual \vould be the regional coordinator or someone 
\vorking closely xvith the coordinator. 
Hold periodic training sessions to teach volunteers and 
technicians ho\v to collect. record, and report data. 
Small, illustrated brochures or handbooks could be 
developed to accompany training sessions. Training ses- 
sions should concentrate not only on logistics of handling 
the animals, but also on specimen collection and preser- 
vation, methods for taking accurate measurements, and 
hoxv to report latitude and longitude accurately. 
Have regular meetings of net\vork coordinators and net- 
\vork members to review the objectives and operations 
of the net\vork. Periodic (quarterly) ne\vsletters should 
be developed to convey information regarding opera- 
tional changes, specimen requests, and recent stranding 
events \vithin regions. Such ne\vsletters could also be a 
vehicie for providing feedback (positive and negative) 
to net\\-ork members. 
Use standardized data forrns that are consistent among 
all regional stranding net\vorks. Perhaps the form used 
by the Snlithsonian Institution could be adopted by all 
regions. A system should be developed to evaluate stan- 
dard forms periodicaily to assess their adequacy. 

@ Computerize and standardize data archival and retrieval 
systems among the regions to make data more accessible 
and more comparable. 

Quality control \vas a serious concern among the xvork- 
shop participants. A general feeling \vas expressed that net- 
\vork coordinators should discuss and establish performance 
standards and a system for periodically evaluating perfor- 
mance of net\vork members. One of the working groups 
made some specific recommendations regarding evalua- 
tions and standards. 

This group began its discussion by examining ho\v in- 
dividuals becorne authorized to handle stranded marine 
mammals. For cetaceans and pinnipeds. a Letter of 
Authorization (LOA) is provided by the National hlarine 
Fisheries Service to certain people or organizations. Cri- 
teria used to determine the suitability of a particular in- 
dividual to hold a I,OA n-ere unclear. The \vorking group 

thought that one way to address quality control would be 
to encourage the National Marine Fisheries Service to 
develop clear criteria that are consistent among regions for 
use in evaluating xvhether a person or institution holding 
or requesting a LOA should keep or receive it. Further, 
each LOA should clearly specify the authority and respon- 
sibilities of the holder. For example, a particular LOA 
holder might be restricted to handling only dead animals, 
and not be permitted to transport or to hold live ones. LOA 
holders should be required to report their activities period- 
ically to their regional coordinator. Minimum reporting 
requirements should be specified in LOA's. Finally. LOA 
holders' activities should be reviexved annually to deter- 
mine whether they are complying xvith the terms and pro- 
visions of the LOA (e.g. ,  to assess completeness and ac- 
curacy of the data they collect. frequency with which they 
provide voucher materials and photographs of stranded 
animals. timeliness of their response to strandings, and 
their effectiveness as part of a regional "team"). The 
reviexv process, it was noted. should be: a) regional in 
scope; b) consistent among regions: c) informal, at least 
initially: and d) constructive and having a goal of improv- 
ing compliance \vith standards of quality. LOA holders xvho 
regularly provide deficient data or \vho do not respond ade- 
quately to stranding events \vould not be granted an an- 
nual renewal of their 1,OA. 

The working group that provided the specific recommen- 
dations did not address \vho should conduct annual revie\vs 
of LOA holders. In many regions, there are very fexv LOA 
holders. so a review process would be easy. In other regions 
(e .g . ,  the Southeastern Region) the large number of LOA 
holders xvould make the reviexv process a major task, 
Nonetheless. the group felt that a revie~v process, combined 
\vith consistent criteria for issuing a LOA in the first place, 
is necessary to ensure consistent high quality among and 
within regional stranding networks. 

Conclusion 

Considerable thought went into the recommendations 
emanating from the working groups. Not all participants 
agreed xvith all of the recommendations described above. 
Some recornmendations seemed to recur from group to 
group. 1Ve believe that the following ideas (most o j  a~lzich 
require sonzejiunding) were ~videly and strongly supported by 
the xvorkshop participants: 

@ Communication among and ~vithin regions should be 
enhanced by nexvsletters, meetings, workshops. and in- 
formal conversations; 
Data should be collected, recorded, and reported as ac- 
curately and completely as possible, using standardized 
data forms. Computers should be used to help ensure 
that data are archived and retrieved in a consistent. 
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efficient fashion arnong the networks. Dara should be 
recorded in standardized, digita! (coded) fbrrnats: 
Additional effort should be directed at educating the 
public regarding marine mammals and rnarine mammal 
strandings. Public relations could be impro\-ed by using 
infhrmation brochures. b)- placing designzted public 
relations experts at strandings, and by requiring feed- 
back to and recognition of individuals: particularl). \-01- 
unteers, who report or otherwise assist with strandings; 
Criteria and mechanisms to assess perfhrmance and to 
ensure quality control need to be de\-eloped; 
A tissue bank for marine mammal specimens should be 
established, archived. and advertised among scientists 
who might use such specimens for research; and 
Individuals should be responsible. ethical, and courteous 
in their use of stranding data. Acknowledgment of people 
who assist in data collection or analysis is important. 

The stranding net~vorks ha\-e provided an important and 
effective frame~vork for humane handling of stranded 
marine mammals, for generating scientific information, 
and for informing the public. Nonetheless, growth and im- 
provement of the networks is necessary, \Ye hope that the 
recommendations provided in this paper will serve as a 
useful guideline and form the basis for discussions that mill 
permit e\-en more effecti\-e and humane responses to 
stranded marine mammals. 
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ABSTRACT 

This paper provides a brief description of the background. purposes, and results of the August 
1977 Workshop on Marine Mammal Strandings lrhich led to the establishment of the current 
s>-stem of regional marine mammal stranding net~rorks in the Cnited States. It notes that the 
networks do not have clear1)- articulated goals and that it, therefore. is difficult to judge their 
performance. It proposes adoption of four general goals: 1) to minimize the threats of beached 
and stranded marine mammals eo human health and safer!,; 2)  to minimize pain and suffering 
of live-stranded animals; 3) to derive maximum possible scientific and educational benefits from 
strandings; and 4) to establish long-time series of data necessary to determine natural variation 
and detect changes in mortalit>- patterns and other variables that may be indicators of population 
and habitat status. It identifies actions that could be taken by the net~rorks and network coor- 
dinators to help meet the suggested goals. 

Introduction 

The value of beached and stranded marine mammals* no 
doubt has been recognized fbr thousands, if not tens or 
hundreds of thousands of years. In many coastal areas, 
early humans searched for and used beached and stranded 
marine mammals for food and fbr sources of bone and other 
materials to construct tools, tveapons, etc. It is not un- 
reasonable to presume that some beaches :\ere searched 
systematically, at least at certain times of the year, and that 
procedures tvere established to notify other clan or tribe 
members ),!.hen animals \vere fbund and to govern the 
dismemberment and the distribution of parts from these 
animals. Thus,  in a historic sense. the first marine mam- 
mal stranding net\vorks were organized and operated by 
stone age societies. 

Recognition of the scientific value of beached and 
stranded marine mammals also is not netv. The  original 
descriptions of many marine mammal species \vere based 
cpon examination of carcasses found ~vashed-up on 
beaches. Recognizing the relative rarity and value of such 
specimens, some of the earliest phvsicians and natural 

-- 

' I n  this paprr ,  the terrri .'beached" rrfer\ to dead marine mammal? rhat 
wash up  on beaches and the term "strandrd" refrrs to l i ~ e  rnarlne mam- 
mals that sn lm onto heache\ or a r r  \ trandrd b) r e c e d i ~ i ~  r~des .  

historians In several parts of the tlorld may have made 
kno\\n their interest and established procedures for report- 
ing and recovering beached and stranded marine mam- 
mals. Thus,  recognition of the scientific value of beached 
and stranded marine mammals may date back to the 
earliest civilizations. 

A cursory review of recent literature on marine mam- 
mal strandings indicates tha: salvagelnecropsy and rescue1 
rehabilitation programs have been developed and imple- 
rnented in a number of countries to facilitate reporting of 
and appropriate responses to beached and stranded marine 
mammals (see. for example, the papers in this volume in- 
cluding Ode11 1991 ; Seagars and Joztviak 1991 ; Scordino 
1991; Zimmerman 1991 ; and Nitta 1991 ; also see Ander- 
son 1982: Easton et al. 1982; Hansen 1983; Seagars et al. 
1986; Sheldrick 1976; and Smeenk 1986). Responses vary. 
depending upon variables such as the nature and location 
of the stranding. the species and number of animals in- 
volved, the interest and capabilities of the scientists and 
institutions present in the vicinity of the stranding loca- 
tion. and the availability of funding, equipment, and 
logistic support. 

In 1977. fbllowing a mass stranding of pilot whales 
(Globicephaia macror/y~zc/zus) near hlayport. Florida, the 
hlarine hlammal Commission received several phone calls 
and letters expressing concern that qualified scientists had 
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, . . . 
bern denied access tc the carrasse? ii!ici thz~t a \~zluai,!~: :IF 

. . 
portunit) ri i  cclle:-t certain types of'iisei'u: t l , ~ ~ : ?  onwqiien!:;, 
had besii lost. Several persons ii,vo!veS, ix this :I:..? previ~us 

. . . - 
S~:r?*!?.lin~ ,3 ;rix-eii~gallotl ' - iln',-cl & ~ t  3 ~:.~?-:.;r.~:;j 
co idsn:ik and cietcrrnirlc ' 1 3 ~  :o a.i,zid su<ki gr.ob!ems ir; 
ti:. r'.iir~;~rt. The Camrn:islol-: :~ibseq-:e ::.i- pr.,\-ii!:'.: ~c:-,r.s 

~. 
to organize 2nd cori;-<n~ :he - , i t i rk~h:~u,  ii-l>:z:-i ;i.ss heid ar -. 
the Uni\-ers;:). of Gesrgia. i;,::'iins ~ C J ~ ~ L B .  ill  i c p s :  
1957. 

The :,b.ork~haP a$ject::.es x,i.ere tc 1) ;r:-~id.; ,.I qericral 
yevie\\, a:id a~n;l.! s ~ s  of ii-riil3blr (Tala : c~n,:;:rl:-:, .he n?:>.:i.t. 

2111 occurrence of rnarin? :narr;mai scranri:r,gs on? 3i' 
siraiidlr-,~ .:heoyies: 2 )  :dr!>;::':. 4;n.Z~ .of ~42'; ~ l i r ; ~  L:>IJJC) 

" 3  ' be obtalner' froin itudizi of s:ranr!co .nl:-rrats zncf !;~.;-: 

[p:.;se ,d.itz n igh[  c o n s r i i ~ ~ t r  the :ii:ci.:r--;:-l . i >  ,i;-+ ; i.2- 
, ~ . -  

re:!-ion of r ~ a r i n t  mli-nvlais; 3) ~-jert l i \ -  Fe l~r : !  .a:; I? :?  
, . 

;igc!icit'~ iv.Liast rrt~ssilnc ;verr. such tha: they bl  ~ i , l i l  !:iivc 

a use fcr -ista derll-ed from stranding stuciies. 4) pr3vi.dr 
. . recom,meu;at:on;; re5ardi!ig the !!aridlir?g, ix-  t. 2nd I!- 

position -:' live-strancied animals: and ") prc\,i:.:~ a r.2. 

~ io l l l le  and plan fo:- a coorciinnrcd., ~ s~ io r~ i+~ . r !< :  z,a!\,ak;e- 

. . 
?he causes of man)- strar;d!ngs, particui:?.r!y .?-!ass strar:d- 
jngs of live cetaceans. a r t  not clear a!-13 r~pe-r f r  f~arthcr 
investigation; 

5 strandings somrtimes provide :a!ux%!e 21-id uuiqce 
sources i f  informai:ion concerning tile dl2trihi:tioli 
relative abundance, morpho1og)-. diseases, a;ld natural 
history of marine mam.nals, aild, in scme cases! rcrt:- 
be indicators :~f the status of rnari:ie rnan:ma! . poimla- . 

tions and the ecosystems of ~'ihich they are a part: 
a stranded 2niinials prcvidz a relatively inexpen~iv.: and 

!~neslslcited Tollrce of specimens aiid S~ologic a! iisaterial 
fcr teaching purpcses; 
rehahi1ira:ed strandlings provide a valuable sour<-e of live 
animals for public display and scientific research and 
sometimes can he used in place of taking u:ild specimens; 

0 the first consideratior! at any stranding event should be 
the care and weil-bcing of live animals; 
means for accomplishing the care and ~vell-beiyg of live 
animals may vary with circumstances and indude re- 
turning animals to the sea, transferring anima!s to hold- 
ing facilities for care and rehahilitatior?. and euthaniz- 
ing animals that likely i*.-ou!d die or suffer if returned 
to the sea and that cou:ti not 5e remo\.ed to a suirablc 
holding f~cil i ty for care and rehabilitation; 

e if !ive-stranded animals are rescued and rehabilitated 

decisions whether these animals shosld be released or 
mainteined in captivity must take into account the 
possibilit~; that the arlimals may have lost their natural 
capacity to locate and capture appropriate prey species, 
avoid predators. and interact normally ~ i i t h  other 

ri:ein'i~ers of the sycizs :  
@ ::er+air: 1yp2s of ciaia---termed '"?:.el .A Data"-shoi~!d 

he collected korr- :tll strnnding el-enrs. .%dditionaI sup- 
. ~ 

i:!z-ni?ilt,2r.- ififzyi7;.iricAl spscim,;ii y;al-!-izl c:;' *tss!!.: 

s n i i i i e - -  "Lei-el R and Le:rl C: 2rata"---should 
!,e ::o!iccied. if :~iifi~\.i-~.:r: poisii;ie. irora eii s:randir;g 
s\-ents '1 id- rve! A ,  8, ail? C Data are described in .Ap- 
pei-idices ! - 3 ; .  
rejlcj~nal itranding net;vorks should be crganized end 
operated to Gtilitate acquisition cf6ata from ct~andir~gs:  
-- --.-,dz , . 
I , . an crficitnr :::r3r;s :?r diic?rn~naring :?ata: ease 
t!:e efforts '2i la\*.. enfarce:nent agencies: ericcurage close 
c~):zsra~.i~:i ii-~il:n.q :nforceii;ent zgencies. ii:i.estrgato:-s 

. .  . . 
ailci Inst:rur:cri;; aci! eiii-i~i!zat~ conflicts and ciuplicaiion 

, . 
<?f tff3i-r an?ong iicse ir~-es:~gar~r;g ~tr2ildings. Tke 
r.rql:inai nzr.i orks si?ould "? ccrgaiiizel along the 1 ; ~ ~ e s  

, . . . 
to: the ;-xistiiig regic:i;:i ~ry31l iza11~n 3f the Nario-.a! 

- ,  . , >Ia,.;~le r !sbei:es Sr:-:-ice-i.e., iiortl~eiiit, S O U ~ ~ ~ ~ S C ,  

snoihi4.-eti.. noi-th:?es~-, and .?.!as?ia-ivith separate iiet 
~vorits 1 -  FFzii:air and posslbiy ic Puerts B i o  an8 t>e 

1.;. S .  ",,-irgin Gsl.-,nds. ant1 
;? srlia!!. i~.ztio~7a! oCGce si-oulc bii entablis!?ed to pi-::-ic!'c. . . 
li m,-cha:i::i_;. hi- a?chlvli~g and :.eri:i,ins j-e!-e] i I i rra;  

" .  . " 
a?d ;? iacil:t:?te commurlicarlons among the reg!~i?a! 
Ge:i2> jrk: 

in rcsponse :;. rkic \i.orkshop recorn:;~~ndarions, six 
. , 

,-PO. LL,Aoua~ stranciir;< n~t-~i .orks sui~eciuently v;ere organized - 
l l i c  regions covered b > -  the net*orks are the norihcast 
jXe;n inpiand.  Nen. -fork, Nrw Jersey, Slaryiand, and 
1"irginia): the soiltheast (Norrh Carolina. South Carolina. 
Georgia, Ficrid2. Alabama, Texah, Puerto Rico. and the 
U .S .  Virgin Islands), the scutilrvest (Califi~rnia): the north- 
west (Oregon and :,l'ashington); Alaska: and Hzrvaii. In 
adc'iiticn. Dr .  hiead,  at the Smithsonian Institution; has 
continilec! arrhi\,ii?g stranding r?cords. begun in 1953. 
airi-lough f ~ n d i n g  constraints has-e permitted recording only 
cei:actari stranding data since 1983. 

Each ofthe regional networks has a designared individual 
or orgal-iization that functions as the netnork coordinator. 
Some coordinators receive 2nd archis-e data. and coor- 
dinate responses to reported strandings. :vhile others do 
little inore than advise members when strandings occur. 
l-lost or the network coordinators have developed direc- 
tories listing the names and telephone numbers of reles-ant 
Federa! and state law. enibrcement officers, pub!ic dispi3y 
and academic institutions. and indi\.iduals who have ip- 
dicated an interest and ~+,.illingness to assist in resc32ing and 
investiyating beached nnd stranded animals hlembers oi 
die networks are authorized rci collect specimens and parts 
thereof either by scientific research peri~:its or by letters 
of authorization issued by the Vational hlarine Fisheries 
Service (for ceraccans and most pinnipeds). or by the I3.S 
Fish and I'cildlife Service (for manatees, sea otters. walrus. 
and polar bears). 
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Stranding Network Goals 

.4lthough the report from the 1977 \L-orkshop (Geraci and 
St. .4ubin 1979) indicates what the responsibilities of the 
regisna! itranding nt't\\orks should be, it does not inc1ic.are 
or suggest their goals or ol~jectives. Like\vise, ~ h i l e  some 
of the netuork directories provide general statements of 
purpose, none prqvide clear descriptions of goals or ob- 
jectives. Therefore, there are no established criteria for 
judging ner~vork performance. 

One of the things rhat this second \vorkshop could do 
is establish goals or ol~jectives and then use these, in con- 
junction \vith the information provided in the presented 
~vorkshop papers. ~o,jutlge the effectiveness of the existing 
ner\vorks and \\hat might useful1~- be done to improl-e 
them. For purposes of discussion, the stranding net\vorks 
should have b u r  general, long-tern~ goals, namely. 

* to minimize the possible threats of beached and stranded 
marine mammals to human health and safety; 

6 to minimize the pain and suffering of live-stranded 
animals: 

e to derivr maximum possible scientific and educational 
benefits fr:)m both live- and dead-stranded marine mam- 
mals; and 

@ to establish long-time series of data \\ hich may help to 
determine natural variation anti detect changes in mor- 
ta1it)- levels and patterns, contaminant loads, and other 
variables rhat may he indicators of the status of coastal 
marine mammal populations and the ecosystenis of 
~ h i c h  they are a part. 

Threats to Human Hea!th and Safety 

Reach-rast marine mammal carcassrs ma)- contain andior 
provide media for the gro~vth of pathogens that can infect 
anti kill humans. Similar1~-, live-srrclndeti rnarirle mammais 
may tnrash about, or be moved by \vave action. and con- 
sequently kill or injure humans \ \ho come near thern. 
'Therefore, one ofthe goals of the stranding net~vorks should 
be to minimize such threats. T o  accon~plish this goal, the 
netuorks, in cooperation \vith appropriate Federal, state 
and local law enforcement agencies. should establish pro- 
tocols and/or guidelines for recovering, handling, and 
disposing of both live and dead animals, and for restrict- 
ing public access to stranded animals and stranding sites 
as and \\hen necessary. 

Pain and Suffering of Live-stranded Animals 

Live-stranded animals ma)- be subject to much pain and 
suffering due to disease, sunburn, dehydration, overheat- 
ing. suffbcation. and/sr  in,jury from thrashing and \\ ave 
action. Such pain and suffering sometimes car: be avoided 
or alleviated by shading and keeping the animals \vet. by 
pushing or to~ving the animals back into the sea, b>- trans- 

porting animals to holding facilities for treatment, or by 
euthanizing animals ~ h i c h  cannot or should not be re- 
turned to the sea or be transported to suitable holding 
facilities for treatment. T o  help meet the goal of minimiz- 
ing pain and suffering. stranding net~vorks should 1) 
develop and publish protocols or contingency plans for 
dealing \virh live strandings: 2)  stockpile essential rescue/ 
rehabilitation/euthanasia equipment and supplies in stra- 
tegic locations, and/or publish a director)- indicating \\here 
and how such equipment and supplies can be obtained in 
time of need: 3) establish guidelines and procedures for 
deciding \\hen and \vhat animals should be returned to the 
sea, moved to holding facilities, euthanized, etc. ;  and 1) 
maintain an up-to-date list of facilities suitable and \vill- 
ing to hold and care for live stranded animals. ,4lso, net.- 
\vork members should include one or more veterinarians 
experienced in marine mammal medicine and husbandry. 

Possible Scientific and Educational Benefits 

Several things rllusr he done routinely if this ol~,jecrive is 
to be met. '4s examples, there musr be an effective system 
fbr obtaining reports of beached and stranded animals and 
fbr notifying appropriate net~vork participants of the nature 
and locatl,~ii of strandings: the Basic hlinimurn (Level '4) 
Data and,  \vhein appropriate. Level B and C Data must 
be collected fi-om all strandings; data m!lst be recorded and 
reported acc.urately, verified, and archived (preferably in 
a digital, electronic b r m ) ;  an up-to-date inventory (indi- 
cating \vhat, \\here, and in \\hat fbrmat data are archived) 
musr be maintained: anc! both the Inventory and the data 
musr he readi1)- accessible, uhile at the same time the 
proprietary rights of the persons \ \ho collected the data 
are recognized and protected. Interest, capabilities, and 
problems \vill var)- from region to region and thr regional 
coordinators should con\.ene meetings of key nenvork 
participants from time to time to revie~v and agree upon 
protocols and priorities for collecting and distributing 
various types of data and specimen material, and other ac- 
tions that ma)- help to improve the effectiveness of the net- 
uork  and the utilit). of the data and specimen material. 

Possible Causes of Population 
and Habitat Changes 

Long-time series of Levels '4. B,  anti C Data can he useful 
for detecting and,  in some cases, determining the probable 
cause or causes of changes in age-speciiic mortality pat- 
terns and the general status of some marine mammal 
populations and the ecosystems of \vhich they are a part. 
For example, long-time series of Level .4 Data could pro- 
vide the basis for detecting both gradual and rapid (acute) 
changes in general or age-specific mortality patterns (as 
illustrated by the early detection of the 1987-1988 bottle- 
nose dolphin (Tz~r2-iops tru~zcntits) die-off along the mid- 
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Atlantic coast), while Levels B and C Data may indicate 
corresponding changes in, and suggest possible cause-effect 
relationships with, variables such as stomach contents, 
parasite loads. and contaminant loads. 

The  utility of long-time series data will depend upon a 
number of variables. including their reliability and com- 
parability over time. For example, changes in reporting 
or notification procedures, response team interest and 
capability. methods of recording and reporting data,  etc. 
could cause or contribute to misinterpretation of the data. 
Thus, quality control and maintenance of an accurate 
record of changes in reporting and response practices are 
essential if stranding data are to be of any value for derect- 
ing and monitoring population or habitat changes. If 
systems for reporting and responding to strandings, and 
the quality of data collection/recording/archiving are 
variable over time, the resulting data may have little or 
no value for detecting and monitoring population and 
habitat change and the time, money. and effort used to 
collect such data could therefore be wasted. 

If stranding data are to be of any value for population 
or ecosystem monitoring. two of the principal tasks of the 
network coordinators must be to 1) insure standard and 
accurate collection of Level A and,  as possible, Levels B 
and C Data;  and 2) maintain an accurate record of any 
changes in systems or procedures for reporting strandings. 
and the means and frequency of responding to such reports. 

Summary and Conclusions 

The stranding workshop held in Athens, Georgia, in 1977 
called attention. among other things, to the value of data 
that can be derived from investigation of both dead and 
live-stranded marine mammals and led to the establish- 
ment of four regional stranding networks in the continen- 
ral LTnited States, as well as subsidiary networks in Alaska, 
Hawaii, Puerto Rico, and the U .S .  Virgin Islands. As 
illustrated by the papers presented during this second 
workshop, the networks have demonstrated their value, 
and have contributed substantially to meetiny the four long- 
term program goals suggested earlier. It also is clear that 
some networks are operating more effectively than others 
and that a number of things could be done to improve the 
effectiveness of each. In particular, if it has not already been 
done. each network or net\vork coordinator should 

@ de\-elop. distribute, and periodically up-date a directory 
listing network participants, their affiliations. addresses. 
phone numbers, responsibilities, and research interests; 

a periodically evaluate the effectiveness of systems for ob- 
taining (reporting) information on the nature and loca- 
tion of strandings. for notifying appropriate net~vork 
members when strandings occur, and for determining 
when and how to respond to stranding reports: 

establish protocols or  guidelines for a) determining 
whether and how live-stranded animals should be 
marked and returned to the sea, transported to a holding 
facility, rehabilitated. and subsequently released or 
maintained in captivit)., or euthanized to avoid further 
pain and suffering: b) receiving and responding to re- 
quests for data and specimen material: and c) disposing 
of dead animals; 
clearly describe and develop standard formats and pro- 
tocols or guidelines for recording, reporting, verifying, 
and archiving Level A, B ,  and C Data; 

a develop. distribute and maintain up-to-date inventories 
listing what and where various types of data are archived 
and how they can be accessed; 
develop and maintain an  up-to-date list of institutions 
authorized and willing to care for live-stranded animals; 
maintain an accurate up-to-date record of any changes 
in systems or procedures for reporting and responding 
to reports of strandings; 
periodically evaluate at least Level A Data to detect 
natural variation and possible changes in stranding pat- 
terns and other variables; and 
establish mechanisms for keeping network participants 
interested and informed, and for periodically assessing 
and determining how to improve network operations, 

Finally, it is important to recognize that the data col- 
lected by the networks are of no value unless they are 
regularly assessed and published. That  is, analysis and 
publication of data collected by the net5vorks is the ultimate 
standard against which the value of the networks will be 
judged. 
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Appendix 1 

Level A Data: Basic minimum data from all stranding events 
(to be submitted to the National Office) 

1 .  Investigator 
- name 
- address (institution) 

2 .  Reporting source 

3. Species 
- preliminary identification (by qualified personnel) 
- voucher (supporting material) 

a) photograph-full lateral view (cetaceans): dorsal view (pinnipeds); dorsal, lateral, ventral views of whole 
carcass, with close-up of head (when possible). Include a card with field number in each photo. 

b) specimens-canine tooth or entire mandible (pinnipeds); 2 pieces of midrow baleen, or bulla if baleen 
missing (mysticetes), tooth counts and samples, or entire skull for difficult species (odontocetes). 

4 .  Field number 

5 .  Number of Animals 
- total 
- sub-groups (fragmented mass stranding) 

6 .  Location 
- preliminary description (local designation) 
- latitude and longitude (to 0.1 minute, if possible) with closest named cartographical feature (USGS 1 : 250,000 

series) as determined subsequently in the lab. 

7 Date. time 
- first discovery 
- of data and specimen recovery 

8. Length (Girth and MTeight. when possible) 
a) cetaceans and sirenians-tip of rostrum to fluke notch 
b) pinnipeds-tip of rostrum to tip of tail, lying on back. 

9. Condition-recorded for both discovery and recovery times. Categories as follows: 
1) alive 
2) freshly dead (i.e. edible) 
3) decomposed, but organs basically intact 
4) advanced decomposition (i.e. organs not recognizable, carcass intact) 
3) mummified or skeletal remains only 

10. Sex 
a) cetaceans-probe genital slit (anteriorly directed are female. posteriorly directed are male) 
b) pinnipeds-position of apertures 
c) sirenians 
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Appendix 2 

(p.  2 7  in Geraci and St. Xubin 1978) 

Level B Data: Supplementary onsite information 
(Augments data on life history and the stranding event) 

I .  Lt-eather and tide corlditions 

2 .  Orientation of carcasses 

3.  Offshore humanlpredator activity 

3.  Behavior 
- pre-stranding 
- stranding (on beach) 
- after return to sea 

6. Samples collec.ted for subsequent analysis 

A. Age Determination 
a) odoniocetes-4-5 adjacent teeth from the middle of the left lo\\-er tooth ro\v. 
b) mysticetes-minimum of one earlplug. preferably in situ in a sample of externalauditory meatus, or 

in a glove finger. 

c) pinnipeds-minimum of 1 canine tooth - cla\v 
d)  sirenians-tusk, \\-here present 

B .  Reproductive Tracts 
a) females-both ovaries, uterus, fetus (if any) and measurements and samples of mammary glands. 
b) males--one testicle with epididyniis. or samples 11-ith \\.eights and measurements, baculum (n-hen pres- 

ent). vas deferens. 

C .  Stomach Contents 
- weigh contents, if possible 
- preserve in alcohol (never in fornlalin) 
- frecze \\-hole. if possible 

7 .  Dispcsition of carcass 
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Appendix 3 

(pp. 28-31 in Geraci and St. Aubin 1978) 

Level C Data: Necropsy Examination and Parasite Collection 

1.  hTecropsy 
Precise recording of findings and appropriate preservation of tissue are of great importance to an understanding 
of disease conditions. The most important characteristics of an abnormality are its SIZE and LOCATION.  Also 
important are features such as C O L O R ,  T E X T U R E ,  and SHAPE, as well as the nature of the transition from 
normal to abnormal tissue, that is, whether the boundaries are sharp or vague. A11 findings are described in 
STANDARD ENGLISH using NON-TECHNICAL TERMS.  Lesions are described using terms such as raised, 
flat, depressed, rough, smooth, velvety, warty, yellowish, round, irregular, etc. Photographs should be made 
~vhenever possible, and should include a ruler or some other non-ambiguous reference object. 

External -- Examination- 

Describe all unusual features such as marks, abrasions. parasites; examine mouth and teeth, etc 

Internal Examination- 

Samples are to be taken routinely from all organs including brain, muscle, endocrine glands and viscera. 
When an organ is normal, a random section should be preserved in formalin. Any abnormality should 
be sampled with an adjacent piece of normal tissue. If an organ is studded with many discrete lesions, 
all apparently identical, sample only two or three. Describe organs as normal appearing, if that is the 
case. Vessels and ducts are normally opened throughout their length. \Yhile this is in theory desirable 
for the intestine, sampling of two or three tubular sections may be adequate. All major organs are 
weighed after cleaning of excess fat and extraneous tissue. Large organs are weighed in pieces, and 
the partial weights added. Hearts are normally weighed with a short cuff of aorta. 

Preservation of Tissue 
Formalin (10% neutral buffered) is the standard fixative. Tissue taken for histology should be fixed in for- 
malin of a volume 20 times the volume of tissue. Tissues should be sliced thin-about 3 mm.  Other dimen- 
sions are not critical; 3 x 3 cm is a convenient size. Larger pieces of tissue do not fix well. 

\Yhole lesions, e .g . .  stomach ulcer. may be taken and fixed with good results as the wall of the organ 
is thin. \Yhen possible cysts and cavities in tissue, pus-filled lesions and fluid found in body cavity should 
be cultured for bacteria. Commercial holding media are excellent for the purpose. and their use is recom- 
mended. Special requests for research material such as whole organ preparations should only be honored 
if accompanied by detailed protocols. 

Collection of Toxicology Specimens 
Tissue samples collected for pesticide and heavy metal ana!yses may be wrapped in aluminum foil or placed 
in plastic bags. For prolonged storage. glass containers with teflon-lined lids are recommended. The samples 
should be frozen as soon as possible, but may be transported on ice ~i-irhout significant loss of residues. 

Samples of blubber, brain, liver, kidney and muscle should be collected routinely. Single assays may 
be performed with as little as 10-20 g of tissue, but samples weighing 200 g or more are necessary for a 
complete spectrum of analyses. 
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2 Parasite Collection 
Pal asites nld\ be found an \  \\ here \ ~ i t h i n  the b o d \ ,  but prc,blem areas a l e  ident~fiecl ds follo\~ s 

Hedd 
- sinuses 
- ears 
- brain 

Skin. Blubber 
Muscle, Fascia 
G.  I .  Tract  

- including fecal sample 
- li\ e r .  gallbladder. duct 
- pancreas, duct 

Respiratory 
- major air~vays (opened) 
- lungs 

Uro-genital 
- kidne>.s 
- genital organs 
- ureters, bladder 

Blood 
- samplr  o r  smear 

Fixatives 

A) Alcohol-Formalin Acetic Acid (AFA)-40 m L  of 7 0 5  alcohol. 10 1nL of 57; formalin. 2 m L  of acetic 
acid. 48 mT2 of' distilled Lvater 

B) G1yceri11-Alcoho1---5 m L  of glycerin in  '35 mT2 of 70% alcohol 

C )  Potassium Dichromate-2 5 aqueous 

D )  Formalin-.5% ssolution 

E) Ethanol-.70 % ssolution 

Sampling Procedures 
- subsample \\-hen large numtrrers are  present 

- d o  not distort 
- ensure collection of head and  tail 
- sample portion of' infected tissue \\.hen a parasite rcaction is o b s e r ~ e d .  Fix ir? A if possible 
- measure and  photograph. \\.hen possible 

I )  Nematodes 
- fix in hot ( 1 6 ° C .  60°F) G x a t i ~ e  R or  
-- place in tap water in cooler for 12  hours ,  then fix in solution A 

2) Trematodes.  Cestodes. Acanthacephalans 
- place in tap water in cooler for 12 hours. then fix in solution A 

3) Lice. \fires. Copepods. Barnacles 
- fix in either D or  E 

4) Stool Sample 
- preserl-e in f i s a t i ~  e C 
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ABSTRACT 

The  hlarine hlammal Protection . k t  generaily prohibits the collection of specimens and data 
from marine mamnlals unless a scientific research permit is obtained. Data and specimens can 
be collected from beached and stranded marine mammals without a permit, howex-er. under policies 
and procedures of the hlarine hlammal Stranding Net\sork established by the Kational hlarine 
Fisherirs Service over ten years ago. But,  col!ection oi data and specimens is authorized only 
if it does nor interfere \vith the protection of the marine rnanlnlal or pcblic \selfare. This paper 
provides a brief overview cf :he natcre and scope of this collection authority and identifies cer- 
tain areas of concern that are being examined by the Nationai hla:.inr Fisheries Serx-ice. 

Introduction - ---- 

Eeacheci and stranded marine mammals have proven tc. 
be 2n invaluable soilrce of specimens and data for marine 
mamrnaiogisrs and other scientists. But access to these 
marine mammals is not an unconditional right granted to 
all. Kathcr it is a restricted privilege exercisable only to 
the extent :;errr,itted ~ l n d e r  the Mz:(inc h~li:~.maf Protec - 
ticn ACT 'M3lF.4', i! is, thelefolc; cssentisl for sitexltists 
dzpeliciep~ upo:; this solirce of specirneris and data to 
~nJe-crs.i-~.v rlii. iegal frz:.ne-,,":.-ri frcir: 7,vi:ic' their scy;r;:f 

sgrings 

T.> ., r i i i  hfYIP:% ectab!;shes a generai rnoratoriiiin on the take 
? f  ail !nzrin: mammals znti rnarine mammal procii~cts ir-L 
- ~ , , '  
i~ :r i s  3 . -  L : s  r i g  h e  r T i "  1s 

ct~tl : tcri i ,~-  define!; 2.: - 'harass, hunt.  e;!.:ur: zr !<ill. OT. at- 
- icl,,;it - ,-- ,- L :  harass. iiuri: cai1t7~r.e i'r L:;!I" (16 P! 3.C $1352 
r ., 7 , , -,P', ' 

L - - _  
i::i: <?e{l,itlc., 3; t2i-c hetn ji-L:-:p: in r- - 5 -  - -  

u!ations to include the co1lec:ion of any marine mammal 
or marine mammal part; alive or dead. as well as the 
restraining of a marine :narnmal; 1-10 matter how temporary 
(50 C.F.R.  3216.3), 111 addition; the MMPA prohibits any 
person from transporting. purchasing. or selling any 
marine mamraai or marine mamma! product unless ex- 
pressly provided for in the hlRlPA (16 U.S.C.  51372). 
01-1 its face. then. the I'dMPA prrciudes., without other 
authority, the co:kcticn c f  any S~achedistrandrd raarin:: 
rnamrr.al; marii-ie mammal part or specimen. 

There a:-? rY;\-o i ~ r , ~ o r r a s :  exceptions to the .vIP.";PA 
mc-atorism rejevant ~o thz interest of' marine I-fiammal- 
ogists and othcr scientists. One exceptlor! ail;horizes the 

cake of marine ~i?amrnals fbr purpsses of scientific research 
if' the appropriate permit is a.pplieci tor and grart-d (16 
U.S.C.  $137; [z]  [ I ] ) .  Theoretizally, such a permit wouid 
authorize a scientist to take and ccllect arly marine mam- 
mal or parts thereof including beached!stranded maminais. 

. . . . 
Rzi rhc- p e : . ~ i r  p i . ~ c < > ~  1s irrre cons i i~~i i ig ,  regularng ar ctie 
-.en: i- 'cc;r,? .~ 3 4 i;:or!rhs ta campizte 111 light of':he uni3redic:- _ -..;i _ _  8 _ ~ l d  ,. . ephemera! natilrc .?f z beaching or straxding, rh:e 

1 ' ;ci~!:;:st ;\->i;ci L I S S ~ ; I ~ ~  ni-t 1-1s. z till-1.. :o oirain the r;:?per 
. , 

r2?;r::t 112 c.r:(e!- IG co!lr.c: A F a i . ! i ~ ~ i ? r  ,:tach,~d/stra:ided 
T' m_,::-;ne m~-rn!-~p,' .J-  ; t ~  pz:,:~, _ i~er~x:)re r& sc:enti[ic re- 

search ixrmi: i r  gelieia!!\,r not apFrcFI.ii.te for col1ec:in~ 
. . .  
5cs,c!,td!si:~~:~cied marine :camma! specii-nc;r;s or d a : ~ .  

. . ,  
.? it1 i,.nd :i;,~;jtliiil !:is been cqnsrrued t;. crra;c th,? i-iu:-lr 

3" .iCcesj ;;i a I~eac:icd':.~ia;;dfd :ilarijiz giainn:al ;;i~'lci.~i 
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first obtaining a permit Secrion !Oq(llj of rl-ie h:h?PA 
proLides in pertinent part as follo\js 

Sothinq in thi< title shall p.e:.rnt ;i Federal. State. or 
!ocal go\.ernrnent official or ernplclyee or person drsig- 
iiared under Section 112(c) from taking, ir; the course 
of his dutles as an  official. e~nplo?ec .  or designee. a 
marine mammal in a humane inanner (including eu- 
thanasia) if such taking i< for 

(1) the protrction or wrlfare of thr mammal.  
(2) tiie PI  oiectiori of the public !leali!i and welfare 

(1G U S .C .  §1379[h]).  

This provision serves as the authority for the national 
hlarine hlarnmal Stranding Net\vork \:hich \ \as estab- 
lished over 10 )-ears ago and is the primary organization 
involved in responding to the beaching and stranding of 
marine mammals. The  stranding netxvork consists of 
volunteers throughout the United States \vho have been 
designated to "take" beachedlstranded marine mammals 
when the occasion requires. Such a designation has come 
frorn the National h?arine Fisheries Service (NMFS),  the 
Federal agency charged with administering and enforcing 
the hfhIPA for cetaceans and most pinnipeds, pursuant 
to Section i12(c) ( i 6  U . S . C .  51382 jc]) of the MMPA,  
\vhich grants authority to NMFS to enter into agreements 
necessary to carry out the purposes of the h lhIPA.  

i n  practice, NMFS, through its regional offices, has 
designated persons and organizations to participate in the 
stranding network through letters of agreement, or  other 
forms of authorization. \vhich specify the nature and scope 
of authorit)- such designees have as stranding net\vork 
volunteers. The  stranding netxvork is then coordinated by 
designated coordinators andlor NMFS regional offices. 

Although there is no specific statutory or regulatory 
authorit). under i09(h) to allow the collection of specimens 
or data from a beachedlstranded animal without a permit, 
NMFS allows collection of specimens and data from 
beachedlstranded marine mammals if the collection does 
not interfere with the protection of the marine mammal 
or the public. The NMFS considers such collection ac- 
tivities as necessary to the overall understanding of 
beachedlstranded marine mammals and helpful for both 
enhancing their rehabilitation and sur\rival and for pro- 
moting important policy ob,jectives of the MMPA.  More- 

o\.er, NhIFS recognizes that collection of data and speci- 
mens frorn beachedlstrancled a~iimals reduces the need ro 
collect other animals in the \vild and thus serves an im- 
portant conservatior, funcr:on 

The collection actis-ities are sub,ject to the terms and con- 
ditions of stranding net~vork agreements and NblFS policy. 
For a li\re beachedlstrailded. animal the first priority is to 
return it to the izild if it is deemed able to survi;-e. If the 
animal needs to be rehabilitated first and is unable to be 
returned to \vildl it can be transferred to a facility that has 
been duly authorized b>- Sh'IFS. For a cleacl beached! 
stranded marine mammal, the first priorit)- is to protect 
the p h l i c  hea!th and Xvelfare through appropriate disposi- 
tion. If these priorities can be achiel-ed, specimens from 
marine mammals can he taken ~vithout a permit under the 
direction of the stranding network designee or appropriate 
government employee, \vho according to 109(h) may be 
a Federal. state, or local official. 

The  stranding netxvork as a primary source of beached! 
stranded specimens and data has \vorked relatively \yell ibr 
the last 10 years. There are policies and procedures, how- 
ever, that need to be revie\ved and questioned. Some issues 
and concerns that Nh'IFS is currently reviexving include 
the need for regulations; standardization of letters of 
authorization; criteria to qualify as a ~rolunteer; regional 
\,s. national coordination of the stranding net\:ork; emer- 
gency response systems; mass stranding policies; funding 
and expenses: clarification of state and local participation: 
liability policies oflto volunteers and government; and 
policies regarding the extent of collateral scientific research 
to be allowed. Based on this re\rie\v, NhIFS hopes to im- 
prove the efficacy of dealing with beached and stranded 
marine mammals as well as the disposition of specimens 
and data from such animals. 

Conclusion 

This brief olrerview of the legal framework for the collec- 
tion of specimens and data from beached and stranded 
marine mammals is designed to instill a better understand- 
ing of conditions and limitations regarding such collection 
practices. Such an understanding will hopefully lead to 
more order1)- and efficient collection of specimens and data 
from beached and stranded marine mammals. 
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ABSTRACT 

The Southeastern United States Marine Mammal Stranding Network was formally organized 
late in 1977. In the decade from 1978 to 1987, network volunteers reported 2381 cetaceans, in- 
cluding 74 sightings of live whales, and 3 stranded hooded seals (Cystophora cristata). Cetaceans 
included 5 species of mysticetes and 23 species of odontocetes. Florida and Texas had the most 
reports with 1081 and 567, respectively. The bottlenose dolphin (Tursiops truncatus), and the pygmy 
sperm whale ( K o ~ i a  breciceps), were the most common singly stranded animals with 1472 and 224 
reports, respectively. Twenty-one mass strandings of 9 species of odontocetes were reported. Seven- 
teen of the mass strandings were in Florida, 2 in Louisiana and 1 each in Texas and North Carolina. 
Although the number of network volunteers has increased over the decade and record keeping 
has changed from manual to electronic, more attention must be gi~ren to the quality and quantity 
of data gathered, including species verification. Uniform improvement will require resources that 
go beyond the limits of volunteerism. Stranding networks are an almost untapped resource for 
gathering basic data on marine mammals. 

Introduction 

T h e  collection of biological data  from stranded marine 
mammals has long been a n  important source of natural 

history information around the world. Biologists have 
gathered a n d  published information on  a wide variety of 
species of marine mammals.  These da ta  are  often the only 
da ta  available on  some rare species. I n  most cases, the 
gathering of this information has not been done in a coor- 
dinated fashion, but  has  relied on  the interest and  per- 
sistence of a few individuals. For  example, Caldwell a n d  
Golley (1 965), Moore (1 953), Layne (1 965), Caldwell and  
Caldwell (1973, 1974), Lowery (1974), Schmidly a n d  
Melcher (1974) a n d  Schmidly (1981 j have gathered a n d  
tabulated much of the historical stranding da ta  in  the 
southeastern United States. I n  1974 the U . S .  Fish & 
Wildlife Service and  the University of Miami  cofounded 
a separate stranding network to gather da ta  o n  the en-  
dangered West Indian manatee (Trichechus manatus) in  
Florida a n d  the southeast (see O ' S h e a  et al.  1985). T h e  
manatee carcass salvage network was relatively easy to 
organize and  coordinate because of the limited number  of 
people involved and the limited distribution of the manatee. 

T h e  U . S .  Marine Mammal  Commission, created by the 
Mar ine  M a m m a l  Protection Act of 1972, recognized the 

importance of stranded marine mammals and  organized 
the first marine mammal  stranding workshop which was 
held in Athens, Georgia, in  1977 (Geraci and  St .  Aubin 
1979). This  workshop resulted in the creation of regional 

stranding networks organized within the boundaries of the 
National Marine Fisheries Service ( N M F S )  regions ( i . e . ,  

N E ,  S E ,  NUT, S W ) .  T h e  southeastern network extends 
from North Carolina to Texas a n d  includes Puerto Rico 
a n d  the U . S .  Virgin Islands. 

Methods 

T h e  Southeastern U . S .  Stranding Network (SEUS)  was 
formed around a core of individuals and organizations that 
had been active in marine mammal  (primarily cetacean) 
stranding work. Each qualified individuallorganization 
received a Letter of Authorization from the National 
Marine Fisheries Service Southeast Regional Office in  St .  
Petersburg, F L .  T h e  letter bypassed the time consuming 
permit requirements of the Marine M a m m a l  Protection 
Act for stranding work. T h e  N M F S  maintains and  
distributes a directory of authorized S E U S  participants. 

Stranding operations and responses are divided into two 
categories: dead stranded animals and live strandings. Live 
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Table 1 
S u m m a r )  of cetacean stranding-s a n d  sig-ht~ngs reported to the  Southeastern U S S I a r i n e  h I a m m a l  S t rand ing  S e t n o r k  f rom 

1978 throug-h 1987 b\ species a n d  b\ \ e a r  Lach a n ~ m a l  In a mass s t rand ing  o r  he rd  sig-ht~ng- I S  totaled s e p a r a t e l ~  
- -- -- 

Spec1e5 1978 1'179 1'180 1981 1982 1'183 1'18.1 1'183 1986 1'187 Total 
- - - 

Ralaenoplern ncutorostrcita 0 1 0 1 0 0 0 0 0 1 1 
Balaerzopiera eden2 7 0 0 0 0 1 0 1 1 1 6 
Ralaenoptera phjsaliis 0 1 0 0 2 0 1 0 0 1 5 
Rulnenoptera sp 1 0 0 0 0 0 0 0 0 1 2 
lleeaptcra no~neangl2cie (5iqhrlnq~) 0 0 0 1 1 3 0 7 1 0 10 
L nknor\n halaenopter~d 0 0 0 0 0 0 0 0 1 0 1 
Eubalnenn elacialis ( ~ i q h t l n ~ q )  0 1 0 3 I 6 11 3 1 6 40 
Feresci atienliaici 1 0 1 '? -1 7 0 0 0 0 16 
Grcimplis eriseus 0 0 3 3 6 3 I .1 7 7 30 
Globicephala mairorh>nihus 3 I -1 7 1 7 0 11 32 1 0 9 2 
Glob2ccphala nielnenn 0 0 0 0 1 0 0 0 0 0 1 
K o e ~ a  bier iceps 18 70 10 7 3 21 3 8 2 4 77 21 I b 22-1 
Kogici szmlii -1 2 J 1 4 3 11 10 1 3 50 
k o e ~ a  7 0 0 0 0 0 2 0 0 1 1 4 
Phjseler catodon 2 0 12 0 1 1 1 7 4 .1 3'1 
Ph~se i e r  0 0 0 0 1 0 0 0 0 0 1 
Lneenodelphis hose1 0 0 0 1 i 0 0 0 0 0 0 17 
lfesoplodon hiden i 0 0 0 0 0 0 1 0 0 0 1 
llecoplodon densirosir~s 0 0 0 1 0 0 2 1 1 0 5 
Zfesoplodon europacuc 4 1 2 4 3 2 2 2 7 2 2 -1 
lleioplodon niirus 0 0 0 0 0 0 1 0 0 0 1 
Zlesoplodon ~p 1 0 0 0 0 0 0 1 1 0 1 

L i p h ~ u i  ca~iros lr is  2 1 7 3 2 1 2 1 1 2 2 1 
L n k n o ~ n  z ~ p h i ~ d  0 0 0 0 2 0 0 0 0 0 2 
Orcinus oria ( , i ~ h t ~ n ~ s )  0 1 0 0 -1 0 0 I b 0 1 7 4 
Phocoenn phocoena 0 0 0 0 1 0 2 1 1 I 12 
Pieudorca iracc2derzi 0 0 0 0 1 1 0 0 28 8 38 
Slenclln atienuatn 0 0 0 0 0 3 0 7 0 7 9 
Stenella cl>mene 0 0 0 0 0 10 '? 50 3 3 69 
Stenella coeruleoalha 2 1 1 2 1 1 0 I 1 1 17 
Sterzella fronialic 1 1 2 5 2 10 1 1 4 1 '? i 
\tenella long~ro itr2 i 1 0 0 0 0 1 1 2 1 1 I 

Slenella 7 0 0 0 0 7 6 3 7 7 4 1 9 
Sieno bredanens2c 0 1 6 0 0 0 0 1 1 '? 12 
Stello 7 0 0 0 0 0 0 0 0 1 0 1 
Turciops lrunccitue 5 1 32 5 6 79 117 170 IT1 1-11 217 -155 1-172 
I'urc2ops ' 0 0 0 0 3 0 6 1 9 I b '? i 
LTnknor\n delphin~d 0 0 0 0 2 1 4 6 1 8 72 
L n k n o ~ n  odontoiete 0 0 0 0 0 0 0 0 0 2 2 
L nknor\n cetacean 0 0 0 7 0 0 5 1 1 0 9 

Totdls 9 i T 0 104 I55  191 228 259 10-1 383 587 2381 

- - -- 

s t r a n d i n g ~  are handled b y  the  several marine zoological 
parks i n  the  southeast because o f  the  specialized equipment ,  
t raining,  and facilities required. 

Network participants are provided wi th  standard ceta- 
cean stranding report forms (Leve l  A data;  see H o f m a n  
1991) and necropsy sheets ( a  subset o f  Level B and C data 
as reported b y  H o f m a n  1991). T h e  Letter o f  Authoriza-  
t ion requires that the  Level A data sheet be  completed for 
each stranded animal examined and returned t o  the  S E U S  
scientific coordinator ( D K O ) .  Records are tabulated elec- 
tronically and forwarded t o  the  Smithsonian Institution's 
hlarine M a m m a l  Events Program for entry  into  the  na-  

t ionwide stranding database. Participation i n  the  network 
is voluntary and the  nature and extent  o f  the  examinat ion 
o f  stranded animals depends t o  a large extent  o n  the  
resources available t o  the  individual participants. S u b -  
regional stranding networks ( e . g . ,  T e x a s )  have been estab- 
lished i n  states that have a large n u m b e r  o f  strandings. 
Each participant is encouraged t o  work wi th  local law en-  
forcement agencies to  respond quickly to  strandings i n  
order t o  max imize  the  amount  o f  data gathered. W h i l e  
some participants have ,  f rom t ime  t o  t i m e ,  obtained short- 
t e r m  fund ing  for stranding operations, S E U S  operations 
as a \vhole have not received a n y  long-term fund ing .  
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Table 2 
Summary of cetacean strandings and sightings reported to the Southeastern U .S .  Marine 
Mammal Stranding Network from 1978 through 1987, including Puerto Rico (PR) and 
the U .S .  Virgin Islands (VI). 

State 
-. -- 

.4L FL G.4 L 4  MS C PR SC TX \'I Totals 

1987 
1986 
1985 
1984 
1983 
1982 
1981 
1980 
1979 
1978 

Totals 

It is important to remember that the data presented 
herein are based on reports submitted to the network scien- 
tific coordinator and that species identifications were not 
always verified from photos, morphometrics, or meristics. 
The vast majority of the identifications are probably cor- 
rect but the data should be viewed with some caution. 

Results and  Discussion 

During ten years of operation the SEGS Stranding Net- 
work logged 2381 records, including sightings of 40 right 
whales (Balaena mysticetus), 10 humpback whales (Megaptera 
noaaeangliae) and 24 killer whales (Orcinus orca). There were 
21 mass strandings, and each individual animal was 
counted separately in reaching the above total. These 2381 
events included 5 species of baleen whales and at least 23 
species of odontocetes (Table 1). Three stranded hooded 
seals (Cystophora cristata) were also reported. The most com- 
mon singly-stranded species was the bottlenose dolphin 
(Tursiops truncatus) with 1472 records, followed by the 
pygmy sperm whale (Kogia breaiceps) with 224 records 
(Table 1). The high number of Tursiops strandings in 1987 
(455, Table 1) reflects the dieoff that started in New Jersey 
in June 1987 (see G .S .  Marine Mammal Commission 1988) 
and reached Florida in late November. 

Mass strandings included short-finned pilot whale (Glo- 
bicephala macrorhynchus) (4 stranding events); short-snouted 
spinner dolphin (Stenella clymene) (3); Risso's dolphin (Gram- 
pusgriseus) (3); pygmy killer whale (Feresa attenuata) (3); false 
killer whale (Pseudorca crassidens) (2); rough-toothed dolphin 
(Steno bredanensis) (2); spotted dolphin (Stenella attenuata) (1); 
striped dolphin (Stenella coeruleoalba) (1); sperm whale 
(Physeter catodon) (1); and Fraser's dolphin (Lugenodelphis 

hosei) (3) (Hersh and Odell 1986). Of these 21 mass strand- 
ings, 17 occurred in Florida, 2 in Louisiana, 1 in Texas, 
and 1 in North Carolina. 

Florida had 1081 events followed by Texas with 570 
(Table 2). The  number of events recorded in a particular 
state is related both to the amount of coastline and the level 
of effort which, unfortunately, cannot be measured. Over 
the decade covered in this review, the Florida component 
of the stranding network has probably been the most ac- 
tive, based on the number of strandings reported (Tables 
2 and 3). Florida records are detailed in Table 3 to give 
some idea of the wealth of biological information that can 
be gathered. With few exceptions (e.g. ,  Hersh and Odell 
1986; Hersh 1987; Hersh et al. 1990; Barros 1987; Barros 
and Odell 1990; King 1987; Carvan 1987, 1988; Credle 
1987, 1988; Bossart et al. 1985; Carballeira et al. 1987, 
a and b), the bulk of the information gathered in Florida 
from 1978-1987 is not available in any published format 
and the few publications are very recent. While a number 
of papers are "in prep. ,"  it will be some time before all 
of the data have been properly analyzed. 

We do not have an assessment of the actual cost of 
operating the stranding network. However, during a cen- 
sus of captive marine mammals in North America (Asper 
et al. 1988), those aquaria and marine zoological parks ac- 
tive in marine mammal stranding programs estimated that 
they responded to about 850 live strandingslyear at an 
estimated cost of one million dollars per year (D. Duffield, 
Portland State Gniv., Portland, O R  97207, pers. commun. 
1988). Most of these strandings were pinnipeds (about 
700Iyr). Many of these institutions also respond to and ex- 
amine dead beached animals. It is clear that the ocean- 
arium community is a significant component in the nation- 
wide stranding program. 
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Table 3 
I Surnmary of cetacean strandings and sighrings reported in Florida from 1978 through 1987 by cpecies by year. 
-- -- --p~ - -  -- - I 

1 i p e r e r  1978 1979 1980 1981 1982 1983 1981 1985 1986 1987 Totdl 
- - p- ~ - -- 

Hnlncnopti~rn n r~u /o lo< /mtn  0 1 0 1 O 0 0 0 n 0 2 8 

Halrirnopt~lii i2d2nl 1 0 0 0 0 0 O 0 0 1 2 
(iiilni2nopttvn phjsaliii  0 1 0 0 0 0 0 0 0 0 1 1 X n / n t , n o f ~ / ~ r n  0 0 0 0 0 0 0 0 0 1 
.\.ii,oaf~tcln nor nt.n?r(~ltnij i,iqiitinqi) 0 0 0 0 0 2 O 1 0 0 

i 
'? 

LT~ikn(,\\l1 b a l a r i ~ o p t e ~ - ~ d  O O 0 0 0 0 0 O 1 O 1 
E)uhiilnijnn glritinlis iiie;hr~ne;r) 0 1 0 0 3 -1 3 3 3 G 23 i , 
Fcrt.ia altijrz lunln 1 O 1 3 2 '? 0 0 0 O 
Griirrip~i< y r ~  i i j ~ i <  O 0 3 1 6 1 1 3 1 2 i: ~ 
Glohlrcphnla mnc~urh jn thu i  0 4 2 1 0 0 32 3 0 8 '? 
h ' o ( ~ ~ a  hri'i irt.ps 13 1-1 8 13 16 2 -1 13 19 18 13 1 j 1 

2 2 1 '? 2 3 10 1 Ko,oln ii,nu< 3 3 '? 38 
P h )  ii'tij~ c n t o h n  2 0 12 0 2 2 0 -1 2 0 2 -1 

1 i.nye?roiiilphls host.i O 0 0 17 O O O O 0 0 17 
i .~ f~~<ofI lo / io?r  /)1/iijn i 0 0 0 0 0 0 1 0 0 O 1 ! 

.\ft~sop/odoii,r dcnsiros/lti O O O 0 0 0 1 0 O 0 1 

.\fooplodon cli~opnijli< -1 1 1 2 O 2 O 2 1 1 1-1 
i . \ f ( j i ~ p / c ~ d ~ ~ ~  rp. 0 0 O 0 0 0 0 0 1 0 1 

A p h t i i s  ~ r i i i l o s t t s  2 1 2 1 2 1 0 1 3 2 13 
0 1 0 0 4 O 0 O 0 0 1 O ~ c m l i <  ooii ( i id l t lnyr)  

' P / I ~ I O C ? I I I  f1horot.11a 0 0 0 0 0 0 1 1 O 0 2 ~ 
I P<i~ridorra r ~ n <  <idin  < 0 0 0 0 1 1 0 0 2 8 0 30 1 Yij-nlln attc~r~un/n O O 0 O 0 7 0 2 0 2 

Stijni~llri ri)rni~nis 0 0 0 0 0 10 0 0 0 2 12 
Stijni~llri rot.~lulijonlbn 2 1 1 2 0 0 0 I 0 1 

I 

I 1-1 i 
Stri~clln j ion/nl t i  4 1 2 0 2 6 0 0 1 4 20 1 
Stijnijlln Iongiloitris 1 0 0 O 0 1 0 2 0 0 -1 
.ytt.?io h~ i j hn t . n s t<  0 1 G 0 O (1 O 0 (1 3 10 
T ~ i r t l o p ~  trrinmtut 3 i 2 0 1 1  -13 73 4-1 40 4 5 63  127 531 1 I 7 l l l i l l l f I . l  O 0 O 0 G (1 4 2 3 3 22 

0 O 0 O O O O 1 0 ; U n h ~ i o w ~ i  drlpiii~iid J 9 
I U ~ i k n o n  n odonrocete (1 0 0 0 0 0 0 0 0 2 2 

U n k ~ i o n n  cctdcca~i 0 0 0 0 0 0 1 1 O 0 2 

I Tot<iIi 6 7 j 2  8 6  8 8  120 109 7 8 10LI 162 210 1081 I 

- -- -- ~~- -~ p~ - -  - - -- - - - - -- 

The potential of stranding networks for gathering vast 
amounts of dara on cetaceans is clear. There is. ho\.\-- 
ever. considerable room for improvement. Record keep- 
ing has progressed frorn file cards to computer databases 
but these records are only as good as the data reported 
to the nerlvork. Some areas of the southeast are incom- 
pletely covered (Louisiana. Mississippi, Florida pan- 
handle. the Carolinas). reflecting the lack of \rolunteers in 
these areas and. more often, the limitations of ~ .o lun-  
teerism. IpVhile improvements can and \.\-ill be made \.\-ith 
electronic data transfer. the key to improving data col- 
lection begins on the beach. hfore emphasis rnust be placed 
on confirmation of species identification throug-h photo- 
g-raphs. tooth counts, etc. ,  and the coilection of minimal 
data and samples frorn each specimen (e.g-. teeth, stomach 
contents, gonads. leng-th, sex). This can often be accom- 
plished with rninirnal training- bur. in the end. requires 
dedication on the part of the volunteer. 
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ABSTRACT 

Animals found stranded on California beaches have been of interest to scientists and the general 
public for many years. In 1980, the National hlarine Fisheries Service (NhIFS) took a lead role 
to organize a state-wide net\\-ork designed to coordinate the response to cetacean, pinniped, and 
sea turtle stranding ex-ents. Response typically flows through 3 tiers: 1) the public report strand- 
ings to 2) cooperators (state or local officials) ~ v h o  contact 3) participants (museum affiliates or 
rehabilitation centers) ~ v h o  examine or otherwise handle the stranded animal. Reports of strand- 
ings are submitted to the Nh lFS  on a monthly basis. From 1982 to 1987. 483 cetacean strand- 
ings Ivere reported (annual ; = 80); species reported most frequently include harbor porpoise 
Phocoena phocoenn): common dolphin (Delphinus delphis): gray ~vhale (Eschrichtius robustus): Pacific 
white-sided dolphin (Lageno~h~nchus obliquidens); and bottlenose dolphin (Tursiops truncatus). Be- 
t\veen 346 and 2286 pinnipeds were reported annually from 1983 to 1987 (annual ; = 883). 
While there are limitations on their uses, these data are useful to managers as an  early warning 
system for anomalous events in the wild ( e . g . ,  fishery related mortality and epizootics). Pinniped 
rehabilitation centers authorized by the NhIFS pro\-ide care to hundreds of sick or injured animals 
each year. X preliminary analysis of the fate of released pinnipeds indicates they are being as- 
similated into \vild populations and are not contributing to marine mammal-human interactions. 

Introduction 

Stranded marine mammals ha\:e been of public and scien- 
tific interest for many years in California (Cope 1869; Dall 
1873). Many universities, museums. and other institutions 
have collected and studied stranded animals largely on a 
local basis since the late 1940"s and rarly 1950's (Hubbs 
1946: O r r  1933). Of the U.S. institutions that house large 
marine mammal collections (> 150 specimens), 8 of 20 are 
located in California (Hansen et al. 1979) and much of their 
material was obtained from strandings. Despite this inter- 
est, it was not until early 1973, following passage of the 
hlarine hlammal Protection Act of 1972 (MMPA), that 
a state~vide approach was implemented to coordinate 

responses to. and the collection of data from. marine mam- 
mal stranding events on the California coast. This paper 
reviews the evolution, organization. and information flow 
of the California Marine Mammal Stranding Net~vork 
(ChlhlSN).  This review summarizes information reported 
by the C M M S N .  discusses the value of such a program. 
and identifies mechanisms which may facilitate achieving 
C M M S N  goals. While this paper focuses on marine mam- 
mal stranding events, it also applies to the relatively rare 
occurrence of sea turtle strandings. Because there are no 
sea turtle breeding beaches located in California. sea tur- 
tle strandings are viewed as events of interest and have been 

Evolution of the CMMSN 

*Preirnr addrrss: hIarinc lfanirnal Firld Officr, Fish and Ltildlife Scr- Prior to 1373, regionally focused scientific institutions 
\.icr. 1011 E .  Tudvr  Rd . Anchorage .\K 99503 

"'Prcsrnr addrrcs: Krnai Sativnal LVildlifr R r h s e .  2139 ski   ill ~ ~ ~ d .  educational units. and public aquaria investigated and 
Soldotna. .4E; 99669. responded to marine mammal stranding events in Califor- 
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and there Is 7,t.i;iz 1-arlatlon in annual frequency by species. 
Fo:- e:<arn~Le, bet\\eer-i 346 and 2256 p~nnipeds (annual 
? = 883, S.D. = i2!), 54 and 11' cetaceans (annual 
- 
x = 80: S.D. = 36), and 3 and 8 sea turtles were reported 
by the Chffi.",lN in any one year. Since 1982. at least 
33 speci-s of c-eaceans have been reported to strand (Table 
1).  'The most frequently reported stranded ceraceans 
include harbor porpoise (Phocoena phocoena); common doi- 
phin (Delphinus delphis); gray whale (Eschrichtius 7-obustus): 
Pacific whit?-sided dolphin (Lagenorhynchus obt'iquidens); and 
bottlenose dolphin (Tursiops truncatus). A11 six species of pin- 
nipeds occurring off the California coast have been reported 
to strand (Table 2) .  California sea lions (Zaiophus calfor- 
nianus); harbor seals (Phoca cituiina); and northern elephant 
seals (,Mirou:ga angustirostris) are reported most frequently; 
also of note are tivo strandings of the Guadaiupe fur seal 
(drctocephalus toznsendi) constituting the northernmost 

-- 

a A % This requiremeiir has been riifficult to enforce in a few areas. For ex- 
ampie. some life guarcls and beach maintenance cre\\s  thin areas 
of Los Xngeles and San Diego counties that experiencs frequent pln- 
niped strandings routinsly bury carcasses w-ithour qubmirting strand- 
ing reports Thus  \\e discuss rcported numbers and !rtdices of e\-ents 
and not absolute stranclmg rates or cvcles. 
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Table 1 
Cetaceans stranded in California as reported to the YhlFS by the C h l h l S Y  198'2-1987, in order of overall frequency of 
occurrence 
-- 

-- 

1 Harbor  po rpo i~e  
Common dolphin 
Gray whale 
Pa r~ f i c  \<h1tr-5idrd dolphin ~ Bottlenose dolphin 
D a l l ' ~  po rpo i~e  

, Cuvier 'r  brakrd \\.hale 
I Pygmy sperm \$hale 
I Sprrrn whalr 
, Striped dolphin 

Phocoena phocornn 
D e l p h i n u ~  d e l p h ~ s  
Eichrzcht iu~ r o h u ~ l u ~  
Ln,nenorh.ynchus o b l ~ q u ~ d e n i  
T u r s ~ o p ~  t runca tu~  
Phocoenolde~ dnllz 
Z ~ p h ~ u i  cazlrostrls 
Koeta  b re~ l cep i  
Phyirter catodon 

, Blur whale Balaenoptern rnusc~l l~ls  - - 1 - 2 1 
H u b b ~  braked \zhalr .Mesoplodon carlhubhs~ 1 - 1 - 1 - 

l l i nke  \zhalr Balaenoptera ncutoro~trnta 1 1 1 - - - 

Rough toothed do lph~n  9 e n o  hrrdaneniii 1 2 - - - - 

Blain\.illc.q hrakrd M hale .I4rioplodon drni~rui trz i  - - 1 1 - - 

( Fin mhale Balarnoplera ph>salus - 1 - - 1 - 
: Short-finnrd pilot \<hale Glohicephala macrurhynchus - 1 - - - 1 

! Hurnphack whale .Mrenptern nocaeaneliae - 2 - - - - 

Bryde's \%hale Balaenoptrrn e d e n ~  1 - - - - - 

Dwarf sperrn whale Ko,nln s lmus - - - - - 1 

Killrr whalr O r c ~ n u i  urca - - - 1 - - 

Rlsso's dolphin Grampus erlseus 
Spinner dolphin Slenelln longzroiir~i 
'nidentified balarnopterid 
Knidrntifird dolphin 
Unidentified qmall \% hale 
Unidrntifird braked \\ halr 

' Unidentified c r t a t r a n ~  - 12 3 - 3 - 

Year total i -1 117 108 i / 5 8 ii 9 - n  

I 

Table 2 
Pinn~peds irranded In Cnl~fornla and reported to the NhfFS 
hv the ChlhlSD! (Sources 1983-84 data-Seng-drs et nl 
1986. 1985-87 datn-NhlFS. Southwest Req~on ,  Termlndl 
islnnd C 4  filei) 
-- 

Year 
-- -- 

i p r c ~ r s  1981 198-1 1985 1986 1987 
-- -- - -- - 

L c a l ~ f o r n ~ n n u i  1750 62-1 260 1'11 211 
\I a n g u ~ l l r o , t r ~ s  241 99 9 201 7 9 

P z~tulzrta 232 105 h4 '111 -1 7 
f u r ~ l n u i  19 2 6 1 3 
E jubatus  111 8 8 7 J 

4 t u ,~n i end l  0 1 0 0 0 

L n ~ d r n t ~ f i r d  1 -1 13 12 1 1 

Total 2186 8511 4 4  9 7  34h 

- -- - -- - 

iecords for the species (12 ebber and Roietto 1987) From 
1983 t9 1987, sea turtle strandings included t\\ el! e leather- 

back (Dermoche(ys corarea), eight green (Chelonia 7r<ydas). rllree 
Pacific ridley (Lepidochebs oli~acea), one loggerhead (Caretta 
raretta), and 3 unidentified sea turtles. Records of uniden- 
tified animals from all three groups are not uncommon 
l~ecause of carcass condition or observer unfamiliarity. 

In 1985, CMbISN data were examined in an assessment 
of their utility for NMFS management purposes. This 
assessment considered all stranding records for the 1983-84 
two year period (Seagars et al. 1986) and concluded that 
ChIMSN data can be used as an index of anomalous events 
(such as fishery related mortality) useful to management 
as an early warning system. For example, commercial 
fishermen may be authorized to "take" marine mammals 
m d e r  certain conditions and this take may lead eo some 
of the observed strandings. In 1983 and 1984. significantly 
higher numbers of harbor porpoises >vere reported to strand 
than in previous years (Table 1). These strandings occurred 
in months and locations >vhere a considerable expansion 
in the gill net fishery was in progress (Table 3). Although 
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?:~ty?:~ 2'~ 01 1;23.1tl;:; ne\:k*orn anlmais. Tile ST+VR no>\ 
. i5;iics ,<.?. . aE n~lr~ua! cress release prier to harbar sea: 1;appir:e 

- ,  . ,. sezsor: rn zier.i ::;r pubilc azc! anirra; controi zgencies or 
:fie n-ed i o  sray a\t~ay Corn iitl\vii~;n pups. Xian). ilei~.vork 
 members l is tr i@:~tc tihis release ;si:ti~n their sections. This 
is a p r i ce  example of !is\\ the Net;t ork can pis:; an educa- 
. . 

:,onai rc!e r 3  increase public alcareness and prortct marine 
i~i2m:-nals. 

Ldb e Stranded P~n~:ipcds and 
9 -7 -pi -+ t-tibtion - Programs 

The rehahiiitaricn of ii\-e str3nded animals occurs through 
i-oiunteer efforts of pri~.are rehabilitation ientcrs authorized 
i;y :he NkIFS. Under iererinar! guidance. these centers 
;reat strandecl animals and arrange ibr :heir release back 
to the sen i i i~cn  deterrniiled ap?ropriate. Ai! reha,bi!;tated 
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animals are required to be tagged prior to release with tags 
provided by the NMFS. Individuals that have been stabil- 
ized but are determined by a veterinarian to be unreleas- 
able because of continuing medical or behavioral problems. 
become candidates for permanent placement at public 
display or research facilities. All such requests under the 
MMPA for California pinniped species have been fulfilled 
with rehabilitation center animals since 1980. The Network 
Coordinator may help to locate placement for these depen- 
dent animals: initiate correspondence necessary to author- 
ize transfer for research or display, or otherwise facilitate 
the placement or use of these individuals. 

The fate of rehabilitated and released pinnipeds recently 
has been assessed by examining resight records of the 
tagged and released animals (Seagars 1988). This anal- 
ysis was considered to be preliminary because the rate of 
tag loss was unknown, resight effort was uneven through- 
out the study area. and most released animals were from 
younger age classes which reduce the resight probability 
because higher mortality rates occur in these classes and 
because most field work emphasizes counts during breed- 
ing seasons on rookeries where younger animals may not 
be present. Given these limitations, the analysis con- 
cluded that 1) most released rehabilitated pinnipeds are 
not restranding (dead or alive) and appear to be returning 
to wild populations; 2 )  pinniped rehabilitation programs 
are not contributing to detectable increases in marine 
mammal-fishery interactions; 3) animals from rehabilita- 
tion center programs are not contributing significantly to 
population growth since they comprise <0.1% of any 
species' population. The tagging program is likely to con- 
tinue for the foreseeable future to address these identified 
limitations and to continue monitoring the fate of released 
animals. 

Summary and Future Goals 

By establishing this network and coordinating the activities 
of many largely volunteer individuals and organizations, 
additional understanding of the biology of these animals 
has been possible, both at the individual and population 
level. This expansion has benefited scientific knowledge 
and management programs. O u r  review of the C?..IMSX 
data found that these records can be viewed as an index of 
events in the wild and that management can use them as 
an early warning system for developing timely responses 
where appropriate. While most of the issues of concern to 
the NMFS revolve around the population levels of pin- 
nipeds and cetaceans, aspects of the biology of these species 
are so poorly known that any single stranding may be an 
event of significant zoological interest. Many of the details 
of anatomy, physiology, and life history of marine mam- 
mals have been determined by careful, detailed study of 
a very few stranded animals. 

Because of these benefits, the NMFS expects to continue 
coordination of the C M M S N  and the collection, analysis, 
and dissemination of stranding data. It may be possible 
to improve the quantity and quality of the data submitted 
by increasing contact with C M M S N  cooperators and par- 
ticipants. We propose this be accomplished by increasing 
"feedback" through circulation of informational materials, 
more frequent and wider dissemination of data analyses 
and reports, and publication of the existence and purposes 
of the C M M S X  through the media and other channels as 
appropriate. Requests for C M M S N  data summaries 
should be made in writing to Stranding Coordinator, 
Southwest Region, National Marine Fisheries Service. 300 
S.  Ferry St . ,  Terminal Island, CA,  97031. The C M M S N  
Directory will be periodically revised and redistributed. 
Development of educational materials may assist species 
identification. Future analyses will be facilitated by auto- 
mating both archived and incoming data. Many of these 
proposals are in the preliminary stages of implementation. 
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Figure 1 
Korthweqt \far lne hIammal Stranding-  net^ or k Not~ficatior, Procedure 

Oregon State University taking the lead in Oregon and 
T a g  Gornall taking the lead in M'ashington. This infor- 
mal netlvork operated on an ad-hoc basis in consultation 
~vith law enforcement agents from the Oregon Department 
of Fish and Wildlife (ODFTV), the Washington Department 
of Game (renamed Department of Wildlife in 1987) and 
the NhIFS. This "informal" arrangement continued until 
1982 when the NhIFS-Northlvest Regional Office estab- 
lished the current North~vest Marine Mammal Stranding 
Netlvork. 

The NMFS effort to formalize the "Alert Net~vork" was 
initiated in 1981 to ensure that marine mammal stranding 
responses lvere coordinated coast~vide and that a coastlvide 
standardized protocol was established for investigations and 
disposition of animals and specimen material. Although 
the informal organization of interested network volunteers 
in Washington and Oregon was functioning relatively ~vell. 
there Ivas a need to establish a regional fbcal point for net- 
lvork communications and to develop a regional data file 
on both the stranded animals and the specimen material 
collected from those animals. In addition. 1981 marked the 
end of NLIFS marine mammal enforcement contracts ~vith 
the States of TZrashington and Oregon which inclu6ed 
responsibility for stranded animals, thereby leaving a \.(-,id 
in direct state involvement in strandings, 

. . 
The NhTFS-Yorth\iest Regional OLf̂ iii.i e~taki i she~i  ~'1% 

7 7 

ior thnes t  kiaril?i. i l a ~ n m a l  Strar-dtng Se:\vc-~.~: i r  2-r.!~ 

1982 after- con\:sning a meeting of Yorthhesi eniities that 

had prel lousl\. been In\ 011 ed 1~1th stranded manne mam- 
mals. State ~vildlife and land management agencies. law 
enforcement entities. major academic institutions, and 
other volunteer researchers and veterinarians were repre- 
sented at the meeting. The  Oregon State Parks, which is 
responsible for most of the beaches of Oregon. was in the 
process of developing a statelvide disposal policy for dead 
marine mammals and the network meeting ensured ac- 
kno~vledgment of the scientific interest in strandings and 
the need for a policy to provide for scientific investigations 
prior to disposal of carcasses. The  meeting resulted in 
development of a coastwide notification procedure ~vhereby 
all strandings would be reported to the respective state en- 
forcement agency (T4Jashingron State Patrol or Oregon 
State Police). who ~vould then relay the stranding infor- 
mation to the appropriate network response center (Fig. 
1). A11 entities agreed that NhlFS should take the lead in 
overall netlvork coordination and that the Northwest region 
should be divided into major geographic areas, each hav- 
ing a primary response center. Each primary response 
center would receive all reports on strandings in a desig- 
nated geographic acea and ~vould be responsible for deter- 
mining the appropri~te stranding response in coordination 
iv~tki other nctlvork participants, 

The h'orthb~est ?.rfarine Ifamma1 Stranc!ing Netlvock 
operates .imder ine aiithor~ty of Section 109 of the I\l:=rine 
X[alr:iT:a~ P ~ ~ ~ , [ ~ ~ r i ~ ; ~  ' A i ~ t  1972 ihfI\ l iP.~) y~:nlck; ppri\ lt-ies 
.?r ; ! :hi- protect;3n and 1i.elf~re cC marine marnrrials; 
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2) the protection af public health and kvelfare (in r e g x d  
1-0 :~iaiarine xiammais): snd 3) rhe return of the rrlarine ::lam 
ma1 to its natural environment. The Northwest hlarine 
hlnrnmai Strandinp Network does Tint ~IJS:' o3eratr under 
, . 

ci;is legn! authori;! bnt ai.tcaliv snharices edmir!isrrari:;l-! 
c,! ;llc ~ 3 ' ~ ~ ~ , f ~ L A .  ar:ci : > l ~ L - ~  ;15L~iefi:s the: lxa.3-i,-L< : ~ : a ~ ~ n : ~ . ~ ~  

. ? 

i.:Lifi 3: c,112 asye-::: c:f :i?:ii, legel ,2L~:;-:.ri:: As 

: ( > ~ ; C - + ~ . S :  

3.  Pwi-ides for the return of the marine mamma! ~o Irs 
natural habitat ~vhen  feasible by 
a .  ensuring that the an ima!~  are handled on1.y by eu- 

perienceci peopie: 
b. ensuring that the amma! is gi\en apprapriate care 

and.  if mo. ed to a holding faciliry, that such facil- 
ity is operated solely for thv animal's ~vell-being and 
ultimate return to the ~vild;  

c ,  collecting biological information on the animals to 
develop better method? and procedures for pro- 
viding adequate care and rehabilitation; and 

d .  educating the public on marine mammals ro that 
human activities -\.ill not preclude live animals from 
being returned to their natural habitat. 

Current Network Protocol 

The Ii-itlonal Marine Fisheries Ser-,.ice, Northla. zst FCe- 
, . -. 

sio!-~a; 3 f i c e  is -hi overall network coordinator. i i ie  
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,- rtx:.;, ryF,v:-:s: CP<:,~:.:~S 7 ,  h e ,  tk1e a.y<a. ?6,.~rL~~::?.:~f- - -  - 
. . - - 

deter:-,-.incs that j :;crcnr~fi;_c ~~vestiipatior? >:.I tne r e g i ~ ~ t r d  
- 7 jti.a~;d:ilp :s b;arrani.rcb l h e  area coordina:or takes rhe 

. . , . - - .  . - 
i t - t c l  :c arrhngicg an ,?:1-s?tf- ;nvei;r!gr!ioi?. ;firs i~ciccies 
notifyrig apijropria.ts zil~horities, sxch as law enforcemen[ 
eniities and cither netlvork personnel who may want rcr par- 
ticipate in the investiqation or ~ v h o  are interesued in col- 
it-ctlrig specimen material. 

.%n indirect response occurs \ ~ h e c  the primary respanie 
center relays the stranding information and responiibiliry 
for response coordinaiion to another stranding network 
entity @ne \-fry common situation occurs when the area 
coordinator relays information on the stranding to other 
net~vork participants ~ v h o  may be in closer proximity to 
the stranding location or ~ v h o  have expressed a specific in- 
terest in conducting an on-site investigation or recovery 
of the involved species. If a live, but distressed snimal 
is in-,,olved, the area coordinator may notify net~vork 
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Grograph~c  area 

Table 1 
Pr~rna r \  response centers for edch of the fi \e geograph~c areas in the Northmect R e g ~ o n  

-- -- 

Prirnary r r ~ p o n s r  crnt r r  Area coordinator 

Washington 
Inland watrrs.  Pugrt Sound and I I a r ine  Animal Rrsource Center (LIAR(:), 
Straints of Juan de Fuca Seattle. IZA 

Coastal waters north of IVillipa Bay IVashing-ton State Department of LVildlifr (FVDIZ), Steve Jeff r~rs .  IVDLV 
Tacoma.  FVA 

WashingtonIOregon 
I l ~ l l ~ p a  Ba\ L t  4 to Tillaniooh B a \ ,  O R  Portland State U n i \ e r ~ ~ t \  (PSL)  

Portland, O R  

Oregon 
C e n t ~ a l  Coast Oregon State Drpar tmrnt  of Flsh and Ft ildlife (ODFFt ) Robm Bronn,  ODFLt 

L e w p o ~ t ,  O R  

Southern Coast U n i \ e ~ s ~ t \  of O ~ e g o n  I n ~ t ~ t u t r  of hlarine Biolog-\ (OIh lB)  Jan Hodder OILIB  

C h a r l r ~ t o n  OR 

entities that can assist i n  retrieving the  animal and request 
t h e y  transport it t o  a scientific investigator or t o  a veter- 
inarian or  rehabilitation center.  I f  t he  stranding is i n  a 
remote  area,  t h e  coordinator m a y  request assistance f r o m  
the  reporting party or  others i n  obtaining basic morpho-  
logical information o n  the  stranding ( i n  these cases the car- 
cass is le f t  o n  the  beach) .  I f  t he  stranding reported is a live 
animal o f  questionable status,  the  response center m a y  ad- 
vise that the  animal  b e  le f t  o n  the  beach and observed for 
at least 24-48 hours .  Subsequent  notif ication would be  re- 
quested f r o m  the  reporting part!; i f  the  animal  shows ob-  
vious signs o f  distress or i f  it remains  o n  the  beach after 
24-48 hours .  

I n  some situations,  the  area coordinator m a y  be  unable  
to  dispatch a response t e a m  or  m a y  determine that a 
response is not  necessary. I n  these  " n o  response" situa- 
t ions .  the  coordinator advises the  initial reporting party 
o f  the  decision not to  respond and advises oil disposal o f  
the  stranding ( i f  dead)  or advises people to  stay away f rom 
the  animal ( i f  alive).  T h e  decision not t o  respond is usually 
d u e  t o  the  remote  or inaccessible location o f  the  stranding, 
a badly  decomposed carcass i n  a distant location, or the  
determination that a live-stranded animal that is perceived 
to  be  sick or in jured,  is actually likely to  b e  healthy. I f  there 
are potential enforcement  problems such as harassment  o f  
live animals or unauthorized removal o f  parts f r o m  a car- 
cass. t he  area coordinator also \\.ill not i fy  appropriate en -  
forcement  entit ies.  

Network participants routinely collect specimen material 
f r o m  stranded marine m a m m a l s .  T h i s  specimen material 
is subsequent ly  registered t o  the  n e t ~ v o r k  participant b y  
N M F S .  Mos t  material is tissue samples collected for re- 
search purposes,  a l though a n u m b e r  o f  entire skeletons 
(especially cetaceans) are collected and catalogued into  

m u s e u m  collections each year. M M P A  research permits 
are not required for ne twork  participants t o  collect speci- 
m e n  material f r o m  stranded rnarine m a m m a l s .  Holvever .  
i n  order to  authorize the  possession o f  such material under  
the  M M P A  and enhance the  exchange and transfer o f  such 
material for research, the  N h l F S - N o r t h ~ v e s t  Reg ion  has 
registered all specimen material collected b y  network 
participants. 

Network Accomplishments 

O v e r  3000 stranded mar ine  m a m m a l s  representing 23 
species have been  reported i n  W a s h i n g t o n  and O r e g o n  
f r o m  i977 through  1987 ( T a b l e  2 ) .  T h e s e  reports repre- 
sent almost all o f  the  marine m a m m a l  species recorded for 
Northwest  waters.  T h e  on ly  species previously recorded 
i n  Northl.vest waters that  were not reported as strandings 
dur ing  this period are the  right whale  (Balaena glacialis) 
( S c a m m o n  i 874);  the  sei jvhale (Balaenoptera borealis) (Schef-  
fer and Slipp 1948);  the  Baird 's  beaked \\hale (Berardius 
bairdii) (Everitt  et al. 1980); the beluga whale (Delphinapterus 
leucas) (Schef fer  and Slipp 1948); the  rough-toothed dolphin 
(Steno bredanensis) ( a  1972 stranding i n  W a s h i n g t o n  e x a m -  
ined b y  K e n  Ba lcomb) ;  and the  bottlenose dolphin (Tur -  
siops truncatus) (Ferrero and T s u n o d a  1989).  

Pinnipeds have  accounted for almost  n ine ty  percent o f  
the  reported strandings i n  each o f  the  past years. T h i s  oc- 
currence is not surprising because pinnipeds are commonly  
encountered in the  Northwest and frequently interact \vith 
h u m a n  activities, such as f i shing.  T h e  principal marine 
m a m m a l  species found stranded o n  the  beaches o f  the  
Northwest  is the  harbor seal (Phoca citulina). T h i s  is t o  b e  
expected since P. z;itulina is the  most  frequently encountered 
mar ine  m a m m a l  i n  the  N o r t h ~ v e s t .  Also,  because harbor 
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respective1)-. Other~vise. there are no recenr records of these 
species stranded on the beaches of the Norrh\vest. Some 
of the more noteworth)- marine mammal stranding episodes 
that have occurred since 1977 in the Korthwest are sum- 
marized below. 

Mass Stranding of Sperm Whaies (1979)--The cnly mass 
stranding of cetaceans in recenr isears in the North\vest was 
the stranding of forty-one livr sperm \\.hales (Physeter catodon) 
near Florence, Oregon on 16 June 1979. The stranding 
attracted so rnuch public attention that rl:e Oregon State 
Police \vere forced to close access roads. >-et hundreds of 
people still hiked to the site. Ef'hrts by sornp to push or 
tobv the whales back to sea pro\-ed futile. Bk- 17 June,  ail 
of the whales had died. The stranded school consisted of 
28 females. ranging in size from 9.3  to 11.4 m. and 13 
males, rangiLlg in size from 9.3 to 11.5 m (Rice et al. 1986). 
Bruce ?,'late of Gregon State Unix-ersity coordinated and 
organized the "Alert Net~vork" response by various 
research teams. Numerous state, federal, and local govern- 
mental agencies were iiistrumental in pro\-iding security. 
crowd control, and disposal of the clrcasses. 

Northers, Fur Seal Stranding Episode j1980)-G~ -r 40 
northern fur seals (Ca;,oihlnxs urJLnur) \\ere qtranijed on the 
northern Oregon and southern/central t\'sshington conct 
o\ er d three-M eek pe r~od  in sprlng 1980 hlost of the seals 
\\ere females that came dshore exhibiting- skmptorps of 
respiratory and central nervous system disorders. In ad- 
dition. there \vere t\vo male C, ursin1i.r and one male Califor- 
nia sea lion (Za1ophu.r col2J0rnianu.r) that stranded under 
similar circumstances during this period. A total of 35 live 
pinnipeds exhibiting tliese symptoms were recovered and 
treated primari1)- b>- Tag  Gornall and \.olunteers in the 
Slarine Animal Resource Center. Eight female C. ursiqus 
survived and six of them \\ere tag-ged and released back 
to sea. One of the ferriales, released on 18 Ma>- on the 
'i\*ashington coast; icas sighted in a breeding colony on the 
Prihilof Islands on .i August 1980 (Ke>-es and Scordino 
1981). An exact cause for this stranding episode was not 
conclusively determined. 

California Sea Lion - Leptospirosis (1984)-LA drarnatic 
increase in strandings of Califbrrlia sea lions (Zolophus 
californianus). noted by North\\esr net~vork participants 
commencing in A u p s t  1984, was attributed to an outbreak 
of leptospirosis. Net\\ ork participants received a number 
of reports of sick. lethargic sea lions on the outer coast fiom 
AAugust through December 1934. Researchers examined 
over 100 California sea lions during this period: however 
many others were not examined and Lvere recorded as un- 
identified sea lions (Table 2). Leptospirosis \vas diagnosed 
in a number of freshly dead animals both in the Korth- 
\vest and in California. X joint meeting of the North~vest 
and California stranding netxvork participants was con- 

vened in October 1984 to discuss the outbreak of lepto- 
spirosis and to coordinate further research efforts coast\vide. 
Cluing to public safety concerns for people approaching 
these sick animals and possibly contracting the disease. 
state and local agencies \\ere alerted to the problem b>- net- 
\vork participants and NJYIFS distributed press releases 
coast\vide. 

Rseudorca In Puget Sound (1987)-A reported lire 
stranding of a pilot ~vhale in southern Puget Sound on 5 
\ r .\ray 1987 turned out to be a false killer .,\.hale (Pseudoi-:.a 
c.r/issidens), ar, exrremely rare \-isitor to iyashingron inlanci 
-,va;ers. The only other knoxvn occurrence of this species 
in Puget Sound xvas on 15 Xla>- 1937 (Scheffer and Slipp 
1948). The  single stranding was frorn a pod of 18 to 20 
false killer \\hales that \\-as first sighted in April but not 
identified as P. cm.rsidens until 4 May.  Because this species 
has been r e ~ o r t e d  in mass live stranding episodes in other 
areas, there Ivas concern for a mass stranding especialiy 
since the animals were in the confined inland waters. Con- 
tingem>- plans for a mass stranding were dex-eloped and 
a communication netlvork on the 1oc;rtion of the pod \..as 
established using participants in the North~vest stranding 
i:et\\ ork. The  pod \vas last sighted in Puget Sound in early 
,July 1987. No further strandings of this species occurred 
in Puget Sound; ho~vever, a lire P. crassidens \vas reported 
beached and released at Ucluelet on Vancouver Island. 
B . C ,  on 28 July 1987 (Eaird et al. 1388). 

Pollutant Research (1984)-The Cascadia Research Coi. 
lective (CRC).  Olympia. iVLA. actirely collected tissue 
samples from dead marine mammals in Puget Sound from 
Clctober 1983 to ,January 1385 during a study to determine 
if detrimental effects of pollutants could be detected in 
marine mammals. The target species Lvas harbor seals 
(Phocn ciiulino), C R C  researchers regularly searched har- 
bor seal haul-out areas for carcasses. as xvell as responded 
1.0 stranded animals reported to the Northwest Stranding 
Net\vork. During the study period, the C R C  researchers 
recovered 150 marine mammals, of \vhich 139 were har- 
bor seals (Calambokidis et al. 198:i). The ma,jorit)-- of the 
specimens Ivere recovered during haul-out searches, and 
consisted primari1)- of dead seal pups. One interesting 
aspect of the results is that the researchers did not find a 
high incidence of biological disorders at those sites with 
suspected high corltaminant levels, but surprisingly, found 
a higher incidence of disorders at sites ~vith lo\ver contami- 
nant levels (Calambokidis et al. 1985). 

Incidental Takes in  Fisheries (1980-1982)-The iyash- 
irigton Department of Game (currentbb- Department of 
\trildlife) undertook an intensive stranded marine rnamrnal 
recovery program in the Columbia River and adjacent 
areas as part of a marine mammallfisheries interaction 
stud>-. The purpose of the study \ \as to assess the nature 
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. . 
:is ;i,-el! as ca:np:~_:nisrs the raijpcri: that se:;;ork par::,::- 

. . . " 

2ul - t~  hzve dei--il:;,:i -i.:.t;i 1o~:~Is er:it:es -,<hr, roci;;ei : 
. , reporr cri;il(l:nqs ;uliJ; .z.fpecting :ier\;~srk ~ar::c102i:is iC  

. . . . 
cc:'duct a n  ormre !nl.-estiga!:on, 

Baselme data cslle::t-d 'F,. ilet\vork par~icipar~is Ere rnair- 
!a;nrd at the KMFS Regional Office in Szatt!e and c3pies 
are routinely pro%-ided to :>the? entities requesting such ix- 
foi-r~~ation. Far example, cetacean record! are provided 
quarterly to the Smithscnian Institution and annually rs 
the International LVhaling Commission. The inclusion oC 
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regional cetacean stranding data in the Smithsonian's data 
base allows for coastbvide analysis of stranding incidences 
and provides indicators to potential trends or developing 
problems. One of the principal benefits of maintaining 
long-term data files on strandings is the ability to deter- 
mine changing trends or "abnormal" situations that may 
indicate the potential occurrence of problems for certain 
species. For example: the increase in California sea lion 
strandings due to leptospirosis in 1981 \vould not have been 
easily detected had there not been a long term data file on 
strandings. 

Conclusion 

The establishment of the Northwest Marine Mammal 
Stranding Network has enhanced coordinated, systematic 
responses to marine mammal strandings coast~vide. The 
Stranding Network has benefitted researchers by enhanc- 
ing exchange of specimen material, expertise, supplies: and 
information. It has benefitted the animals by promoting 
public awareness and providing a mechanism for obrain- 
ing life-history info:-ma~ion ti; understand and protect the 
species better. The network also provides an early alert 
system on problems that may be affecting a species, in- 
cluding both naturally occurring (such as the leptospirosis 
ou;break) and hurncin relaTed (such as fisheries or po!!u- 
:ant mortzli~y) factor.; 

.4li of tile ?!orth\vest Region s t ~  a:itling network participants 
'11-e acitnc~v\.ledged for their volunteer, sometimes edd-hour 
e f f~ r t s  in 1,esponciing to stranded marine malnrnals, shar- 
ing their expertise xvith state, Federal, and !(~cal ar:ihorities. 
and submitting information on siranded animals. The ef- 
f : ~ r ~ s  of network participants ro obtain infor~1-iation on these 
a;>ecies has enhanced  he understanding of the ixan: 
rnarine mamrnai species as \?.ell as the ecosystem. I wish 
to express my gratitude to Steve jeffries, Robin B r o ~ m ,  
Larry Tsunoda. Tag Gornall. andJohn Rozdiisky for their 
assistance in providing pre-I983 stranding information for 
inclusiori in this report Also: special thanks are extended 
to janine Jijina for her assistance in typing and proof 
!.eading loilg lists of stranded species records as \\-ell as her 
a.ssistance in preparing this paper. 
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tion on strandings of marine mammals (Geraci and St. 
Aubin 1979). As a result of that workshop. ir rvas antici- 
pated that the NhlFS rvould be "instrumental in coor- 
dinating regional efforts" to gather information on 
stranded marine mammals (Geraci and St. Aubin 1979). 
Indeed, soon afier the rvorkshop was completed, stranding 
netrvorks were established in four of the five NhlFS 
regions. X plan to establish a stranding network that would 
encompass the fifth region (Xlaska) had been proposed at 
the rvorkshop (Fay et al. 1979a). Houever.  a lack of fund- 
ing to implement that plan, and an expectation that the 
State of Alaska r~ou ld  soon request return of management 
authority for marine mammals, delayed progress to11 ard 
establishment of a centralized State->vide netrvork in Alaska 
for several years. 

Funding for stranding studies was no longer a~railable 
by the early 1980's. * Thus,  there rvas little subsequent ef- 
fort devoted to investigating stranded marine mammals 
until the NMFS established an Office of hlarine h/Iammals 
and Endangered Species 11 ithin its Alaska Region in 1984. 
This provided a new opportunity to create a centralized 
Federal stranding netrvork for Alaska. Such a nerrvork 11 as 
initiated earlv in 198.5. 

Methods 

Successful operation of a stranding netrvork in Alaska 
required solutions to several major problems. Foremost 
anlong these problems were the length of the Alaska 
coastline (54 560 km) and its remoteness from most human 
settlements or road systems. Fay, Dieterich, and Shults 
(1979) had recommended using resident State biologists 
rvho were already located in 18 coastal game management 
units. These biologists >vould become the primary source 
of stranding reports. gained both from their o u n  ohserva- 
tions and from those of other local residents. Compilation 
of information rvould be done at the University of Alaska 
branches in Fairbanks. Anchorage. and Juneau. By 1984 
hoxvever. Fay, Dietel-ich, and Shults' plan had become 
untenable for political and financial reasons: The State had 
~vi thdra~vn from taking an active role in managing marine 
mamrnals. and the interested University of Alaska person- 
nel had no internal support for a stranding program. 
Hence, NhlIFS rnanagers Lvere reluctant to ask State and 
University biologists to undertake major voluntary respon- 
sibilities for a system that probably rvould remain under 
Federal jurisdiction. Consequently, an alternative plan 

' I n  l&iRO the L-nited Statei Fish and i1-1ldl1fr Srrvicr (Fi1-S) s u r \ r \ r d  
the .Maskan coasrllnr from Izrrnbrk Laqoon to Barrow lookinq for xvnlrus 
carcaisei Only filt. stranded ct.tact.ans n r r r  srrri during thi? ?ur\r! 
and none \\err idrntifird to species During the latt. l&i;O'i the Fi1.S 
carried out \earl> sur\t.x-s for stranded nlarinr birdr along rhr Gulf of 
Alaska and Bering Sea coasthnrs Stranded marine mammals found dur- 
ing these r u n  e!s were rrportrd to Francir Fax-. 

was developed fbr creating an Alaskan hlarine hlammal 
Stranding Netrvork that r~ou ld  be similar to those in the 
other two NhlFS rvest coast regions. 

The NMFS Southr~est Region (Califbrnia-see Seagars 
and Jozr~iak 1991) and the NhlFS Sorthwest Region 
(Oregon and M'ashington-see Scordino 1991) each have 
a designated Regional Setrvork Coordinator >vho is respon- 
sible for overall administration of that region's netrvork. 
Each region has been divided into several sections. and in 
some cases, a Primary Response Center (PRC) has been 
designated 11 ithin each section. These PRC ' s  are respon- 
sible for coordinating all net~sork act~vity r~ i th in  their 
geographic area and for sending stranding data to the 
Regional Netuork Coordinator. Data on stranded marine 
mammals are compiled by the Regional Setrvork Coor- 
dinator. cornputerized. and sent to the Marine hlammal 
Events Program at the Smithsonian Institution. 

In Alaska the Chief of the Office of hlarine hlammals 
and Endangered Species was designated to be the Regional 
Setwork Coordinator. The State rvas then divided into ten 
coastal areas rvith a P R C  in each area. Responsibility for 
the 10 centers uas  divided among six agencies (NMFS:  
XDF&G: U.S.  Fish and M'ildlife Service (FLVS): Univer- 
sity of Alaska-Juneau: Alaska Department of Public Safety; 
and the North Slope Borough; Fig. 1). The Regional Coor- 
dinator supplied each center with an explanation of pro- 
cedures to fbllow rvhen investigating a stranding. and a set 
of reporting forms rvhich had been printed by the Smith- 
sonian Institution's hlarine hlammal Events Program. 
The Regional Coordinator encouraged the P R C  Coor- 
dinators to branch out into other villages and involve ad- 
ditional agencies and qualified individuals within their 
areas. In order to publicize the netrvork; a press release 
describing the development and purpose of the netrvork 
xvas sent to most of the larger ne~vspapers, and to radio 
and television stations in the State. Eighty letters xvere sent 
to mayors. city managers, harbor masters. and flying 
services throughout coastal Alaska, The  press releases and 
letters rvere individualized to identify which P R C  should 
be contacted in each area. 

The Smithsonian Institution's hIarine klammal Events 
Program focuses its interest on cetaceans rather than pin- 
nipeds. Therefbre. the Alaska network was publicized as 
a cetacean stranding network only. As in other NhlFS 
regions hou ever, participants in the Alaska stranding net- 
\vork 11 ere encouraged to in~restigate unusual strandings 
of pinnipeds. 

Results 

Stranded Cetaceans 

Since 197.5 the Smithsonian Institution has kept a com- 
puterized data base of cetacean strandings ~vhich have oc- 
curred in the United States. Of the 145 Alaskan cetacean 
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seals. the Alaska Zoo retained several for public display. 
sent some to aquaria  e!se~vhere in the United S t a ~ e s .  and  
returned the rest to the ~v i ld .  ,411 animal: treated at the 
facility in Halibut Cove \\-ere returned to the Lvild. 

4s;ablisi:nrc.nt ,of the strandin? i~.f:t~.*~'k in Alaska aiio p:.o- 
\-ided a n  rjpporrunit>- t c  standardize the s!.srern :.~ndei- 

which permits or loan agreements are  given to individuals 
31- a g e n c i e ~  :\-he \vish to kecp marine ~~-~arnr r , a l  parts.  PC:-- 
riiits to keep the ha:.-': parts from dead ,  non-endangered 
spec,ies cf nlarine ma:niiiais thz) h r l  found \vlthii? n e  
qliarter mile of the ocean are lssrled ur?:!ei a;chorit:- 
described in the Ci r ie  of Federal !<egulations (0 CZX 
3iS .26)  ?yon1 !!?e5 rh:.ough 1987. 57 sub peri:lits ..ere 
issuei  5:; the A.Ias'.:a s ~ r a n i ! i i ~ ~  ns:\vork. 

. . 
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agerlcies and  :?io!cgisis wirh:n their ge3graphic regions; and 
it is pcssihie that this concep: \1-111 : i o ~  \vork il-, ?laska. I h i :  
II-~P 1988. SAbF'S Alaska R e g i o n 4  Oi'5ce scr,ff planried tr. 

i<,::ract all ;:as\al o:'zces o f t h e  .5LDF.3rS F&JS'!-:3. :d~:lc.n;>j 
Par!< Srr\-ise. ~ : . i i~k-ers i rv  23fA4!2sC;2, a:liJ L;:?J~ i ;e~-~!-rment  

. . :;< L'~~~bjic >3.i:;\, .A- i tc i i~  .Ala.51<3 2 . n ~  : T ~ - L I C S ~  1:ieii- !?el;> NL 
responding ro mau-in,;. :narnma! srraridir,gc. Prr:i::s:zti:?~ ,, 
agencies r in:iividi;a!s s.Ze1-e asked i.; in~,--s:i~.:lte mar:l5e 
rnammai stran-ii~igs a n 5  si-IIC~ ~ c ; ~ T : L  t(i ;~r':;:i; 131. 

c a t i o g i n g .  T h e  data  wer? then -en[ ::: e!le S m i : h s o ~ i a n  
Institution. 

. . Recz~ise 3f the :arge ni.:m?e!- i 7 ,  c:' i:u-:pi:fack ~ : l ~ s i ; s  

tha; became entangled ii? nees in so;irhea.sr .-: laska IF i38T. 

the NLIFS has begun developing plans ro initiate a "whale 
hotline" sin-~ilar to the one established in Nemfoundland 
(Lien  et al.  1987). T h e  purpose of the hotline ~vil! be to 
provide a quick rescue response to reports of entang!ed 
whales in souiheast Alaska. 

To cia~i.. rhe Federal stranding i:e~:vork eatzbl'shed in 
. ~ l s s k a  in 198.5 has 1136 limited iuccess. B\- involving a 
greater rlunlber 3f agencies and in&\-iduals in :he invesriga- 
ticn of strandings. and 13). initiation of the Lvhaie rescue 
hoiline. aiong iriih frequent feedback to the people and 
agencies in\-oived. it is hoped that the .'l!aska stranding- 2er 
~~~11.1 ;  will becoriie a more active and  better kno\\-n e:lrir!- 
v>.i<.hin the State. 
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Notes on the Most Gsmmonly Reported Species 
sf Cetaceans Found Stranded in Alaska 
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In addition to the Srnithsonian Institution's Alaskan 
stranding reports, and those found in published sources 
(Fay 1976; Fay- et al. 1977. 1978, 1479 [a, b ,  and c]; Frost 
et a1 1984, 1986; Lowry et ai. 1986); several unpublished 
reports of Alaskan strandings are also available. These in- 
ciude the 1984 annual report of strandings in the lower 
Cook inlet region by the Pratt Museum (strandings in- 
~restigated by the Prart hluseum since 1984 have been in- 
cluded in the Smithsonian institution's data base), a file 
of strandings that were compiled by NMFS special agents 
in Alaska during the years 1979-1983, and a 1387 strand- 
ing survey (Nome to Shishrnareq by the ADF&G. 

Three hundred a.nd twenty-five stranded cetaceans are 
identified to species in these reports. Distributions of the 
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most commonly found animals are shown in Figures 2-i2. 
In some cases (e.g. the Smithsonian data base) geographic 
coordinates for each stranding were recorded. In other 
cases (e.g. Fay 1576; Fay et al. 1977, 1978, 1979 [a ,  b ,  
and c]; Frost et al. 1984) strandings were recorded as the 
1:urnber of animals seen over an entire survey and are so 
indicated on Figures 2-12. 

The gray whale has been the most frequently found 
stranded cetacean in Alaska since 1975 (Table 1). Approx- 
imately 18600 gray \\,hales reside in the Bering and 
Chukchi seas during the summer and pass through the Gulf 
of Alaska during fall and spring migrations to and from 
wintering grounds in Mexico. Gray whales have been 
found stranded throughout much of this area, from Yakutat 
on the eastern Gulf of Alaska to Barrow on the Chukchi 
Sea (Fig. 2). O f  127 reported strandings, 96 were from the 
Bering Sea, 24 were from the Chukchi Sea and 7 were from 
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Distribution of stranded gray whales in Alaska. 
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Distribution of stranded beluga whales in 
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the Gulf of Alaska. Fay (1976) found 24 stranded gray 
whales in a survey which covered less than 20 70 of the Ber- 
ing and Chukchi coastlines, and estimated that at least 100 
stranded gray whales, or approximately 1 % of the esti- 
mated population at that time (about 11000 animals), 
might be found if all beaches were surveyed. Several of 
the whales investigated by Fay appeared to have been at- 
tacked by killer whales (Orcinus orca). Reports compiled by 
NMFS Special Agents indicated that at least two of the 
whales investigated in the Shishmaref area had been killed 
by Soviet whalers. 

The beluga whale (Del,bhinapterus leucas) has been the most 
commonly stranded toothed whale found in Alaska since 
1975. Geographically separated populations of beluga 
whales are found in Cook Inlet and in the Bering Sea 
(Leatherwood et al. 1983), and Alaskan strandings of this 
species tend to reflect that distribution (Fig. 3). Nearly one- 
third of the strandings (20 of 58) were from the Cook Inlet. 

Sound 1 1 ,  
, < 

The other 38 strandings were reported from Bristol Bay 
to Kotzebue Sound. Most of these animals (37 of 38) were 
found in Bristol Bay. 

Stejneger's beaked whale (Mesoplodon stejnezeri) inhabits 
the cold temperate and subarctic waters of the North 
Pacific, and strandings of this species have been reported 
to be fairly common in the Aleutian Islands (Loughlin et 
al. 1982; Loughlin and Perez 1985). Of the 29 Stejneger's 
beaked whales reported to the Smithsonian Institution, 21 
were found in the Aleutian Islands, 5 were found near the 
north or south side of the western Alaska Peninsula in the 
vicinity of Cold Bay. and 3 have been found on the 
southern Kenai Peninsula. 

Killer whales are found in all oceans of the world and 
the distribution of Alaskan strandings reflects this wide 
distribution (Heyning and Dahlheim 1988). Of the total 
20 strandings reported from Alaska since 1975, 1 was 
reported from the Chukchi Sea, 13 from the Bering Sea, 

-, 
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Distribution of stranded killer bvhalec in Alaska, 

and 6 from the Gulf of Alaska (Fig. 5). Five of the Bering 
Sea animals stranded together near the north end of 
Nunivak Island in May 1984 (Lowry et al. 1986)-this 
event represents the only recorded "mass stranding" of 
cetaceans in Alaskan waters. Reports of stranded killer 
whales extend from Lincoln Island near Juneau in 
southeastern Alaska, to Kividlo (near Shishmaref) on the 
Chukchi Sea. 

Cuvier's beaked \vhale (Ziphius caz~irostris) is widely dis- 
tributed in all oceans between the Arctic and Antarctic, 
and it is believed to be the most abundant beaked \vhale 
along the west coast of North America from the Bering Sea 
to the Equator (Leatherwood et al. 1983). Strandings of 
this species are commonly reported (Leather\vood et al. 
1982). In Alaska, Cuvier's beaked whales have been found 
stranded from Sitka, on the eastern Gulf of Alaska, to 
Agattu Island in the western Aleutians. They have been 
found most commonly in the Aleutian Islands (12 of 19 

reports). Single stranded animals were found near Black 
Hills Beach and Bechevin Bay on the north side of the 
Alaska Peninsula. The remaining 5 strandings were found 
across the central and eastern coastal regions of the Gulf 
of Alaska (Fig. 6) .  

Minke whales (Balaenoptera acutorostrata) are found 
throughout the world's oceans and they are abundant in 
the Bering Sea and Gulf of Alaska (Stewart and Leather- 
\\rood 1985). In Alaska stranded minke \vhaies have been 
found from Betton Island near Ketchikan in southeastern 
Alaska, to Eschscholtz Bay in Kotzebue Sound (Fig. 7) .  
Another animal, believed to have been a minke whale was 
tentatively identified, but not confirmed; from near Point 
Hope by NMFS Special Agents. Several of the strandings 
\vere from the Cook Inlet area (5 of 19 reports) or from 
St.  La\vrence Island (4 of 19 reports). 

Bowhead whales (Balaena mjsticetus) occur only in Arctic 
and subarctic waters. The Bering Sea stock of this species 
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Distribution of stranded minke whales in 
Alaska, 1975- 1987 

makes annual migrations between the central Bering Sea, 
where they winter, and the eastern Beaufort Sea where they 
feed during the summer. They are hunted by Eskimos from 
St. Lawrence Island in the northern Bering Sea to Kaktovik 
(Barter Island) in the central Beaufort Sea. Although 
several animals are struck with explosi\~e harpoons and lost 
each year, there is only one confirmed bowhead stranding 
in the Smithsonian data base (Table 1). Fay (1976) reported 
an additional four animals, Fay et al. (1978) reported two, 
the ADF&G survey in 1987 reported two, and NMFS 
special agents reported two more. All of the reports are 
from St. Lawrence Island or northwestern Alaska (Fig. 8 . )  

Humpback whales are found in all seas lying between 
the Arctic and Antarctic Oceans (Johnson and FYolman 
1984). Although large numbers of humpback whales were 
taken by Soviet and Japanese whalers in the eastern Aleu- 
tian Islands through 1965, the westernmost stranding of 
this species since 1975 was reported from Kodiak Island 

(Fig. 9). Since 1975, most of the strandings (8 of 9) have 
been reported from southeastern Alaska. 

Sperm whales are found in all the world's oceans. Al- 
though they are widely distributed in the North Pacific 
(Gosho et al. 1984) the majority of Alaskan strandings (5) 
have been reported from the western Aleutian Islands (Fig. 
10). One each was found on Kodiak Island, in Prince 
William Sound, on Cape St. Elias, and near Sitka. 

Baird's beaked whale (Berardius bairdii) is native to the 
North Pacific and has been found stranded as far north 
as St. Lawrence Island (Leatherwood et al. 1982). Since 
1975 seven strandings of this whale in Alaska have been 
reported to the Smithsonian Institution, and Fay (1976) 
described an additional stranding. The northernmost 
stranding since 1975 has been from the area between Cape 
Pierce and Cape Newenham (Fay 1976) (Fig. 11). One 
animal was reported from Bogoslof Island in the southern 
Bering Sea, and one from Sitkalidak Island near Kodiak. 
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The remaining five strandings occurred In  the Aleutian 
Islands. 

The  fin \+:hale (Balaenoptera physailc~) is found in ai! the 
major oceans of the ~vorld. \vith Alaskan concentrati::i?s 
occurring in the Gv.lf of Alaska and the Aleutian 1sla:lds 
(Leatherwood et al. 1983). Five fin whale strandings have 
been reported to the Smithsonian Institution, Fay ( 1 9 7 6 )  
and Fay et al. ( 1 9 7 9 )  each contain an additional report. 
Stranded fin whales have been found f r o n ~  St. La\vrence 

Island in the Bering Sea to Tatitlek in eastern Prince 
b\7illiaan Sov.nd (Fig. 12 ) .  T\vo of the strandings of t l i s  
species occilrred on St. Paill Island in 1981. 

iil addition to these animals. the follo\ving cetacean 
species have also been reported strandcd since 1975: four 
harbor porpoises: two Dall's porpoises (Phocornoirtes dalli): 
one spotted dolphin (Stenclla attenuiitii): one Pacific ~vhite- 
sided dnlphln (Lagrrzorhynchus obliquidcnsj: and one Risso~s  
dolphin (Grcmpus griseus) . 
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Figure 12 
Distribution of stranded fin \\,hales in Alaska, 
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Table 1 
K u r n b e r ~  01 t h e  rnoyt co ln lnom\  i t r i nc l ed  cetac-an cpecies f o u n d  o n  4in5knn h e n t h e i  d u r l n q  t h e  1975-1987 

-- -- 

\ ,. ." . ' L , ~ ~ L c e  ( ~ i  s t r m c L ~ ~  ~-e\:! :-:s 
-- - - -~ 

Fa\ 19-6 

Fay et a1 1977 Fioit  et nl 1984 
Smithsonian Fa\  er a1 1978 SLZFS ipecial Pra;t I'ro\t rt  a1 1986 -ADF&G 
Insr~turion Fay et al 1979 agerit files l l ~ l s e u r n  Linvr\ et a1 1986 1987 \ur\.e\ Total 

- -- - - - -- 

Steji'eqefs beaked whale 
(.Llrso(.ilodon i t ( j 7 1 ~ g ~ r i )  9 - - - - - 2 9 

Killer \vhale 
( Orctnu, urea) 8 - 1 10 1 2 0 - 

Cuvier 's beaked \\hale 
(Ztphzur  cai troiirzi) 19 

M n k e  \\hale 
( B a l a e ~ ~ o j ~ t ~ r a  aciiioro,trata) I 

Kou head bvhale 
(Baca~71a n!yiilcptus) 1 

Hurnpback \\hale 
(.Llc,ya(.it~ra nocaenngliae) 9 

Sperrn whale 
(P t i )  w t ~ r  cataiiiin) 8 

Raird'i  braked whale 
(Rera id i l~s  hazrdzz) I 

Fin \\hale 
(Balaenoptpra (.ihyialui) 

'Fa \  rt  a1 (1979)  described 19 helusa \\ha!e straridinqs frorn Cook Inlet. Only those nhich \\ere found since 197j  ar r  reporred here. 
Fa\ and his associates found t\\o Stejneger's beaked w!lales Bot!l of these \\ere reported to the Srn~t!lsoniarl Institution and are listed here 
as part of that data  set. 
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ABSTRACT 

A marine mammal stranding network for the State of Hawaii was formalized and implemented 
by the National Marine Fisheries Senice (NMFS), Southwest Region, Pacific Area Office (PAO), 
Protected Species Program in 1984. There are records for approximately 100 cetacean stranding 
incidents for the main Hawaiian Islands dating from 1936. Forty-eight of the stranding records 
are on file at the PAO. The most frequently reported species were striped dolphins (Stenella 
coeruleoalba); short-finned pilot whales (Globicephala macrorhynchus);  melon-headed whales 
(Peponocephala electra); humpback whales (Megaptera novaeangliae); and pygmy sperm whales ( K o g i a  
breviceps) . 

Introduction 

The Marine Mammal Protection Act of 1972 and the En- 
dangered Species Act of 1973 placed federal legal con- 
straints on the treatment and removal of stranded marine 
mammals. In the absence of specific regulations dealing 
with strandings beyond authorizing state and local agen- 
cies to "take" marine mammals, it became necessary to 
develop policies, procedures, and programs to deal with 
strandings. In response to these legal requirements and in- 
creasing public interest, regional stranding networks have 
been developed by the National Marine Fisheries Service 
(NMFS). 

Background 

The early Hawaiians referred to dolphins as "nai'a" and 
large whales as "kohola" (Pukui and Elbert 1965; Titcomb 
1972). Doubtless numerous stranded dolphins and por- 
poises, as well as large whales, were either consumed, 
disposed of, or otherwise dealt with by the Hawaiians prior 
to the arrival of western cultures and their written records 
iiz Hawaii. Whale parts, particularly sperm whale (Physeter 
macrocephalus) teeth were used for ornaments (Titcomb 
1972), tools, and weapons The paucity of reference to ceta- 
ceans in Hawaiian language, ceremonies, myths, rituals, 
petroglyphs, and 19th century writings suggests that ceta- 

ceans were perhaps not used as extensively as in other 
western and South Pacific island cultures such as Fiji, 
Tonga, Samoa, New Zealand, and the Marquesas (Shal- 
lenberger 1981). 

Although stranded whales were considered a good omen 
and property of the "ali'i" (royalty), it is not known if ceta- 
ceans were eaten on a regular basis. Conflicting accounts 
indicate that whales were not eaten but dolphins were (Tit- 
comb 1972), or that whales were eaten only by men (Malo 
1951). Shallenberger (1981; p. 22) citing Peale (1848) noted 
that 60 melon-headed whales (Peponocephala electra) "were 
driven ashore by the natives of Hilo Bay and were con- 
sidered a dainty food and yielded valuable oil. ' '  Even after 
the arrival of the "haoles' ' (foreigners), such incidents ap- 
parently did not merit much scientific interest or attention 
in the press because the written record as such is sparse, 
at least until the 1950s. The earliest available record of a 
cetacean stranding in Hawaii consists of a newspaper report 
(Anonymous 1936a) and a photograph (Tinker 1988) of 
a stranded humpback whale (Megaptera nouaeanglzae) in 
Waikiki on 14 March 1936. 

During the 1960s and 1970s, Norris and Shallenberger 
reported or responded to over 80% of the recorded strand- 
i n g ~  in Hawaii (Shallenberger 1981). Beginning in the late 
1960s, stranding incident reports were forwarded to the 
local National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service (NMFS) office, and as 
circumstances allowed, there were also direct responses 
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to stranding incidents. In addition to Norris and Shallen- 
berger, other reporting sources included the Waikiki 
Aquarium, Honolulu Zoo. State Fish and Game wardens, 
and Coast Guard and Navy personnel with an interest in 
or responsibility for wildlife management. County police 
also reported strandings on occasion. The extent of these 
early records is unknown; much of the data still remains 
untranscribed in individual log books or memoranda. 

A Marine Mammal Stranding 
Network in Hawaii 

Beginning in 1976, the NMFS and the State of Hawaii 
attempted several times to develop a statelfederal agree- 
ment to deal with marine mammal strandings in the State. 
While there is still no formal agreement, biologists from 
the State's Division of Aquatic Resources continue to 
respond to strandings on the islands of Kauai, Molokai, 
and Maui. Officers from the Division of Conservation and 
Resources Enforcement report strandings to the network 
in the normal course of their duties. Integration of strand- 
ing data from Hawaii into the Smithsonian Institution 
Scientific Event Alert Network (SEAN) in 1976 and later 
the Marine Mammal Events Program (MMEP) helped 
standardize data formats and the types of information to 
be collected. 

Since the 1977 U.S .  Marine Mammal Commission- 
sponsored national Stranding Workshop at Athens, 
Georgia (Geraci and St. Aubin 1979). regional networks 
have been developed for all of the NMFS Regions. Al- 
though the networks are similar in many respects, by 
necessity they vary in design and operation from region 
to region. Because of the isolated nature of Hawaii and 
the western Pacific, and the great distances between islands, 
communications and control are often quite difficult, if 
not impossible. Compounding these issues are the prob- 
lems of lack of trained personnel, questions of statutory 
authority, and at times, reluctance of local government 
involvement. 

The Southwest Region of NMFS is responsible for 
marine mammal and endangered species management 
activities in California, Hawaii. Guam,  the Common- 
wealth of the Northern Mariana Islands, American Samoa, 
and the U .S .  flag territories of the Pacific, which, until 
recently, also included the Trust Territory of the Pacific 
Islands. Cetacean strandings on Guam,  the Common- 
wealth of the Northern Mariana Islands, American Samoa, 
and other U . S .  Pacific possessions are so infrequent that 
incidents are treated on a case by case basis, usually by 
the local fish and game or marine resource authority in 
consultation with NMFS. A Federally coordinated network 
for California has been in operation since the mid-1970s. 
Organizational efforts in Hawaii did not begin until 
1979-80 when the Southwest Region established a Pro- 

tected Species Program for the western Pacific. Workshops 
were held on the major islands in Hawaii and informal 
working arrangements were developed with state, local and 
other federal agencies. 

By 1984 it was determined that a more structured 
organization was required for reporting and responding 
to strandings in Hawaii. Subsequently, in September and 
November 1984, NMFS representatives met with federal, 
state and county officials on the islands of Oahu.  Kauai, 
Maui, Molokai, and Hawaii. Attendees at each meeting 
included personnel from the Hawaii State Department of 
Land and Natural Resources (DLNR) [Division of Aquatic 
Resources (DAR) and Division of Conservation and 
Resources Enforcement (DOCARE)], Hawaii State 
Department of Health. County Police, and County Depart- 
ment of Public Works. Additional participants at the Oahu 
meeting included NMFS Enforcement, the University of 
Hawaii. Sea Life Park, and the Waikiki Aquarium. Strand- 
ing procedures were discussed, roles defined, posters pro- 
vided, and telephone numbers exchanged. Stranding plans 
for each of the major islands were developed from input 
obtained at these meetings and sent to all participants. 

The problems of limited available resources and the 
distances between islands were becoming increasingly 
exacerbated by intervention of well-intentioned, but in- 
experienced, volunteers in live strandings. In order to pro- 
vide a higher level of professional expertise and concur- 
rently provide faster responses to live-strandings on the 
outer islands, veterinarians with experience in marine 
mammal medicine or those with a particular interest in 
marine mammals were sought for inclusion in the network. 
A statewide workshop for veterinarians agreeing to par- 
ticipate in the network was held 011 Oahu in May 1988 to 
familiarize them with ongoing practices and recent ad- 
vances in marine mammal medicine. Veterinarians are 
now available to respond to strandings on Oahu, Maui, 
Kauai, and Hawaii. 

The working arrangements with the agencies and in- 
dividuals in the network consist of an agreed-upon and 
acknowledged level of participation, the acceptance of the 
stranding protocols developed by NMFS, and an under- 
standing of specific authorities for participation under 
federal, state, and local statutes. At present, the network 
consists of well trained professionals, although one or more 
volunteer organizations have expressed an interest in par- 
ticipating. However, because of the high turnover rate in 
personnel in volunteer organizations and the infrequent 
nature of strandings in Hawaii, their participation has not 
been actively sought. In  Hawaii all strandings are coor- 
dinated by NMFS either by direct on-scene intervention 
or by delegation to appropriate federal, state, local agency 
officials, or an authorized veterinarian. 

The primary reporting sources are the county police 
departments by virtue of their greater numbers of person- 
nel in the field, high visibility, and excellent communica- 
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tion facilities. Other sources include pilots, lifeguards: 
fishermen, vessel operators, the public, and ocean users 
in general. Reports are also forwarded to NhlFS through 
the biologists and enforcement officers of the Hawaii 
Department of Land and Natural Resources; Sea Life 
Park, the LYaikiki Aquarium, an3  conservation groups. 
County or separate sub-networks ha\,e been organized to 
report and deal with strandings on the islands of Kauai, 
Maui,  Molokai, Lanai, and Hawaii. All of these sub- 
networks, including Oahu, are centrally coordinated by the 
NMFS Protected Species Program in Honolulu. For il- 
lustrative purposes, the network for Oahu is described 
below. 

The Honolulu Police Department (HPD), Sea Life Park, 
or the Waikiki Aquarium are the most likely organizations 
to receive initial notification of strandings. The  HPD con- 
ducts the initial investigation and obtains the following in- 
formation: 1) number and description of the animals, 2 )  
their exact location, and 3) their condition. The  H P D  
secures the scene if necessary, ensuring that unauthorized 
persons do not interfere, The H P D  then notifies NMFS 
and awalts the arrival of personnel authorized to take 
action. This is intended to prevent well-intentioned but 
untrained persons from injuring themselves or possibly- 
causing harm to live, stranded animals, and to ensure an 
accounting for all parts from dead animals. 

Generally, NMFS is the first agency contacted for live 
strandings and is responsible for making follow-up calls as 
well as providing on-scene coordination for live strandings. 
Sea Life Park has made its facilities and personnel available 
for rehabilitation of live stranded animals. 

The  public, including interested bystanders and the 
media, is given, upon request, a brief statement about the 
species involved, its present status: the fact that stranded 
animals most often die, that trained personnel are doing 
everything possible for the animal(s), and,  finally, a brief 

summary about the stranding network. The on-scene coor- 
dinator determines whether to deal with questions directly 
or to designate one person to respond so that work con- 
tinues uninterrupted. 

Animals that strand alive often expire before any 
action can be taken Those that die and the ones that 
wash up dead and are recoverable are collected and 
necropsied by the State Department of Agriculture, Divi- 
sion of Animal Industry, or NMFS.  Basic morphometric 
data are taken, and stomach contents, parasites, samples 
for histopathology, and other appropriate tissue and fluid 
samples are collected for later analysis or for use by other 
researchers according to need and requests on file. Skulls 
and complete skeletons are loaned to appropriate insti- 
tutions for research or educational purposes under 

- - 

agreements where title to the specimens remains wiih 
the NhlFS.  If the animal is too decomposed or mutilated 
to provide information. Count); Public Works or City 
hlaintenance is contacted for disposal at a landfill or 
burial as appropriate. Evidence of human-related injury 
is reported to NMFS andlor state enforcement where 
appropriate, 

Data recording forms are those used by the Smithsonian 
Institution. Tile field number consists of the collector's 
initials and four digits (e.g. ,  LDC 87-01) signifying year 
and number for that year. The  h lh IEP  at the Smith- 
sonian Institution is also notified after all the reports are 
completed. 

Between 1936 and December 1988, 98 cetacean stranding 
incidents were reported for the Hawaiian Islands (Table 
1). The  primary source of these reports is Shallenberger 
(1981; p.  37a) and the remainder from the 1980s are 

Table 1 
Cetacean strandings in the Hawaiian Islands. An asterisk (*) indicates that a stranding record is on file with the Pacific Area 
Office, NOAA Fisheries, Honolulu. .411 other sources are as cited or are unpublished records. 

Date Species Location In\ estigatorisource 

14 Mar 
3 Apr 

J a n  
J a n  
Sep 

18 Jun  
18 Jun 
2 Mar 

12 May 
3 Oct 
3 Oct 

.\legaptera no~aeangl iae  
75 ft. whale 
Ziphzus  cau~rostris 
Orcinus orca 
Physeter rnacrocephalus 
Balaenoptera ph~ysalus 
Globicephala rnacrorh.ynchus (2) 
Globlcephala rnacrorhynchui (1) 
Stenella coeruleoalba 
Globicephala rnacrorh.ynchus (16) 
Glob~cephala rnacrorhynchui (21) 
Globicephala rnacrorhynchus (24) 

Waikiki, Oahu 
Kilauea, Kauai 
South Point. Ha\vaii 
South Point, Hawaii 
Kahuku, Oahu 
Kohakuloa. Maui 
Oahu 
Punaluu, Oahu 
Ala Wai. Oahu 
Waikiki, Oahu 
Keomuku Beach, La 
Poaiwa Bay. Lanai 

Anon. (1936a.b): Tinker (1988) 
Anon. (1937) 
Richards (1952) 
Richards (1952) 
Anon. (1954a, b) 
Breese 
Scott (1957). Anon. (1957) 
Williams (1957) 
Hubbs et al. (1973) 
Anon. (1958a. b) 

lnai Brady (1958) 
Anon. (1958~ .  d )  
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Date 

28 0 c t  1958 
10 May 1959 
14 May 1959 

Apr 1961 
Apr 1961 

24 0 c t  1963 
27 Jun 1964 
15 Jun 1963 

1 Mar 1969 
27 Jul 1969 

Jul 1970 
17 Jun 1971 
27 .4ug 1971 

Jun 1972 
26 Jun 1972 
18 Feb 1973 
30 Jan 1974 
30 Jan 1974 

Feb 19 i5  
6 Jun 1975 

10 Mar 1976 
27 Jun 19 i6  

3 Jul 1976 
14Jul 1 9 i 6  
29 Jul 1976 
16 Feb 19 i7  
14Jul 1977 
12 Sep 1977 
5 0 c t  19 i7  
5 Jan 1978 

11 Feb 1978 
i May 1978 

17 Sep 1978 
17 Nov 1978 
14 Feb 1979 
23 Feb 19 i9  
13 Apr 1979 
21 0 c t  1979 
24 Dec 1979 
26 .4pr 1980 
10 May 1980 
31 May 1980 
21 0 c t  1980 

6 Jan 1981 
22 Feb 1981 
13 Jun 1981 
29Jul 1981 
12 Aug 1982 
l i  Aug 1982 
16 Feb 1983 
22 Mar 1983 

Apr 1983 
27 Apr 1983 
15 Jun 1983 
30 Aug 1983 
21 Dec 1983 
17 Jan 1984 
25 Apr 1984 
lOJul 1983 
27 Aug 1985 

Species 

Globzcephala macrorhynchus (1 2) 
Globzcephala macrorhynchus (28) 
Globzcephala macrorhynchus 
Zzphzus ca~iros tr ts  
Lfesoplodon densirostris 
Kogza b r a  tceps 
Peponocephala electra 
Peponocephala electra 
Stenella longirostr~s 
Steno bredanensis 
Z iph iu s  caairostris 
Peponocephala electra 
Peponocephala electra 
Kogia breoiceps 
Stenella longirostris 
.Lfegaptera nouaeangliae (calf) 
Kogia breoiceps 
Pseudorca crassidens 
Feresa attenuata 
Stenella attenuata 
Steno bredanensis (18) 
Steno bredanensis 
Steno bredanensis 
Peponocephala electra 
Kogia breoiceps ( I  female, 1 calf) 
Grampus griseus 
Kogia breoiceps (?) 
Stenella coeruleoalba 
Stenella longirostr~s 
Stenella coeruleoalba 
.Megaptera nouaeangl~ae 
Stenella coeruleoalba 
Stenella coeruleoalba 
Grampus grlseus 
Physeter macrocephalus 
Stenella coeruleoalba 
.bfegaptera nouaeangliae (calf) 
Pseudorca crass id en^ 
Kogia breuiceps 
Stenella coeruleoalba 
Stenella coeruleoalba 
Stenella coeruleoalba 
Pseudorca crassidens 
Z iph iu s  caairostris 
.Megaptera nouaeangliae (calf) 
Feresa attenuata (4) 
Pseudorca crassidens (?) 
Unidentified dolphin 
Unidentified small whale 
Grampus griseus 
Physeter macrocephalus (?) 
.bfesoplodon densirostris 
Stenella coeruleoalba 
Peponocephala electra 
Unidentified beaked whale 
Tursiops  truncatus 
Stenella coeruleoalba 
Globzcephala macrorhynchus 
Physeter macrocephalus 
Peponocephala electra 

Table 1 (Continued) 
. 

Location 

Kalihi Beach, Kauai 
Anini. Kauai 
Waimanalo. Oahu 
Midway 
hlidway 
Bellons Beach, Oahu 
Kahuku. Oahu 
Lahaina, Maui 
Sandy Beach, Oahu 
Waianae, Oahu 
Makaha, Oahu 
Kahuku, Oahu 
Keehi Lagoon, Oahu 
Laie, Oahu 
Makapuu, Oahu 
Kaaawa, Oahu 
Kalaupapa, Molokai 
Kailua Beach, Oahu 
O n  fence postlHawi, Hawaii 
Haleiwa, Oahu 
Kaanapali, Maui 
Kihei, Maui 
Kahuku, Oahu 
Punaluu, Oahu 
Kihei, hlaui 
Wailuku, Maui 
Waimea, Kauai 
Punaluu, Oahu 
Mokuleia, Oahu 
Reef Runway, Oahu 
Kihei, hlaui 
Halein a ,  Oahu 
Kailua Beach, Oahu 
Kahala, Oahu 
Barbers Point, Oahu 
Kahuku, Oahu 
Volcano Nat. Park. Hawaii 
Mokapu Peninsula. Oahu 
Kihei. Maui 
Kaaau a ,  Oahu 
Kihei, Maui 
Kihei, hlaui 
Mokapu Peninsula, Oahu 
Hilo, Hawaii 
Punaluu, Oahu 
Maalaea, Maui 
Hana, Maui 
Kihei, Maui 
Mauna Kea Beach, Hawaii 
Kihei, hlaui 
Haena, Kauai 
Laysan Island 
Punaluu. Oahu 
hlakaha, Oahu 
Waiakalua-Pilaa, Kauai 
Kepui Beach, Molokai 
Pauwalu Harbor, Molokai 
Kahana Bay, Oahu 
Kaneohe Bay, Oahu 
LIokuleia. Oahu 

Anon. (1958e, f )  
.4non. (1959a); Tomich (1986) 
Anon. (1939b,c ,  d) 
Galbreath (1963) 
Galbreath (1963) 
Norris 
Norris 
Norris 
Norris 
Norris 
Norris 
Norris 
Norris 
Shallenberger 
Shallenberger 
Shallenberger 
Shallenberger and Naughton 
Shallenberger 
Shallenberger 
Shallenberger 
Naughton* 
Shallenberger 
Shallenberger 
Shallenberger 
Shallenberger 
Shallenberger 
Telfer 
Shallenberger 
Shallenberger 
Shallenberger 
Iversen 
Shallenberger 
Shallenberger 
Shallenberger 
Shallenberger* 
Shallenberger 
Naughton 
Shallenberger 
Shallenberger 
Shallenberger 
Hudnall* 
Shallenberger* 
Shallenberger 
Gilmartin* 
Naughton * 
Pacific Whale Foundation* 
Maui Police Dept. * 
Pacific Whale Foundation* 
Karr* 
Ball* 
Heacock* 
Gilmartin* 
Schroeder* 
Henderson* 
Moriarty * 
Sheraton-Molokai* 
Sautter* 
Nitta* 
Consiglieri* 
Consiglieri* 
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Table 1 (Continued) 
-- 

I Date 

3 Ocr 1985 
8 Jan 1986 

13 Jan 1986 
13 Mar 1986 
24 Mar 1986 

2 Apr 1986 
9 Ma\  1986 
8 Jun 1986 

13 Jun 1986 
25 Sep 1986 

I 25 Sep 1986 
I 23 0 c t  1986 
1 1 Jaq 1987 
I 12 Jan 1987 

4 Feb 1987 
20 LIar 1987 
20 Jun 1987 , 21 Sep 1987 
11 Feb 1988 
23 Feb 1988 
16 Jul 1988 
17 Jul 1988 
14 -\us 1988 
13 Sep 1988 
23 Sep 1988 
26 Sep 1988 
16 0 c t  1988 

Tursiops  truncatus 
K o p a  breiiceps 
.Me~aptera nocaean~l iae  
Stenella coeruleoalba 
Peponocephala electra 
7urs iops  truncatus 
Glohzcephala macrorhynchus 
Stenella attenuata 
Unidentified dolphin 
Pseudorca crassidens 
Stenella coeruleoalba 
Stenella lonfirostris (calf) 
Steno hredanenszs 
Stenella attenuata (calf) 
,bl'qaptera noraean~lzae (calf) 
. t fefaptera nouaean,~lzae (calf) 
Ko,pa szmiis 
Stenella lonfzros tr~s  
Grampus griseus 
Stenella lonf tros tr~s  
Feresa attenuata 
peresa atteniiata 
K o ~ i a  hreuzceps 
Feresa atteniiata 
Physeter macrocephalus 
Stenella lon,~irostris 
Peponocephala electra 

reported by NMFS.  Of these reports, 48 records are 
available and on file with the Protected Species Program, 
Pacific Area Office. Each stranding is listed as a single 
incident whether or not more than one animal was in- 
volved. The list is by no means complete and there may 
be other records available. A listing provided by the 
Smithsonian Institution, MMEP included man); entries not 
reported by Shallenberger (1981) and vice versa, which is 
due,  in part, to apparent discrepancies between the two 
lists in collection dates, reporting dates, and collectors 
andior citations. 

The  M M E P  records and reports only cetacean strand- 
i n g ~  and,  to be consistent, only cetacean stranding reports 
are logged into the Hawaii data base. Sea turtle and 
Hawaiian monk seal (~Monachzrs schauinslandz] strandings are 
also reported but are maintained separately by the Hono- 
lulu Laboratory, Southwest Fisheries Science Center. 

The  most frequent strandings by occurrence of reports 
(since 1936) are of streaker or striped dolphins (Stenella 
coeruleoalba). The  next niost common species in order of 
reporting frequency are short-finned pilot whales (Globi- 
cephala macrorhynchus), melon-headed whales (Peponocephala 
electra), humpback whales (IMegaptera nocaeangliae), and 
pygmy sperm whales (Kogia breoiceps). All other reported 
species had incidences of five reports or less (Table 2). This 
list, however, is not an accurate measure of the total 

Locar~on Invesrigarorlsource 

hlokuleia. Oahu 
Kalaupapa. Molokai 
Kahoolawe 
Kallua, Oahu 
Kuau Bay. hlaui 
Bellows Beach, Oahu 
Kahului Harbor. LIaul 
Kaoio Pt ,  Oahu 
Olowalu. Maui 
hlokapu Peninsula. Oahu 
Lanikai. Oahu 
Mokapu Peninsula. Oahu 
Waipio Bay. Hawaii 
Llakaha, Oahu 
Waiakalua. Kauai 
Kalaupapa, hfolokai 
Hauola Gulch, Lanai 
Haleiw a ,  Oahu 
Paia. LIaul 
Nukumoi Pt. Kauai 
Kihei. Maui 
K~he i .  LIaui 
Punaluu, Oahu 
Kihei. LIaul 
Ahukini, Kauai 
Kaanapali, LIaui 
hlokuleia. Oahu 

Consiglieri* 
Consiglieri* 
Consiglieri* 
Sirta* 
Consiglieri* 
Consiglieri* 
Consiglieri* 
Henderson* 
Saughron* 
Schroeder* 
Saughron* 
Schroeder* 
Henderson* 
Consiglieri* 
Heacock* 
Nirta* 
Nitta* 
Nitta* 
Nitta* 
Heacock* 
Nitta* 
Henderson * 
N ~ t r a *  
Nitta* 
Heacock* 
Kehler* 
Nitta* 

number of animals of each species that was stranded and 
reported, since some reports involved two or more indi- 
viduals and others are mass strandings spread over the 
course of a few days andlor two or more islands. 

Interestingly, significant numbers of strandings, both live 
and dead, are reported from specific areas such as Maalaea 
Ray on the southwest coast of Maui,  and the northwest 
coast of Oahu from Mokuleia to Kahuku (Fig. 1) .  There 
is no apparent trend in the frequency of stranding by 
species from these two areas. 

Discussion 

Treatment and on-scene decisions concerning stranded 
marine mammals are almost always difficult. At the one 
extreme, there are those that demand (usually the well- 
meaning public or conservation groups) that heroic mea- 
sures be undertaken to attempt to save even hopelessly ill 
marine mammals. At the other end of the spectrum are 
those individuals and organizations charged with the 
animal's welfare but having limited resources. As always, 
marine mammal recovery decisions are judgments based 
on available veterinary advice and experience, satisfying 
few of the interested parties. The key agency questions tend 
to be the following: Should it respond, directly depleting 
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Table 2 
Frequenc~  of stranding reports 1936-1988 

- -- 
I 

Species Reports Spec~es Reports 

Stenella coeruleoalha 13 Fseudorca crasstdens 4 
Globtctphala macrorh~nctius' 
Peponocephala elrctra 
Kogza hre~lceps  
.\.fefaptera no:.aeanyliar 
Steno bredanensis" 
Ziphzus  caulroitrts 
Ph-lseter macrocephalus 
Fereia altcnuata 

1 1  Grampus grzseus 
10 .Stenella ottenuata 
8 T u r s ~ o p s  truncalus 
8 .Mcsoplodon densirostrzs 
1 Orcinui orca 
J Balaenoptera ph-lsalus 

'At leait tbvo rnasi srrandings reported in 1958 bvere listed as separate incidents because of the dlf- 
ferent strandin2 sites and dates The  1958 itrandinzs involveti up to 24 animals each in three separate 
lnc~dents on Lanai and Kauai over a 23 da!- period in October 
X iingle mass stranding of 18 individuals on 10 hfarch 1976 was reported as one incident Figure 1 

Hawaiian Archipeiago and areas 
reported high incidences of cetace 
strandings. 

SALMON BANK', ' 

HAWAIIAN ISLANDS 
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available funds for the year in order to attempt to save one 
member of an apparently large and healthy stock of marine 
mammals? Are some species such as spinner dolphins less 
"valuable" than bottlenose dolphins or humpback whales? 
Do all species weigh equally in our decisions to attempt 
to treat individual animals? Each case is cnique and re- 
quires the judgment of the responsible person on-scene to 
evaluate the resources a~~ai lable ,  prognosis for recovery of 
the animal (in consultation with a veterinarian); accessi- 
bility of animals; and extent of public interest and 
involvement. 

The public in general is still not well informed about the 
low survivorship of stranded cetaceans. High and undue 
expectation of survival of animals many times leads to an 
expenditure of effort, funds, and resorrrces that might be 
better used for the common good of the species or stock. 
Loftin (1985; p .  231) argues that "those who take ir upon 
themselves to treat wildlife are well-intentioned and gen- 
uinely concerned about their charges." Rut, he continues, 
doctoring individual wild animals is of extremely limited 
~ ~ a l u e ,  wastes \~alnable resonrces, and diverts attention from 
higher priority needs. Although it is not wrong to treat or 
attempt to treat sick or injured individual anlmals, it shov.ld 
be remembered that value lies in the ecosystem and not 
so much in the individual (except perhaps in certain en- 
dangered species near extinction). Ethical and moral 
judgments aside, there are tangible benefits to be gained 
in the treatment of individual animals including increased 
knowledge of disease identification and treatment, chan- 
neling concerned pnblic interest toward species and eco- 
system values, and soliciting support for research and 
management funding from private and public sources, even 
in areas of apparent low stranding activity such as Hawaii. 

Operating within the constraints of limited response 
resources and the statutory restrictions on the treatment 
af stranded marine mammals, the Hawaii Stranding Vet- 
work permits the extraction of the best possible informa- 
tion from stranding incidents while facilitating the expe- 
dient and legal removal or treatment of animals if that is 
warranted. While providing for the short-term treatment 
and disposition of stranded marine mammals, the Yetwork 
also contributes to long-term information needs related to 
understanding population structure, species distribution, 
and other facets of the natural history of Hawaiian 
cetaceans. 
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ABSTRACT 

The  Northeast Regional hiarine Malnmal Stranding Network is coordinated and managed by 
the Sationa! lZarine Fisheries Service. Northcast Region, and currently lncludes six Letter of 
Agreemtiit (LO.%) holders hetv,.ren Maine aild Virginia. Each LOA holder is responsible for 
a speciiied jiecgraphlc area and has developt-d response protocols chat ineet the needs and 
capabilities of its geographic area. \Zajor hpecies that LOA holders encounter include pilot ~vllales 
jC;iobicephala r~z~lacr~a) (especially during mass stranding events): harbor pcrpoises (Phoro~na pho- 
coena): Atlantic white sided dolphins (La,,acnorh?;ncus arutus); common dolphins (Drlphznus delphis): 
humpback xvhaies (.Z?'egaptera :loiaea:igliac), harhcr seals (Phora i itulina): and gray seals (Halichoerus 
,g~ppus). Over the past ten years the number of responses to marine rriammal strandings has in- 
creased greatly and the issues fa-cing the Strcmding Net\i.ork are more cornples. Ethical. 
phiiosophi~al. and legal Issues regarding treatment. humane care. euthanasia. and the appro- 
priateness of intervention are all being addressed in a rpgional reviexi by the Naticnal Llarine 
Fisheries Service and :he LOA holders in an effort to provide the best level of response that is 
regionally appropriate. 

The N-.rrheast Regional Marine hlammal Stranding Net- 
nc rk  is a collaboration of six Letter of Agreement (LOA) 
ho!i!ers to the National Oceanic and Atmospheric Admin- 
istration (NOAA), Sational Alarine Fisheries Service 
(NMFS);  Northeast Region ( S E R ) ,  that responds to 
strandings from the Canadian border through Virginia. 
Active LOA's are currently (as of 1990) held by the Col- 
lege of the Atlantic (Bar Har'.or, Maine); New England 
Aquarium (Boston, Massachusetts); !dystic hfarinelife 
Aquarium jhiystic, Connecticut): 3keanos Foundation 
(Long island. Se1.v Uork); hfarine Mammal Stranding 
Center (Brigantine, New Jersey): and the Virginia Institute 
for l far ine  Science (Gloucester Point, Virginia). Current 
LOA holders include institutions that are private non- 

= Cur:-en- I l d r e s s :  Pacific En\ ironmenial Trchnolopieu. ! 70 \\.rut Dnyro11 
Srreet. Edmondq. l V 4  98020 

pmfi: corporations established for the purpose of operacing 
a public aquarium; educational institutions; rescue and 
rehabilitation facilities; and private, nonprofit research and 
educational institutions. 

The earliest LOA's \%ere established fo!lowing the 1377 
stranding conference in Athens, Georgia (Geraci and St. 
Aubin 1379). In 1982 the NER \vas "regionalized" by 
NOAAINhZFS, and LOA holders jointly agreed to divide 
the nehvork into fixed geographic areas to avoid possible 
disputes over coverage of an area. As a result, each LOA 
holder \vas assigned a defined geographic area. Although 
each inscituiion ivcirks svithin its specific geographic area, 
there is a free exchange of help during extraordinary events 
such as mass strandings and die-offs. 

i n  1981 several informal stranding meetings served to 
catalyze establishment of regular regional meetings hvhich, 
from 1982 thrcugh 1988, hvere held annually in a con- 
ference or workshop format. The  content of ihe meetings 
included business meetings and formal presentaiions of 
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data and related information. These meetings provided a 
useful forum for the exchange of information and stan- 
dardization of data collection. Early workshops were well 
attended by the public, served to increase the visibility of 
LOA holders, and helped to establish the LOA holders 
better as focal points for stranding responses. 

Data collection was standardized at these meetings in 
a format appropriate for the Smithsonian Institution's data 
bases (i.e., the Scientific Event Alert Network now called 
the Marine Mammal Events Program [MMEP]) .  The 
Smithsonian Institution acts as a national repository for 
specimen material and for all cetacean stranding records. 
The level of data required by the Smithsonian Institution 
represents the minimum that is collected and required from 
all stranding events outlined in the LOA's. The M M E P  
reports are distributed to other LOA holders through the 
New England Aquarium. Data collected beyond the mini- 
mal data required are controlled by the letter holding in- 
stitutions. These data augment basic life-history and event 
reports; document findings from internal and external ex- 
aminations; and describe the collection and preservation 
of parasites and tissues for histological and contaminant 
analyses. 

Each LOA holder has developed response protocols that 
closely match the needs and the capabilities of its geo- 
graphic area. This provides a specialized and efficient 
response in each area while maintaining consistency and 
quality control of collected data within the NER. The 
following summaries of current LOA holder institutions 
provide some insight into the diversity of stranding events 
and the range of responses. 

Maine 

The College of the Atlantic (Bar Harbor, Maine) re- 
sponds to 5 to 30 marine mammal strandings annually 
(Table 1). Most live animals are orphaned and sick 
young harbor seal (Phoca uitulina) pups (live pinnipeds 
that are initially handled by College of the Atlantic are 
recorded as accessioned by New England Aquarium, Table 
1) that are picked up at the stranding site, stabilized by 
students and volunteers, and shipped to the New England 
Aquarium for treatment and care. Other strandings involve 
large or small cetaceans that commonly occur off the coast 
of New England, as well as relatively rare or extraliminal 
species such as pygmy sperm whales (Kopia breviceps), and 
beluga whales (Delphinapterus leucas). The College of the 
Atlantic maintains an active education program called 
"Whales on Wheels" which has great success with highly 
innovative uses of specimen materials collected from 
strandings. Marine mammal parts and skeletons of small 
cetaceans are kept in a vehicle that can be driven to loca- 
tions and used as educational tools to teach individuals 
about the evolution, life history, and ecology of marine 
mammals. 

New Hampshire and Massachusetts 

The New England Aquarium responds to the greatest 
number (i.e., over one hundred annually) of marine mam- 
mal strandings in the NER (Table 1). The majority of 
strandings involve harbor seal pups. Much of the Aquar- 
ium's history in marine mammal strandings reflects issues 
now being faced by other LOA holders as their levels of 
effort increase. Institutionally the New England Aquarium 
has maintained a high level of commitment to marine 
mammal strandings and has continued contact and con- 
tinuity throughout the Stranding Network. Because of the 
scope of some stranding events, the New England Aqusr- 
ium often seeks and receives help from other LOA holders. 
Jointly, the New England Aquarium, the College of the 
Atlantic and, until recently, Sealand of Cape Cod, respond 
to strandings from the Canadian border to Rhode Island. 

As of November 1989, Sealand of Cape Cod (Brewster, 
Massachusetts) is no longer a LOA holder with NOAAI 
NMFS. The facility is located in an area close to where 
many pinniped and single and mass cetacean strandings 
occur. Sealand concentrated its stranding efforts on rescue 
and rehabilitation of live marine mammals that stranded 
on Cape Cod. Dead animals were collected and held for 
the New England Aquarium to examine. Between 1977 
and 1986 Sealand of Cape Cod responded to about 700 
cetacean and pinniped strandings (see Table 1 ,  New 
England Aquarium). The majority of marine mammal 
strandings involved mass strandings of pilot whales (Globi- 
cephala melaena); as well as Atlantic white sided dolphins 
(Lapenorhyncus acutus); harbor porpoises (Phocoena phocoena); 
and common dolphins (Delphinus delphis). The harbor seal 
(Phoca vitulina) is the primary pinniped that strands along 
Cape Cod, but gray seal (Halichoerus~rypus) strandings have 
become more common in the past two to three years. 

Rhode Island and Connecticut 

The Mystic Marinelife Aquarium (Mystic, Connecticut) 
responds to marine mammal and sea turtle strandings 
from Rhode Island through Connecticut. The Aquarium 
also frequently assists other LOA holders in adjoining 
areas during unusual events such as mass strandings. Ap- 
proximately 10% of the Aquarium's stranding responses 
are in Connecticut. Sixty percent of its responses are in 
Rhode Island and 30% percent are on Cape Cod and Long 
Island. The Aquarium works primarily to rehabilitate 
single stranded animals. Since 1974 the Aquarium has 
responded to 40 pinniped and nearly 60 small cetacean 
strandings including 35 live strandings (Table 1). The 
Aquarium has successfully rehabilitated and released an 
Atlantic white-sided dolphin (Lafenorhyncus acutus) and 
has found permanent homes for 30 beached or stranded 
pinnipeds. Although there has been only one mass strand- 
ing in this area since 1977 (pilot whales [Globicephala 
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Table 1 
I List of marine mammals accessioned by participants in the Northeast Region LOA holders. Dates in parentheses indicate the 

, earliest year that data bvere available through 1988. Therefore, the actual numbers of animals accessioned by the College of 

1 Atlantic. Okeanos. Marine Mammal Stranding Center,  and the Virginia Institute of Marine Science are greater than what are 
reported here. These data do not include marine mammals that were entangled or incidentally taken in commercial fishing opera- 
tions. Data for the New England Aquarium and the Mystic hlarinelife Aquarium bvere provided by these institutions. A11 other 
data were provided by the Smithsonian Institution. The large number of specimens of harbor seals (Phoca citulzna) listed under 
New England Aquarium reflects epizootics I - - - - - -- -- 

Xfystic Marme hlammal Virginia 
New England New England College of Marinelife Okeanos Research Stranding Institute of 

Aquarium Aquarium Atlantic Aquarium Foundation Center Marme Science 
(1977-1988) (1989 only) (1983-1988) (19i4-1989) (1982-1988) (1982-1988) (1982-1988) 

~ Euhalaena glacialis 2 1 - - 

Balaenuptera physalus 6 -- 1 2 
, B, acutorostrata 2 5 - - 4 
( .Mefaptera nooaeanflzae 20 - - 1 

Physeter macrocephalus 6 - - - 
K o , ~ i a  breozceps 8 1 2 - 

Kogza s imus - - - - 

A4esoplodon mirus  1 - - 1 
M,  europaeus - - - - 

j .M denszrostrzs - - - - 1 - - 

I Delphinapterus leucas 1 - 1 1 - - - 

Orcznus orca 
Globicephala melaena 
G. macrorhynchus 
Lagenorhynchus acutus 
Delphznus delphzs 
Delphinid  sp 
Tursiops  truncatus 
Grampus  griseus 

I Stenella attenuata 
S coeruleoalba / S grafimanz - - - 2 - 

I S Jrontalis 1 - 1 - 1 
2 12 10 12 Phocoena phocoena 5 9 1 Zzphius  carbostris - - - - 1 

I Phoca czlulzna 1421 145 - 3 4 2 
i Halichorrus grypus 23 19 - 4 J 

' Cystophora crzstata 11 2 - 1 I Pagophzlus ~ rorn land i ca  3 7 - 1 
i Cetacean sp 2 - - - 

: Dolphin sp. - .-- - - 

Total 2346 196 2 5 96 79 I70 168 

melaena], on Block Island in 1983)- Mystic Marinelife 
Aciuarium has assisted the Ne\v Ei;gland Aquariuin in 
responding to several mass strandings on Cape Cod, 
Massachusetts. The Aquarium's records have been 
standardized recently into a uniform format leading to 
32 peer-reviewed papers and articles on marine mammal 
biology and husbandry: six dealt specifically with stranded 
marine mammals (e .g . ,  Spotte et al. 1978; Buck et al. 
1988). 

New York 

The stranding activities of the Okeanos Research Foun- 
dation (Hampton Bays, New Yorkj have increased great- 
ly in recent years. The Foundation's stranding program 
is partially funded by the State of New York. Okeanos 
responds to all live and dead stranded. distressed, or en- 
tangled marine mammals and sea turtles in Ne\j York and 
Long Island. The Foundation is also actively engaged in 
fin whale (Balaenopiera physalu) and Krmp's ridley sea turtle 



6 6 NOAA Technical Report NMFS 98 :  Marine Mammal Strandings 

(Lepidochelys kempii) research. Okeanos frequently assists 
other LOA holders in responding to mass strandings. Since 
1982 Okeanos has responded to 55 small cetacean strand- 
i n g ~  and 16 balaenopterid strandings (Table 1). The  major- 
ity of whale strandings invoived dead animals. Okeanos 
has responded since 1982 to 48 pinniped strandings; about 
50% have been live strandings. Prior to 1985 the majority 
of strandings were cetaceans. Since 1987 the number of 
pinniped strandings has increased. The majority of strand- 
i n g ~  involve marine mammals that commonly occur in the 
western North Atlantic, but occasionally: rare marine 
mammals have stranded in Okeanos's area. 

New Jersey 

'The Marine Mammal Stranding Center (Brigantine, New 
jersey) responds to all live and tiead stranded, distressed. 
s r  entangled marine mammals and sea turtles along the 
New jersey coast, and also north into Delaware. The  
Center currently responds to an average of 6 pinniped 
strandings and 12 cetacean stranding: a year but unusual 
e ~ e n t s  such as the 1987 tursiops mortality can lead for a par- 
ticular year to the Center's handling far more than their 
yearly average (Table 1). The  majority of cetaceans that 
strand are dead and most of the plnnipeds are alive. The  
Center is involved extensively in responses to sea turtle 
strandings and has established an education pavilion on 
Center property that is open to the public. The Center has 
also provided support tc  other LOA holders during mass 
strandings. 

Virginia 

The Virginia Institute for Marine Science (Gloucester 
Point, Virginia) became an official LOA holder in 1988, 
although it has been responding to marine mammal strand- 
i n g ~  in Virginia since 1979. 'The majority of marine mam- 
mal strandings involve bottlenose dolphins (Tursiops trun- 
catus) (Table 1). The  marine mammal stranding activities 
are expected to increase as funding through state agencies 
becomes al~ailable. The  Institute is also actively involved 
in sea turtle strandings and research. 

Conclusion 

The NOAAINMFS is currently condxcting a national 
review of all stranding programs and the NER is currently 
reviewing the structure of the NER Stranding Network and 
will be pursuing new LOA's brith acceptable institutions 
in states where a need has been identified ( i .e . :  The  
National Aquarium, Baltimore, Maryland; State of Dela- 
ware: and the Smithsonian Institution, LVashington, DC).  
The  past ten years have been marked by both quantitative 
and qualitative increases in stranding responses. Strand- 

ing responses ha\,e become more numerous and more 
complex. 

Details of the New England Aquarium's stranding ac- 
ti~rities over the past 10 years are used here to illustrate 
trends that are common among LOA holders and may be 
common in other stranding regions. Since 1977: the New 
England Aquarium has accessioned over 2500 animals. 
Over 1600 have been pinnipeds and more than 900 have 
been cetaceans, The  collection of data has been consistent 
during this time and regularly supplied to the Smithsonian 
Institution. In-house data are computerized and three years 
of basic data as n~ell as specimen inventory are currently 
d d on-line. ' '  The New England Aquarium attempts to 
provide a response to all aspects of strandings and has made 
extensive use of volunteer networks. The  Aquarium 
developed formal agreements called Secondary Letters of 
Agreement with individuals and organizations subject to 
approval of NOAAINMFS: NER in an effort to organize 
and support local response groups. The  Secondary Letters 
of Agreement outline general and specific activities and 
guidelines and allow volunteers to act on behalf of the Neir 
England Aquarium under its LOA with NOAAINSIFS, 
NER.  In recent years these coordinating efforts have 
become increasingly complex and additional agreements. 
specific to mass stranding events on Cape Cod,  have been 
developed. These specific sub-agreements outline the 
responsibilities of the New England Aquarium, sub- 
designees, and volunteers. The  agreements are reviewed 
and renewed annually by NOAAINMFS, NER;  the New 
England Aquarium; and sub-designees This mechanism 
enables the New England Aquarium to maintain overall 
responsibility and a ikster and more efficient response over 
a large geographic range. It also encourages an efficient 
use of local resources. 

Stranding activities in the NER have become more 
varied and complex involving entanglements. single strand- 
ings, mass strandings, and mass mortalities. In  the past 
ten years roughly 16 mass strandings of pilot brhales and 
white sided dolphins (see for example: Geraci et al. 1978), 
and 3 epizootics in the harbor seal population occurred in 
New England (Geraci et al. 1982; Hinshaw et al. 1984). 
Mass mortality investigations (i.e.,  humpback whale 
[.Mefaptera novaeanfliae] ; see Geraci et al. 1989) and bottle- 
nose dolphin (Tursiops truncatus [see Geraci 19891 die-offs) 
add yet another dimension to stranding responses, where 
a coordinated and directed effort must be made to deter- 
mine the cause of mortality and monitor short- and long- 
term effects on the population. 

The  New England Aquarium is actively involved in the 
rehabilitation of marine mammals, particularly pinnipeds. 
Over 60 harbor seals have been rehabilitated and more 
than half returned to the wild. T o  better assess and under- 
stand the survival prognosis of seals returned to the sea, 
the Aquarium collaborated with hlanomet Bird Obser- 
vatory (Manomet, Massachusetts) on a project to radio tag 
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and track released harbor seal pups. Released pups were 
shown to adapt quickly to the wild following release (New 
England Aquarium, unpubl. data). Currently. released 
animals are visually tagged (flipper tagged) only. Unre- 
leasable animals are provided to licensed and Department 
of Agriculture approved zoos or aquaria. thereby reducing 
the need to remove healthy individuals from the wild for 
public display. 

The  hTew England Aquarium opened its Animal Care 
Center in 1985. Although not a dedicated stranding facil- 
ity, the center provides holding areas for harbor seal pups 
that require a more formal rehabilitation program, and an 
area suitable for the rehabilitation of small whales and 
dolphins. The Aquarium's recent success in rehabilitating. 
releasing, and assisting with the monitoring of three young 
pilot whales is an extension of this commitment to enhance- 
ment of survival of stranded marine mammals (hlate 
1989). 

Species accessioned by the New England Aquarium's 
stranding program from 1977 through September of 1989 
are shown in Table 1 .  Over one half of the total (62 y;) 
are pinnipeds. MTith the exception of years oi very high 
mortalities (1980. 1983, and 1985) the number of aniriials 
recovered appears uniform (70-80 animals per year), 
Despite such consistency in the number oC animals re- 
covered annually, more effort has been made each year 
to reduce the number of "unnecessary" harbor seal strand- 
i n g ~  along the coast of Maine during the pupping season 
A major public information and education program, coor- 
dinated by NOAAINMFS la\\- enforcement (Portland. 
Maine office) since 1984, and currently by NOAAINMFS 
Regional Office. has appreciably reduced both human 
disturbance of rookeries and the premature "rescue" of 
harbor seal pups temporarily abandoned by foraging 
mothers. This program involves letters and information 
packets to local law enforcement and natural resource 
officers, posters, and televised public service announce- 
ments. As a result of this highly visible and successful pro- 
gram, the animals recovered are generally those that would 
not have survived other\%.ise. In  the past three years there 
have been more live, sick, and moribund animals recov- 
ered, although total numbers recovered have remained 
nearly the same. It is unclear whether this is because of 
a greater abundance of harbor seals or quicker reporting 
on the part of the public and quicker response by the Yew 
England Aquarium. There also has been an increase in 
the number of rare or extraliminal species of pinnipeds 
(e.g. ,  hooded seals [Cystophora cristata], harp seals [Phoca 
groenlandica] : and gray seals [ H a l i c h o ~ r u s  grypus] ) .  Similarly 
some of these more unusual species are appearing as far 
south as hTew Jersey. Virginia, and Florida. 

Excluding mass strandings, the New England Aquarium 
accessions roughly 50 cetaceans per year. This number in- 
creases greatly in years of mass strandings. Pilot whale 
strandings, with their apparent regularity and regional 

specificity are major events requiring the coordination of 
many organizations as well as the public and media. Plan- 
ning for these events takes place year-round among 
NOAAINMFS. NER,  Aquarium staff; sub-designees 
under the Aquarium's LOA; local officials; and volunteer 
groups, The development of procedures. policies, and 
equipment is ongoing.Clearly stranding responses have 
changed considerably in the past ten years for all members 
of the NER Marine Mammal Stranding Network. The  
basic LOA with NOAAINMFS, NER allows for the de- 
velopment of a response network that is well suited to the 
local demands. A general LOA and a limited number of 
institutions within the Regional Network allow for close 
coordination and communication among LOA holders and 
betlveen LOA holders and NOAA/Nh?FS. NER.  A Sec- 
ondary LOA between the primary LOA holder, NOAAI 
NMFS. NER,  and the secondary LOA holder allows 
NOAA/Nh?FS to maintain control of stranding activities 
and allows the primary LOA holder to designate other in- 
stitutions or individuals that will adhere to the primary 
LOA holder's policies and procedures and to respond to 
strandings or! their behalf, The development of "institu- 
tional identities" with clear institutional standards. policies, 
and ethics by LOA holders provides some level of con- 
sistency This level of consistency allows for the develop- 
ment of an informal goal statement by the Network, bu~. 
differences in policies and institutional structure and pur- 
pose have kept the members from adopting a more formal 
structure. 

Not on!y have sheer numbers of responses increased 
in all areas throughout the NER but the range of strand- 
i n g ~  and the complexity of response have also increased. 
The NER hfarine Mammal Stranding Network now faces 
complex ethical, philosophical, and legal issues of treat- 
ment, humane care, euthanasia, and appropriateness of 
intervention. The New England Aquarium and other 
public display institutions that are LUA holders in the 
NER have drawn on many institutional policies to sup- 
port their program policies. In this way the facilities' 
response meets certain clear standards for animal care, data 
collection and dissemination, and public education. A close 
and clearly defined relationship with NOAAINMFS. NER 
and other LOX holders allows LOA holders to provide a 
response that is regionally appropriate, efficient; and con- 
sistent. Close contact with other LOA holders through for- 
mal meetings and informal exchanges allows this relation- 
ship to develop through the network. 

The future will probably bring increasing public : rnterest 
and exposure to marine mammal stranding activities. This, 
along with the increasing diversity and complexity of 
stranding issues, events, and efforts, requires closer coor- 
dination among Federal, state, and local agencies, LOA 
holders, and volunteers; a greater commitment of resources 
to the Stranding Network; and an increased sophistication 
of response. particularly concerning emerging issues about 
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ethics, standards for live animals, mass stranding, and mass 
mortality responses. 
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ABSTRACT 

Stranded cetaceans are a source of data for a wide range of biological disciplines and virtually 
the only source of data for some species. The amount of information ultimately available depends 
on two major factors: 1) the quality and amount of data originally collected from the specimen 
during a necropsy, and 2)  the proper archiving of the data and specimen materials so that they 
will be available to future researchers. At least a minimal amount of data (see also "Level A" 
data. Hofman 1991) such as sex, total length, locality. and date should be collected from every 
stranded cetacean, as well as the gonads. stomach contents, and voucher materials (skull or 
skeleton). Properly accredited museums play a crucial role in stranding programs as they are 
the ultimate archival institutions for the storage of data and specimens, and thus insure their 
availability to current and future researchers. 

Introduction 

For centuries, stranded cetaceans have provided scientists 
with opportunities to elucidate some of the biology of these 
mammals. The British have historically had a strong in- 
terest in stranded cetaceans which were considered royal 
fishes and property of the Crown (Fraser 1977). Thus, 
regions under current or former British influence have 
tended to document and report strandings better than other 
regions of the world. Stranded cetaceans received sporadic 
examination by biologists in the United States until the 
mid-twentieth century. The collecting of data and speci- 
mens from stranding events has increased exponentially 
in the past thirty years. The type and amount of informa- 
tion gathered from these mammals has also increased. 

In the past, many traditionally trained mammalogists 
who examined stranded cetaceans took only sex, length, 
and locality data and saved only the skull. The first sys- 
tematic collection of additional morphometric data and 
tissues was associated with British whaling efforts in the 
Antarctic (Mackintosh and Wheeler 1929). In  an attempt 
to standardize additional measures and data collected from 
all stranded cetaceans, Norris (1961) published a cetacean 
data sheet. In 1974, the International Whaling Commis- 
sion held a special meeting on small cetaceans and pub- 
lished a more comprehensive data sheet (Mitchell 1975a: 
appendix E). This data sheet was modified slightly by 

James Mead of the Smithsonian Institution and is in wide 
use today. With the increased awareness of the value and 
diversity of information that can potentially be gathered 
from a stranded animal and the increasing number of 
researchers collecting and using such information, it has 
become evident that each stranded cetacean should be 
examined in a standardized manner. Efforts should be 
made to insure that the maximum amount of information 
is collected, and that both data and specimens are prop- 
erly stored and,  thus, available to current and future 
researchers. 

For many types of information and samples collected 
from a stranding, the longer the period between death and 
examination, the lower the potential value of the specimen. 
Much of the elapsed time is beyond the control of the col- 
lector. Nonetheless, it is important that the investigator 
be prepared to examine an animal soon after notification 
of the stranding event. A well conceived necropsy pro- 
cedure with clear goals and priorities can expedite data 
collection, and maximize the information obtained. 

A stranded cetacean is a potential data source for many 
biological disciplines including, but not limited to, sys- 
tematics, paleontology, morphology, histology, genetics, 
pathology, natural history, parasitology, toxicology, and 
biochemistry. Examination of cetacean carcasses can also 
contribute to disciplines in which the use of such data is 
not obvious. For example, because behavior is essentially 
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the study of patterns of the movement of morphological 
structures, contributions to this field are also possible by 
the analysis of morphology, pigmentation, and natural 
history (e .g . ,  Heyning 1984). Hypotheses regarding ceta- 
cean sexual strategies and social organization have been 
partially constructed from such data ( e .g , ,  Best 1979; 
Brownell and Ralls 1986; Heyning 1988; Sergeant 1982). 

Minimum Data 

Certain data that are critical (Level A data, as described 
by Hofman 1991) to most, if not all, of the various dis- 
ciplines listed previously include the sex, total length, 
reproductive status, locality, date, and voucher specimens 
(i.e., skull, skeleton, etc.). The difference in time and date 
from the first reporting of a stranding to the time when 
the examination (data collection) actually occurred is useful 
for interpreting results. This information is quickly noted 
and thus would not compromise any other type of data col- 
lected. The techniques documented by Myrick (1986) for 
collecting the basic life-history information from dolphins 
in the tuna purse-seine operation are, with minor modifica- 
tions, useful for stranded animals. 

Priorities for Examination of 
Stranded Cetaceans 

The priorities for data collection from beached animals will 
obviously vary among researchers. There are, however, 
some biological and logistical considerations that require 
a sequence of procedures if complete data (see Levels B 
and C data in Hofman 1991) are to be taken. The general 
sequence of data acquisition is listed below. 

e Pigmentation-Several researchers have noted that the 
pigmentation pattern of cetaceans darkens quickly post 
mortem, especially if exposed to the sun (Norris and 
Prescott 1961; Mitchell 1970). Because good documen- 
tation of pigmentation patterns are rare for most species 
of cetaceans, photographs of the dorsal, lateral, and ven- 
tral aspects are extremely valuable. I have found that 
suspending a small cetacean by its flukes permits easy 
photography of all three views. If the specimen has been 
frozen, defrosting it underwater will best preserve the 
true pigmentation pattern. 

Pigmentation has been used to differentiate among 
specimens of closely related species (e.g., Perrin et al .  1981, 
1987; Mead et al. 1982), as well as to document ontogenetic 
(e.g., Perrin 1969) and geographic variations within species 
(e.g., Perrin 1972, 1975; Evans et. al. 1982). Evolutionary 
and ecological inferences can be made from the careful 
analysis of pigmentation patterns (Perrin 1969, 1972; Mit- 
chell 1970, 1975b). 

the advantage of being easily used for plates in scientific 
journals. Disadvantages of black and white film ar'e that 
it does not document color and that it is more difficult to 
archive because of the necessity to store and cross reference 
both prints and negatives. Slide film documents color well 
and it is easy to label and store, but an inner negativ.. - must 
be made in order to produce a plate. Color films also have 
the disadvantage that colors change over long time periods. 
Photographic materials must be stored in archival quality 
holders (e.g. ,  mylar) because poorer quality plastics (poly- 
vinyls) give off chemicals that will destroy the negatives 
or slides. 

External Morphology-The documentation of the ex- 
ternal morphology of cetaceans presents many inherent 
difficulties. Cetaceans cannot be easily skinned or pre- 
served whole as is typically done for most vertebrates. 
Thus, a far greater number of measurements is usually 
taken for cetaceans than for other mammals. These mea- 
surements, along with photographs and total weights, 
are most accurate when done on an intact carcass. 
Measurements have proven useful in quantifying dif- 
ferences in morphology between closely related species 
(e.g. ,  Ross 1979), populations within species (e. g . ,  
Ichihara 1966; Perrin 1975), and for documenting sex- 
ual dimorphism (e. g . ,  Perrin 1975). A researcher work- 
ing with internal tissues that decompose quickly may 
forgo these measurements in order to expedite the col- 
lection of tissues. However, in every case total length 
should be taken. 
Internal  Tissues-There are a wide variety of tissues 
that must be collected quickly as the natural process of 
necrosis destroys the desired information. Fresh samples 
are needed for biochemical, histological, biochemical 
systematic (including electrophoretic, DNA, karyotyp- 
ing, etc), and toxicology studies. Most of these studies 
require only small subsamples that can be quickly taken 
during the initial examination of the internal organs and 
for the most part do not compromise other data. 

@ Gross Internal  Examination-Most researchers ex- 
amine the internal organs to: 1) perform pathology 
studies; 2) examine descriptive and functional mor- 
phology; 3) obtain organ weights; and 4) collect samples 
such as reproductive organs and stomach contents for 
life-history studies. Tissues saved for histology should 
be fixed in 10% neutral buffered formalin. As a rule, 
formalin will penetrate about one centimeter from any 
direction. Thus samples over two centimeters thick (one 
centimeter penetration from both sides) should be sliced 
to expose more surface area to the formalin. It is also 
important to have a sufficient volume of formalin to 
tissue (approximately 10 times as much formalin as 
tissue) in order to get proper fixation. 

I prefer to use either black and white print film or color The proper collection and preservation of reproductive 
slide film to document pigmentation. Black and white has tissues is extremely important. In  most incidences, the 
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importance of information from these tissues relating to 
the reproductive status of that animal outweighs other in- 
formation that can be gained from these tissues. For in- 
stance, the destruction of an  ovary to determine the 
pesticide level within that organ results in less information 
on that animal than would be obtained by determining the 
pesticide level from other tissues (e.g. ,  blubber, muscle, 
liver, etc.) and using the ovaries as indicators of sexual 
maturity or reproductive status. 

The  exception to the use of formalin is in the preserva- 
tion of stomach contents. The otoliths of fish and the 
statoliths of squid are destroyed by the acidic nature of for- 
malin which breaks down to formic acid. Thus,  preserv- 
ing a stomach in formalin dooms that sample to eventual 
uselessness. Most researchers store stomach contents either 
frozen or in alcohol. Alcohol does not fix tissues well, but 
retards bacterial decomposition and is not inherently acidic. 
Frozen storage is not a long-term solution, because speci- 
mens must be prepared immediately if a mechanical failure 
occurs. However, frozen stomach contents are needed to 
test for biotoxins which have been suggested as a potential 
cause of mortality in cetaceans (Geraci 1989). 

Rarely, intact prey items can be found in the stomach, 
indicating that the prey was consumed shortly before the 
cetacean's death. A stomach full of fleshy prey items is a 
strong indication of traumatic death, often associated with 
fisheries interactions. Prey remains in the d iges t i~~e tract 
are usually in the form of fish otoliths or squid beaks, which 
are retained longer in the digestive system. 

Weights 

Weights provide a simple, accurate, and readily compar- 
able measure of size. Weights of whole carcasses and 
various organs are rare for many species. The  most im- 
portant weights to measure are the whole body and the 
gonads. It is important to note the type of scale and its 
relative accuracy on the data sheet. For paired organs, it 
is important to note whether recorded weights refer to the 
right or left organ (preferably both, but separately). Many 
published papers dealing with gonad weight have not noted 
which side was weighed, or even if the weight listed was 
for one or both gonads combined. This has hindered the 
use of these data in constructing the reproductive param- 
eters for these species (e.g. ,  see Mead 1984:91). 

Data Archiving 

Primary goals in any stranding program are to record data 
collected from a carcass and to store this information on 
paper so it can be used for research and,  ultimately, for 
publication. Thus,  the manner of data documentation and 
archival is just as important as the way in which the data 
were originally collected. At most major museums, there 
are three places where data are recorded. The first is the 

field notebook. Typically, each collector assigns a unique, 
sequential field number to a specimen and notes the col- 
lection date and locality of the collection. Other pertinent 
data are also noted within each entry. By immediately 
assigning an animal a unique number, all information 
subsequently collected can be attributed to that individual 
in the future. Sometimes field stations or institutions use 
their own field numbers rather than individual collectors'. 
If this is the case, extreme care must be taken that two col- 
lectors do not assign different animals the same institutional 
numbers or the same animal different numbers. 

The  second place where data are recorded is on a speci- 
men data sheet such as that shown in Figure 1. The sheet 
is usually filled out at the time of the necropsy, which may 
occur months or years after the stranding, if the specimen 
was initially frozen. The data sheet should always contain 
the field number and catalog number (see below) so that 
data can be cross-referenced back to the specimen. 

Data are also stored in the museum's specimen catalog. 
Prior to installing a specimen into a research collection, 
each animal is given a unique museum number that is 
entered into an institutional catalog. This catalog number 
is the ultimate reference number by which specimen 
material, data sheets, field notes, and photographs can be 
cross-referenced. Catalogs usually note only basic data, but 
provide the framework upon which a research collection 
is organized. 

All paper used for storing data must be of high quality. 
Heavy weight (20 Ib or over), 100% rag paper should 
always be used. Inferior quality paper often yellows, be- 
comes brittle over time, or disintegrates if wet. All the effort 
of collecting good data is wasted if the paper upon which 
information is stored disintegrates. For the same reasons, 
only good quality technical inks should be used for writing 
data (Williams and Hawks 1986). Ballpoint-pen ink should 
never be used as it runs when wet or exposed to either 
alcohol or formalin. Pencil marks made with soft lead will 
fade and smear with age. I have found data sheets from 
the 1960s that have become virtually useless due to 
deterioration because the proper paper andlor inks were 
not used. 

Tagging 

All specimens and their parts must be tagged with the field 
and/or catalog number to be of any use. In the absence 
of a tag that documents that specimen's identity, there is 
always a chance for an error. Erroneous data caused by 
the mismatch of a specimen and data are often worse than 
no data at all. Tags must always be of high quality and 
affixed directly to the specimen. Secondary tags on con- 
tainers are often advantageous for processing and storage 
but should not be used in lieu of tags attached directly to 
specimens. Similarly, samples stored in jars should have 
a tag inside the container and should not just be labelled 
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CETACEA DATA RECORD I 
C a t a l o g  No - 

F l e l d  No-- 
S p e c l e s  - 
- - - -  S e x  Length--- - C o n d i t i o n  

o b s e r v e r  J a t e  o f  o c c u r r e n c e  
-- -- 

, of  d a t a  
Tncnl ? t v P  - -- - --  
r a t .  a n h o n g 7 - -  -- 

- 

~epor tX-b}-  - - 

Photographs /Drad ings - - -  
- -- - - - - - --- - - 

C l r c u m s t a - c e s  c a u s e  o m  

Externalemtion-- - - - 
- - - -- - - - - - - - - 

Toot- e T T F o u n T  e r u p t  T o F Z T u p 7 7 - u p ~ -  l o w  77 - TK RZ 
D l a r e t e r  l a r g e s t  t o o t h / l e n g t h ~ l o n g e s t  E l e e n  p m e b a l e e n  c o x  

MEASUREMENTS ( s p e c i f y  u n i t s  
1  t o t a l  l e n g t h  . . . . . . . . . . . . . .  
2 s n o u t  t o  a n u s  

- -- . . . . . . . . . . . . .  
3 s n o u t  t o  g e n l t a l  s l i t  . . . . .  -- -- 

4 s n o u t  t o  umbilicus . . . . . . . .  
5 s n o u t  t o  t h r o a t  g r o o v e s  
6 s n o u t  t o  d o r s a l  f l n  t l p  . . .  
7 s n o u t  t o  a n t .  d o r s a l  f i n . .  
8 s n o u t  t o  f l l p p e r  . . . . . . . . . .  
9 s n o u t  t o  e a r  . . . . . . . . . . . . . .  

1 0  s n o u t  t o  e y e  
11 s n o u t  t o  g a p e  

- -- . . . . . . . . . . . . .  
-- - 

12 s n o u t  t o  b l o w h o l e i s )  . . . . . .  
13 s n o u t  t o  melon a p e x  . . . . . . .  
1 4  e y e  t o  e a r *  . . . . . . . . . . . . . . .  
1 5  e y e  t o  g a p e *  

-. - . . . . . . . . . . . . . .  -- 
16 e y e  t o  b lo .dho le  e d g e ,  L*.  . - 
17 e y e  t o  b l o w h o l e  e d g e ,  R * . .  
l a  b l o w h o l e  l e n g t h w i d t h * - -  
19 d l a m e t e r  e a r  o p e n i n g  
2 0  h e a d  d l a m e t e r  a t  e y e s *  
2 1  l e n g t h  o f  e y e  o p e n l n g  .....^---- 
22 r o s t r a 1  w i d t h ,  me lon  apex*:-- 
23 p r o l e c t i o n  u p / l o w e r  l a w  . . .  

) 
T u m b e r  o f  t h r o a t  g r o o v e s  -- 

l e n g t h  o f  t h r o a t  g r o o v e s  . _ -  
flipper l e n g t h ,  anterior* 
f l i p p e r  l e n g t h ,  p o s t e r l o r * .  . .  . 

f l l p p e r  w i d t h ,  maximum* . . . . . . .  
l e n g t h  mammary s l i t s  R L  

- 

number o f  rammary s l i t s  . . . . . . .  
l e n g t h  g e n l t a l  s l i t  

- 

a n a l  
p e r l n e a l  l e n g t h  ( m a r  . . . . .  
f l u k e  w l d t h * . .  . . . . . . . . . . . . . . . .  
f l u k e  d e p t h * ,  l o b e * n o t c h * -  
f l u k e  n o t c h  d e p t h *  . . . . . . . . . . . .  
d o r s a l  f l n  h e l g h t *  . . . . . . . . . . . .  
d o r s a l  f l n  b a s e  l e n g t h  
g i r t h  a t  e y e *  . . . . . . . . . . . . . . . . .  
g i r t h  a t  a x l l l a *  . . . . . . . . . . . . . .  
q l r t h ,  maxiaum*. . . . . . . . . . . . . . .  
girth a t  a n u s *  
g i r t h  mld.day a n u s  t o  n o t c h * .  . .  7 . . . . . . . . . . . .  h e i g h t  same p l a c e *  
t h i c k n e s s  same p l a c e *  

-- . . . . . . . . .  
b l u b b e r  thickness, d o r s a l . . .  . .  - 

b l u b b e r  thickness, l a t e r a l  . . . .  
. . .  b l u b b e r  t h i c k n e s s ,  v e n t r a l .  

REPRODUCTI'.'E SYSTEM 

Female  
m s :  ' d e l g h t  R  L  , dimensions (LxWxD) R  L 
u t e r u s :  Immature-  m a t u r e  _ -uterine h o r n  w i d t h  R  
number c o r p o r a  a l b i c a n t l a - -  c o r p o r a  lutes--- diamitIkrC1z--  -- 

mammary g l a n d :  c o l o r  , ~ k ~ i h ,  .dldth-_ - , =pth-_  , rl?k---- 
, welght--  p r e g n a n t ?  , f e t u s :   length---^. , s e x  

v a g l n a  l e n g T p -  , number o f  vag lna ' I  E I d s  

Male 
t e s t e s :  w e i g h t  w i t h  e p i d l d y m l s  R  L  , w l t h o u t  R  L  
d l m e n s l o n s  (LxWxD) R  -L , p e n i s  l e n g t h -  ~ -- 

spe rm I n  e p l d i d y r r i s l z -  - 

ST0114CH CONTEtlTS 
f o r e .  v o l u r e  --- fish-- bones-  o t o l l t h s - -  s r i ~ l d - ~  b e a k s  

-- 

r a i n  v o z  flSh: Cones----- - o t o l i t h s s q u i d ~ e a k s -  

p y l o r l c  volume 
--- 

f l s h  bones-  - o f 0 1  it7lC=- squid- ~ e a k s  
- - - -- - 

g e n e r x  r e ' n a r k s  - 
- -  -- -- -- - -- - 

AGE DETERMINATION 
g r o w t h  l a y e r  g r o u p s :  cementum , d e n t l n e  , e a r p l u g  
v e r t e b r a l  e p l p h y s e s :  o p e n m m ,  c l o s e d  v l s l b l e ,  c E e d  l n v l s l b l e  

WEIGHTS ( s p e c i f y  u n i t s  , t y p e s  o f  s c a l e ( s )  .- , . . . . . .  i n t a c t  c a r c a s s . . . .  h e a r t  . . . . . . . . . . .  s t o m a c h ,  e r p r  
. . . . . . . . . . . .  v i s c e r a  . . . . . . . . . . .  l u n g ,  r i g h t . .  . . . .  i n t e s t i n e  . . .  . . . . . . . . . . . . .  . . . . . .  i m u s c l e :  e p a x i a l  l u n g ,  l e f t  p a n c r e a s  

h y p a x i a l .  .- l i v e r .  . . . . . . . . .  . I  a d r e n a l  r l g h t  . . . . . . . .  zT 
. . . . . . . . .  . . . . . . . . . .  m i s c  . . . . . .  s p l e e n  a d r e n a l  l e f t  . . . . .  . . . .  . . . . . .  t o t a l  k i d n e y  r i g h t  b r a l n . . . . . . . . . .  --- 

.. . . .  . . . . . . . . . . . . . . .  . bone  . . . . . . . . . . . . . .  k l d n e y  l e f t  t hymus  -- . .  b l u b b e r  . . . . . . . . . . .  s t o m a c h s ,  f u l l .  intestine l e n g t h . .  I r e r a r k s  -- .- - -- 

PARASITE/PATHOLOGY CHECKLIST ( X  i f  p r e s e n t ,  NO i f  a b s e n t ,  NE i f  n o t  examined)  
e y e  . . . . . . . . .  f o r e s t ~ m a c h . . ~ .  mammary glands- m u s c l e  . . . . . . . .  

. . . . . . . . . . .  mouth . . . . . . .  m a i n s t o m a c h .  l i v e r  -- P h y l l o b o t h r i u m ~ ~  
g e n i t a l  slitp- p y l o r i c  b i l e  d u c t  Monorhygma . . . .  . . . . . . . .  a n a l  s l i t . .  .=- i n t e s t i n e  u t e r u s  c r a s s i c a u d i d . .  . . . . . . .  . . . . . . . . .  appendages . . -  r e c t u m  . . . . . . .  l u n g s  - B r a u n i n a  . . . . . . . . .  b a r n a c l e s  k i d n e y  . . . . . . .  h e a r t  N a s l t r e m a . .  . . .  . . . . . . . . .  . . . . . . . . .  cyamlds  k i d n e y  duc t . . -  b r a i n  p o t h e r  
P e n e l l a  p a n c r e a s  a l r  s i n u s e s  - - . . -- -- 

SPECIMEN COLLECTION CHECKLIST 
. . . .  ' t e e t h / b a l e e n  . . .  e a r  p l u g s  l i v e r  sample.- e p i p h y s e s  

s t o m a c h  c o n t e n t e c t o p a r a s i t e s p  k l d n e y  sample- e l e c t r o p h o r e t i c -  . . .  . g o n a d s  e n d o p a r a s i t e s =  f e t u s .  . . . . . .  .-- t o x i c o l o g y .  
.. ..- s k u l l  . . . . . . . .  X-Ray 

u t e r i n e  mucosa . m u s c l e  s k e l e t o n  O t h e r -  .. - -  
-- I 

MISCELLAhEOLS 1 
I s k u l l  l e n g t h  , w l d t h  l e n g t h  t o o t h / b a l e e n  row up  l o *  

v e r t e b r a l  c o u n t :  c e r v l c a l  , t h o r a c l c  lumbar- , c a u d a l  
nu'nber d o u b l e  h e a d e d  r l b s  , s l n g l e  h e a d e d ,  number c h e v r o n s  Figure 1 
REMARKS-- - -- Sheet for recording data from cetaceans 
- - -- -- - - 

- - - All measurements are taken as straight 
-- -- 
- -- , lines parallel to the body axis except those 

- - -- 

measurements marked with an asterisk 

_ - J \z h ~ c h  are measured point to point 
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on the exterior. Paper tags should be of the same paper 
as mentioned above or even heavier. Tyvek tags are readily 
available and can withstand moisture, grease, and blood. 
Many institutions use tags with the number embossed on 
plastic or metal for osteological specimens during prepara- 
tion. These tags can be read no matter what process is used 
to clean the skeleton (dermestid beetles. maceration. or 
burial). 

Role of Museums in Stranding Programs 

Museums form an integral part of a stranding program 
by functioning as the institutions that properly store and 
archive the specimens and data. Most major museums, in- 
cluding those within some ~~niversities. have a loiig-term 
commitment to house research collections. Thus material 
collected from the 1500s is still available for researchers 
to use today, and specimens collected now will be available 
for future research. For example, when re\-ising the sys- 
tematics of spotted dolphins (Steneiia spp.), Perrin et a1. 
(1987) resolved taxonomic questions by examining hoiotype 
materials in European museums that were collected in 
the mid-nineteenth century. For many species. it is only 
through the accumulation of data and specimens over 
several decades, or even cen t~ r i e s ,  h a t  we can begin ;o 
understand the basic biology of these species (see Mead 
et al. 1952). 

In addition, museum specimens f ~ n c t i o n  as voucher 
specimens to clarify previous research. For example. in 
their study of pathology of stranded cetaceans in southern 
California. Cowan et al. (1936) listed field numbers of the 
specimens examined. and most of this material was 
deposited at the Natural History hIuseum of Los Angeles 
County. In a similar study, Britt and Howard (1983) did 
not deposit voucher materials in a museum. In the geo- 
graphical region of both studies, there are at least two 
distinct populations of the common dolphin (Deiphinus 
delphis) (Evans 1982), if not two separate species (Banks 
and Brownell 1969). Should future evidence prove that 
there are two species of Delphintis. the data presented by 
Cowan et al. (1986) can be separated into the two species 
by examination of the skulls housed in museums, whereas 
the information presented by Britt and Howard (1983) can 
not be re-evaluated and would have limited value. 

Additionally, museum specimens are available for many 
studies not initially envisioned when collecting the speci- 
mens. Isotope concentrations may be used to infer various 
aspects of feeding habits (e.g. .  Schoeninger and De Niro 
1984) and archaeologists use skeletal specimens in research 
collections as comparative material to identify animal 
remains found in middens (e.g. ,  Glassow 1980). 

The  American Society of hlammalogists (ASM) pub- 
lishes minimum standards for institutions housing mam- 
mal specimens in research collections and accredits such 
collections (Anon. 1978). The  ASM thereby attempts to 

insure that 1) specimens are curated correctly; 2) materials 
are a~ai lable  to qualified researchers: and 3) the institu- 
tion has a longer commitment to the collection than the 
interests of a particular researcher or collector. 

Beached marine mammals can provide a wealth of data 
useful to numerous disciplines if these data are collected 
and archived in the proper manner. Minimum data (Level 
A data) such as species, sex, length, locality. and date 
should be collected for e\-ery stranding as this information 
is vital, simple to note. and does not compromise other 
studies. The collection c ~ f  reprodlictive organs and stomach 
contents is aiso critical to understanding the life history of 
a species. Individual researchers or local institutiolx should 
develop a relaril-ely standardized protocol to insure that 
basic data.  as well as any specialized data, are collected 
and properiy stored. Relatively minor steps can be taken 
to insure chat beached animals are used to the fullest ex- 
tent and that data will be available for future biologists. 

I wish LC ~ h a ~ ! ~ :  I,.J Barkley, J.L. Chovan, and A.A. I-Tohn 
for iheir constructive criticisms of this manuscript. 
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ABSTRACT 

A pod of at least thirty-three short-finned pilot whales (Globicephala macrorhynchus) stranded on 
Marco Island on the southwest coast of Florida on 23 July 1986. Because the animals were already 
being returned to the Gulf of Mexico by another response group at the time we arrived, our 
initial examination was limited to bloodwork on eight live individuals and post-mortems on six 
of eight dead individuals. The  remainder of the live individuals, some of which were marked 
for future identification with plastic tags and by notching dorsal fins, headed north in the Gulf 
after regrouping at the mouth of the Marco River. O n  9 August 1986 the apparent remnants 
of the pod were found stranded near Key West, Florida. O n  this date I0  of 17 animals found 
were dead. Surviving animals were transported to Sea World of Florida from Key West and were 
sampled for complete blood counts and serum chemistries before therapy began. All of the in- 
dividuals sampled from the incidents on 24 July and 9 August showed physical, clinical pathological, 
or histological evidence of illness. None of the individuals sunived longer than two weeks. Physical 
abnormalities noted in the live whales included increased respiratory rate, difficult breathing, 
and elevated heart rate. Clinical pathologic abnormalities included elevated hemoglobin levels, 
elevated plasma fibrinogen, leukopoenia, leukocyte left shift, hyperglycemia, elevated serum 
creatinine, elevated serum bilirubin, decreased alkaline phosphatase, elevated lactic dehydrogenase, 
elevated liver enzymes, hypocalcemia, and hypophosphatemia. 

These findings suggest that the majority of whales sampled in this mass stranding were clinically 
ill. Stranded individuals should be examined for illness by common diagnostic procedures such 
as blood counts, serum chemistries, and necropsy to determine the extent of illness in stranded 
whales. 

Introduction strand (Cordes 1982: Ridgway 1972; Geraci et al. 1976: 
Geraci 1978; Robson 1984; Eaton 1979: Best 1982: 

Whales ha\-e been found stranded on beaches for thousands Morimitsu st  al. 1986, 1987; Ellis 1987: Ode11 1987: 
of years. During this time humans interested in these events Warneke 1983). Theories advanced include 1) unfamiliar- 
have proposed various theories to explain \vhy whales ity ~f deep water species with coastal areas; 2) evolutionary 
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m e m o r y  o f  land so that it is sought for u n k n o w n  reasons; 
3 )  environmental disturbances such as earthquakes; 4 )  slop- 
ing beaches; 5 )  loss o f  sonar ability; 6 )  geomagnetic field 
abnormalities: and 7 )  illness ( D u d o k  V a n  Heel 1962; 
Sergeant 1982: Kl inowska 1985, a ,  b ,  and c ;  Kirschvink 
et al. 1985).  h l a n y  o f  these proposed theories are based 
o n  very  little factual data,  while others are based o n  "par -  
tial" truths  which d o  not fully explain the  even t .  A s  per- 
sonnel w i th  medical backgrounds have become involved 
in  mass strandings, more emphasis has been placed o n  pre- 
and post-mortem identif ication o f  illness factors that m a y  
better explain the  deaths o f  m a n y  o f  these individuals.  T h e  
addition o f  individual medical evaluations o f  m e m b e r s  o f  
a stranded pod t o  the  data base can help t o  determine i f  
illness is a factor i n  the  stranding, holv m a n y  individuals 
m a y  be involved,  and which individuals m a y  have the  best 
chance for survival. 

Materials and Methods 

A pod o f  short-finned pilot whales (6lobicl.pkaia macrork-yn- 
chur) consisting o f  at least 33 individuals stranded at Marco 
Island o n  the  sourh\vest coast o f  Florida o n  ?3  ,July 1986. 
T h e  initial rescue t e a m  responded t o  the  stranding bx; 
pushing the  animals back out  t o  sea o n  24 J u l y  1986. A t  
0800 hr  o n  24 J u l y  1986 a portion o f  the  pod was still i n  
the  Marco Ri\,er broken  into  three groups, one consisting 
o f  nine individuals o n  a sand bar,  a second o n  the  opposite 
side o f  the  ri\,er (exact n u m b e r  unkno lvn) ,  and a third 
group o f  four or fi1.e indi l~iduals  i n  the  channel closer t o  
the  river m o u t h .  As m a n y  as 20 animals lvere already i n  
the  process o f  being returned b y  the  initial rescue t e a m  
toward open  Ivater b y  this t i m e .  W e  detained 10 other in-  
dividual whales as they Ivere being taken through the chan- 
nel .  T h e s e  animals lvere sexed, measured ,  marked wi th  
grease pencil? o n  the  dorsal fins wi th  numbers .  and tagged 
wi th  plastic tape wi th  corresponding numbers  (Tab le  1 ) .  
T w o  large individuals i n  the  center channel were also 
marked b>- notching the  dorsal f in.  

Heart rates and respiratory rates Mere taken in  five indi- 
viduals and antibiotics (Dual-Pen [Dual-Pen,  Techamerica 
G r o u p  Inc . .  P . O .  Box  338,  Elbvood, K S  660243- 1 cc/lO 
k g )  administered to  each. Blood was drawn f rom nine indi- 
.\.iduals for complete blood counts,  serum chemistries, hep-  
atitis t i ters,  ~ v h o l e  blood element  analysis, and serum hor- 
m o n e  levels. All blood samples lvere taken before  the  
administration o f  a n y  drugs.  Comple te  blood counts were 
done  at Sea M70rld o f  Florida utilizing a Coul ter  (Coul ter ,  
540 W e s t  20th S t . ,  Hialeah. F L  33010) Llodel h14-30. 
S p u n  packed cell volumes were taken  for comparison t o  
Coul ter  hematocrit  values. Total  protein values given i n  
T a b l e  2 are derived f r o m  a serum refractometer.  Fibrino- 
gen levels were determined b y  indirect method comparing 
refractometer serum protein levels pre- and post-heated in  

~ -- - - 

Table 1 
Length and sex of 30 short-finned pilot Lvhales stranded 
in south\vest F!orida in 1986. SLVF = Sea LVorld of' Florida: 

C. = Uni\-ersir) of XTian~i. 
p~~ - 

\Vh:ile IL> Length 
Fieid ncniber (in texr) Sex (cnl) 
-- pp - - -- -- -- 

SLVF-GLI-864-1-B 1 11 450 
S\VF-G1f-8645-R 2 11 4-10 
SLVF-Ghl-8646-B 3 F 226 
SiYF-C;hI-86-17-B 4 11 2 16 
SLVF-Ghl-8648-B I F 330 
S\VF-<;XI-8649-B 6 hI 243 
SLVF-C;hl-8650-R i F 380 
Si1F-GhI-8651-B 8 F 356 
SIVF-C;Lf-8652-R F 331 
SLVF-Ghl-8653-B 8R F 308 
SIVF-G11-8654-B F 350 
SiYF-Gll-865.5-B F 133 
SVb F-C;1I-8656-R XI 36; 
SLVF-G11-8657-B 13 1f 292 
SiYF-C;11-8658-B 12 F 33 1 
STYF-C;1I-8659-R 1-1 F 360 
Sl1'F-GhI-8660-B 1 .5 F 328 
Si1F-Ghl-8661 -B 16 F 330 
SLVF-GhI-8662-B 9 1 1  123 
SLVF-Gll-8663-R 1 0 F 144 
SLVF GlI-866-1-B 11 F 323 
C-86-19 F 36-1 
C-86-20 l I  321 
C-86-21 1f 45 1 
C-86-22 1 1  460 
C-86-24 1 1  4.59 
C-86-25 F 362 
C-86-26 h l  334 
C:-86-27 F 1.5 1 
C-86-28 F 354 

-- -- - - - -- - -- p~ - - 

hematocrit  tubes  for 3 minu tes  i n  a 58OC Ivater ba th .  Ser- 
u m  chemistries were analyzed on  an  Abbot  Spectrum ( A b -  
bot Spectrum,  P.O. 152020, Irving, T X  7501 5 ) .  Standards 
for individual tests were h u m a n  based and r u n  at 37OC. 
Electrol>-tes, blood urea nitrogen and glucose were analyzed 
o n  a Beckman  Astra ( B e c k m a n  Astra,  200 Sou th  Kraemer 
B lvd . .  Brea. C A  92621-6209) u n i t .  Evidence o f  the  pres- 
ence o f  hepatitis A and B virus \vas investigated using 
h u m a n  test kits b y  analyzing serum samples i n  11 ~vha les .  

It took approximately t w o  hours t o  herd t h e  survivors 
dolvn to  the  river m o u t h  o n  the  G u l f  o f  h lex ico .  During 
this t ime  se17en more animals,  three o f  which had been  bled 
earlier. died. All dead individuals were towed t o  a deserted 
beach bvhere they  Ivere necropsied. hPlorphometric data 
were collected o n  all whales at the  t ime o f  necropsy. Tissues 
taken f rom individuals that had not undergone decomposi- 
t ion were placed i n  10% neutral buf fered formalin for 
routine histopathologic examinat ion.  Bacterial cultures 
Lvere not  taken  at this t i m e  owing t o  surf  action o n  the  
whales during necrops) 
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Table 2 
Complete blood counts (CBC) from 16 live short-finned pilot ,\hales stranded in Florida in 1986. HGE = hemoglobin: H C T  
= hematocrir RRC = Red Blood Cell count x 10 I f C V  = mean corpuscular \olume. \ I C H  = \ lean corpusculzr hemoglobin 

(pic,-igram). M C H C  = mean ~orpuscuiar  hemoglobin concen:ration (grams:decili~er): NFZ = !luclearcci red celis pel- lG(i ~vl:ite 
cells: AIORPH = red blood cell morphology (1 = normal. E = Burr cell. HJ = Hoxvell Jo\\rell body. C = crenation): TP 
= ti;tai proteir: (gmidEi;  PCV = packed cell volume i. FIB = fibrinogen I \ q m i d l ) :  ,- \\BC = \.Vhire blood celi: B. l  = Bands: 
SEG = Seqrnented neutrophils: L\- = L?-1nphoc);tes: MON = h1onoc);tes: EOS = Eosinophils; BAS = Basophils: PL  = 

Platli-ts (T'; = norrnal). 
~ ~ --- - - -- - - - -- -- - - 

:D NGR H C T  RBC MCV SICH hlCWC NR SIORPE TP PC\- FIR LVBC 3.4 SEG LY LION EOS 3 A S  FL 
-- - ~p -- -- - ~~ - - - - -- - 

On h iiugusr 1986 the rerrl-~ancs of the pod which ,?.as 
pcshed out a: klarcc !sla;i;l rest:-andcd in F l ~ r i d a  Bay Ilea: 
Key I1\'est, Florida .A=; the tinie ~ fd~scov t - ry ,  10 individuals 
were already dead: these :.:ere examined by personnei ai 
the LTiiiversity ofMiarr11. Seven live vt'halrs were found in 
i-arious stages zrf weakness and iranspc11-ieci to Sez. Tl\,.c~rid 
of Fiorida for ei.aluation and treatrmenr. One indii.~dual 
dii-d during transpori. Blood sl;n:ples v*.ere taken from all 
1i:-e individuals beiore x-al?rport and on a reqdlar basis after 
aniinais arrived at Sea V.i7orlc. After hiood sampling, each 
:;.l.ale Ivas given Banac-~ir,e (Eanamine, F1unix:n hle5Iu- 
rnilne. Schering Corporation U.S .R,; Kenil\vorth, 
PT033) 1.M (1.0 niglkg ofbody .&eight, not to exceeci 553 
rr;gj. '?-IT E-Seleniilm ('vi.'it E - Selenium - Schering tor- 
poration u .S .A. ,  Kenil\\orth. Sj (27033) 1.M. (0.13 mgl 
lag)s Cimetadine (Cirrietidine - Tagamet, Skof Laboratory 
CG., Cidra. PR 00639) 600 mg I .h l .  and Dual-pen 1.11. 
( I  cc per 15 kg). 

LTpon arrival at Sea ?.l-orld the silrvivors \sere placed In 

a community pool and given oral fluids tv\.ice a day. The  
fluids consisted of fresh water at a rate of 1 lirerl75 kg. 
~sliich also contained 56 m i  of 50% glucnse per liter and 
3--5 Cirrietidine tablets (300 n ~ g ) .  O n  day two, each in- 
dividual was given 10 cc of B-complex (3-Cornpiex - Pro- 
fessional Veterinary Lab. .  hlinneapolis, hiN 55437) I .M. .  
5 cc of thiamine (Thiamiine - Tech America Inc . ,  El\vood, 
MS 66024) I . M . ,  and antibiotics \vere changed to IZ.ef!ex 
(Keflex - Crphalexin, Zcnith Labs. Inc. ,  Ramsey. KJ 

Ci-446) at a 2cse of ?,5:mg/ks I .&\ .  Ti-iitial bacterisi cultures 
(aer-bicj ;\err taken r';on; inside the hlo\v hole. identifica- 
tior, oi' bacteria isoiare; rs-as performed using the .%PI ( M I ,  
200 Express Street. Piainvie~v. NY 11803) system and sen- 
si~ivities t~ antibiol.ics .&ere analyzed by K ~ r b y  Baue- 
(Kirby-Sa7.1cr hlcthod -- KBL. hiicr~bioiogy S>-sten~s: Bec- 
ton Dickiilson and S o . .  Cockeysville, LID 21930) disc 
F,, 2. il,crhod rlnti!~iotic for individual 1 :  Ivas changed from 
Keflex ro tetracyclii~e (Tetracycline, KCL, Purepac Phar- 
naceuticai Cr,.. Elizabeth, NJ 07209) on d a v  3. \':.'haie 
nurnixr 6': ..tas alsci giceiz Kanarnycin (Kanarirycin - Kan- 
trim. Brlstr: t a b s  , Syracuse. NY 13201) 2.4 mg/kg I .h l .  
t~vice a day afier 14 August 1986. T\vc whales ivere given 
lverrnectin (Iverinectin - Ivornec, MSD Xguet hlerck and 
Co.  inc.. Rahway. NJ 07055) (1 cc/lOC; kg I.M.). IZ'halcs 
that expired Lvere examined grossly at Sea bl'orld of 
Florida. 

Tissue samples Ivere taken from all organs. placed in 
10 % ceurral bilffered formalin, and processed routinely. 
bacterial cultures (aerobic and anaerobic) were taken 
from ma,jor organs and sreas of observed pathology. Cross 

. . 
exsinlnarlon of the an ; i~a l s  included inspection of the 
pterygoid sinus and the eighth cranial nerve area. Urin- 
alysis of sarnpies :aken by needle aspirate ar necropsy 
\\as performed on 4 whales using Multisrix (Mul~ist ix,  
Ames Di;;. , Lliies 1,ahs. Inc. .  Elkhart, IY 46515), re- 
f~actometer (specific gravity) and microscopic rxam of 
sediment. 



78 NOAA Technical Report NMFS 98: Marine Mammal Strandings 

Table 3 
Serum chemistries from 1 7  lix-e short-finned pilot whales stranded in Florida in 1986. G L U  = Glucose (mg1dL): BUN = Blood 
urea nitrogen (mg1dL): C R  = Creatine (mgIdL); BILIT = Total Bilirubin (mgIdL): BLID = Direct bilirubin (gm1dL); C H O L  
= Cholesterol (mgIdL); T R I G  = Triglycerides (mgldL): T P  = Total protein (gmIdL); ALB = .Albumin (gmIdL); GLOB 
= globulin (gmIdL): ALP = Alkaline Phosphatase (UIL); ALT = Serum alanine aminorransferase (UIL); AST = Serum 
aspartate aminotransferase (UIL): LD = Lactic dehydrogenase (UIL); C A  = Calcium (mg/dL) PHOS = Phosphorous (mgIdL): 
NA = Sodium (MeqIL); C L  = Chloride (MeqlL); K = Potassium (MeqIL); FE = Iron (mg1dL): CO? = Carbon Dioxide; 
Serum Uric Acid levels on all animals .\yere not detected (<0.6).  
- - -- - .. - ...- - -. 

I D  G L U  BUN C R B I L I T  BILID  C H O L  G L O B  A L P  
-- ~ .- - 

1 161  29 1 7 0 .3  161  126 6 . 9  3 . 4  3 . 6  158 
2 117 3 7 4 .5  0 3 0 .1  149 113 6 6 3 . 2  3 .4  177 
3 119 5 2 1.9 0 .3  0 .1  237 264 5 i 3 1 2 7 310 
4 25 1 28 2 1 0 . 2  265 12 1 6 .6  3 .3  3 .3  607 
5 199 36 3 .2  0 1 245 109 6 .8  3.1 3 .7  237 
6 222 29 2 .1  0 1 148 86 6 . 2  3 .4  2 .8  212 
I 141  3 5 3 7 0 2 269 82 6 . 8  3 . 1  3 .4  189 
8 
8 B 
9 120 58 2 0 0 7 213 186 5 .1  3 .5  1 .5  15 1 
10 I77 43 2 . 8  0 . 3  153 100 i . 2  3 . 4  2 .0  7 1 
11 17 1 43 3 . 0  0 .3  151 102 6 .9  3 2 3 .7  7 8 
12 151  48 3 1 0 . 5  22 1 89 6 .2  3 . 5  2.7 222 
13 140 41 2 . 1  0 . 1  0 . 3  197 180 6 . 1  3 . 6  2.5 310 
14 111 3 1 4 0 0 .5  2 12 114 1 . 2  3 5 4 . 0  90 - - 

15 178 3 4 2.8 0 .3  0 . 1  135 49 6 . 9  3 . 8  3 1 178 
16 174 1 3  3 .3  0 .4  0 2 227 105 6 .0  3 5 2 5 8 1 

- - - - - 

ID A L T  AST L D  C A P H O S  NA C L  E C O ;  

1 3 3 249 730 8 . 7  2 .5  161 117 i 2  - 2 7 
2 26 179 813 8 .1  1 . 9  154 121 5 .1  - 24 
3 29 318 899 7 6 3 .2  116 113 - - 

5 . 3  - 2 3 
4 18 227 1088 10 0 1 .8  155 113 4.6 - 24 
5  25 238 725 8 3 1 . 6  150 118 5 .3  - 20 
6 17 188 984 9 . 2  2.1 149 12 1 5 .0  - 20 
7 40 310 1588 9 .1  1 .1  156 126 5 .3  - 2 1 
8 
8B 
9 27 288 1112 6 . 9  4 .2  153 4 3 326 27 
10 20 184 571  8 . 9  1 . O  155 111  5 6 216 15 
11 2 1 193 721 9 .1  1 3  157 118 5 6 149 15 
12 

- - 
1 3  377 531  7 1 2.6 157 123 3 .8  220 16 

13 5 1 310 1886 7 .3  3 .7  150 114 3 .6  - 2 6 
1 1  3 2 316 984 9 6 2 .9  159 109 5 .1  326 10 
15 73 375 1492 6 . 8  4 1 153 119 3 6 176 2 1 
16 i 9 430 2712 7 4 4 .9  I57 118 4 4 184 2 4 

~- -- -- - -- 

Results 

h4ale members of the pod sampled at both sites ranged in 
length from 123 to 470 cm. Female whales ranged in length 
from 144 to 380 cm. (Table 1 . )  

Respiratory rates for whales from Slarco Island ranged 
from 6-70 respirationsij min.  Of the portion of the pod 
which restranded in Key West respiratory rates ranged 
from 13-25i5 minutes. Heart rates were obtained on only 
two individuals. Whale 3 had a heart rate of 68 beats per 
minute (bpm) ~ i h i l e  number 7 had a heart rate of 37 bpm. 

Complete blood count results from the live stranded in- 
dividuals are given in Table 2 .  Whales 1 through 8B were 
animals from the initial stranding while whales 9 through 
16 were individuals from the Key West portion. A com- 
plete blood count (CBCj Jias not available from whale 11. 
Red blood cell morpholory abnormalities included Wowell- 
Jolly bodies (3 ~ihales) ,  poikilocytosis ( I ) ,  Burr cells (2).  
crenation (31, and acanthocytes (1). 

Total protein levels from serum refractometer readings 
did not appear grossly elevated but liere consistently higher 
rhan serum protein determination. Spun packed cell vol- 
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I 

I Table 1 Table 5 
I Aerobic bacterial 1rolate5 from blo~chole 

culture5 of 17 11~ e short-finned p~lot whale5 
strdnded In F lo r~da  in 1985 

- - 

.Yirrptococcu~ farcal!s 
S ! a p h ~ ~ l o c o ~ ~ u s  nureus 
S ,  duras 
.Y sczuri 
,C saproph) t~cus  
..lcinetobac!er calco \-ar 1 
Enterohactrr arroyrnrs 
E cloacae 
E ,  yerfociae 
Klebszella pnrumonzae 
P~eudomonas  i pp  , 

ilourescent s roup 
Lz~ le r ia  monoc)loyenrs 

Bacteria recovered from tissue cultures from pilot whales stranded in Florida ~ 
in 1986 Numbers In the table are ident~fication numbers for each uhale ~ 
(SCC Table 1) 

I - - -- - - - - 

O r g a n ~ s m  
-~ - 

Streptococcus faecalis 
C~trohacter frurndz 
.Moryanella moryaniz 
P~eudomonas  spp . ,  

flourescent group 
Pseudomonas putrefaelens 
E ~ c h e r ~ c h ~ a  coli 
Protrus mlrabilis 
Clos!rtdzun~ ~porofenes  
Bactrroidrs a~achanol)!zcus 

Tissues 
-- 

Lvmph 
Kidnev Li\-er L u n ~  nodr Splern 

Table 6 
Analysis of urine collected at necropsy of four short-finned pilot whales stranded in Florida in 1986. Analysis by refractometer 

1 ( S . G . )  N-hfultistix for urinalysis and microscopic (sediment). S .G .  = Specific Gravity; Protein = mgIdL; Glucose = rng/dL.; 
Ketone = mgldl,: Urobilinogen = Ehrlich units1dL.; Bilirubin = small, moderate. large: Sediment: WBC = \Vhite blood 
cells per high power field: Epithelial cells = Occasional; - = 2 .  

~ ~- -~ -- ~~ - ~ ~ ~ --- - 

\I halt P r o t e ~ n  Glucose Krtone Uro- 
ID Color C h a r ~ c t r r  5 G (my) Blood p H  (mg)  N ~ t r i t r  (m4) billnoyen Blllrubln Sediment 
-- -- - -- -- - -- -- - -- - -- - -- -- - 

1 045 100 - 6 - - 10 k ello\> - 3 8 0 moderatr - 

11 Green Clrar  1 0 i 2  700 - 6 500 - - 8 0 - it BC(l0-1 i )  
13 Bro\>n Turbid 1 026 300 - 6 250 - - 8 0 - i Z  BC(1-6) 
15 Yello\% Clear 1 0 l i  700 - 6 i00 - - 8 0 - i tBC(10-15)  

Epith cells 

umes (range = $6-55%) were within the normal range 
but did not correlate well in some individuals wirh Coulter 
hematocrit determinations. Fibrinogen levels were con- 
sidered elevated when >200 mg/dL, as seen in four whales 
(Table 2). Normal white blood cell counts (WBC) usually 
ranged from 5000 to 10000 cells/mm"n most cetaceans 
(Ridgway 1972). Seven indi\-iduals had decreased total 
white cell counts and four individuals showed more severe 
leukopenia (<$.000 cells/rnm3). A leukocyte left shift, as 
evidenced by the presence of immature neutrophils, was 
seen in nine individuals. 

Serum chemistry and serum electrolyte results from in- 
itial blood samples are given in Table 3. Chemistries were 
not a\-ailable from whales 8 or 8B. Glucose levels ranged 
from I17 to 251 mg/dL. Initial bacterial culture from the 
external nares (blow hole) of five whales transported for 
treatment are given in Table 4 .  Bacterial isolates recovered 
from various organ tissues at necropsy of five whales are 
presented in Table 5.  Isolates were recovered from the 
lung. liver. lymph nodes. kidney, spleen, and vagina. It 

should be noted that these isolates Mere cultured from in- 
dividuals that were previously on antibiotics. 

Urinalysis 

Urine was recovered from four animals at necropsy (Table 
6). The urine p H  of each whale was 6.0.  Specific gravity 
ranged from 1.026 in whale 15 to 1.052 in whale 10. Pro- 
tein levels were elevated in each individual even though 
red blood cells were not present. Urobilinogen levels were 
elevated compared to urine from other cetaceans. Bilirubin 
was present in the urine of whale 10. Glucose was detected 
in whales 1 1 ,  13. and 15. Il'hite blood cells were seen in 
the sediment from whales 11. 13, and 15. 

Hepatitis Panel 

Serum from whales analyzed for hepatitis A and B (Table 
7) revealed four whales with positi\-e reactions for Hepatitis 
X antibody, three indi\-iduals with borderline reactions to 
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Table 7 
Serum hepatitis titers from 11 short-finned pilot whales 
stranded in Florida in 1986. A-AB = Hepatitis X antibody; 
A-AB-Ighl = Hepatitis A antibody Igki ;  B-Surf-Ag = 

Hepatitis B surface antigen; B-core-AB = Hepatitis B core 
antibody: B-surl"XB = Hepatitis B surface antibody; + 
= Positive; - = Negative; B = Borderline: LV + = 

weakly positive. 
-- - . 

\$'hale 
ID A-.AB 4- .4R-IgM B-surf-Ag B-core-AB B-surf-AR 

Hepatitis B surface antibody and one whale with a weakly 
positive reaction for Hepatitis B surface antibody. 

Necropsy 

The results of necropsy of animals which expired on Marco 
Island and at Sea World are given by Bossart et al. (1991). 
Animal identities are cross-referenced. 

Discussion 

Numerous theories have been proposed to explain why 
cetaceans strand in mass. The  majority of these theories 
are based on conjecture rather than facts related to the 
stranding. While illness of part or all of the group has been 
suggested (Geraci 1978). little has been documented re- 
garding the individual clinical health at the time of the 
stranding other than post-mortem findings. The approach 
with this stranding was to investigate the possibility that 
some or all members of the mass stranding were ill at the 
time they stranded. Cetacean species are likely to suffer 
from the same disease processes as any other mammals, 
including trauma, toxins, infectious agents (viruses, bac- 
teria, fungi, yeast, parasites) and nutritional and metabolic 
illnesses. T o  eliminate illness as a major factor in a strand- 
ing, it is necessary to study in depth three different facets 
of the event. First, the individual's external health status 
should be evaluated. Second, an evaluation should be made 
of the whale's internal health status. Third, a post-mortem 
examination must be done to include at minimum a gross 
examination of all individuals, including bacterial cultures 

of tissues, and histopathologic examination. External health 
evaluation can be partially accomplished by a superficial 
physical exam. This should include noting respiratory 
rates. heart rates, and overall "attitude" (activity, alert- 
ness, awareness of surrounding environment. response to 
stimuli). X single observation of heart and respiratory rates 
can be confusing if these are used as the only method of 
evaluation. A "healthy" animal may show elevated rates 
during phases of excitement and a weak individual who 
is no longer responsive to external stimuli may show ap- 
parent normal values. Initial decisions should be based on 
serial heart and respiratory rates coupled with other in- 
formation. It may be necessary to sedate animals lightly 
which have elevated heart and respiratory rates to rule out 
the possibility that stress is the cause rather than illness. 
Because expression of illness is not limited to elements of 
the cardiovascular or respiratory system, it is also helpful 
to obtain blood samples for routine diagnostic tests such 
as complete blood counts (CBC), serum chemistries, and 
electrolyte values. Values obtained from CBC's  and 
chemistries may differ among laboratories as a result of 
a lack of familiarity with species differences as well as dif- 
ferences in test methodology. 

The CBC can give information relevant to individual 
health in areas such as hydration, anemia, inflammation, 
and infection. Using automated counters has some poten- 
tial problems. The H C T  is calculated by the instrument after 
determining the RBC and mean corpuscular volume 
(MCV).  Potential error is greater because of the measure- 
ment complexity and the standardization of most machines 
for human cells. As a result. the packed cell volume (PCV) 
is used as a more reliable index in the whales. The  mean 
corpuscular volume (MCV). mean corpuscular hemoglobin 
(hfCH),  and hemoglobin concentration are also common 
values supplied by automated equipment. The  h fCV can 
be determined directly by some automated counters and 
may be affected by anemia, an increase in reticulocytes 
(young red cells) and iron deficiency. The M C H  and 
M C H C  are calculated values. 

Total serum protein levels (Table 2 )  were determined 
with a refractometer. The difference between refractometer 
levels and levels determined in the serum chemistry sec- 
tion should be noted. The  total protein level can be used 
to determine dehydration in animals where normal values 
are known; however, total protein level may be affected 
by starvation, disease states or factors which affect serum 
clarity such as lipemia. Fibrinogen levels are rough esti- 
mates of inflammation. Normal levels are usually less then 
300 mg/dL (Duncan and Prasse 1977). Whales 2 ,  9,  15, 
and 16 had fibrinogen levels indicating active inflamma- 
tion which may be related to disease or to damage received 
during stranding. 

White blood cell counts are generally used to help deter- 
mine the presence of infection or inflammation. Infection 
may result in a different white count at different stages. 
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Increases in total white cell numbers (>15000) were not 
seen in these animals. The presence of yohng white cei!s 
jneutrophils-bands) usually associated with an infection was 
noted however. Leuliopenia (total deweased low svhitr cel! 
count <5000 mm3) Tvas seen in seven whales, This may 
be associated \vi:h viral i ? l f e c t i ~ ~ s ,  or 2s in SCI?IC s!:~cie$ 
such as cattle, there may be a period \vhere :he peripheral 
~vhite cell population migrates to the site of an infection 
resulting in a temporary circulating total ivhite cell de- 
crease. If the animal is capable of responding to an infec- 
tion. the total white cell count should increase past the 
normal le,\-e! giving the morr c!assic 1eukoi;ytcsis This di5 
occur in the !c.hales \vhich were treated and given time l o  

respond. Differences in the differentia! of the \vhite ~21; 
count (brealidowm of white cell couil; cornponrnts) ma)- 
change because of Infection type. respozse c-pabiiitv a n d  
stress. The "stress response" leukocyte pictwe ilsuali?- ill- 
volves an increase in overall numbers (leukocyros~s). pre- 
dominsr?tl:. a resu!t ?f ail increase in ne:itrcphiis, an,? a 
decrease in eosinophils and !ymph~c\rres The absence 3: 

a left shift helps to differentiate this Gom rnfiarnrnator-Y 
diseases 

S e r u n ~  chemistries can be very help{-ti! ir? cieterrnining 
ichether \,arious  organ systems arr  a('fecrc6 ti; ~ ~ I ~ ? F s c  T!:;c 
icfor;,---.- .m.uL;,,ii is also affected by variabiiiiy amo:lg Pzibora- 

tories in test methodology and results. Xlany auiornated 
chemistr?. anits run all tests at a constant remperature (ex. 
37 '%) .  Other analyzer systems are ;lot ran  at constant 
temperature, resulting in variaticn in enzyme lei-cis espe 
cial!:; .%LT, ,OaSrY: CPK. LDH and HBLI The kidneys rr,;v 

be partially evaluated by the FUN (S100ri urea izrtrogeri) 
and creatinine let-e?s. Great~nine levels grez.te7 rhan 2.1 
m"dL are considered e!evate.?;. The  Ieve! oi increzire ii; 

most of the pilot whales is within the range asscciateci \:,:ti: 
dehydration. Creatinine levels greater th;n 3-.0 xc/,~I:, 
should be considered serious elevations which may s o c ~ ~  
becoiTie life ;i;reatenii7g, ;+ , a l i~ l , ,2  i-. ..I ,>.. +--  .,cd,eri - .  i,; Se.; ":-,zri:j i; ::.I: 
c.ra: fluids did respond 2 s  e?-t<e:-?ced hi. ser.31 c:ccre;s.i: 

" .  
in creatinine icvels Tr;tai siiirubln ie.,reis grcai-er than O :' 

. - 
rngldE units are u s u a l l ~  considered eieva~ed as seen 11; ? 

. . 
indiviciii.als This  ma\  be a.ssoc:a:,-.5 izi;I; Li\.ei- disei.se~ 
anorexia, a:ld dehydration. 

The significance qf cholesterol and trigiyceridr levels an? 

rheir relations hi^ to disease is unknowll. The levels are 
giver, for f ~ t i l r e  reference, Serum total protein Ieiels f ' r m  
:he ?ilor lvhzles differ iroim refractometer levels as shoa't r 
, - ;n i a b i  2 .  The differences ma!. be pa:-;ialli~ rei2:ed t.; :I!- 

appropriatf tes; appl;catio~ and hui-an s~eclfic k:ts 701 
. - .  

dctect;ng total &!bu;;?rn an.: glc5u11n ic ::F ~'i;ital;i~z ;,iios- 
. . - ,,kiaL~,e r . f r n  !e.:eij . r e  no:rcallv eieva:=c ir. cerac-anc. Lp:-<:: 

c',eiec:e& at ?:" i' g-n;ral!v ra:lge frcm Z53-5iJQ i;,/I, 3r;i:s 
- .  
:>eveis !ess than 150 piE are considered aSncr;na!ly is\.- 

. ' . , ... L?r\,er lei-els arc ~djua!i.. asso::atea wlt,r i:;;l?sj an.< p:>s.;ibi~b- 
, T .- a decreased face incake !.j\-er en~;-mes such a s  L % ~ _  

(ahnine aminotransferase) and .\!ST \aspa::.are aF:!n:. 

transferase) may be eievated during liver disease but are 
not totally specific for liver destruction. Norrnal levels for 
this hospital lab are <40 p/L for .ALT and <300 for XST. 
The LDH (lactic dehydrogenase') levels mav be elevated 
from liver disease or muscle disease. Normal L D H  levels 
aye less thzt SilOU/L. Serum calcicm lel~els less than 8 
;ng/dL are considered ion. Levels less than 7 could pre- 
dispose the individual to weakness or possible seizure ac- 
tivit)-. Normal phosphorous ievels range bet~veen 3.5 and 
5 mg1dL. The significance of low serum phosphorous levels 
in cetaceans is unknown, Animals ~virh less than 3 mg/dI, 
are suppie;riented wrth oral phosphercus. 

Electrolyte imbaiallces are also seen in ill cetaceans. In- 
creased sadium! leveis have been associated lvith dehydra- 
tion and ingestion of sea water in other il? cetaceans such 
as the fzlse killer wbaie (Pseudorca crassiiens) from a strand- 
, . -  
i n s  in june  1986 \r:i-lppbL data). Potassium levels are only 
s1ighti)- ele-vated above the normal range of 3.5-5.6 units. 
S,err;~n iarbcn d i ~ x i d r  levels normal!!- range from 18 to 
'28 units, with ieveis less than 16 suggesting acidosis as 
shou. r b)- whaie 14 xvhich died just after sampling. 

Bacterial c~rlrures taken from the biou hole of five 
ar:iimalr taken to Sea Vb'orld of Florida showed that most 

~. . , . ." . ,-.< '-. . ' P  
I : ~ \ . ~ ,  LL ,,sIs carricc! !nore thac oae SpFCiBS ,?I bacteriuii in 
t b ~ e  e x t e r ~ a i  nares. VVhether or nor these l;zcter:a \%.ere 
parhologicall>- significant is unk:zown but ti~is dws  illustrate 
t i - -  ..!zt there may be more than one species present ~vhich 

:could be involved :.Iinica!iy. 3; the animals receiving wear- 
i:-,ez: vL.;th ,varisus n ~ ~ i b ~ o t i c s  at Set? Tl;'o:18-i of Flarida; those 

, . 
3inima!s :vhic? s!~.rvivc.d i3n;rest receii.eNd !nore than o!?e 
aniibiotic type concurrentl)- dcring therapa.. 

-- 
I iIe!-e are sonie potential probiems reiated to identifica- 

? ~ .  " -, . I , . . !  31 S S I X ~ "  lilari:lc o r g a n ~ s n ~ s ,  Secacse many comnzer- 
, , 

ciai systems al-,aiiah!e for identifying bacteria do nor in- 
z!udc +he?- orga:lisms in their data banks. Bacreriai cultures 
ra!ten 3~ I I I 'C : -O~S~  listed in Table 5 show a varieri; of or- 

. . 
pdi l i~r i i i  ;lireseiit ii? iliu!tipie tissizes ofr?:e \,\.kaie:: iIlvCiiTeQ, 
- 3  

i bc c!ini::d s~gilificance of the$= isolates is difficult :o deter- 
 line but ii a i s ~  siigyrsrs the nee6 [or prope: multiple aiz~i- 
!,ioric Lise because all of these indivicluais were on anelbiotic 
t>.erz;-y beLore death In addition it is a possibili:y that these 

3 ,  animals !:-lay r:e ~mmunosuppressed s s  that "normal" 
bact.~rial flora may become pathogenic. 
i - 
L, rinalvsis of sainples taken by leedie aspirate from the 

!;ladder is give:; i-. 'Table 6 and sh31t.s various abnormal- 
.. . - 

itles The asp!:catlon 2 .  ci: r,2a;iy sf these i i n d i ~ ~ ~ s  is unkno.*;n 
at ::?is poi.;t because the sznpies were tzker: from dead 
!ndivici~,als. 

F--o;!-l -.i:aiyses cf seri-ln liver enzyme cis:-ati'ms and pa- 
~hoiogy rx>i)'-ts ~ o n c e r n i ~ n ~  liver disease. ir is suspectec that 
, ,-.- ,~at:tis viruses might be rnv'Aved in some ceracean disease 

s ixes  'Thz applicatior, of hurnan t e s ~ s  kits ;or evidence sf 
.ielidtiti: ma\- b;- sf qsestiona'nie value bat the heparitis 

. . 
i-ircses 3rz ;?~'?Salli\. present in most species so chat !t 1: 

\torrr;;*-h;!e in7:estr~atrnp the possibility ar  chis sraqt. 



8 2 NOAA Technical Report NMFS 98: Marine Mammal Strandings 

Parasitic infection as a cause of strandings is one theory 
which has some factual basis but such infections are prob- 
ably over-emphasized since they also occur in healthy wild 
individuals (Ridg~vay and Dailey 1972). A percentage of 
parasitic illnesses can result in death when there is central 
nervous system migration or massive organ dyrfunction 
(Iung Lvorms; heart Ivorms, liver flukes, gastrointestinal 
worms). Intestinal parasites found in this stranding did not 
occur in large enough numbers to kill the animals. Parasites 
found in the pterygoid sinuses, while higher in number than 
in the intestines, did not appear to be causing any obvious 
pathology. Morimitsu et al. (1986) examined histologically 
the eighth cranial nerve of a few whales involved in mass 
strandings in Japan and felt that migrating parasites dam- 
aged the nerves, resulting in loss of equilibrium and even- 
tual stranding. It should be noted that nematodes and 
trematodes are commonly fbund in the pter)-goid sinus. 
These investigators looked at onl>- a few animals out of the 
group and did not investigate other health factors: and 
some of the whales were examined histologically after the 
tissue had already been refi-igerated or frozen. 

The results of necropsies of xvhales involved in this 
stranding are given by Bossart et al. (1991). Necropsies 
are an essential part of any illness investigation and should 
be performed on any cetacean which expires for unknown 
reasons. This procedure complements the physical and 
clinical pathology portions of a stranding investigation, 
often clarifying or contributing to an explanation of the 
cause of death. 

A major complicating factor in understanding a mass 
stranding is the strong social system which exists among 
the members of the pod. Members of the group may blindly 
follow other individuals, especially those who are ap- 
parently leaders of the pod. As a result, if an illness is at 
first isolated in a pod's leader, this individual may lead 
the group away from normal migration patterns including 
food sources. An infectious agent may move rapidly 
through the pod resulting in many ill individuals at the time 
of stranding. 

The actual etiology of a mass srranding event may 
be unknown because the original inciting factor, such 
as a virus, may have occurred days or even weeks 
before. Without knowledge of the time frame in\~olved or 
how many animals may have already died at sea, it is 
unlikely that the true cause of many strandings will be 
established. 

Rased on clinical pathology findings coupled with histo- 
logic findings (Bossart et al. 1991), it is obvious that there 
are other factors in mass strandings which should he exarn- 
ined in order to understand better ~ v h y  these animals 
strand. It should be assumed that some or all members of 
a stranded pod are ill until proven other\\-ise. The follow- 
ing outline provides recommendations that may help iin 
gathering informaticln relevant to the health of a stranding 
pod: 

1) Provide initial first aid and identification for each 
animal. 
A) Keep animals in sternal position to avoid inhala- 

tion of sand. 
B) Provide shade and keep skin moist with water. 
C) Tag  each individual lvith a numbered "spaghetti" 

tag through the caudal edge of the dorsal fin for 
future identification. 

2)  Collect clinical data on each individual for evaluation 
and future use. 
A) Record respirations per 5 minutes and heart rate 

every 30 minutes. 

B) Obtain blood samples (50-100 cc) for complete 
blood count, serum chemistries, and electrolytes. 
If possible have these analyzed while working on 
stranding. 

3) Decide disposition of pod based on above information. 
If members of the pod are already dead assume others 
will die shortly. 
A) If facilities are available consider transporting the 

youngest and strongest for treatment. 

R) If no facilities are available and animals must be 
returned to sea: consider humane euthanasia for 
those who are dying and might cause the pod to 
restrand. 

4) Animals removed for treatment and which survive 
should be held for six months. They should not be 
released without a complete medical workup for evi- 
dence of infectious or contagious diseases. Animals that 
originate from a pod where most have perished from 
an unknown illness may inadvertently carry a poten- 
tially fatal disease back to unexposed pods. Without in- 
tervention these animals would have died on the beach 
limiting the spread of a possible contagious disease. 

3) All individuals that are released should be tagged or 
freeze-branded to help identifi- them if restranding 
occurs 
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ABSTRACT 

Thirty short-finned pilot whales (Globicephala macrorhynchus) stranded on the Gulf coast of Florida 
in 1986. Gross and microscopic necropsies were performed on 10 whales. This report describes 
the histopathologic findings on these whales. A wide diversity of lesions was present not only 
within individual whales, but within the stranding group as a whole. The severity of these lesions 
also had a wide range. Patho!ogic changes included multiorgan inflammatory and degenerative 
lesions as well as adrenocortical and lymphoid changes consistent with prolonged stress and possible 
secondary immunologic suppression. The histopathologic findings were often indicative of chronic 
progressive disease processes suggesting the existence of disease some time prior to stranding. 

Introduction 

Numerous theories have been proposed for mass strandings 
of living cetaceans. In most strandings, however, pertinent 
biological data are either unobtainable or incomplete, only 
fueling further speculation concerning stranding circum- 
stances. 

The  southwest coast of Florida has a history as a site 
for mass strandings. Recent strandings include short-finned 
pilot whales (Glo6zcephala macrorhynchus) in 1971 (Fehring 
and LYells 1976), 1979, 1985, and 1987 (Odell 1991, 
unpubl data) and false killer whales (Pseudorca ~rasszdens) 
in 1972, 1976, and 1986 (Odell et al. 1980; Odell 1991, 
unpubl. data). Typically, the herd initially strands on the 
upper southwest coast (e.g., Ft. Myers area) where the live 

'Present address: Sea !\'orid of Texas, 10500 Sea !\'orid Drive. San 
.Antonio. TX i825l 

animals are returned to sea, only to strand again in a few 
days further to the south (Fehring and Wells 1976; Odell 
et al. 1980). 

O n  23 July 1986, 30 living short-finned pilot whales 
(Globicephala macrorhynchus) stranded near Marco Island on 
Florida's Gulf coast. Thirteen of these whales subsequently 
died or were euthanized. Stranding data collected from this 
incident included geographic parameters, population 
dynamics, animal morphometrics, and hematologic and 
blood chemistry parameters. Seventeen of the remaining 
whales were returned to the sea. They restranded 16 days 
later near Key West, Florida. 

Complete gross and microscopic necropsies were per- 
formed on 10 whales from the initial stranding. The 
purpose of the present report is to characterize the histo- 
pathologic findings of these pilot whales to determine poten- 
tial cause(s) of death and suggest circumstances preceding 
the stranding. 
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Materials and Methods 

Thirty living short-finned pilot whales stranded on the 
beaches of the Gulf coast of Florida in July 1986 (for details, 
see Walsh et al. 1991). Ten of these whales had gross and 
microscopic necropsies performed (Table 1) after assign- 
ment of individual case numbers and recording of mor- 
phometric and geographic stranding data. 

Gross necropsies were performed by the staff of Sea 
World of Florida and members of the Southeastern Marine 
Mammal Stranding Network, generally within four hours 
after death. Carcasses were kept cool with ice in the in- 
terim, when possible. Gross necrcpsy findings were re- 
corded on individual case reports so these findings could 
be cross-referenced later with microscopic findings. 

Tissues from organs and reported lesions were collected 
and fixed in 10% neutral-buffered formalin. These speci- 
mens were processed routinely for Iight microscopic evalua- 
tion, sectioned at 5 pm, and stained with hematoxylin and 
eosin. In  selected cases other stains were used, including 
Brown and Brenn, Fite acid fast, Grocott methenamine 
silver, and periodic acid-Schiff. Only data from freshly 
salvaged whales, which had minimal microscopic tissue 
autolysis, were used in this study. 

For this report a numerical histologic grading system 
(grade range of + 1 to + 5 was utilized to categorize in- 
flammatory and degenerative lesions, as well as pathologic 
changes of primary lymphoid tissues and the adrenal 
glands. Pathologic changes graded + 1 were mild (diffuse 
or focal); + 3 were moderate (diffuse or focal); and + 5 
were severe (diffuse or focally extensive) in nature with a 
grade range of + 1 to + 5 (Table 1). 

Results 

Parasites were grossly reported in the middle ears of five 
whales. These were identified as nematcdes (probably 
Stenurus sp.) in all cases, with one whale having a combined 
trematode (Nasitrema sp.) infestation. In the gross necropsy 
reports the number of parasites in this region ranged from 
"few" to "many." Gross lesions associated with these 
parasites were not reported and tissues from this region 
were not included for histologic evaluation. 

The graded histopathologic findings are summarized in 
Table 1 by organ system in relation to individual whale, 
length, sex, and general lesion classification. For clarity 
the detailed histologic findings will be presented by organ 
system. 

Gastrointestinal System 

Mild to moderate multifocal chronic-active ulcerative in- 
flammation of the fundic and pyloric stomach compart- 
ments was present in seven whales. These gastric lesions 

were uniformly characterized by focal mucosal ulceration 
with associated submucosal infiltrates of polymorpho- 
nuclear leukocytes, plasma cells, lymphocytes, and histio- 
cytes with hemorrhage. Occasional lesions had fibroplasia 
peripheral to the inflammation. In all cases inflammation 
was limited to the mucosa and adjacent submucosa. 

In six of these whales the gastric lesions were associated 
microscopically with parasites including nematodes (three 
whales), trematodes (two whales), and one parasite uniden- 
tifiable because of fragmentation and degeneration. These 
parasites were generally found within the gastric sub- 
mucosa and associated with marked peripheral fibroplasia. 
In addition, the gastric mucosal ulcerations in whales B ,  
D, and F were associated with numerous coccoid bacterial 
colonies, some of which had been phagocytized by inflam- 
matory cells. 

Whale I had severe chronic-active non-ulcerative gastritis 
of the pyloric stomach compartment. This inflammaticn 
was not microscopically associated with parasites or infec- 
tious agents. Whales A and G had no gastric lesions. 

In whales B, C ,  and J there was severe diffuse chronic- 
active pseudomembranous inflammation of the small in- 
testine. These enteric changes were characterized by dif- 
fuse villous atrophy with a fibrinous to fibrinopurulent 
adherent mucosal lining. The lamina propria and sub- 
mucosa were widely infiltrated by increased numbers of 
lymphocytes and plasma cells, as well as numerous 
eosinophils and neutrophils. The cause of these extensive 
inflammatory changes was not apparent from microscopic 
examinations. Whale I had moderate diffuse chronic-active 
inflammation of the small intestine without concurrent 
pseudomembrane formation. This inflammation was char- 
acterized by infiltrates of numerous eosinophils with asso- 
ciated multifocal mucosal and adjacent submucosal fibro- 
plasia, suggesting a parasitic etiology. Despite multiple 
sectioning, parasites were not identified. The intestines of 
the remaining six whales were histologically unremarkable. 

Respiratory System 

Whales A ,  I ,  and J had moderate bronchoalveolar pneu- 
monia. The lungs were characterized by diffuse (whales 
A and J)  or multifocal (whale I) bronchoalveolar suppura- 
tion with infiltrates of neutrophils, macrophages, and occa- 
sional lymphocytes and plasma cells. Moderate multifocal 
pulmonary edema, hemorrhage, and congestion were also 
present in these whales. Infectious agents were not present. 

Whale B had mild to moderate focal chronic inflam- 
mation of the upper respiratory tract. Whale D had mild 
multifocal granulomatous pulmonary inflammation asso- 
ciated with degenerating parasites resembling nematodes. 

Myocardium 

Whale C had moderate to severe chronic inflammation of 
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Table 1 
Graded histopathologic findings in a mass stranding of pilot whales (Globzcephala macrorhynchus). 

Inflammation Depletion 
Animal IDC 

length, sex, Cardio- Hepatic Adrenocortical 
field no. Gastric Intestinal Pulmonary vascular degeneration Lymphoid lipid Other 

A. N N 3" N 3 5 3 
123 cm; h1 
SWF-GM-8662-B 

B. 2(Pu) 3 2 3 N 5 N 
144 cm; F 
SM'F-GM-8663-B 

2 3 N 4 N C .  3 3 
292 cm; h1 
S\t1F-GM-8657-B 

D. 2(Pn) N 1(Pn) 1 N 5 N 
323 cm; F 
SWF-GM-8664-B 

Kidney: Pyelitis, necrotizing, 
chronic-active, multifocal. 
moderate. 

Subcutis: cellulitis, necro- 
tizing, chronic-active. 
multifocal, severe. 

Skeletal muscle: myositis, 
necrotizing, chronic-active, 
severe. 
Skin: dermatitis, ulcerative, 
chronic-active. multifocal, 
severe. 

E .  1(Pt) N N 
328 cm; F 
SWF-GM-8660-B 

F. 3(Pn) N N 
330 cm; F 
SWF-GM-8661-B 

G .  N N N 
331 cm; F 
SWF-GM-8658-B 

H .  2(Pt) N N 
350 cm; F 
SWF-Gh1-8654-B 

I .  5 3 3 
380 cm; F 
S\VF-GM-8650-B 

J 2(Pn) 5 3 N 3 NE NE 
440 cm; M 
SM'F-Gh1-8645-B 

- 

"Animal ID: Total length; sex (h1 = male; F = female); field no. (SWF = Sea World of Florida). 
'Grade ranges (1 = mild; 3 = moderate; 5 = severe). 
P = Lesions associated with parasites (n = nematode; t = trematode: u = unknown). 
N = No specific lesions present; NE = Not examined. 

Pancreas: pancreatitis, 
fibrosing, chronic, 
multifocal. moderate 

Pancreas: pancreatitis, 
necrotizing. chronic-active, 
multifocal, moderate to 
severe. 

Uterus: tumor, 
fibroleiomyoma, multiple. 

the heart. The heart was characterized by multifocal inter- 
stitial infiltrates, primarily lymphocytes and histiocytes with 
associated fibrosis and occasional Anitschkow cells. The 
fibrosis was focally extensive and often involved degen- 
erating Purkinje cells. There was also focal myofiber de- 
generation characterized by swollen eosinophilic cytoplasm, 
loss of cross-striations, and fragmentation. 

Whale B had similar but less extensive chronic myocar- 
dial changes with associated edema. Whales D, F, G ,  H, 
and I had mild focal to multifocal chronic inflammatory 

lesions of the myocardium. The cause of these myocardial 
changes could not be determined. Infectious agents were 
not present. 

Hepatic System 

Various moderate nonspecific hepatocellular degenerative 
changes were present in five whales. Whales A and J had 
diffuse combined hepatocellular fatty change and hydropic 
degeneration. Whales E,  F, and I had moderate diffuse 
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hepatocellular atrophy. All five of these whales also had 
hepatic extramedullary hematopoiesis and varying degrees 
of multifocal hepatic hemosiderosis. 

Lymphoid System 

Multiple visceral and peripheral lymph nodes from eight 
whales had extensive lymphoid depletion. The histologic 
pattern of the depletion was both follicular and paracor- 
tical. The  spleens of these eight whales had similar but less 
extensive lymphoid depletion. 

The  spleens of whales G and J were histologically nor- 
mal. Lymph nodes were not included for evaluation from 
these whales. 

Adrenal Glands 

The adrenal glands of five whales had moderate lipid deple- 
tion. This involved principally the zona glomerulosa and 
zona fasciculata. The  adrenal glands of whales B and D 
were unremarkable. Adrenal glands were not included for 
el-aluation from whales F ,  G ,  and J. 

Renal System 

Whale A had moderate multifocal papillary necrosis in- 
- - 

volving many renules. This necrosis was associated with 
focal infiltrates of neutrophils and macrophages. In addi- 
tion there was multifocal medullary tubular mineralization. 
The  cause of these changes could not be determined. 

Pancreas 

Two whales had moderate to severe inflammation of the 
pancreas. The  pancreas of whale F was characterized by 
multifocal fibrosis with exocrine atrophy and moderate 
focal infiltrates of chronic inflammatory cells. Similar cells 
were present in peripancreatic fat foci, Whale G had pan- 
creatic inflammation characterized by multifocal acinar 
necrosis with associated peripancreatic fat necrosis and 
saponification. There were infiltrates of neutrophils, plasma 
cells, and macrophages associated with this necrosis. There 
was also multifocal hemorrhage. The  endocrine pancreas 
of whales F and G was unremarkable. 

Integumentary and Skeletal 
Muscle Systems 

Whale C had severe focal acute inflammatory changes in- 
volving subcutaneous tissues associated with a grossly 
reported skin lesion measuring approximately 25 cm by 
100 cm, which was attributed to exposure (e.g., sunburn, 
surf action, etc.). Histologic sections of this region were 
characterized by focally extensive subcutaneous coagulative 
necrosis with infiltrates of many neutrophils, eosinophils, 

mast cells, and macrophages. There was also extensive 
multifocal hemorrhage and edema. 

Whale D had severe multifocal chronic-active inflam- 
matory changes involving grossly reported skin lesions of 
the peduncle and flukes, as well as adjacent skeletal muscle. 
The  epidermis was characterized by multifocal ballooning 
degeneration of the stratum spinosum and stratum inter- 
medium with exocytosis. The  adjacent papillary dermis had 
infiltrates of many neutrophils, eosinophils, lymphocytes, 
and occasional histiocytes. Skeletal muscle adjacent to this 
area had extensive coagulative necrosis with infiltrates of 
an admixture of inflammatory cells and hemorrhage. 

Reproductive System 

The uterus of whale H had multicentric circumscribed 
arrangements of interlacing bundles of straplike cells 
resembling well-differentiated smooth-muscle fibers. These 
cells often intersected at right angles and were characterized 
by poorly defined cell boundaries, eosinophilic amorphous 
cytoplasm, cigar-shaped monomorphic hyperchromatic 
nuclei, small nucleoli, and sparse mitotic activity. There 
was also a fibrillar background matrix of collagenous con- 
nective tissue. These uterine masses were diagnosed as 
fibroleiomyomas. These benign smooth muscle tumors 
commonly arise in the mammalian female reproductive 
tract and have been reported in pilot whales (Landy 1980). 

Discussion 

A wide diversity of histopathologic lesions was present in 
this group of whales. In some individuals these pathologic 
changes were severe and probably related to other organ 
system lesions representing disseminated infectious pro- 
cesses. Either singly or in combination, many of these 
lesions could have compromised organ function resulting 
in death. 

Inflammation and degenerative changes involving the 
gastrointestinal system were common. A similar histologic 
pattern of severe inflammation of the small intestine was 
present in three whales (B, C ,  and J) .  The diffuse, pseu- 
domembranous, chronic-active nature of these lesions sug- 
gests an infectious etiology. Jones and Hunt (1983) showed 
that in other species similar enteropathies can be caused 
by bacterial infections (e.g. ,  Salmonella sp. ,  Fusobacterium 
necrophorium) and viral infections (e.g. ,  feline infectious 
enteritis, malignant catarrhal fever). 

Two of the whales (B and C) had concurrent moderate 
inflammation of the heart while the third whale (J) had 
moderate inflammation of the lungs. This suggests a 
disseminated infectious disease process possibly originating 
from the small intestine. 

Two other whales (F and G )  had moderate to severe in- 
flammation of the pancreas. The  histologic pattern of the 
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pancreatic changes was different.  In whale F the pathologic 
changes were consistent with chronic progressive pancreatic 
disease, while in  whale G they  were suggestive o f  a recent 
acute episode o f  pancreatitis. Unl ike  the inf lammatory 
lesions found in  the previous whales, the moderate to  severe 
inf lammation i n  whale G involved only one organ system. 
Acute pancreatic necrosis and chronic "relapsing" pan- 
creatitis are c o m m o n  diseases in  humans  and dogs and are 
frequently fatal U u b b  et al. 1985). In  whales G and F the 
cause o f  the pancreatic inf lammation,  as i n  other species, 
could not b e  determined. 

Moderate degenerative changes o f  the liver were pres- 
ent  i n  five whales. These  were generally present in  whales 
wi th  moderate to  severe lesions i n  other organ systems, a 
circumstance that suggests the hepatopathies m a y  have 
been  secondary in  nature. 

Pulmonary inflammation o f  a moderate nature was pres- 
ent i n  three other whales (A ,  B ,  and I ) .  These  individuals 
also had concurrent moderate to  severe inf lammatory 
lesions o f  other organ systems, ranging f rom renal inflam- 
mation only (whale A) t o  inf lammatory changes involving 
the pyloric stomach compartment ,  small intestine, and 
heart (whale I ) .  T h e s e  concurrent changes are also sug- 
gestive o f  disseminated disease with possible multiorgan 
functional compromise. 

Inf lammation o f  integument and adjacent tissues was 
severe in  two  whales ( C  and D ) .  I n  whale C there was a 
similar concurrent pattern o f  inflammation o f  the heart and 
small intestine suggesting a septicemia. 

Parasites were present microscopically i n  the stomach 
compartments o f  six whales and lungs o f  one whale. T h e  
inf lammatory changes associated with these parasites were 
generally mild and focal in  nature, confined to  the super- 
ficial mucosa ( i n  the stomach) and stimulating peripheral 
fibrosis. 

Primary lymphoid tissue i n  all whales examined was 
remarkably abnormal. Lymphoid depletion in  the spleen 
and l y m p h  nodes has been associated with chronic stress, 
immunosuppression,  and cachexia i n  other animals 
(Bossart 1984; Leighton 1986; Glick 1983; Selye 1973). 
T h e  universal histologic pattern o f  lymphoid deple- 
tion i n  the l y m p h  nodes o f  these whales was bo th  fol- 
licular ( the  bone-marrow derived lymphoid system 
zone)  and paracortical ( the  thymic-dependent lymphoid 
system zone) .  T h i s  is the morphologic expression o f  a 
combined humoral and cell-mediated immunodeficiency 
U u b b  et al. 1985; King  1986). I n  humans  and other 
m a m m a l s ,  immunodeficient states m a y  be congenital or 
acquired ( T o m a r  1979). Acquired (secondary) i m m u n o -  
deficiencies i n  humans  can be associated with malnutri- 
t ion,  chronic infection, cancer, renal disease, and primary 
viral agents. 

Increased susceptibility t o  multiple opportunistic infec- 
tions frequently is the ultimate cause o f  death ( K i n g  1986; 
Robbins et al. 1979). 

Considering the diversity and severity o f  the other con- 
current,  o f t e n  chronic, lesions in  these whales, the l y m -  
phoid changes probably reflect a secondary condition that 
is the consequence o f  the other disease processes. Further 
understanding o f  the cetacean immunologic system is re- 
quired for any additional interpretation. 

In  five o f  seven whales, where adrenal glands were 
microscopically evaluated, there was adrenocortical lipid 
depletion suggestive o f  a stress-related condition. Lipid 
depletion occurs i n  adrenal steroidogenic cells responding 
to  adrenocorticotropic hormone ( A C T H )  stimulation and 
should be considered an  index o f  this physiologic state 
rather than a degenerative change (Leighton 1986; Assen- 
macher 1973). Adrenal glucocorticoid hormones are con- 
sidered important mediators o f  stress related lesions (Selye 
1973). Further investigation o f  lymphoid and adreno- 
cortical lesions i n  relation to  stress and the immunopatho-  
genesis o f  cetacean disease m a y  provide important future 
stranding data. 

W i t h  few exceptions, the types o f  histoparhologic changes 
present in  these whales were indicative o f  chronic pro- 
gressive processes, encompassing the inf lammatory and 
degenerative lesions as well as the lymphoid and miscel- 
laneous changes. T h i s  implies that m a n y  o f  these whales 
had functional compromise o f  some organ systems prior 
to  the mass stranding. These  findings raise questions 
regarding the humani ty  o f  returning recently mass- 
stranded cetaceans to  the sea. 
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has excellent regenerative properties associated with high 
mitotic indices (\'an Horn et al. 1977; Leeson and Leeson 
1981) and postmortem cornea can remain viable up  to 
se1,eral lveeks (Doughman et al. 1976). 

Corneal cell cultures have been used for a variety of in 
vitro studies. includicg chromosome analysis (Conrad 
1970; Dahl et al. 1974; Manski and kVhiteside 1974: 
Pimenova and Simonenko 1974: Kenney et al. 1986). Cell 
cultures initiated from the corneas of postmortem cetaceans 
Ivere used in this study to provide a supply of mitotic cells 
for chromosome preparations. These preparations \\-ere 
stained using a fluorescent reverse banding (R-banding) 
technique. xvhich; in cetaceans, is particularly useful for 
chromosome studies because it bands euchromatic regions 
of the chromosomes for homologue identification and 
simultaneous1~- visualizes highly variable heterochromatic 
regions (chromosome heteromorphisms) present in the 
chromosomes (Duffield 1986: Lambertsen and Duffield 
1987: Duffield and Chamherlin-Lea 1990). 

In this paper. xve present R-band karyotypes derived 
from corneal cell cultures for fi1.e cetacean species which 
are periodically handled b>- stranding net~vorks along the 
coast of the Cnited States. The heteromorphic regions of 
the chrxnosomes fro~i: these species xvere cornpared with 
those of Tur,riopr :rztncatur. 

Methods 

Animals 

The R-band karyotypes xvere prepared for four species that 
frequent1)- strand on the east coast of Florida: pygmy killer 
bvhale ([Fel-esa attenuata]. N = 1. field No. C-83-20. male, 
2 15 cm, 10 ~Ju ly  1983); false killer \\hale ([Preudorca cras- 
sidens]. N = 2: field No. SkVF-863 1B; female. 259 cm. 5 
June 1986: Id.  No. SkVC-PC- 8326. female. 312 cm. 25 
February 1986): short-finned pilot xvhale ([Globicephala 
~nacrorhynchus]. W = 2; field No. SkVF-86ilB. female, 356 
cm. 24 July 1986: Id.  No. STVC-GM-8003. female; 272 
cm. 5 jul>- 1983): and pygmy sperm whale ([Kofia breoiceps] . 
N = 1: field No. SkVF-KB-8330-B, female; 272 cm. 18 
September 1983). The  R-band kar)-otypes were also pre- 
pared for a humpback xvhale ([-2lep-aptera nooaenfliae]; N = 1 : 
male calf. SLP-Mn-81. 7 hlarch 1981) stranded in Ha~vaii. 
Both blood and corneal cell cultures were available for one 
of the false killer whales and one of the pilot \\-hales. 

Collection of Corneal Samples 

The eye \\-as removed from the socket by severing the eye 
muscles, associated connecti\-e tissue. and the optic nerve. 
care being taken to ensure that the e)-e remained intact. 
Sterile precautions Lvere not necessary during collection. 
The e)-e \\-as stored and shipped dr)- in a plastic hag at 3' C 
until culturing; fluid in rhe bag encouraged tissue decom- 

position and increased the possibility of contamination. The 
inner corneal layers were kept moist by the aqueous humor. 
so desiccation of the cornea xvas not a problem. 

Corneal Ce3B Culture 

The e)-e \vas \\.ell rinsed in running tap Lvater and placed 
cornea doxvn in a 1 : 750 dilution of 17 % aqueous Zephiran 
chloride (Tt-inthrop Laboratories, Nexv York. NY 10016) 
for 2 to 3 minutes. This procedure removed gross bacterial 
contamination from the corneal surface and did not ap- 
pear to damage the inner cell layers. The  cornea \vas 
carefull>- rinsed ~vith distilled water to remove any traces 
of disinfectant. 

A piece of cornea (ca. 3-4 mm diameter) xvas excised 
asepticall>-. T o  ensure maximum viability. txvo to three 
pieces were taken from different portions of the cornea. 
The inner portion of the cornea (including Descemet's 
membrane) and the associated endothelial cell layer occa- 
sional1)- separated from the stroma. This membrane and 
cell layer must be included for cell grokz-th. The  corneal 
sample xvas soaked for 1 hour in c::lture medium (Ham's  
F- 10 ~vi th  L-glutamine [Gibco. Grand Island. NY 13072j 
supplemented ~virh I!.)- 15 % fetal c;ilE serum; penicillin- 
streptomycin (Gibco), final concentratiorz 100 ::nirs/mL; 
and Fungizone, amphotericin B (Gihco). final concentra-. 
tion 2.5 mcg!ml), which \\-as further supplemented xvith 
10 x concentrations of antibiotic and fungicide. The ex- 
plants xvere minced. transferred to culture flasks, fed with 
culture medium and the cell cultures were placed in a 

36OC. 5 R C 0 2 - a i r  incubator. 

Cytogenetic Analysis 

hletaphase cells Ivere collected by the addition of colcemid 
(Gibco: final concentration 0 .1  pg/mL) overnight. Cells 
were harvested by standard techniques (Hack and Lalvce 
1980) using a one part 0.075Pvl KC1 and one part 20% fetal 
calf serum hypotonic solution for 12 minutes at 37OC. Cells 
were fixed in three parts absolute ethanol and one part 
glacial acetic acid. Chromosomes were banded ~vi th  a 
fluorescent R-banding technique using chromom)-cin A-3 
and distamycin A (Sahar and Latt 1978; Schweizer 1980). 
Photographs, using Kodak Technical Pan 2415 film. xvere 
taken on a Zeiss microscope equipped ~vith an ultraviolet 
light source and epifluorescence. Txvo to five karyotypes 
were prepared for each animal. In these kar)-01)-pes, the 
chromosome pairs Lvere arranged into four groups (,4-D) 
based on centromere position and numbered consecutively. 
The  resultant karyotypes Ivere examined for R-band 
heteromorphisms, discrete chromosomal regions xvhich 
shoxved size and/or intensity differences betxveen homo- 
logues. Chromosome composites Ivere constructed based 
on the similarity in banding pattern of these species ro 
Tur~iops trztncatuz: the latter species lvas chosen as ;he stan- 



dard because of its established R-band karyotype and range 
of heteromorphisnls (Duffield and Chamberlin-Lea 1990). 
Differences among species in R.-band heteromorphisms 
w:ere noted. 

Results 

Cet! cultures were established frorn eyes ivhich varied in 
postmortem age from three days to tu.o wrecks. The corneal 
cells grewr -i-igorously in culture. Outgrolvth ol' cells from 
the original esp!r,nt most commonly occurred 'liithin one 
day of the initiation of culture. tlo matter \$;hat the post- 

mortem age of the eye. Signiiic.ant arnounii: oi cell rnrgr-a- 
tion from the explant \\.ere observed t:. rhe thlr5. or icouri!; 
days. For one eye. cel! outgrowth was iiclaked for tv;e or 
three ~veelts. hut once established. th's culrure greiv as vgell 

as those cvhich had initialiy gro\\n ouc more quickly. 
The  R-banded karyotypes of F. nifei;unt.z. P, crossin'onr. 

6. macrorh?;nchz~r, K. I.retice$s. and M ,  n o ~ , z ~ n ~ ~ ; l ' a e  are she-vn 
in Figures 1-5. The F atteriunta. E, crasszn'ons and G. +nncro- 

r ,h jnch~u  karyorypes had a diploid chromosome number of 
2N = 44. The  M .  nocaean~rliae calf h2d a "s = 4-15 j t mar). 

. . 
exi-ibitlilg an extra, small chromosome in its karyotype 
(Fig. 5). This chromosome stained faintiy ivith R-5aniiil:g 
and its origin \\.as unlinowc, but it vcas consistently pres- 
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,ent in ali cells examineci. The karyotype ofK38ixr 5~p~i~epi 
had a 2N = -12. Fcr r". crassidtns and G. ::~azrorhjnzkus. the 

. . 
itaryotypes obtained by corneal culture \\-ere consistent 3"?-~r?1 

ti~ose obtained from biood. 
7 

1 o compare the disiribution of observecj hetero~norphic 
regions. a composite karyorypic comparisoi: was con- 
structed using one chromosome of each clirornosome pair 
from the five species examined (Fig. 6). This conlposite 
included Tzrsr'ops iruncatus as a standard because many in- 
di7;iduals oi this species ha\-e been examined by R-banding 
and both the distribution of heteromorphic regions and the 
tJ;pe of \-ariation found is well documcnted (Duftield and 
Chamberlin-Lea 1990). 

Discussion 

From the resulcs reported here, as ~ - e l !  3s fi-om several )-ears 
of trials using coyneal tissue to es:,i::lish cell cuitures fc,r 
chron:osame anaiysis in Dufield's i~ix,ratorv, :if ha\-e 
i~bserved that prolonged postr~~ortem \-iabiiity. freedom 
from contanrination 2nd ease oi'h3ndling inzke cornea ai' 
extremely usefui tissue for establishing cell culcures from 
stranded cetaceans. l y e  have found that the chances for 
1,-iabiliry are greatest when eyes are taken either from 
animals that \vashed ashore dead or from animals that were 
returned to the water prior to death. Animals dying out 
of the \\-ater more often exhibited decreased corneal cell 
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. -~&i i i t> .  pocsibi~ .-~\$.~ng iz ex;rslxc o~ei-l-~e3;Er~ ('7. Eui- 
F~eld, pers. -iSs.j. In con:rast to other postmsrterri rissves, 
rhe i i ~ c e r  cell iayers of the coi.r;e.- appear i-o reraain  in- 

~onca~?:,~na:cd un51 :he eye has 'b;-come se.:cLil: dccorn- 
tcosed. B:caune :he eye car: 5e remoj,ed ir;r?i-t .From the 
an~mal  a:ld does no.: require sterile hzndiil~g ::r preserva- 
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it. 'The ssrranjed calf exairiped here h5(< a   ex^!-?, small 
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rli i~~mpb: l c '<  ~vi-iaie tna; wzs sarr,ijied by; s:<...;:~ E ; ~ o ~ ~ \ ~  
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and carried nucleolar organizer regions. This marker 
chromosome had been inherited for three generations 
and did not appear to have a phenotypic effect in any of 
the animals. The inheritance pattern of the marker con- 
firmed long-term observational and behavioral data sug- 
gesting that resident female bands in the Sarasota study 
area were composed largely of related individuals (Wells 
et al. 1980; Irvine et al. 1981 ; Wells 1986). Because they 
are relatively rare and found in specific animals: these 
marker chromosomes are particularly useful for tracing the 
relationships and reproductive interactions of individuals 
and groups with neighboring or distant groups of the same 
species. 

Figure 4 
K-banded karyotype of a fen 
Kqia breviceps (2N = 42). 

Although there were subtle differences in R-banding pat- 
tern among the five species examined here, their chromo- 
somes were similar enough that the numbers on the 
chromosome pairs refer to the same homologous chromo- 
some pair in each species. Pygmy sperm whales, as well 
as sperm and beaked whales, have a chromosome number 
of 2N = 42 (Arnason and Benirschke 1973; Arnason et al. 
1977; Duffield 1977). A fusion between two of the acrocen- 
tric chromosome pairs may account for the 2N = 42 
karyotype of K. breviceps (observation from the visual com- 
parison of the R-band karyotypes, Fig. 6). However, de- 
tailed banding analyses have not been completed to deter- 
mine the extent of similarities and differences in R-banding 
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pstterns and the basis for the change in number in K,  
b:e:,iceps. Instead, this paper concentrates on the presence 
in these species' karyotypes of chromosomal lleterornor- 
phisms which are visualized by R-banding. 

Chromosome heteromorphisms have been noted in ceta- 
cean karyotypes both by C-banding (Arnason 1974, 1980; 
Arnason et a!. 1977, 1980, 1983: Duffield 1977; Stock 1981 : 
1Vcrthen 1981) and fluorescent K-banding (3uffiei-i 1982, 
1986: Lambertsen and Euffield 1987; Duf.5eld 2nd Chz-m- 
berlin-Lea 1990). C-banding is a chromosome ?:anding 
rechnique that leaves tightly coiled 6 -band  positive areas 
of the chromosome darkly stained (Bradbury et z! 1991) 
hut denatures euchrijmatic regions I t ,  therefoi-e. requires 

the sequential application of an additional banding tech- 
nique (such as G-banding or R-banding) to identify 
homologous chromosome pairs. Fluorescent R-banding: 
in contrast, uses a staining agent which bir,ds to guanlne- 
cytosine (GC) rich DNA areas of the chromosomes. 1; 
bands euchromatin areas for homologue identificatior,, 
while simultaneously binding strongly to GC-rich hetero- 
rnorphii (variable) reglolis (Sch~veizer 1980). A significant 
number of GtS-rich hrteromorpiiic regicns have been 
reported in the chrolnosomes of cetacean species (Dcf- 
field l386: Lambertsen and Duffield 1987, Duffieid and 
Chamberlin-Lea 1990). i r?  Tu:l.::siop: t:uncat:,s, O~ciiirus xca, 
and .?i~~aptera ~o:,aean~liai. at leas: half of the chromosome 



9 8 NOAA Technical Report NMFS 98: Marine Mammal Strandings 

Figure 6 
One  chromosome of each chromosome pair from the karyotypes of Tursiops truncatus (Tt) compared to those of Pseudorca crassidens 
(PC), Feresa attenuata (Fa). Globicephala macrorh-ynchus (Gm). K o f i a  brericeps (Kb), and A21egaptera nouaeanlliae ( A h ) ,  to demonstrate 
the positions of known R-band heteromorphic regions in the chromosomes of these species (brackets). Note the unusual blocks 
of R-band heteromorphic material in P. crassidens (D-18) and in .M nor'aeangliae (X chromosome). 
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pairs in their karyotypes exhibit these heteromorphic 
regions which may vary in size and in intensity of staining. 

Chromosome pairs exhibiting R-band heteromorphisms 
in this study are indicated in each of the karyotypes (Figs. 
1-5). A comparison of the distribution of heteromorphic 
regions in the chromosomes of the five stranded cetacean 
species and T. truncatus (Fig. 6) shows that many of the 
K-band heteromorphic regions are in the same chromo- 
somal locations in all six species; however, there are also 
species differences (see, for example, the X chromosome in 
;2f. novaeangliae and D-18 in P. crassidens). Examples of the 
types of heteromorphisms seen in this stcdy are illustrated 
in Figure 7 .  In T. truncatus, 52 heteromorphisms for 11 
chromosome pairs have been found among 104 animals 
studied (Duffield and Chamberlin-Lea 1990). This number 
of variants makes R-band heteromorphism analysis 
extremely useful in population studies, especially when 
hypotheses of specific relationships need to be tested. As 
more individuals of each of the stranded species are karyo- 
typed, the number of recognizable heteromorphic regions 
and the range of heteromorphisms within these regions will 
be established. 

In  cetaceans, R-band chromosome heteromorphisms 
have been used both as genetic markers for determining 
parentage in captive breeding programs (Duffield et al. 
1986; Duffield and Chamberlin-Lea 1990; Hewlett et al. 
1989) and for investigating population structure in the field 
(Lambertsen and Duffield 1987; Duffield and Wells 1988; 
Duffield et al. 1989). An exciting application of R-band 
heteromorphisms analysis for stranded cetaceans lies in its 
potential for confirming suspected relationships among 
animals stranding together, as in Florida, for example, 
where K ,  breviceps often strand in adult female-calf pairs 
or in aduli female-calf pairs accompanied by a juvenile or 

Figure 7 
Exarnpies of the types cf R-band val 
seer1 in various heteromorphic regions i 
karyotypes of Giobice,bhaia macrorhj 
(Gm). Aeudorca crassrdens (PC). Fere~a  att, 
(Fa),  and A14eg~ptera nooaeangliae (h'Ii-I) 

.iants 

.n the 
lnchu; 
?ni!ata 

adult male (D.  Odell, pers. obs.). Similarly, chromosome 
heteromorphism analysis could be useful in a mass strand- 
ing situation to investigate relationships among specific 
individuals. 

The  use of cornea to establish cell cultures from post- 
mortem cetaceans opens up the possibility for cytogenetic 
studies on stranded cetaceans which have been dead for 
several days. Fluorescent R-band chromosome heteromor- 
phisms in the karyotypes of these species, as well as the 
existence of unique marker chromosomes, provide cyto- 
genetic markers for assessing relationships within groups 
of stranded animals and for looking at regional population 
differences in these species. 
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ABSTRACT 

Concentrations of PCB (polychlorinated biphenyls, a class of industrial chemicals), DDE (the 
primary breakdown product of the pesticide DDT), and HCB (hexachlorobenzene, a fungicide) 
were determined in blubber samples from 45 harbor porpoises collected along the coasts of 
Washington. Oregon, and California. The primary purpose of this study was to test for regional 
patterns in the concentration of contaminants and their ratios in order to evaluate the feasibility 
of using contaminants to gain information about the degree of intermixing of harbor porpoises 
along the west coast of North America. Concentrations varied bvidely with averages of 14  ppm 
(mgikg by wet weight) PCBs, 31 ppm DDE, and 0.51 ppm HCB. Concentrations of contaminants 
were strongly associated with latitude (location). length of the animal, and sex. Distinct regional 
patterns were found in both the concentrations of DDE and the ratios of PCB to DDE and HCB 
to DDE. Contaminant ratios were far less variable than individual contaminant concentrations 
and were, therefore, more useful for examining regional patterns. Through discriminant analysis 
using a combination of pollutant ratios, the state (California, Oregon, or Washington) in which 
harbor porpoises were collected could be correctly predicted for 86% of the samples. Pollutant 
ratios did not reveal specific boundaries for stocks but indicated that harbor porpoise movements 
may be restricted in some areas. 

Introduction 

Chlorinated hydrocarbon contaminants have been recov- 
ered from marine mammals from around the world (Gaskin 
et al. 1971; Taruski et al. 1975; Clausen et al. 1974; 
Wagemann and Muir 1984). Risebrough (1978) reviewed 
the occurrence and impacts of pollutants in marine mam- 
mals. Nearshore marine mammals such as pinnipeds and 
some cetaceans tend to accumulate high concentrations of 
stable chlorinated hydrocarbons because they 1) are long 
lived, 2) feed high on the food chain, and 3) have blubber 
layers that serve as stable repositories for these lipophilic 
contaminants 

Harbor porpoise (Phocoena phocoena) occur primarily in 
nearshore waters off Europe, Asia, and the east and west 

coasts of North America (Gaskin et al. 1974). Harbor por- 
poise populations have declined in many parts of their 
range (Otterlind 1976; Prescott and Fiorelli 1980; Calam- 
bokidis et al. 1984), and there is evidence of high rates of 
mortality in nets along the California coast (Deiter 199 1 ; 
Diamond and Hanan 1986; Hanan et al. 1986). Estimates 
of harbor porpoise population size along the west coast of 
the United States have recent!y been completed (Barlow 
1988) but there is little information on the presence of dif- 
ferent population stocks or interchange among areas. 

The potential utility of chlorinated hydrocarbon concen- 
trations or ratios for examining movements and intermix- 
ing in marine mammals has been reported previously (see 
review in Aguilar 1987). Winn and Scott (1978) included 
differences in PCB and DDT concentrations as part of the 
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Table 1 
Sources of harbor porpoise samples analyzed in this study. 

- - 

Years No of Sample 
Sources Reg~on collected samples prefix 

W a  Dept Game Wash and 1981-85 4 M M P  and WDG 
Olymp~a ,  WA N Ore 

Nat. Mar. Mamm Lab N. Wash. 1984 1 RJF 
Seattle, WA 

Cascadia Research N.  Wash 1985 4 C R C  
Olympia, WA 

Oregon State Univ. Oregon 1984-86 8 OSU 
Newport, O R  

Ore. Inst. Mar. Biol Oregon 1985-86 4 OIMB and L O  
Coos Bay, O R  

Cal. Acad. Sci. Cent. Calif. 1971-86 4 CAS 
San Francisco, CA 

SW F~sheries Center Cent Calif 1983-85 18 LML,  REJ, MVZ,  
La Jolla, CA and MLML 

Nat. Hist. Mus, of LA Co.  S.  Calif. 1983 2 JEH 
Los Angeles, CA 

evidence for separate stocks of humpback whales in the 
western North Atlantic. Gaskin et al. (1982) noted dif- 
ferences in D D T  concentrations in harbor porpoises from 
inside and outside the Bay of Fundy. Calambokidis et al. 
(1984; 1979a) reported differences in the PCBIDDE ratio 
in Washington harbor seals and discussed its usefulness in 
evaluating regional movement and interchange. 

The purposes of this study were to 1) determine the con- 
centrations of PCBs (polychlorinated biphenyls, a class of 
industrial chemicals), DDE (the primary breakdown 
product of the pesticide DDT),  and HCB (hexachloro- 
benzene, a fungicide) in harbor porpoises from Wash- 
ington, Oregon, and California; 2) test for regional dif- 
ferences in these contaminants and their ratios; and 3) 
evaluate the utility of this information in discerning har- 
bor porpoise populations. 

Methods 

Blubber samples from 45 harbor porpoises were tested for 
concentrations of PCBs, DDE,  and HCB. Also, seven 
blubber samples were taken from different locations 
(anterior-dorsal, mid-dorsal, posterior-dorsal, anterior- 
ventral, mid-ventral, posterior-ventral, and mid-lateral) 
from each of two harbor porpoises for testing to evaluate 
toxicant differences based on body location. 

Sample Collection 

Samples for analysis were received from a wide variety of 
sources in addition to those collected by the authors (Table 

1). All were collected from animals found dead on the 
shores of Washington, Oregon, and California (Fig. 1). 
Samples were stored either in glass, aluminum foil, or 
plastic bags. Samples were stored frozen after collection, 
except those provided by the California Academy of 
Science, which had been preserved in formalin. Coop- 
erating organizations also provided information that was 
tested for association with contaminant concentrations, in- 
cluding collection location, date, sex, length, and blubber 
thickness. 

Sample Analysis 

Analyses for concentrations of PCBs, DDE, and HCB were 
conducted as described in previous reports (Calambokidis 
et al. 1979b, 1984; Mowrer et al. 1977). The analyses were 
conducted at the Environmental Analysis Laboratory of 
The Evergreen State College. 

Approximately 5 g of blubber, subsampled from the 
unexposed interior of samples received, was digested in 50 
m L  BFM solution (glacial acetic and perchloric acid) over 
a steam bath for several hours (Stanley and LeFavoure 
1965). Samples were extracted four times with 20 mL ali- 
quots of 'pesticide quality' hexane. Lipid weights were 
determined by evaporating a portion of the hexane-lipid 
extract to dryness. A 10 m L  portion of the hexane-lipid 
extract was cleaned with 1-2 mL concentrated sulfuric acid 
(Murphy 1972). After centrifuging, 1-9 pL was injected 
into a Hewlett-Packard electron capture (63Ni) gas 
chromatograph equipped with a 114" x 6' glass column 
packed with 10% D C - 2 0 0  on Gas Chrom Q. 80/100 
mesh. The column also had a 1" alkaline ( K O H  and 
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Figure 1 
Locations of strandings of harbor porpoises sampled for this study 

NaOH) precolumn to reduce interference from other com- 
pounds and to convert any small amounts of p ,p fDDT to 
p ,p lDDE (Miller and LVells 1969). The  concentration of 
p ,p lDDE plus any p ,p lDDT will be referred to as DDE 
throughout this paper. 

Contaminants were identified and quantified based on 
comparison of elution times and peak areas to PCB, DDE,  
and HCB standards injected daily. PCBs (a mixture of 
compounds) mere quantified by individual homolog anal- 
ysis using mean  eight percent figures reported by Webb 
and McCall(1973). Minimum PCB values were calculated 
using only the more chlorinated PCB homologs corre- 
sponding to the PCB components present in the commer- 
cial PCB mixture Aroclor 1260. Though additional less 

cluded in the total because some samples contained interfer- 
ing compounds and a reproducible minimal value was con- 
sidered more important than a more variable estimate of 
lotal PCBs. The magnitude of this downward bias is ap- 
proximately 25-40 5% 

Multiple linear regression and ANOVX were used to 
evaluate the association between contaminant concentra- 
tions and other variables. Concentrations based on lipid 
weight were used for the linear regressions because lipid 
weight was found to be signiiicantly correlated to concen- 
trations in models using wet weight. Concentrations were 
log transformed for these calculaticns to meet the assump- 
tions of normal distribution of data. In addition to latitude. 
collection location was categorized by state and five coi- 
lection lccatior~s: the Morro Bay, CA area ( r :  = 2) ;  the 
hlonterey Bay, CA area ( n  = 13); the San Francisco1 
Bodega Bay, CA (17  = 9);  Oregon (17  = 13); and Washing- 
ton (n = 8). (More detail was included in California owing 
to high fishery mortality there.) Two samples were ex- 
cluded from multivariate tests: one collected 10 years prior 
to the other samples and the other collected within the in- 
land waters of Puget Sound, Washington. 

Stepwise discriminant analysis and stepwise multiple 
regression were used to determine whether collection loca- 
tions could be predicted from linear combinations of pollu- 
tant values. Discriminate analysis was formed using col- 
lection location as the categorical variable. A jackknifed 
calculation system was used to determine the predictive 
power of discriminant functions (Lachenbruch and Mickey 
1968). Each sample was classified based on discriminant 
functions calculated from all data excluding the sample be- 
ing classified. Multiple regression was performed using 
latitude of the recovered sample as the dependent variable. 
Five predictive variables were considered (all expressed as 
ratios): PCBIDDE, HCBIDDE, PCB-14/PCB, PCB-161 
PCB, and PCB-17IPCB. The PCB-14, PCB-16, and 
PCB-17 components represent homologs of PCB that 
comprise a portion of the total PCBs quantified. The DDE 
was chosen as the denominator for the first two variables 
because it showed lower coefficient of variation than did 
PCBs or HCB.  Because the variables were expressed as 
ratios, the assumption of homogeneity of variance is 
violated. For this reason, more emphasis will be placed on 
the descriptive aspects of multivariate analyses, and little 
emphasis will be given to significance tests. Multivariate 
and discriminant statistical tests were performed using 
SYSTAT (Wilkinson 1986) and BMDP (Dixon 1985) com- 
puter programs. 

Results 

Concentrations of PCBs, DDE,  and H C B  in the blubber 
of the 45 harbor porpoises examined varied widely (Tables 
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Sample ii 

Table 2 
Description of and results for harbor porpoise blubber samples from California 

Latitude 
(degrees) 

Collection date 

Sex 

Standard 
length 

(cm) 

Blubber 
thickness 

(cml 

rr 
lipid 

Concentrat~on 
(mg/kg. wet ~t ) 

-- 

PCB DDE HCB 
PCB: 
DDE 

Ratios 

HCB/ HCB/ 
DDE PCB 

0.0091 0.047 
0 0044 0 026 
0.0134 0.045 
0.0079 0.024 
0.0126 0 044 
0.0115 0.047 
0.0123 0.039 
0.0204 0.055 
0.0063 0.015 
0.0034 0.009 
0.0105 0.026 
0.0134 0.049 
0.0085 0.033 
0.0075 0.023 
0.0125 0.031 
0.0286 0.040 
0.0125 0.029 
0.0086 0.012 
0.0048 0.021 
0.0181 0 070 
0.0127 0.050 
0.0059 0 026 
0.0037 0.006 
0.0085 0.024 

2 and 3 ) .  Concentrations o f  PCBs averaged 14 ppm (mglkg 
wet weight,  S D  = 13) or 21 ppm (lipid weight,  S D  = 23) .  
T h e  D D E  concentrations tended t o  be higher, averaging 
31 ppm (wet  weight ,  S D  = 30) or 45 ppm (lipid weight,  
S D  = 46) .  T h e  H C B  concentrations were m u c h  lower than 
PCB or DDE averaging 0.51 ppm (wet  weight, S D  = 0 . 4 2 )  
or 0.77 ppm (lipid weight,  S D  = 0 .80) .  Concentrations o f  
D D E  (lipid weight,  log transformed) varied significantly 
among the five regions compared ( A N O V A ,  P<0.001). 
N o  significant differences were found among regions for 
PCB or H C B  ( A N O V A ,  P>0,05) .  

Stepwise multiple regression analyses were used to  deter- 
mine  which factors best explained the variations in  con- 
centrations found .  A significant regression was found 
between PCBs and animal length (r = 0 .37 ,  P<0.05). T h e  
D D E  concentrations were significantly associated with 
length and latitude (r  = 0 .51 ,  P<0.01). T h e  H C B  concen- 
trations were weakly associated with latitude (r  = 0 .39 ,  
P< 0 . 0 5 ) .  Blubber thickness and year o f  collection signif- 

both PCBs and D D E  the association between concentra- 
tions and animal length was significant i n  males ( n  = 17, 
r = 0 .70 ,  P<0.01 and r = 0 .76 ,  P<0.01,  respectively) but  
not in  females ( n  = 26, P>0.05 for both PCB and D D E ) .  
T h e  significant associations wi th  length in  the entire 
sample, therefore, primarily reflect this association in  males 
only .  

Ratios o f  contaminants were less varied than  the con- 
centrations. Both the ratios o f  PCB to  D D E  and H C B  to  
D D E  varied significantly b y  latitude (r  = 0 . 7 0 ,  P<0.001 
and 7 = 0.83,  P<0.001, respectively). Similarly both these 
ratios varied significantly among regions ( A N O V A ,  
P<0.001 in  both cases). N o  significant associations were 
found between ratios and others factors. Figure 2 illustrates 
differences i n  the PCBIDDE ratio among regions. 

Analyses o f  blubber samples f rom seven different loca- 
tions o n  t w o  harbor porpoises (14 samples) yielded similar 
results. In  both animals, samples f rom the dorsal pedun- 
cle area had about 20% lower concentrations than  other 

icantly influenced contaminant concentrations i n  some samples. Concentrations from other parts o f  the body were 
models, with higher concentrations associated with thin-  fairly uni form deviating less than 10% in  most cases (never 
ner blubber layers and earlier collection years. These  e f -  more than  2 0 % )  f rom average values for all samples 
fects were generally weak or not significant i n  all models. (excluding the dorsal peduncle). Further details o f  this com- 

T h e  association between PCB and D D E  concentrations parison are reported i n  Calambokidis (1986).  Concentra- 
and length was not consistent for males and females. For tions ( b y  lipid weight) and ratios for four samples pre- 
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Table 3 
Description of and results for harbor porpoise blubber samples from Oregon and i2'aahington 

Standard 
length 

(cm) 

Blubber 
thickness 

(cm) 

Concentration 
(mgikg, wet wt.) 

Ratios 

Latitude 
(degrees) 
-- 

43.4 
43.45 
43.7 
43.9 
44.4 
44.45 
44.6 
44.65 
44.65 
44.65 
44.7 
44.7 
45.9 

46.7 
47.3 
47 3 
48.2 
48.6 
48.6 
48.6 
48.2" 

Collection date 
PCB! HCB! HCB! 
DDE DDE PCB 

5% 
lipid PCB DDE HCB Sample X Sex 

-- 

Oregon 
OIMB-C044 
OIMB-C043 
u o - 1  
OIMB-C046 
OSU784-256 
OSU886-764 
OSU786-761 
OSU786-762 
OSU785-658 
OSU784-255 
OSU985-679 
OSU885-671 
MMP-108 

Washington 
MMP-92 
MMP-SKULL 
MMP-384 
RCF-112 
CRC-251 
CRC-250 
CRC-248 
CRC-308 

%ollected from Puget Sound, MTashing-ton 

served in  formalin were not significantly di f ferent  f rom 
those that had been frozen ( A N C O V A ,  P>0.05, with all 
other significant factors used as covariates). 

Stepwise discriminant analysis was based on  five predic- 
tive variables and data collected f rom five locations. T h e  
three variables, which included the fractional composition 
o f  total PCBs did no t ,  however, add appreciably to  the 
discrimination o f  collection location and were excluded b y  
the stepwise procedure. Using only two  variable (PCB1 
DDE and EICBiDDE) discriminant analysis, we were able 
t o  assign correct collection location to  63 70 o f  43 samples 
(Table  4 ) .  O n  a coarser geographic scale, 86% o f  samples 
were correctly assigned t o  state (Table  4 ) .  Typically with 
discriminant analysis, the separation o f  groups is illustrated 
b y  plotting the first and second factor scores for each 
sample. W h e n  only t w o  variables are used to  compute the 
factor scores, it is equivalent to  plotting the values for each 
variable (Fig. 3 ;  note that a plot o f  factor scores would be 
a simple rotation o f  this figure). As  seen in  Figure 3 ,  there 
are three samples taken in  Oregon which appear to  be more 
similar to California samples, and there is one sample from 
Washing ton  which appears similar to Oregon samples. 
W i t h i n  California, the southern samples appear relatively 
distinct f rom other areas, but  there is considerable overlap 

between Monterey Bay and areas north o f  there. Samples 
from Monterey Bay are characterized b y  very low variance 
i n  both PCBIDDE and H C B I D D E  ratios (Fig. 3 ) .  

Multiple regression was able to  predict accurately the 
latitude at which samples were collected using 5 variables 
(multiple R = 0 .89) .  Again the fractional components o f  
PCBs did not add appreciably to  the regression and were 
excluded b y  the stepwise procedure. T h e  regression coef- 
ficient (multiple R )  was 0.87 using only PCBIDDE and 
HCBIDDE.  T h e  predicted and estimated latitudes for each 
sample are shown in  Figure 4 .  T h e r e  appear to be four 
outliers i n  Oregon which appear more like those f rom 
northern California and one sample f rom California that 
appears more like those f rom southern Oregon .  

Discussion 

Concentrations o f  chlorinated hydrocarbons found in  this 
study were generally i n  the middle o f  the range reported 
from harbor porpoises from other areas (Gaskin et al. 197 1 ; 
1982; Koeman et al. 1972; Clausen et al. 1974; Otterlind 
1976; Calambokidis et al,  1984). Correlations between 
length and contaminant concentrations found in  this study 
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Figure 2 
Number of samples. mean. and range of PCBIDDE ratios 
for harbor porpoises from different areas. Excluded are 
one sample collected in 1971 and one sample from Puget 
Sound (inland waters of Washington State). 

Table 4 
Predicted sample locaticns from discriminant analysis using PCBIDDE and HCBIDDE 
as predictive variables. Samples were categorized as being from Morro Bay Area (CA-1). 
hfonterey Bay (CA-2). San FranciscoIBodega Bay area (CA-3), Oregon (OR). and 
M'ashington (WA). Excluded are one sample collected in 1971 and one from Puget Sound 
(inland xvaters of IVashington State). A total of 27 locations were predicted correctly to 
region and 37 xvere predicted correctly to state (out of 43 samples). 

- .-~ 

Pred~cted collect~on locatlon 
ic tunl  collection - - - - - - -- 

1ocntio11 L A  1 CA-2 CA-3 OR I\ A Totdl 

CA-1 
C.4-2 
C h - 3  
OR 
ViA 

Total 
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Figure 3 
Pollutant residues expressed as the 
ratios HCB!DDE and PCBIDDE for 43 

0 0.2 0.4 0.6 0.8 1 1.2 $ , I  1.5 l.8 2 camp!ec co!!ected in 5 regions Reg~ons  

are consistent with other reports of accumulation with age 
primarily in male harbor porpoises (Gaskin et al. 1982; 
1983) and other marine mammals (Addison et al. 1373; 
Addison and Smith 1974; Donkin et al. 1981; Calam- 
bokidis et al. 1984). 

Organic pollutant residues give valuable clues regarding 
the population structure and feeding ecology of west-coast 
harbor porpoises. If the population were panmictic (ran- 
domly mixing), homogeneous pollutant ratios for all 
samples should exist. Instead, very strong gradients occur 
with latitude. This is likely to occur only if individual por- 
poises remain in one area for long periods of time. Simil- 
arly, pollutant ratios imply something about the feeding 
ecology of west-coast harbor porpoises. The  observed pat- 
terns would not be expected if harbor porpoises were 
feeding on fish populations which had homogeneous pollu- 
tant ratios. It is likely that harbor porpoises feed largely 
on local fish stocks rather than on highly migratory fish. 
These patterns appear to differ from those of harbor por- 
poises along the east coast of the United States which may 
migrate a considerable distance to feed on a migratory fish, 
the herring, in the Bay of Fundy (Gaskin et al. 1985). 

If an individual changes location, it is not known how 
much time is required to attain pollutant ratios which are 
characteristic of the new location. The required time period 

are defined in the text Polygons enclose 
a!i samples collrcted in each of the 5 
regions 

is related to the residence times of the pollutant and the 
difference between current pollutant load and that char- 
acteristic of the new location. Because chlorinated hydro- 
carbons accumulate over prolonged periods of time (the 
entire lifespan in males), we infer that most harbor por- 
poises remain in a region for extended periods if not most 
of their lives. Some exceptions may be evident in the data. 
Both discriminant and multivariate regression analyses 
identified several individuals from Oregon whose pollutant 
ratios more closely resembled samples from northern 
California. Although this could be natural variation about 
a mean value for Oregon, it could also be due to animals 
that moved at one point during their lives from California 
to Oregon or to animals that regularly move between those 
regions. 

Pollutant ratios in Monterey Bay samples are par- 
ticularly interesting because of their low variance. Mon- 
terey Bay samples show little variability in both FCBIDDE 
and HCBIDDE ratios (Fig. 3). Samples collected north of 
Monterey Bay (primarily near San Francisco and Bodega 
Bay) overlap with those values seen in Monterey Bay, but 
have much higher variance. In the discriminant analysis, 
62 % of the misclassifications were associated with this San 
FranciscoIBodega Bay area (Table 4). The  low variance 
may be indicative of a resident population in Monterey 
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n 39 41 43 45 47 49 51 53 55 

Latitude of Sample Collection 

Bay. The higher variance of the more northerly samples 
may indicate an area of mixing, Although speculative, these 
interpretations could be tested as additional information 
becomes available. 

Unfortunately, pollutants ratios do not indicate any 
logical subdivision of the west-coast porpoise population 
into stock units. A stock is a management term and does 
not have a widely accepted definition. The  Marine Mam- 
mal Protection Act of' 1972 defines a stock as a group of 
animals of the same species which inhabit a common spatial 
arrangement and which interbreed when mature. Perhaps 
the best definition of a stock is a collection of animals that 
can be sensibly managed as a single unit (Larkin 1972; 
MacCall 1984). The  problem with harbor porpoise man- 
agement is that the animals do 11ot appear to fit this con- 
cept of a stock. Based on pollutant ratios, harbor porpoises 
do not move great distances; thus animals from Califor- 
nia and LVashington are not likely to interbreed and should 
thus be assigned to different stocks. However, there may 
be movement from M'ashington to Oregon and from north- 
ern California to Oregon. Harbor porpoise distributions 
are continuous between California and Washington (Bar- 
low 1988) and there are no apparent barriers to movement 
or gene exchange. Thus assigning clear boundaries of 
potentially discrete stocks may not be possible. 

Figure 4 
Observed and predicted collection 
latitudes for 43 samples based on multi- 
ple regression. The dependent variables 
included HCBIDDE and PCBIDDE. 

It is unrealistic to expect that one technique, analysis 
of pollutant ratios, will answer all questions about stock 
structure. We have suggested, however, that harbor por- 
poise interchange between some areas is relatively re- 
stricted. Other techniques, such as conventional tagging 
or radio tracking may help refine knowledge of their 
movements and use of cytogenetic and biochemical 
methods (see Duffield et al. 1991) mav determine degree 
of interbreeding. Until such additional information 
becomes available, we urge a conservative approach to har- 
bor porpoise management, avoiding depletion of popula- 
tions in local areas. 
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Marine Mammal Beachings as Indicators of Population Events 
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ABSTRACT 

Using two data bases compiled from 1975 to 1987, comparisons of beach cast versus lixring 
populations were possible for seven species of marine mammals. The study was conducted in 
the northern portion of the Southern California Bight and coastal waters of southern central Califor- 
nia. Results of the comparisons indicate that beached animals may act as indicators of popula- 
tions relative to seasonality, residency. natality. and mortality. 

Introduction 

Single beach cast marine mammals can provide valuable 
information at the level of the individual organism. This 
leaves open the question of what that individual may in- 
dicate relative to its parent population. An unusual beach- 
ing may be interpreted as an anomaly. It may be seen as 
a sick or injured animal that lagged behind the pod or stock 
with which it associated, and that either remained longer 
in an area than normally expected, or accidentally drifted 
into a region where the species rarely, if ever, occurs. Alter- 
natively, such an individual may indicate the presence of 
a regional stock of that species. A monospecific series of 
beach cast specimens may provide indications of popula- 
tion movement patterns, residency, or reproductive status. 
Correlations d ra~vn  between commonly beached species 
and their parent populations may be applicable to inter- 
preting population information from species that appear 
beach cast less frequently. 

In late 1974 at the Santa Barbara hluseum of Natural 
History (SBMNH), i developed a program devised to in- 
corporate a t~vo-fold compilation of information about 
marine mammals of the region. T o  date, one file contains 
over 1500 records of live sightings primarily of cetaceans, 
and the other contains over 500 records of beach cast sick, 
moribund, or dead pinnipeds and cetaceans. After 12 
years, a comparison of both data bases provides some in- 
sight to the relation of individual beachings and popula- 
tions offshore. 

Materials and Methods 

Records of live cetaceans occurring in the northern por- 

tion of the Southern California Bight have been maintained 
since 1975. These are gathered fortuitously from a few 
sources considered reliable (Woodhouse, in press). 

Beach cast cetaceans and pinnipeds have been measured 
according to the suggested methods of Norris (1961) and 
Scheffer (1967), respectively. A number of the pinnipeds 
are small, sick specimens that are nursed back to health 
by the Santa Barbara Marine Mammal Center, a regional 
rehabilitation organization. Each specimen that is cared 
for by that group is given a museum field number, and 
duplicate records pertaining to each are maintained in the 
museum's files. All specimens are routinely reported to the 
Marine Mammal Stranding Network of the National 
Marine Fisheries Service. 

The region covered by this study incorporates the coasts 
of Ventura, Santa Barbara, and southern San Luis Obispo 
Counties, California, including the Northern Channel 
Islands: Anacapa, Santa Cruz ,  Santa Rosa, and San 
Miguel. With only a few exceptions, the pinnipeds were 
recorded from the mainland, and no rigorous attempt was 
made to monitor mortality among the island rookeries and 
hauling grounds. 

Results 

The number of beach cast species recorded since January 
1975 reflects the diversity of marine mammals in this por- 
tion of the California Current (Table 1). Seven of the 21 
species have beached frequently enough to allow some com- 
parison to patterns noted in their living populations off- 
shore. Others are evidently present year round, and yet 
beach relatively infrequently (Woodhouse, in press; Bon- 
nell et al. 1981; Gentry 198 1). Dall's porpoise (Phocoenozdes 
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Table 1 .  
Beach cast pinniped and cetacean records by species for 
the northern Southern California Bight and southern Cen- 
tral California, 1975-1987. 

Species 
hlonths 

No records recorded' 

Pinni pedia 
Zalophus  calfornzanus 
Callorhinus ursznus 
Phoca vttulina 
M i r o u n f a  anfustzrostrts 

Cetacea: Mysticeti 
Eschr~cht ius  robustus 

Balaenoptera musculus 
B acutorostrata 

Cetacea: Odontoceti 
Delphtnus  delphis 
Lagenorhynchus obliquidens 
Ltssodelphts borealts 

Phocoenoides dallz 

Globicephala macrorhynchu~ 
Phocoena phocoena 
Tursiops truncatus 
Ko,pa brevzceps 
Orcinus orca 
Grampus   riseu us 
Mesoplodon densirostrts 
M .  carlhubbsi 
Stenella coeruleoalba 
Steno bredanensis 

All 
V,  IX, X ,  XI1 
All 
All but VI, VIII 

I ,  11, 111, IV, V, 
X ,  XI,  XI1 

VIII 
111, IV, VII 

All but I ,  X 
All but XI 
111, IV, V,  VI, 

IX 
111, VII, VIII, 

X ,  XI 
V,  IX,  XI 
111, VII, X 
V ,  VIII, IX,  XI 
VIII, XI 
111, IV 
IV 
VI 
VI 
XI1 
XI 

' O r  Z A L O P H U S  

P H O C A  

N = 6 5  

"Months by Roman numeral from I =January to XI1 = 

December. 

Figure 1 
Frequency of beached pinnipeds on the mainland coast of Califor- 
nia between latitudes 34' N and 35' N.  

dallz], for example, appears to be resident and yet no beach 
cast specimens have been noted since late 1978. A pod of 
the coastal form of bottlenose dolphin (Tursiops truncatus) 
was first recorded in the area by the SBMNH program in 
October 1983. The first dead specimen was noted in May 
1984. Since 1983, living bottlenose dolphins have been 
observed in every month of the year. 

Among the three pinniped species most commonly found 
beach cast, frequencies of sick or dead specimens appear 
different for each, albeit a spring peak is shared by harbor 
seals (Phoca oitulina) and northern elephant seals (Mirounca 
anjustirostris) (Fig. 1). The  chi-square statistic was used to 
determine whether the three species beached with equal 
frequency over twelve months. California sea lions (Zalo- 
phus calzfornianus) appear to beach as sick, moribund, or 
dead animals at an equal rate from November through 
July, but from August through October this rate is signif- 
icantly lower ( x 2 ;  P<0.05)  (Fig. 1). For harbor seals, 
beached, distressed animals are more frequent in the 

months February through April (Table 2). Beached, 
distressed elephant seals reflect a similar pattern (Table 3). 

Among cetaceans two species occur seasonally and two 
appear to be resident. Gray whales (Eschrichtius robustus) 
are markedly seasonal and represent a type of control in 
correlations between the presence of living populations and 
beach cast specimens (Fig. 2). Beach cast northern right 
whale dolphins (Lissodelphis borealis) also reflect the season- 
ality of the living population even with a small sample size 
(Fig. 3). Comparative frequencies of common dolphins 
(Delphinus delphis) and Pacific white-sided dolphins (Laleno- 
rhynchus obliquidens) indicate a year-round presence that is 
reflected in both live sightings and beach cast records (Figs. 
4 and 5). The  relative magnitude of histograms reflecting 
the live sighting data should not be interpreted as a measure 
of actual fluctuations in the respective species' populations 
because the information is mainly gathered fortuitously and 
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Table 2 
Chi-square analysis of beach cast harbor seais. Phora ritulinn. 
X' = i! 885, df = 3 ,  hlodei = 58.5 5 beached harbor seals 
during the Feb -.;ipr period and 14% beached harbor seals 
in each of remaining perloas. 

8 - 

Period Xo obsrr; a t loc i  Expected 
, - -  - - - -  - 

Table 3 
Chi-square ai.ai> sis cl beach cast r:eph;tn; seais. .i.Pi'rcuyLg:~ 
angustiros;rrs. X' = %.l:OCi d i  = 3 :Llodel = 65 7 2 beached 
elephaiit seals during :l:e F e b . - i p r .  perisd anci 1: .4% 
beached elephaiit sea!s in each o i  rems~nir ig  periods. ' 

M M J s tv 

--- - - - - - -- 

Figure 2 
:A) %:- . ; . , ~Q~CC!  of E s r h ~ i c h i ~ ~ ~ s  rohastas si<ht!ngs In the narthern pcr- 
tic-. of the Southern California liighr. (B) F r i q ~ e n c y  ~f bzache_! 
specimens for the same region. 

Figure 3 
i A) Frcqut r ,~ :  .>fiir,:c,&lpi:i: bcrcalir si&iir;gs !n [he . ~ ~ r ~ t r r c  por 

t i sn  of .he Southern California Sight. (B'i Frequency sf beached 
specimens for the same rrg-ion. 

lacks the necessary ie\-el of effort to dererniine population 
size in any given sampling period. 
In a small way, ieprcjductix~e inforination from indi\-idual 

female dolphins corroborates the residency of each species. 
Near-term fetuses were noted in specimens of common 
doiphin and Dall's porpoise. 

Discussion - 

The relative frequency of beach cast pinnipeds may reflect 
population size and proximity of population +centers to rhe 
:mainland. California sea lions and harbor seals occur 
regu.larly along the mainland as well as island coastlines 
whereas northern fur seals (Callorhinus ursinus) and northern 
elephant seals occur in greater abundance on the offshore 
islands. Northern fur seals, in particular, concentrate on 
she western end of San Miguei Island. That ,  coupled with 
their pelagic habit, may account for the few records of 
beached specimens in the data base reported here. 

The  spring peaks of beach cast harbor and northern 
elephanr seals include a large proportioiz of small 
specimens. In the case of elephant seals, the peak in 
beachings occurs arortird the time \she11 the aninals w.ould 
be expected to he weaned and starring to leave their island 
rookeries to fend for themselves. A few of these individuals 
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Figure 4 Figure 5 
(A) Frequency of Deiphinus cie$his sightings in the northern por- (A) Frequency of La~ycnorhj7~chvs obiiquidcns sightings in the north- 
tion of the Southern California Bight. (B) Frequency of beached ern portion of the Southern California Bight. (B) Frequency of 
specimens for the same region. beached specimens for the same region. 

have been found with flipper tags which relate them to 
rookeries on San Nicolas and San Miguel Islands. 

Among the four cetaceans, there appears to be a cor- 
relation between the time of beachings and the presence 
of the parent population offshore (Figs. 2-5). Conversely, 
presence of a living stock is not necessarily reflected in 
beachings. The lack of regular beachings noted for other 
cetacean species that were sighted year round. such as 
Dall's porpoise. may correspond to relative population size. 
A review of ten years of Dall's porpoise sightings in the 
region of this study, forming a sample of 191 records, 
revealed that 6670 were of pods of 1-5 animals, and it was 
the second most common cetacean recorded (Woodhouse, 
in press). Alternatively, pods of common and Pacific white- 
sided dolphins numbering several tens of animals are not 
atypical. In the case of the former. over 100 animals have 
been recorded in a single pod. These two species have 
beached with a higher frequency than the others. Since the 
arrival of coastal bottlenose dolphins in 1983 during the 
El Niiio Southern Oscillation (ENSO) episode. only four 
beached specimens have been recovered over a six-year 
period, and these ranged from neonate size to physically 
mature adults. Pod counts of up  to 50 animals have been 
recorded, and this may represent the maximum size of the 
local population 

The northern right whale dolphin has been sighted in 
groups exceeding 100 animals, and yet they rarely beach. 

Seventeen of the 22  specimens recorded by this study came 
ashore in a six-week period in 1981 on island and mainland 
beaches. Nevertheless, the pattern of beachings reflects 
their seasonal presence. In terms of the relative frequency 
of living cetaceans sighted, northern right whale dolphins 
rank twelfth, whereas gray whales, common and Pacific 
white-sided dolphins rank first, third, and sixth, respec- 
tively. The seasonal presence of the northern right whale 
dolphin, coupled with a relatively small population size 
compared to the other seasonal species (e.g. .  gray whale). 
may partially explain the relatively low numbers of 
beachings. 

At least in the portion of the California current involved 
in this study, beached animals appear to act as indicators 
of population events. Seasonal population changes are ex- 
pressed, as are indications of residency, among the seven 
species most commonly found. Knowing the basic habits 
of each beached species (e .g . ,  gregarious vs. solitary, 
pelagic vs. neritic, or migratory vs. resident) may help in 
formulating a judgment as to whether more of its kind are 
likely to be regionally present. 
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ABSTRACT 

Eight Illale harbor seals (Phoca c i tu l ina)  that had been held in captivity for 4-16 years. cvere 
\veighed. measured, and radio-tagged before being released along the Oregon coast in the spring 
of 1986 and 1987. 'These pre\ iously captl\ e harbor seals remained in the bays in bvhich rhey Lvere 
released for up  to eight days. One  individual mo\ed 61 krn north of the release site, \vhereas 
another mo\ ed as far south as 2 111 km. Duration of dive cvas an a\ erage 0.7- 1 .2  min for four 
o f the  harbor seals that were tracked: maximurn time underwater cvas 8.6 min. Four (SO.[)%) 
of the eight previously captive harbor seals Lvere found dead and stranded along the Oregon coast; 
rhey survived 7. 30. 38, and 223 days after their release. Tcvo probably died from s tanat ion,  
and another from an infection caused by a fish spine ihiit passed through the upper lip. Cause 
of death of the fourth animal was not determined. T w o  had lost 11 % and 13% of their body 
weight after release. .klthough robust harbor seals probably can survive longer than thinner in- 
di\ iduals after release. survi\ a1 rate in the wild is probably lower for previously captive harbor 
seals than fbr cvild pups because ofthe former's dependence on a stable environment. Rehabilitated 
pinnipeds that were in captivity for less than one year probably adapt more readily to the \vild 
than those held for longer periods. 

Introduction 

T h e  number  o f  pinnipeds in  zoos and aquaria has increased 
recently because breeding has occurred i n  ca-ptivity, and 
stranded individuals have been  rehabilitated and retained. 
In the  past, excess pinnipeds i n  one institution o f t en  were 
placed i n  other aquaria and zoos, or they  were used i n  new 
public displays and as replacements for animals that had 
died. T h e  recent surplus o f  pinnipeds i n  captivity has made  
it diff icult  to  find alternate locations for individuals.  O n e  
possible solution t o  this problem was to  release some in- 
dividuals into  the  wi ld;  however ,  there were few data 
concerning survival and behavior o f  previously captive pin- 
nipeds after release. 

In this s tudy,  I determined survival and behavior o f  har- 
bor seals (Phoca citulina) released into  the  wild after being 
i n  captivity for m a n y  years. Harbor seals were released i n  
O r e g o n ,  where there are m a n y  isolated haul-out sites and 
a n  increasing n u m b e r  o f  harbor seals: which m a y  indicate 

*Present address: hloss Landing hlar lne  Laboratories. P .O.  Box 450. 
Moss Landing, CA 95039. 

sufficient food supplies ( H a r v e y  1987) .  T h e s e  conditions 
could enhance the  survivability o f  previously captive har- 
bor  seals i n  the  ~ v i l d .  

Eight male  harbor seals Lvere transported i n  pairs f rom 
Point Defiance Zoo and A4quarium,  T a c o m a ,  SYashington 
( n  = 6) and Seaside A q u a r i u m ,  Seaside, Oregon  ( n  = 2 )  t o  
a 10- b y  20- b y  2 - m  cement  tank  located outdoors at the  
Hatfield Marine Science Cen ter  (HhlSC), Newpor t ,  
Oregon .  T h e s e  harbor seals were kept i n  captivity for all 
o f  their 4-16 years (Tab le  1 ) .  S o m e  became captive lvithin 
a week o f  bir th  and others were born  i n  captivity.  Each 
pair o f  harbor seals was held at the  HLLSC for 2.0-3.7 
m o n t h s  as subjects o f  a s tudy regarding digestion o f  har- 
bor seal prey (Harvey  1987). T h e  tank was completely sur- 
rounded b? a 2 - m  h igh  fence,  so the  harbor seals were 
isolated from people, other than when  the tank was cleaned. 

These  harbor seals were maintained o n  a diet o f  A4tlantic 
herring (Clupea harenjui harenfus) and eulachon (Thaleichthjr 
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Table 1 
Length and weight o f  eight male harbor seals released along the central Oregon coast in 
1986 and 1987. The  number o f  days from the release date to the date they were last relocated, 
and minimum distance traveled in that t ime, are given for each harbor seal. 

Release 

Time of release to Xlinimurn distance 
Length LVeight Caprivitv last sighting traveled 

Seal ID (cm) (kg) 0 . ~ ~ 1  ( 4  (km) 

T o u n d  dead. 
"Numbers in parentheses represent number of times relocated. 

pacZJicus), and periodically fed 13 other taxa o f  fishes and 
cephalopods c o m m o n l y  eaten b y  harbor seals i n  O r e g o n  
(Graybill  1981; B r o w n  and M a t e  1983;  R o f f e  and M a t e  
1984).  Fish and cephalopods were thrown  over  t h e  fence;  
meals were not presented t o  harbor seals b y  h a n d .  
Previously frozen prey were fed t o  harbor seals until  t he  
last t w o  weeks  o f  capt iv i ty ,  w h e n  live fishes were placed 
i n  the  t a n k .  Before  their release, all harbor seals ate live 
fish, although the  a m o u n t  was not  de termined .  

Before release, harbor seals were we ighed ,  measured ,  
and marked wi th  external tags.  Rad io  transmitters (5- b y  
3-  b y  1 . 5 - c m  and 98 g )  were glued t o  t h e  hair o n  the  back 
o f  the  head using Devcon  epoxy  adhesive (Fedak et al. 
1982; Harvey  1987) .  Individual radio tags were identified 
b y  their u n i q u e  frequency (148-149 M H z ) ,  and signals 
could b e  heard f r o m  8 k m  o n  land and 16 k m  i n  aircraft .  
Because a radio tag  was placed o n  t o p  o f  the  harbor seal's 
h e a d ,  signals would b e  received w h e n  t h e  harbor seal was 
o n  land or at the  water's surface. Radio tags were designed 
t o  operate for 9-12 m o n t h s  and t o  remain  attached until  
t he  period o f  molt  (Augus t -Sep tember ) ,  A s  a n  aid for iden- 
t i f ication a n  Al l f lex  cattle ear-tag was  placed i n  the  w e b -  
b ing  o f  each hind fl ipper,  and a red-dye  m a r k  ( W o o l i t e l  
sheep d y e )  or a neoprene patch was placed o n  the  back o f  
these harbor seals. 

Harbor seals released i n  Y a q u i n a  and Alsea Bays were 
identified and located b y  visually recognizing marks  o n  the  
animals ,  or b y  receiving signals f r o m  radio tags us ing a 
Telonics l  receiver. General ly ,  during the  first t w o  t o  three 
days after release, the  location and activities o f  harbor seals 
were monitored cont inuously .  Therea f t e r ,  released harbor 
seals were located periodically. T o  locate released harbor 
seals, n ine  airplane fl ights were conducted either south or 

nor th  o f  Newpor t .  W h e n  released harbor seals were found 
d e a d ,  a necropsy was conducted.  

Results and Discussion 

T w o  harbor seals were released i n  Alsea Bay  and six were 
released i n  Y a q u i n a  Bay  be tween  April  1986 and M a r c h  
1987 (F ig .  1 ) .  Harbor seals remained i n  t h e  bay  i n  wh ich  
t h e y  were liberated for u p  t o  eight days  after their release 
( T a b l e  2 ) .  O n e  individual (#011)  was observed wi th in  16 
hours  o f  release w i t h  190 other harbor seals o n  a haul-out  
site i n  Alsea Bay .  T h i s  individual spent 2 .3  hrs o n  land 
(13 .4% o f  total t i m e  moni tored) .  T w o  other released har-  
bor  seals (#082 and # 3 0 1 )  were located o n  l a n d .  Harbor 
seal #082 was found ashore o n  three occasions, one o f  which 
was  a m u d f l a t  i n  Alsea Bay  not used c o m m o n l y  b y  harbor  
seals. Individual #301 was observed o n  t w o  occasions o n  
a stretch o f  beach south o f  W a l d p o r t  ( T a b l e  2 ) .  

Harbor seals probably spent t h e  first days  af ter  release 
becoming  familiar w i t h  their surroundings be fore  enter-  
ing  the  ocean.  T h e  durat ion o f  dives for four released har-  
bor  seals was generally less t h a n  for wild seals similarly 
tagged and tracked ( H a r v e y  1987).  Previously captive har- 
bor  seals had dives that  averaged 0 .7 -1 .2  m i n  i n  durat ion 
( T a b l e  3 ) .  T h e  greatest d ive  durat ion was  8.6 minu tes .  
Average t i m e  spent at the  surface be tween  dives  was 
0 .3-0.5  minu tes .  I n  O r e g o n ,  wild harbor seals spent a n  
average o f  1.0-3.1 m i n  underwater  dur ing  a d ive  ( m a x -  
i m u m  = 11.4 m i n ) ,  and 0 .4 -0 .6  m i n  at the  water 's  sur- 
face be tween  dives ( H a r v e y  1987) .  

Seven  o f  eight harbor seals m o v e d  into  the  ocean;  one  
individual traveled as far south  as Port O r f o r d ,  O r e g o n  
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CALIFORNIA 

Figure 1 
Locations of release (closed squares) for eight male harbor seals along the Oregon coast between 1985 
and 1986. Open circles represent locations where these radio-tagged harbor seals were resighted or signals 
from their tags were heard. Closed circles represent the last known location of these animals. These 
locations were always on or within 2 km of shore. The numbers identify the individual harbor seals. 

(210 km from the release site). another as far north as 
Cape Kiwanda. Oregon (61 km from the release site: Fig. 
1). Movements of captive harbor seals after release in 
Oregon were similar to radio-tagged harbor seals caught 
and tagged in Oregon bays (Brown and Mate 1983; Harvey 
1987). Wild harbor seals remained within 8 km of their 
capture site for many months. or moved 280 km north and 
250 km south. Movements of some previously captive 

harbor seals along the Oregon coast. therefore, were not 
surprising. 

Four (50.0%) harbor seals died 7. 30. 38, and 223 days 
after their release. and their carcasses were recovered 
(Table 1). T ~ v o  individuals (#082 and #200) possibly died 
from starvation, harbor seal #300 probably died as a result 
of a systemic infection caused by a fish spine through the 
upper lip. and the #209 died for unknown reasons. Only 
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Table 2 
Locations and movements of eight harbor seals released in Oregon 

Radio or 
Seal I D  Date identification Location and status 

22 April 
23-28 April 

5 May 
30 May 
11 June 

22 April 
23-28 April 

30 May 
9 June 

11 June 
14 June 
2 July 

14 July 
1 December 

20 August 
2 1-24 August 

6 September 
17 September 

20 August 
21-24 August 

11 September 
13 September 
18 September 

25 November 
2 December 

25 November 
2 January 

14 March 
15 March 
13 April 

14 March 
13-16 March 
25-2i April 

1 May 
29 May 

Both 
Radio 
Visual 
Radio 
Radio 

Both 
Radio 
Radio 
Radio 
Radio 
Visual 
Radio 
Radio 
Visual 

Both 
Radio 
Visual 
Visual 

Both 
Radio 
Radio 
Visual 
Visual 

Both 
Visual 

Roth 
Visual 

Both 
Radio 
Visual 

Roth 
Radio 
Visual 
V ~ s u a l  
Visual 

Released in Alsea Bay 
In  Alsea Bav 
In  water near Port Orford docks 
O n  land at Randon Rocks 
In  water north of Randon 

Released in Alsea Bay 
In  Alsea Bay 
In  water near Siuslaw River outlet 
I n  water south of Newport 
In  water south of Siuslaw jetties 
I n  surf at Cape Kiwanda 
In  water 8 km S of Umpqua River 
O n  land in Alsea Bay 
Found dead near Coos Rav 

Released in Yaquina Ray 
I n  Yaquina Bay 
In  Coos Bay 
In water at Strawberry Hill 

Released in Yaquina Bay 
I n  Yaquina Bay 
In  water south of Newport 
In  water near Yaquina Head 
In  water at Yaquina Head 

Released in Yaquina Bay 
Found dead in Yaquina Bay 

Released in Yaquina Rav 
Found dead in Sand Lake 

Released in Yaquina Bay 
In  water in Yaquina Ray 
Found dead near Lincoln City 

Released in Yaquina Bay 
In  Yaquina Bay 
O n  beach 12-16 km S Waldport 
O n  beach S Waldport 
In  water near Alsea Bay 

two of these animals (#200 and #300) were weighed after 
death, and they had lost 11 % and 13 % of their body 
weight. Mid-ventral blubber thickness was 4-5 m m ,  less 
than the average 20-31 mm found in healthy harbor seals 
(Pitcher 1986). 

For those individuals that died, duration of survival 
seemed to be related to their mass at time of release. The  
harbor seal (#082) with the greatest mass survived for over 
seven months before it was recovered dead near Coos Bay, 
Oregon. This individual was found with only a few crusta- 
cean fragments and feathers in its stomach. It probably 
had fed on some prey, but had not consumed an adequate 
amount to remain healthy. The other two harbor seals that 
died weighed less, when released, than harbor seals of 
similar length caught in the wild. Harbor seal #200, which 

weighed the least upon release, died within eight days, and 
never moved outside the bay in which it was released. 
Greater fat stores probably allow individuals a greater 
period of time to adjust to feeding in the wild. 

Release of previously captive harbor seals is analogous 
to the period of weaning for this species. During the 3-6 
weeks of suckling, harbor seal pups become obese and are 
dependent on their mothers for food and protection. Upon 
weaning, the mother suddenly separates from the pup. 
Captive harbor seals also are often obese and dependent 
for their food, and their release to the wild is sudden. 
Although these captive harbor seals were 4-16 years old, 
they had to make some of the same adjustments, such as 
feeding on live prey and gaining self-protection, as do newly 
weaned pups. Certainly these older captive animals are 
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I 
I 
! Table 3 

;\lean, ctandard deviation, and maximum duration of dives 
and surface interval? between dives (min) for four radio- 
taggcd harbor seals released in Oregon, n is number of 
dives or surfa ' 

-- - - - - ---- 

Seal identification 
I 

01 1 062 082 120 

~ - 

Dil-e (min) 
,I 351 163 653 52 
mean 1 .2  0 7 1 .2  0 . 7  
S D  1 .1  0 7 1 0  0 9 
rnnximum 8 6 " 3 6 . 7  4 . 0  

duration 

Surface (nun)  
3 45 i 66 645 5 2 

nleiri 0 5 0 . 4  0 4 0 . 3  a, (I,5 (I . 5 fl 1. fl 3 
nlaxlmum 4 2 3 9 3 .6  1 1  

( a r a r i ~ n  

more  del-eloped physically and socially than pups. It might  
be  expected that larger individuals, such as these previously 
captive harbor seals. \+.auld have greater survival than pups 
because they  have a greater body  Inass that provides sup- 
plemental energy until  they  learn to  capture prey. I n  ad-  
di t ion,  larger individuals rnay be better able t o  defend 
themselves against predators than  are pups. T h e  mortal- 
i ty rate o f  50% for these captive harbor seals, howel-er.  
was greater t h a n  first-year mortality rate o f  20% reported 
C3r harbor seals i n  Brltish Columbia  (B igg  1959). 
Rehabilitated harbor seals have been  located alive and 
seemingly i n  good health after their release into  the  wi ld .  
For greater than one year. Picken (1978)  found that an  
1 1 -month-old harbor seal, released i n  England. fluctuated 
i n  growth and continued t o  use a boat-slip near the  
laboratory i n  which it had been  held captive. A pup and 
4.5 year-old harbor seal were located 35 days  (80  k m )  and 
16 days (92 l t m ) ,  respectively. after their release i n  
i2'ashington and Oregon (Harvey  et al. 1983). CVebber and 
Allen (1986)  resighted 2 o f  27 harbor seal pups that were 
rehabilitated. tagged,  and released o f f  central Cal i fornia.  
T h e s e  two  pups were resighted 127 days  ( 8 0  k m )  and 14 
days (42  k m )  after release. T h e  Cal i fornia Marine M a m -  
rilal Cen ter  has rehabilitated and released 462 pinnipeds. 
and 109 have been  resighted (Gave t t e  and Rolet to  1987) .  
O n l y  17 o f  these individuals.  7 o f  wh ich  were dead ,  b e r e  
found stranded again. T h e  number  o f  individuals that died 
but were not beached is u n k n o w n .  Seagers (1987)  reported 
that 16.8% o f  398 stranded pinnipeds that were rehabil- 
itated and released i n  Cal i fornia were subsequently re- 
sighted alive, or were found dead ( 3 . 5  %). Individuals that 
dned were found a n  average o f  120 days  after release. 

Harbor seals that have  remained i n  captivity for more  
t h a n  one year m a y  not adapt t o  l i fe i n  the  wild as easily 
as those i n d i ~ ~ i d u a l s  that are captive for a shorter period 
o f  t i m e .  Al though captive harbor seals m a y  have large fat 
reserves and are taught to  capture live fish. it m a y  b e  more  
difficult for these individuals t o  iniciate feeding o n  their 
o w n  in  the wild. Individuals that have fed in  the wild before 
captivity m a y  adapt t o  the  wild more  readily than  in-  
dividuals that have been  i n  captivity their entire l i fe .  T h e  
starvation o f  one released harbor seal (#082)  after seven 
months  indicates that observations o f  released animals after 
a short period o f  freedom d o  not necessarily indicate they  
have successfully adapted t o  the wild It m a y  take extended 
periods o f  t ime  for some individuals t o  adapt .  There fore .  
w e  m a y  b e  overly optimistic regarding their successful tran- 
sition t o  the  wild i f  moni toring these individuals is con- 
fined t o  the  first 3-4 m o n t h s  o f  l iberty .  

i thank  the  Oregon  Coast A q u a r i u m .  Newpor t .  Oregon  
( R .  Henderson)  and Point Def iance Z o o  and A q u a r i u m ,  
T a c o m a .  IVashington (T, O t t e n )  for providing funds for 
purchasing radio tags .  Vo lun teers  f r o m  the O r e g o n  Coast 
A q u a r i u m  helped feed harbor seals while i n  captivity at 
the  Hatfield htarine Science Cen ter ,  and assisted i n  track- 
ing harbor seals af ter  their release. Personnel at Point 
Defiance Z o o  and A q u a r i u m  and Seaside A q u a r i u m  were 
extremely  helpful i n  pro\iding t h e  harbor seals for these 
experiments .  I especially thank  R. Brown for his help i n  
transferring and tracking harbor seals. I appreciate the  
helpful comments  o f  J .  Reynolds .  D .  Ode l l .  and M. 
Yok lav ich  o n  earlier versions o f  th is  manuscript .  
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ABSTRACT 

The  examination of beach cast marine mammal carcasses provides a unique opportunity to 
determine the causes and seasonality of mortality. The  study was conducted along the coastline 
from Bodega Bay to Fort Funston, San Francisco, California including the San Francisco Bay. 
Necropsies were performed to determine cause of death, sex, and reproductive status of the animals 
recovered. A total of 248 dead marine mammals, involving 14 species, were reported. Cause 
of death was determined for 80 animals and the majority of these fell into one of three categories: 
natural disease. 33%; shooting victims, 35%;  and set net (gill and trammel net) casualties. 29%. 
Three species (California sea lion, harbor seal and harbor porpoise) accounted for 85% of all 
animals reported. Annual, seasonal and size related variation in mortality factors is discussed 
for these species Nine percent of the animals reported include: northern elephant seal, northern 
fur seal, northern sea lion, striped dolphin, Pacific white-sided dolphin, common dolphin, Dall's 
porpoise, dense beaked whale. Cuvier's beaked whale, gray whale, and dwarf sperm whale. The 
remaining 6 %  were pinnipeds or cetaceans reported but not identified because they were not 
found. A large number of animals must be examined to demonstrate trends in cause of death 
categories. An ongoing program of examination of dead beach cast animals would provide data 
useful for management of marine mammals in this area. 

Introduction 

The occurrence of beach cast marine mammal carcasses 
provides a unique opportunity to learn about species that 
can, otherwise, be logistically difficult to study. -4 regular 
program of examination of beach cast carcasses makes it 
possible, for example, to obtain insight into the causes and 
seasonality of mortality of some species. This type of in- 
formation can sometimes be used to determine natural 
variation and the general condition of the individual 
animals and the populations of which they are a part. Data 
can also be utilized to detect human related changes in mor- 
tality patterns, and ro help monitor the health and vitality 
of the marine ecosystem. 

The objectives of this study were to examine all reported 
dead beach cast marine mammals in and near the Point 
Reyes National Seashore area. The cause of death, length, 
sex, and reproductive status of the animals recovered were 
determined by observation, gross necropsy, and histo- 
pathologic examination of collected tissues. Similar work 

has provided valuable information on many marine mam- 
mals in North America (see, for example, Stroud and Roffe 
1979; O'Shea et al. 1985; and Rice et al. 1986). 

Methods 

The study was conducted along the coastline from Bodega 
Bay to Fort Funston, San Francisco including the San 
Francisco Bay (Figs. 1-3). This report includes data from 
May 1982 through March 1987. The study is continuing 
as funds allow. This research is conducted under author- 
ity of a Letter of -4uthorization from the National Marine 
Fisheries Service issued to the California .Academy of 
Sciences. Research was also conducted under authoriza- 
tion of the Department of the Interior via a permit issued 
to the Point Reyes National Seashore. 

Sightings of beached marine mammal carcasses in the 
study area were reported by National Park Service per- 
sonnel and others to the 24-hour answering service at the 



LOCATION OF HARBOR SEALS REPORTED DEAD 

MAY 1982-MARCH 1987 

Sausalito and Bolinas animal hospitals. An identification 
number (RLD #) was assigned to each animal found. 
Those animals reported by knowledgeable sources ( i .e . ,  
people competent in identifications of marine mammals) 
that were not found were not assigned an identification 
number. but the following data, if available, were recorded 
and listed in this report: location. species, length, and sex. 
If possible, all animals were measured. The data were 
reported !L lal Marine Fisheries Service using 
their standara. JIarine Mammal and Marine Turtle 

Data Record form. If the animal was not too autolyzed 
(decomposed) a complete gross examination and necropsy 
were done. As funds were limited, histopathology was per- 
formed primarily on these animals  here tissue conditions 
Nere good enough to yield relevant data and \\here gross 
observations warranted further investigation. Specimens 
from animals also were frozen to allow for histopathology 
at a later date when funds are available. When the animal 
was suspected of being gunshot, radiographic examinations 
were done using a mobile x-ray machine or the machines 



at the Sausalito and Bolinas animal hospitals. When pos- 
sible. animals \\,ere photographed with Polaroid and 35 mrn 
cameras. Blubber thickness \\,as measured mid-sternum, 
to investigate whether chronically ill animals had thin blub- 
ber layers, and con\rersely whether acutely diseased animals 
had thick blubber layers. 

Tissue samples and organs were collected for a rrariety 
of studies beyond the scope of this report including life- 
history evaluation: identification of possible toxic residues; 
complete determination of stomach contents; phenotyping 

of stocks; hair coat color analysis; complete identification 
of parasites, bacteria and viruses: and computerized tom- 
ography (CT scan) evaluation of cetacean sonar, vocaliza- 
tion. and echolocation organs. Tissues for toxicological 
analysis were collected and stored for later analyses. Xd- 
ditional tissues were sent to other researchers \\rho requested 
them for toxicological analyses. Bacterial typing and para- 
sitological and histopathological studies were conducted by 
the pathology services group at Army Letterman Institute 
in San Francisco, by the Veterinary Reference L,aboratory 
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LOCATION OF HARBOR PORPOISES REPORTED DEAD 

MAY 1982-MARCH 1987 

Bodega Bay k 

\ i v Pacifica 

Figure 3 
Location of Harbor Porpoise Recoveries May 1982-March 1987 

in San Leandro, and by the California State Veterinary 
Pathology Laboratory in Petaluma. \lira1 typing was done 
at St. Jude Children's Research Hospital in Memphis, 
Tennessee. 

Specimens were assigned one of five categories of ap- 
proximate maturity: 0-fetus, 1-juvenile, 2-immature, 
3-adult, 4-unknown. A fetus was defined as any animal 
found in the womb. Full-term newborns with or without 
aerated lungs or milk/colostrum in the stomach were in- 
cluded in the juvenile category. Standard length measure- 

ments were used as approximations to differentiate between 
immature and mature animals for the two most abundant 
species reported as follows: harbor seals were considered 
to be mature if they were at least 148 cm long (for females) 
and 161 cm (for males), as suggested by Bigg (1969); 
California sea lions were considered mature if they were 
at least 150 cm long (for females) and 200 cm long (for 
males), as suggested by Peterson and Bartholomew (1967); 
harbor porpoise were considered adults if they were at least 
129 cm long, as described by Fisher and Harrison (1970). 
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The latter study, it should be noted, occurred in the North 
Atlantic rather than the Pacific. Animals for which stan- 
dard length could not be accurately determined were listed 
as age unknown, 

Carcass condition was categorized as 0-unknown, 
1-good, 2-fair, 3-poor. Gross and/or histologic tissue ex- 
amination was used to determine these classes. Carcasses 
in good condition had reasonably normal gross and histo- 
logic tissue appearance. Fair condition denoted reasonably 
normal gross tissue appearance but autolyzed histologic ap- 
pearance. Carcasses were listed in poor condition when 
gross examination indicated tissue autolysis. SYhen histo- 
pathology was performed on tissues from fair or poor car- 
casses, the tissues indicated autolysis. Environmental 
conditions such as time in water (which has a refrigera- 
tion effect in this study area), time on the beach and 
amount of sun (both of which have a heating effect), type 
of beach (rocky or sandy), and surf and weather conditions 
determined how long the carcass would remain in the above 
categories. Time of death could not be precisely determined 
for most carcasses examined. However, based on my 
veterinary experience with other animals, as well as with 
marine mammals for which time of death could be deter- 
mined, I used the following general guidelines: good con- 
dition encompassed approximately 0-36 hours post 
mortem; fair, about 36-72 hours post mortem; and poor 
over 72 hours post mortem. Rigor mortis, stiffening of the 
body due to hardening of the muscles by chemical reac- 
tion, generally occurs six to twenty-four hours after death 
(Spitz and Fisher 1980). This time period is shortened to 
two to four hours if the animal struggled shortly before 
death. Rigor mortis dissipates usually within 24 to 36 
hours, when decomposition begins. This timing is primar- 
ily affected by the temperature of the carcass. 

Decomposition rate varies by tissue type. The brain, 
liver, and kidneys autolyze quickly while the skin, connec- 
tive, and muscle tissues can show gross lesions up to ap- 
proximately 7-9 days post mortem. 

Multiple animal recoveries (animals found at the same 
time and location) may provide a basis for inference of 
cause of death when it can be determined for some of the 
animals in the groups. Such assumptions have not been 
made in this study. 

Natural deaths included any disease process, non-human 
related trauma, and shark predation. Trauma was diag- 
nosed for many animals but only two animals evidenced 
severe musculoskeletal and sudden organ injury without 
any evidence of human impacts. Trauma as a cause of 
death can be difficult to diagnose oviing to livor mortis. 
the discoloration of soft tissues on dependent parts of a car- 
cass. Liquid blood flows by gravity to the down (depen- 
dent) part of the body and gels, usually within 6-18 hours. 
Once livor mortis occurs. it remains even if the position 
of the carcass is changed. This "blueness of death" ap- 
pears similar to blunt trauma but only vessel engorgement 

of gelled blood and perivascular tissue congestion occurs 
with livor mortis. while blunt trauma causes hemorrhag- 
ing throughout all the affected tissues (B. Stevens, San 
Francisco Coroner's Office; San Francisco. CA 94103. 
pers. commun., August 1988). 

VChere shark bites were diagnosed. an attempt was made 
to determine premortem or postmortem timing. Generally. 
when a live animal is bitten, local hemorrhaging is imme- 
diate but usually is not recognizable because the open cuts 
allow sea water to dilute and wash away the hemorrhages. 
Margination into vascular walls of inflammatory cells, 
fibrin clots, and collagen swelling occur at a minimum of 
30-180 minutes after insult as recognized by light micro- 
scopy (Spitz and Fisher 1980). If the animal dies before 
that time, perimortem histological verification is very dif- 
ficult. if not impossible. Histochemical changes do occur 
sooner but these were not analyzed in this study. Unless 
histopathology verified the attack to be premortem, shark 
bites were assumed to be postmortem. 

Human related causes of death included shooting and 
entanglement in set nets (gill and trammel nets). Shooting 
was listed as cause of death only if a projectile or its 
fragments were found and if it appeared to be more than 
a superficial or old healed wound. If the projectile could 
not be found or seen on radiographs, the cause of death 
was not listed as shooting. 

TYhen set-net entanglement was determined as cause of 
death, type of set-net material, number of filament strands 
and mesh size (stretched diagonally) were documented. 
Pieces and sometimes entire nets washed in attached to the 
animals. Seals and sea lions were listed as having been 
killed by set nets only if the net or a piece of the net was 
attached to the carcass and no other significant pathology 
was recognized. Set nets were listed as cause of death for 
cetaceans when net marks were found on the body and if 
there was no other recognizable pathological evidence for 
cause of death. 

Results and Discussion 

A total of 248 dead marine mammals involving 14 species 
was reported from May 1982-March 1987 (Table 1). In  
1982 and 1987 the months covered were hlay-December 
and January-March, respectively. For the four years with 
complete information, 1983-1986, the total number of 
reported animals ranged from 40 in 1985 to 61 in 1986, 
and included substantial annual variations in numbers of 
the three species most commonly found: harbor seals (Phoca 
cituli,w); California sea lions (Zalophus caliJornnianus); and har- 
bor porpoise (Phocoena phocoena). 

It was not possible to determine cause of death for 68 70 
(168) of the animals. Of the 168 animals. autolysis was too 
advanced in 5 1 % to assess accurately cause of death; 29 70 
of the animals were not found, presumably because of 
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Tab le  1 
pecies 

- -- - - - - - -- - - - - 

983 i 996 1987 Total 

Harbor seal. Phrca ilztul~na 
Sorthern elephant seal, .\iirounga a n ~ u s t ~ r s . s t r ~ s  
Sorthern fur seal. Cailorhznu~ un lnus  
California sea lion. Za lo j~hus  californianus 
Sorthern sea lion. Eriineiop~as jr ibatu~ 
Seal species-not found or identified 
Striped dolphin. .Sirnella corruleoaiba 
Pacific white-sided dolphin. L a p c n o r h ~ n i h u ~  obi~rjuidt~ns 
Common dolphin. Drlphinus  delphls 
Harbor porpoise. Phocoena phoiocna 
Dall's porpoise, Phorocnoides d a l i ~  
Small cetaceans not found or identified 
Dense beaked whale. 2~frsoj1lodon densirosir~s 
Cujier 's whale. Z ~ p h l u ~  cailirostii~ 
Gral- \\.hale. Eschricht~us  robus tu~  
Dwarf sperm whale, K o p a  ~ i m u s  

Total 

recovery by other researchers, tidal action. or miscom- 
munication; 9 %  exhibited no recogiiizable lesions; 7%' 
were buried by National Park personnel; and 4% \were in- 
accessible (floating in water). 

Of the 80 animals for which cause of death was deter- 
mined, only 53 were in good enough condition to do his- 
topathology. Diagnosed animals were necessarily broadly 
grouped by gross necropsy examination into useful cate- 
gories, the majority dying from three causes: natural 
disease or infection 33 $+ (26); shooting 35 % (25); and en- 
tanglement in set nets 29% (23). Two individuals died of 
non-human related trauma (3 %) and one individual (1 $6) 
was killed by a shark. For all species and individuals for 
which the cause of death could be determined, natural 
causes were responsible for 36% (29) and human related 
causes were responsible for 54% (51). 

Shark attack as a cause of death was frequently mem 
tioned by reporting personnel; however, there was only one 
premortem, histopathologically verified shark victim dur- 
ing this study. Three animals showed characteristic 
evidence of great white shark (Carcharodon carcharias) bites 
(silver dollar size teeth marks, tooth fragments, and bite 
diameters); however, on the basis of histopathology, two 
of these attacks probably occurred after the animals' deaths. 
Other animals reported as shark victims had actually gone 
through normal stages of decomposition and had lost 
cranial soft tissue and skull parts at about 10-14 days 
postmortem (specimen identification numbers R L D  #52, 
77, 117, 119, 148. 171), giving the appearance that the 
heads were bitten off by sharks. Heads were also removed 
postmortem by people on occasion. 

Preliminary sightings of dead animals often indicated 
that the animal had been shot. Howel-er, in many cases. 

holes resembling bullet wounds had been produced by birds 
pecking at carcasses. Birds tended to eat the eyes first, frac- 
curing the thin bone of the skull's frontal lobe, and pene- 
trating the cranial vault. They also pecked holes in the skin. 
which, during subsequent decomposition and bloating, 
enlarged. These types of holes in the skin and skull can 
appear to be large-bore bullet holes. Radiographs revealed 
shotgun or .22 caliber projectiles in 27 animals, (3 harbor 
seals and 24 California sea lions). Shooting of marine mam- 
mals accounted for 35 % (28) of all diagnosed deaths in this 
study, and varied annually between 6 %  and 93 R. 

Tbventy-nine percent (23) of the 80 animals for which 
cause of death was determined had cuts, marks or other 
indications of having been entangled in set nets. The 
smooth skin of dolphins and porpoises makes the cause of 
death by set net entanglement more obvious than in rough 
hair coated seals and sea lions. Set nets leal-e characteristic 
perimortem marks on cetacean skin ( R L D  #l , 4, 13, 31, 
60, 66: 70, 71, 74, 75, 114, 116) and these marks can last 
for at least nine days postmortem (RLD #7, 59, 63, and 
78). The  number of filament strands used in set nets and 
the mesh size can often be deduced by the line cut marks 
encircling the head or neck of cetaceans. Type of set net 
material, number of filament strands, and mesh size were 
identified and recorded from the nets and pieces of nets 
found attached to some of the animals. In almost every 
case, these measurements and type of line used corre- 
sponded with the type of gill and trammel nets used in 
fishing for California halibut (Paraiichthys cnl(fornicus) (FtTild 
1987). Seals and sea lions show none of the above char- 
acteristic set net marks, probably because of their coarse 
haircoat. A California sea lion dead 5-6 days (released 
from the California hllarine hlammal Center, C M M C  
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Table 2 
S u m b e r  of m a r i n e  m a m m a l s  dying- f rom Larious causes. 1982-1987 

-- - -- 

1982 1983 1984 1985 1986 1987 Total 
-- -- -- -- - - 

Disease 3 2 8 3 9 1 2 6 
Trauma rnon-human related) - - - 1 1 - 2 
Shark - 1 - - - - 1 

Shooting 1 1 1 8 3 14 28 1 Set net rgill and trammel) I 4 9 2 1 - 2 3 
' Undetermined 1 2  37 37 2 6 4 T 9 168 

Total 2 3 15 5 5 40 6 1 2 1 248 

#5061)  R L D  # 4 5 ,  washed ashore o n  19 N o v e m b e r  1983, 
entangled i n  a 200-yard long,  7- inch opening,  multistrand 
green gill ne t .  T h e  net  line encircled its neck and left  n o  
gross distinguishable marks  externally or internally.  T h e  
only  fisherman wi th  a permit t o  set gill or t rammel  nets 
i n  the  Bolinas area said that h e  had taken  t e n  harbor seals 
during the  1985 summer  halibut f ishing season. T w o  dead 
harbor seals were recovered i n  the  same vicinity i n  the  
s u m m e r  o f  1985; one ( R L D  # l l O )  was listed as having 
n o  lesions recognized, and the  other ( R L D  # I l l )  was 
autolyzed.  

W h e n  confronted wi th  a liquid env i ronment ,  all m a m -  
mals react w i th  a laryngospasm (involuntary closure o f  the  
larynx) .  It is usually only  after death that liquid m a y  leak 
into  the  lungs (Sp i t z  and Fisher 1980). Lungs o f  animals 
were examined t c  ascertain presence o f  seawater. A s  ex -  
pected, seawater, (determined b y  its specific gral-ity),  was 
nonexistent i n  freshly dead animals and increased wi th  the  
a m o u n t  o f  t ime  the  carcass had spent in the  ocean. I f  sea 
water enters the  lungs while the  heart is still active, one 
would expect increased levels o f  magnes ium i n  the  heart 's 
right chamber owing t o  h igh  concentration o f  magnes ium 
i n  sea water Magnes ium le;,els >vere measured i n  the  right 
and left  chambers o f  five set net victims: 2 harbor porpoise 
( R L D  # 4 ,  3 1 ) ;  1 California sea lion ( R L D  #17) ;  and 2 har- 
bor seals ( R L D  # 2 @ ,  26) .  h f a g n e s i u m  levels were not  
elevated i n  any  o f  the  right heart chambers measured ( A p -  
pendix -4); this f inding conf irms that death f rom entangle- 
m e n t  resulted f r o m  suf focat ion rather t h a n  entrance o f  
water into  the  lungs.  

Deaths determined t o  b e  f r o m  entanglement  i n  set nets 
averaged 6.7lyear  i n  1982, 1983, and 1984. and 1.5lyear 
i n  1985 and 1986. T h i s  apparenr decrease m a y  b e  d u e  t o  
a combination o f  events.  First, legislative closure o f  inshore 
waters t o  gill net t ing m a y  have resulted i n  fewer harbor 
porpoises and other marine m a m m a l s  being caught .  Sec- 
o n d ,  animals caught i n  deeper waters m a y  not be  recovered 
because currents take t h e m  away f r o m  shore rather t h a n  
cause t h e m  t o  beach.  T h i r d ,  several fishermen have  in- 
dicated tha t ,  i n  order t o  prevent recovery, they  section or 
eviscerate dead marine mammals  caught and killed i n  their 

nets so that bloating will not occur,  allowing the  animal 
t o  sink and no t  beach.  

Natural causes accounted for 36% ( 2 9 )  o f  all deaths for 
which cause could be determined and ranged annually from 
27% ( 3 )  i n  1982 t o  71 % ( 1 0 )  i n  1986, and 7 %  ( 1 )  during 
the  first three months  o f  1987 (Table  2) .  California sea lions 
accounted for 8870 ( 7 )  o f  the  deaths b y  natural causes i n  
1984. K idney  and liver pathology suggested that lepto- 
spirosis, which seems t o  b e  endemic i n  the  sea lion popula- 
t ion:  peaked during that year (Vedros  et a1 1971; Ettinger 
1983; Dierauf t.t al. 1985).  In 1986; 77 5% ( 7 )  o f  the  animals 
which died because o f  disease were harbor seals. Six o f  these 
seven animals had severe pneumonia.  

T h r e e  animals ,  w i th  oil o n  their b o d y  surfaces, were 
recovered shortly after the  sinking o f  the  oil tanker  Puerio 
Rican o n  3 N o v e m b e r  1984. O n e  was a gray whale ( R L D  
#93)  found 11 November  at Kehoe Beach, which had been 
dead for a m o n t h  or m o r e .  T h e  second was a harbor por- 
poise ( R L D  #94)  found at the  same location o n  the  same 
d a y ;  it had also been  dead several weeks .  Both o f  these 
animals died before  the  Puerto Rican sank and their bodies 
probably floated through the  oil slick. T h e  third animal ,  
a n  adult male  California sea lion ( R L D  # 9 5 ) ,  was found 
14 November at Stinson Beach and had been  dead approx- 
imately  5-6 days .  T h i s  animal was too autolyzed for ac- 
curate determinat ion o f  cause o f  death.  Petroleum was 
found externally,  bu t  none  was seen i n  the  digestive tract 
or other internal organs. 

On 23 occasions more  t h a n  one carcass was discovered 
at the  same location o n  the  same date .  T h e s e  multiple 
recovery incidents involved 27 % o f  the  animals (681248) 
and included single species groups o f  harbor seals ( 4  in-  
c idents) ,  California sea lions ( 1 )  and harbor porpoise ( 2 ) .  
T h e  mixed species groups mos t  frequently included har- 
bor seals ( 1  1 incidents) followed b y  California sea lions ( 8 )  
and harbor porpoises ( 6 ) .  A m o n g  these three species, n o  
pattern o f  association was evident.  T h r e e  northern elephant 
seals (1Mirounga angusiirostris) were found o n  single occasions 
i n  association wi th  harbor seals; only four northern 
elephant seals were reported during the  entire study period. 
N o  general patterns o f  recovery w i t h  regard t o  location 
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Table 3 
Xarbor seal mortahty by month and vear, 1982-1987 

January 
February 
hlarch 
April 
h lay 
June 
July 
.August 
September 
October 
No\-ember 
December 

l o t a l  

Total 

were observed for individual species, except that Califor- 
nia sea lions were found more often inside San Francisco 
Bay than any other species (Fig. 2). It is likely that 
recoveries are more common on stretches of the coastline 
that are frequented by humans because animals beached 
in these areas are more likely to be observed and reported. 

Three species were reported more often than any others: 
harbor seal, California sea lion, and harbor porpoise, which 
accounted for 30% (75), 38% (94) and 17% (41), respec- 
tively, of all animals reported. Because of the small num- 
bers of other species, discussions of variation in size-class, 
sex, and seasonal and annual composition of recoveries are 
limited to these three most reported species. A complete 
list of pathological findings for animals examined in this 
study appears in Appendix '4 of this report. 

Harbor Seal (Phoca vitulina) 

Harbor seal recoveries were greatest during the months of 
June,  July, and August when 33, l l ,  and 10 animals, 
respectively were recorded during the 5 year study (Table 
3). Most of the animals were categorized as adults. 

Of the 75 animals reported (Fig. l ) ,  41 70 (3 1) occurred 
in 1986 (Table 3). Many more mature than immature har- 
bor seals were reported in 1986, in contrasts with other 
study years when immature seal mortality was higher 
(Table 4). 

Cause of death was determined for 27 5% (20) of the har- 
bor seals reported. Of these, eight animals (40%) died of 
pneumonia, and one of the eight also had hepatitis; six of 
these eight were recovered in 1986. Four animals (20% j 
had net material encircling their necks suggesting that they 
were killed in set nets (two in 1982 and two in 1983). Three 
animals (15%) had been shot (one in 1984 and two in 
1985). Single animals were diagnosed as dying from kidney 
infection, bacterial infection, peritonitis, non-human 

Table 4 
Harbor seal mortality by age and year. 1982-1987. Defini- 
tions of reproductive status as a function of length appear 
in Bigg (1969). 

1982 1983 1984 1985 1986 1987 Total 

Fetus - - - 1 - -  1 
Immature 6 11 2 9 1 3 0  
Adult - 1 1 2 1 4 -  18 
U n k n o ~ n  3 3 2 4 8 - 20 

Total 9 15 5 14 31 1 75 

related trauma and shark predation. As noted earlier, 
because of the coarse haircoat, pathognomonic signs of en- 
tanglement in set nets were not grossly detectable; nor were 
there pathognomonic indications for drowning. Thus,  it 
is quite possible that deaths due to entanglement in set nets 
were underestimated for harbor seals. 

The  large number of harbor seal deaths in June (33) 
occurred primarily in 1986 when 18 animals were reported. 
Seventeen of these animals were recovered in 3 groups. 
Nine animals were discovered at Double Point on 5 June 
1986. The heads were gone, the abdomens were open 
owing to prior examination and collection by Robert Jones 
of the Museum of Vertebrate Zoology, University of Cali- 
fornia, Berkeley. The  carcasses were too autolyzed at the 
time of my examination on 8 June 1986 to determine cause 
of death. One of the two harbor seals found on 8 June 1986 
at RCA beach, a beach adjacent to Double Point, died from 
pneumonia. Of five animals examined 28 J u n e  1986 at 
Double Point, three died from pneumonia. Some of the 
lung cultures taken from animals that died of pneumonia 
revealed the presence of Staphylococcus aureus (RLD #152, 
153, 154). These bacteria were also isolated by the Califor- 
nia State Veterinary Pathology Laboratory in nasal swabs 
taken for this study from ten of the live harbor seals cap- 
tured for radio tagging in 1986 at Drake's Estero (Deiter, 
unpubl.) Bacterial pneumonia was possibly a secondary 
cause of death, setting in after debilitation by a virus 
Severe population declines documented in New England 
have been attributed to an avian influenza A virus (Geraci 
et al. 1982). Testing of seventeen animals from the Drake's 
Estero live harbor seal capture and six animals from the 
June 1986 Double Point and RCA groups returned 
negative results for presence of avian influenza A virus. 
Another viral pneumonia, documented in pinnipeds in the 
Netherlands, due to a mammalian herpes virus (Osterhaus 
et al. 1985), was not tested for in this group. 

More harbor seals in the Point Reyes area haul out dur- 
ing the spring and summer months, which correspond to 
the breeding and molt periods (Allen and Huber 1984). 
This behavior may expose the animals more to both 
transmittal of disease and harassment by humans. For 
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Table 5 
California sea lion mortality by month and year. 1982- 
1987. 

.- 

1982 1983 1981 1985 1986 1987 Total 
- 

January - - - 1 - 2 3 
February - - - 1 1 1 1 2  
March - - 3 1 1 15 23 

April - - 1 - 1 - 2 
- 1 1  2 1 -  M a y  J 

June - 1 1  3 1 -  6 

July  1 1 1 - - -  3 
.4ugust - 2 11 - 2 - 15 
September - 4 3 . - - -  7 

October - 4 1 1 1 - 7 
November - 2 7 - - -  9 
December - - - 2 - - 2 

Total 1 15 29 17 11 21 94 

example, of the two known shooting incidents that involved 
harbor seals in this study, one occurred in June 1984 and 
the other involved a pregnant female and her full-term fetus 
in March 1985. 

Although the overall ratio of female to male harbor seals 
approached unity (28:25, with 22 unknown), the ratio was 
not consistent among sizelmaturity classes. Adult females 
outnumbered adult males by eight to one (17:2), while a 
1 : 1 ratio was approximated for immatures (14 females:20 
males). The preponderance of adult females was largely 
due to the 8 June 1986 examination at Double Point where 
seven of the eight adult animals were females. This is likely 
related to the skewed ratio present on the beach at that time 
due to differences in schedules of molt for males and females 
(Allen 1986). 

Blubber thickness was compared in 33 animals where 
both age and sex were known. Adults males had a dis- 
cernible difference in average blubber thickness among 
these categories: 

Adult males: = 1.6 cm (range 0.7-2.7); n = 7 
Subadult males: = 2.2 cm (range 0.8-3.2): n = 9 
Adult females: = 2,2 cm(range 1.0-4.0): n = 11 
Subadult females: = 2.3 cm (range 0.6-4.0); n = 6 

Sample sizes were too small for comparison of blubber 
thickness among different cause of death categories. An- 
nual or seasonal variations in blubber thickness were not 
examined. 

California Sea Lion (Zalophats californianus) 

A total of 94 animals was reported during the study period, 
75 of which were recovered for study (Fig. 2). Peak 
numbers (29) occurred in 1984 (Table 5). Of the animals 

I--- ---- - - -  - - 
--- 

Table 6 
1 Cahfornia sea lion mortalit\ by aqe and \ear  1982-1987 

( Definitions of reproductile status as a function of length 
appear in Peterson and Bartholomeu (1967) 

1982 1983 1984 1985 1986 1987 Total 
-- -- 

I Immature 1 7 19 3 1 2 33 
I Mature  - 5 8 11 5 12 11 

Unknown - 3 2 3 5 7 2 0  

Total 1 15 29 17 11 21 9 1  

for which maturity level was assigned, 55% (41) were 
mature and the remaining 45% (33) were immature. Of 
animals reported, standard length (and hence maturity) 
could not be assigned for 21 % (20) (Table 6). During the 
study, approximately equal numbers of mature and im- 
mature California sea lions were recovered (41 mature: 33 
immature: 1 unknown) despite the virtual absence of im- 
mature animals in 1985, 1986, and 1987. Peak numbers 
for any month occurred during March and were due to 
a high count of 15 animals in 1987 (Table 5). 

Cause of death was determined for 36% (34) of the 
animals reported. Of these 34, 71 % (24) had been shot, 
26% (9) died of a variety of diseases/infections and 3 %  
(1) was apparently killed in a set net. All recoveries of 
animals that had been shot were between December and 
July. This is in contrast to the overall seasonal variation 
in mortality. Numbers of animals by season were com- 
pared, using only the four years where coverage was com- 
plete. More animals were recovered in the fall (38-August 
to November) than either the winter (19-December to 
March) or the spring-summer (15-April to July). This 
trend matches the haul out and in-water occurrence pat- 
tern observed on Point Reyes Headlands and SE Farallon 
Island (Allen and Huber 1984; Huber et al. 1985). 

The eleven California sea lion deaths in August 1984 
coincides with the peak of the California Marine Mam- 
mal Center's admission of California sea lions for that year 
(J. Roletto, California Marine Mammal Center, Fort 
Cronkhite, CA 94965, pers. commun., August 1988). 
Clinical symptoms and histopathology suggest that many 
of them died from leptospirosis (L. Gage, California 
Marine Mammal Center, Fort Cronkhite, CA 94965, pers. 
commun., August 1988). 

The seasonal clumping of shooting deaths likely reflects 
interactions between sea lions and fishermen. Six of the 
shooting deaths occurred in 1985 and 14 during the first 
three months of 1987. The majority of animals found in 
1987 were on beaches near the entrance to the San Fran- 
cisco Bay. Twelve of the fourteen had herring (Clupea 
harengus) in their stomachs. The first shooting victim was 
recovered 27 January 1987 (RLD #169) and the last 
shooting was estimated to have occurred on 12 March 
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(RLD # 184); herring season closed on 13 March. In 1987, 
12 out of 14 animals shot to death were adult males. Thir- 
teen of fourteen sea lions in 1987 were killed by shotgun, 
and all but two with #6 shot (R,  Jones, hluseum of l'erte- 
brate Zoology, University of California, Berkeley, C 4 ,  
pers. commun,,  hlarch 1987). 

The vast majority of California sea lions which could 
be sexed were males (94%-68172) and most of these 
(41168) were adults. Of the four females, three were im- 
matures and one was an adult. Sex could not be ascertained 
for 23% (21193) of the animals. The strongly skewed sex 
ratio no doubt is due to the disjunct post breeding ranges 
of male and female sea lions. Females remain in the 
southern end of the range, closer to the breeding colonies, 
while males disperse to the north after the May through 
July breeding season (Mate 1973, 1975). 

Blubber thickness of 18 adult males, 11 subadult males, 
1 adult female, and 1 subadult female was measured. The  
means and ranges of blubber thickness were as follows: 

Adult males: = 2 .1cm(range0 .5 -4 .0 ) ;  n = 18 
Subadult inales: = 1.2 cm (range 0.7-2.5); ri = 11 
Xdult female: = 2.2 cm: n = 1 
Subadu!t female: = 1.2 cm: n = I 

Sample sizes were too small for comparison of blubber 
thickness among different cause of death categories. An- 
nual or  seasonal variations in blubber thickness were not 
examined. 

Harbor Porpoise (Phocoena ghocoeaza) 

From 1982 to 1987, 41 harbor porpoises were reported, 
52 of which were recovered (Fig. 3). Mortality was strongly 
seasonal: mortalities for all but two animals reported were 
in the months of May through September (Table 7). This 
contrasts with observed seasonal abundance patterns which 
indicate that harbor porpoises are most abundant in fall, 
followed by spring, winter and summer. For the animals 
where cause of death could be determined, 95% (18!19) 
were due to entanglement in set nets. The other individual 
apparently died from pneumonia. Cause of death could 
not be identified for 54% (22141) of the animals, but 20 
out of the 22 animals for which cause of death was undeter- 
mined (i.e.,  91 %) were recovered during the halibut fishing 
season; an unknown number may have died from en- 
tanglement. 

Between 1972 and 1981, the California Academy of 
Sciences recovered 45 harbor porpoises for an average of 
4.5 animals per year along the coasr of the southern tip 
of Sonoma County, and all of Marin,  San Francisco and 
San Mate0 counties. From 1982 to 1985, the California 
Academy of Sciences recorded approximately 90 harbor 
porpoises in the same study area, and this study recovered 
an additional 33 animals between Bodega Bay and Fort 

Table 7 
Harbor porpolse mortal~rv bv month and vear. 1982- 
1987 
- -- -- - --- - - - - - 

I 
1982 1983 1984 1985 198b i987 Total 
- - - - - -- 

j d ~ l u a r ~  - - - - - -  - 

F e b r u a r ~  - - - - - -  - 
March - - - - - 1 1 
A p r ~ l  - - - - - -  - I 
Ma1 2 - 1 - 3 - - 

June I - -  2 1 -  10 i 
Jul\ 3 1 2  2 1 -  9 
August - 1 9 - - -  10 
Septen~ber  1 2 - - 4 - I 

October - - - - - - - 

, Noxember - -- I - - -  1 

Total 13 4 12 4 7 1 1 1 ~  

Funston, for a yearly average of 31 animals (J. Schone- 
wald, Research Associate, Department of Ornithology and 
hfammaiogy, California Academy of Sciences, San Fran- 
cisco, CA 9.1.1 18, pers. commun, , No\.ember 1985). This 
change from 4.5 to 31 animals per year coincided with in- 
creased effort of the California halibut set net fishery (S. 
Diamond, California Department of Fish and Game, Long 
Beach, CPI 90813, pers. commun.,  August 1988). 

No apparent skewing of the sex ratio for animals whose 
sex could be determined (11 females: 17 males) was ob- 
served; however, many more mature than immature 
animals (as defined by standard length measurements) were 
recovered (23 mature: 8 immature). This is consistent with 
age ratios observed at sea (Doh1 1984). 

Blubber thickness of harbor porpoise averaged as follows: 

Adult males: = 1 . 7  cm (range 1.2-2.0): n = 5 
Subadult males: = 1.9 cm (range 1.4-2.2): n = 2 
Adult females: = 1.6 cm (range 1 .3- i .8) :  n = 6 
Subadult females: = 2.0 cm: n : 1 

Other Species 

Thirteen unidentified seals and two small cetaceans (6% 
of all animals reported) were reported but not found. The 
remaining 9 %  of the dead marine mammals reported in 
this study include northern elephant seal (Mirounga angus- 
tirostris); northern fur seal (Callorhinus ursinu); northern sea 
lion (Eumetopiasjubatus); striped dolphin (Stenella coeruleo- 
alba); Pacific white-sided dolphin (Lagenorhynchus obliqui- 
dens); common dolphin (Delphinus delphis); Dall's porpoise 
(Phocoenoides dalli); dense beaked whale (Mesoplodon den- 
sirostris); Cuvier's beaked whale (Ziphius cauirostris); gray 
whale (Eschrichtius robustus); and dwarf sperm whale (Kogia 
simus) (Table 2) .  Some of the species recovered are some- 
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what rare in the study area, as shown by the following 
examples. 

An adult female dense beaked whale, pregnant with a 
female fetus, washed onto China Beach at the entrance to 
the San Francisco Bay on 17 November 1983. Necropsy 
indicated cause of death to be pyometra (uterine infection) 
The only other published record of this species along the 
North American west coast was a female that washed 
ashore in San Mateo on 19 No\,ember 1978 (Schonewald 
1978). 

Hubbs et al. (1973) reviewed sightings and specimens 
of striped dolphin (Stenella coernleoalba) in the Pacific. anti 
indicated that three specimens had been recovered from 
central-northern California. Three new recoveries occurred 
during this study, one each in 1983, 1984, and 1986; all 
were adult animals: one male, one female, and one sex 
unknown. 

Dwarf sperm whale (Kopia sizus) has been reported once 
from as far north along the Pacific coast of North America 
as Vancouver Island, but reports of this species are very 
rare along western North America (Nagorsen and Stewart 
1983). A dwarf sperm whale beached alive at Stinson Beach 
on 12 January 1987 and died shortly thereafter. The strand- 
ing of the immature male in 1987 appeared to be the result 
of chronic anemia from a massi\re load of gastrointestinal 
parasites, Anisakis species. The  actual dea:h was histo- 
pathologically consistent with acute cardiovascular collapse 
from rolling in the surf. This animal had a row of circuiar 
lesions near his eyes and dobvn his body which would sug- 
gest an encounter with a squid shortly before hid death. 
His skin also demonstrated disseminated chronic, 
ulcerative dermatitis with a bacterial and yeast infection. 
He had three external parasites identified as the copepod 
Penella sp. (Accession fN2657941: Veterinary Reference 
Laboratory). Other reports of this copepod in k'opia could 
not be found. 

Conclusions 
and Recommendations 

The examination of dead beach cast marine mammals dur- 
ing a five-year period provides insights into the causes and 
seasonality of mortality for fourteen species of marine rnam- 
mals. Such information helps to understanti the life history 
of these animals and in some cases identifies possible 
management problems. Because of the duration of the 
study, natural and human caused changes in mortality pat- 
terns have been identified within the study area. 

The  difficulties involved in accurately assessing cause 
of death mean that a large number of animals must be ex- 
amined in order to obtain meaningful results. The large 
annual variation in cause of death for some species such 
as the California sea lion also indicates that five years is 
a minimal baseline period for information. Continuing ex- 

amination of dead beach cast animals would provide the 
basis for detecting changes in mortality patterns, determin- 
ing whether the changes are due to fisheries or other human 
acti\,ities, and assessing the effectiveness of any measures 
taken to prevent or reduce human related mortality. 

Identification and examination of the rarer species pro- 
vide new distributional records, anatomical data, and other 
information. This information is important for understand- 
ing the diversity of life that is supported in the waters off 
the coast of central California. 

The study area is the coastline of a large metropolitan 
area with many opportunities for interactions between 
humans and marine mammals, both on land and at sea. 
The Gulf of the Farallones supports a large fishing industry 
as well as many marine mammals. This study indicates 
that, when the cause of death could be determined. the two 
major sources of mortality for marine mammals in this area 
were death due to entrapment in set nets and death by 
shooting, 

Death due to set nets may be abating because of recent 
legislative action, whereas shooting deaths appear to have 
increased. These activities affect different species: set nets 
primarily impact harbor seals and harbor porpoises while 
California sea lions are more likely to be shot. It is pos- 
sible that the number of deaths due to set nets is greatly 
underestimated for some species. such as harbor seals. 
because the coarse hair coat does not retain net marks and 
because carcasses may be deliberately sunk. 

The harbor porpoise population from Point Sur to 
Bodega Head is roughly estimated at 1555 animals (Bariow 
1988). The California Department of Fish and Game's 
rough estimate of set net mortality in the Gulf of the 
Farallones averaged 112-160 harbor porpoises i 75 an- 
nually from 1983 through 1985 (D. Hanan,  California 
Department of Fish and Game, La Jolla, CA 92038, pers. 
commnn.,  August 1988: S. Diamond, California Depart- 
ment of Fish and Game, Long Beach, CA 90813, pers. 
commun.: August 1988). Because of both the probable 
vulnerability of harbor porpoise to the set net fishery and 
the small porpoise population in the Gulf of the Farallones, 
monitoring of this species should be continued for several 
more years. Such information would help to determine 
whether or  not this species has truly been protected by gill 
net legislation or continues to be adversely impacted. 

The timing and location of shooting deaths in 1987 sug- 
gest herring fishermen could have been responsible. In-  
ter\riewing herring fishermen during herring fishing seasons 
might provide information on the nature of the problem 
and means for preventing, reducing, or  mitigating such 
deaths. Similar interviews have been conducted with 
fishermen in other areas (Miller et al. 1973). The monitor- 
ing program of the central California gill and trammel net 
operation, conducted by the California Department of Fish 
and Game, should be broadened to include salvaging and 
studying animals caught in set nets. 
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Appendix Table 
I List of major findings and pathological lesions of 184 marine mammals (plus a mass mortality of seabirds concurrent with marine 

1 mammal beachings) recovered or verified during the study. 

I I D  Identification numbers refer to field numbers. All identification numbers ~vould be prefaced by the letters R L D .  L'oucher materials have 
I not been accessioned in a common facility so only the R L D  field numbers are +\-en here 
I 

Species ( 
1 
2 
3 
4 

5 
6 
1 

8 
9 

10 
11 
12 

as listed also in Table 2): 
Harbor  seal (Phoca c i tu l tna)  
Northern elephant seal (.Wzrounta antustirostrts) 
Northern fur seal (Callorhinus u ~ s z n u s )  
California sea lion (Zalophus  caldornianus) 
Northern sea lion (Eume top ia s juba tu s )  
Unidentified pinniped 
Striped dolphin (Stenella coeruleoalba) 
Pacific white-sided dolphin (Lagenorhynchus obltqutdens) 
Common dolphin (Delphtnus  delphis) 
Harbor  porpoise (Phoceona phocoena) 
Dall's porpoise (Phocoenoides dal l t )  
Unidentified odontocete 

13 Dense beaked whale (.Wesoplodon denstrostris) 
14 Cuvier 's beaked whale (Z iph iu s  cact~ostr is )  
15 Gray whale (Eschrtchtius robustus) 
16 Dwarf sperm whale (Kog ia  s tmus )  

Cause of death and/or major findings of necropsy 
1 Hepat i t~s  17 Pneumonia t hepatitis 
2 Kidney infection 18 Shooting 
3 Uterine infection 19 Net entanglement 
4 Parasitic pneumonia 20 Autolyzed 
5 Pneumonia 21 No significant lesions 
6 Bacterial infection recognized 
7 Hemorrhagic gastroenteritis 22 Inaccessible 
8 Gastroenteritis 
9 Leptospirosis 

10 Stomach ulcers and parasites 
11 Peritonitis 
12 Trauma .  non-human related 
13 Shark 
1-1 Emaciated 
15 Abdominal cancer 
16 Parasitic anemia 

Exam Probable cause 
I D  Species Sex date Pathology-noteworthy obser\-ations of' death 
- - - - ~ ~ -- - 

1 10 F 05/07/82 l lonofilament circular line cut around head-li  inch: subcutaneous hemor- 19 
rhagi:lg left side of skull: digested and undigested fish--esophagus and 
stomach: edematous lungs 

2 1 h l  06/07/82 Subcutaneous hemorrhaging right side of skull: radiograph-subluxation 19 
temporal-mandibular ,joint: lungs-edematous; digested and undigested shrimp 
in stomach: microscopically: mild to moderate autolysis with all tissues 
essentially normal: acute, diffuse moderate congestion of lungs-nonspecific 
terminal event; 8-lnch diagonal green monofilament gill net attached to head. 

3 1 F 06/09/82 Elliptical corneal ulcerations-both eyes probably &om beaching: blood in 19 
naso-pharyngeal ca\-ity: lung-acute, diffuse moderate congestion-nonspecific 
terminal event: all tissues examined m~croscopically. although mild to moder- 
ately autolyzed, were essentially normal: 8-inch diagonal green monofilament 
gill net attached to neck. 

- 1  10 F 06/15/82 h l g  levels of right and left ventricles identical. 12.0 mgldl. 19 

1 U 06/19/82 Necropsy-like ventral midline incision: abdominal and thoracic contents 2 0 
missing-autolyzed. 

1 1 06/20/82 Autolyzed, cranial soft tissues and lower mand~b les  gone. 2 0 

i 7 10 h l  06/20/82 Autolyzed, gill net mark around head: lying adjacent to large gill net. 19 

i 8 10 1 06/20/82 Four-inch circular necrotic skin lesion ventral tail stock, autolyzed 2 0 

I 9 1 hI  06/24/82 Stomach-approx~mately 1-quart roundworms: lungs congested, edematous: 5 
I 

yellow pus engorging bronchial tree and interstitium. 

1 C 10 l 07/07/82 Lungs edematous: increased serosangulnous fluid In pleural cavity; lung 20 

I worms: autolyzed. 

11 4 l 0;/13/82 Subcutaneous hematoma top of head extending down right side of head to 18 
upper mandible: stomach engorged with partially digested fish: subcutaneous ~ hematoma-right pectoral fin; radiograph-approximately i 2  small lead shot: 

I 11 left side of' head, 61 right side of head. 

1 12 10 hl 07/16/82 Eyed pecked out by birds. many crab marks: digested fish in stomach approx- 
I imately 1 % pints. Both lungs severely congested with many lung worms -1 

throughout parenchyma. 

10 F 07/29/82 hlonofilament line marks head and tail flukes; left top of skull crushed: 
stomach-fresh digested fish and light roundworm infestation 
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Exan: 
date 

Probahle cause 
-f death 

-- 

6 

Species Patholc>gv-noteworthy obser~-ations 
- -- ~ ~p 

Semi-circular, silx-er dollar w e d .  healed teeth mark-about 10"-12 dian~eter  
right dorsal cranial pel\.ic area: culture o i  large abbcess ?usrounding trachea 
and esophagus C;-C-:  pus in all bronchioles of both lungs 

14-inch circular line-type cut around head: line cuts on cranial e d ~ e s  of tail; 
20-inch diagonal knife cur righr side of body. all organ? posterior to sromach 
qone 

Baleen collected. aurolyzed: no necropsy performed; nleawrements taken 

3 squares green rnulrl-strand gill net artached to neck: no gross leslons seen 
on nrck at attarhmen? of net: ~ h i t e  frothv Foam in oval ca\-~tv: cranial lung 
lobes edernstous, posterlor lobes aerated and pink: stolnach fluid filled n i th  
some squid beaks Sfg levels right and left \-entricles: 8 .4  and 8 6 rngidl. 

Perforating hole in left flipper at mrtacarpal-phalangeal joint; pus filled, frac- 
rures of 3rd. 4th, and 5th mc?acarpals. Radiograph 22 caliber bullet, retrie\-ed. 
t\'BC-44,000, animal seen holding up left flipper on Iheach for rno  days. 

.A~~tolyzed 

Partially digested food in stomach; radiographs-fracrure of j a ~  at syrnphysis 
and risht ra:nus of rnandible, upper and loner nolars  of side all loose In 
~ockets ,  lucent monofiiarnenr llne net around neck-9 inch d~agonal :  hfg le\-el 
of r~ghr  and left ventricles identical. Q 0 rnsidl. 

.Auiol!;zed 

18-lnih ri~ameter bite in a sllier dollar circular pattcin, from pcl\iq to rih 
cage rer;io\ed everything from left abdomen. although inodei-ate!;- autolvsed 
hisropathology shonc compst'ble prc-mortem chansrs, i  shark tooth found in 
subcutaneous tissue of abdominal wall 

iurolyzed 

t \ ' h~ te  pus 111 parenchbnla of both kldneys: increased amount of pericardial 
fluid sasrrolnres~!n.~l tract emptv save some round><orrns in ,tomach; 
vellon~sh calcul~ In xreters and urinarv bladder: urinary  all thickened 

Auto1yzi.d 

Blood from nose: chunks oi fish in esophagus: hea\v h e m o r r h a ~ e  lungs: gill 
net piece attached to neck, lvlg le\eli of righr and left . enti-lcles idcntica!. 7.2 
mgidl 

.Au~olyzrd. 

First fi\e tho-acrc ribs fractured M / C  displacement. I~.~nqs edematous 118 inch 
diameter puncture near genital slit exrendins 1 inch?? into body: full ga,ti-o- 
intesiinal rracr of dlqested food. pancreas had rnulr~focal blackened areas 

iut-ilyzed 

Chest and abdcmen eaten a\vz\- by bird?: auiolyzed. 

Food in caudal GI ::act bur ytomach chainhers empry: ~ o u g e d  our area 
caudal to anus to lasr vertebrae: subcutaneou? hemorrhaging right side of 
lov.er jaw: rnonofilamrnt line marks around head, leadins edqe of dorsal and 
tall fluke?: 14g le\~elq of lefr and r ~ g h t  \eniricles: 10.2. i 0  8 mgldl Also found 
~ i t h i n  1 mile of wrne heath 94 dead murres. 1 harbor porpoise. 2 harbor 
seal?. 2 Califoi-nia sea lion?. Cine of the inurrrs Mas attached t-I a piece of gill 
ner: autolyzed. 

.Autolyzed 

.Aurolyzed. 

.Aurolyzed. 

.Autolyzed 

Autolyzed. 

9 1  common lnurres mithin 1 mile of same beach a? RLD 31.32.33.31. 35,36. 
hlost in sarne state of decay--aiitol>-zed. 1 bird in 8" diagonal green rnonofila- 
ment net plece. 

- ~ - - - -- 

F 

lvl 

I f  
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Probable cause 
of death 

20 

2 0 

20 

2 0 

2 0 

2 0 

Exam 
date ID Species Sex 

hf 

hf 

hf 

hl 

IVI 

\I 

F 

Xutolyzed. 

Xutolyzed. 

.Autolyzed. 

Xutol) zed 

Small kn~fe-type cut at neck level: head probably decapitated by human:  
autolyzed. 

T a g  ri5061; entangled in an entire multi-strand green gill net with lines and 
floats: autol)zed, no lesions recognized: net also contained ra)s.  angelfish. 
sturgeon. hundreds of fish and birds 

Tags SIVII 2956.2957: bilateral severe opaque cataracts: no food in 
gastrointest~nal system: extremely emaciated animal. 

I f  

I f  

LI 

F 

v 
IVI 

Xutolvzed 

Auto11 zed 

Autol) zed. 

.Autolyzed. 

Reported as shark attack: soft tissues gone from skull. lower jaws dis- 
articulated: on beach 7 days: aurolyzed. 

Right lung field necrotic and pus filled; med~astinal lymph node enlarged and 
impinging on trachea 

IVI 

hl 

M 

h I  

Xutolvzed 

Xutolvzed 

Slice marks on ventral neck and chest probabl) post-mortem propeller marks 

LIacerated right e)e: blood from both nostrils: small sized shotgun pellets 
right side of head entering and penetrating skull. 

Floating In ~ a c h t  harbor along rip-rap mall 

Circular line cut marks around head: line type marks tail flukes. LVatched this 
animal decomposed: line marks visible for nine da)s .  

LIilk in mammar)  glands: line-type marks head and tail flukes. 

Smooth knife-t)pe cut through neck: head probabl) cut off by a person: 
autolyzed 

Circumferential line t)pe cut c~rcl ing head and neck: cranial edges of dorsal 
fin and tail flukes decomposed: digested food in stomach. 

Small areas of emphysema both lung fields; left eye pecked at and hemorrhag- 
ed. Stomach empt) save for a few roundworms: small intestine generalized. 
moderate to severe chronic enteritis with ecchymotic hemorrhages. 

Approximately one quart of stomach parasites; multiple verminous 
granulomas in fundic wall, 3 ulcers ranging 112 to 1 inch diameter ulcers in 
fundus, 1 perforating through wall and leaking into abdomen: fibrinous adhe- 
sions to omental membranes. 120 cc serosanguinous fluid in abdomen. 

2-inch hole left commissure of mouth: many crab and bird marks entire body: 
3-inch diameter granuloma left lung plus multiple p inpo~n t  lung worm 
granulomas: I-inch diameter granuloma of gastric worms. Increased amount 
of pericardial fluid. C~rcu la r  line cut around head. 

I lummif ied.  

2-inch hole in abdominal wall left of gen~tal  opening with approximately two 
feet of small intestines eviscerating-probab1) postmortem: no significant 
lesions recognized. 
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0811 2/84 

Appendix Table (Continued) I 
~ - - 

Probable cause ~ 
Pathology-noteworthy observations of death ~ 

i 

Emaciated; spleen and liver enlarged and congested: liver mottling at portal 1 1 
triads. 

Partially digested fish in stomach; circular line-type cut around head; line 19 

marks cranial edges dorsal fin and tail flukes. 

Partially digested fish in stomach; circular line-type cut around head. Line 19 

marks cranial edges. dorsal fin and tail flukes; found within 60 yards of 2 ~ 
dead young California sea lions and 14 dead murres. 

2 1 No significant lesions recognized; eyes pecked out. 
1 

.Autolyzed. 20 

Digested fish in stomach with some roundworms; circular line-type cut around 19 

head; line marks cranial edges of tail flukes. 

Circular line-type cut around head; line marks cranial edges of tail flukes. 19 

Granulomatous areas involving liver capsule, subcapsular space, and 1 

parenchyma. 

~ 
1 
1 

Cranial soft tissues partially missing from head. 20 

19 Enlarged uterus; milk in mammary glands; circular line-type cut around head. 

No significant lesions recognized. 21 

Gastrointestinal hemorrhaging and necrosis; large intestinal wall normal but 8 

filled with blood. 

Autolyzed. 20 

Autolyzed 20 

No significant lesions recognized. 2 1 

Autolyzed. 20 

Small intestine and stomach necrotic with ecchymotic hemorrhages. 7 

Autolyzed 20 

Autolyzed. 20 

.Autolyzed 2 0 

Autolyzed 20 

Autolyzed 20 

Sex 

Autolyzed. 20 

Infarcted, hemorrhagic, and mottled kidney, liver and small intestine. Positive 9 

silver stain for Leptospira sp. 

Autolyzed 20 

20 Autolyzed, head missing. 

Autolyzed. 20 

Stomach full of digested fish; pus in mesenteric lymph node; parasitic ulcer in 2 1 
fundus of stomach: petechial hemorrhages in fundus; no significant lesions 

! 

recognized 

Blood from nose, mouth, and left ear; stomach engorged with partially 18 ~ 1 
rligested and undigested herring; left lung collapsed. 

2 2 In  surf at north tower of Golden Gate Bridge; long, longitudinal cuts (14 
inches) along back and left flank. 

Stomach engorged with undigested herring; 2 small holes penetrating from 18 
left throat through left thoracic cavity into left abdominal cavity; deformed 
lead slug found in abdominal cavity. 

Large healing bound  (3 inches x 9 inches) right thorax; reddish color phase 18 

i I 
anterior half of body; pregnant, near-term; deformed lead slug in left 

1 

cranium 1 
1 

Female fetus of animal #100. Fetus died when mother died. 18 
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Probable cduse 
of death 
- 

18 

Exam 
date Specles Sex 

- - 

4 h l  

Pathology-notexiorthy observations 
-- 

Large caliber lead slug penetrating upper right mandible do\zn Into neck. 
fract~!ring mandible and larynx. and severing left ~ a r o t i d  artery, massive 
hemorrhaging in neck 

Large caliber ?lug entering cranium through frontal sinus 

Found tied to Pier 41 at San Francisco. 

Eyes and genital opening pecked by birds: no significant lesions recognized. 

Autolyzed 

Autolyzed 

A 22 caliber ?lug penetrating left lateral abdominal \<all, spleen. ?mall 
Intestine, and lodging in liver. 

Autolyzed 
Blood from both nostrils down into trachea, stomach filled with partiallv 
digested fish. 

Autolyzed 

hlasslle subcutaneous hematoma from right pectoral flipper to umbilicus ex-  
tending from sternum to dorsal midllne: 7-inch tract from right pleural cavity 
leading into subcutaneour far directed craniallv: uhole  hody radiographs normal 

.-\utolvzed 

Line-tvpe markr on head, neck and dorsal fin 

Autolvzed 

Carcars cut in half at lelel of caudal ribs. Caudal section missing, circular 
line-type cut around head. 

C h e ~ t  and abdominal content? eaten by birds; c r an~a l  soft tissue? of skull ?laughed. 

Skin of head sloughed: eyes gone: maxillary bone? fractured 

.Autolyzed: soft tissues of skull sloughed. 

Autolvzeci 

A +inch emphysematour bulla In left lung lohe: parenchyma surrounding 
bulla healv .  wet and inspissated, emphysematous area on greater curvature of 
omentum: 115 or 20% of each kidnev fibrosed 

Left chest \\all had 5 fractured rih? without displacement: about 5 gallons 
~ e r o ~ a n g u i n o u r  fluid in uterur \\ i th n h i t i ~ h  floatlng plaques that stained gram 
negative rod bacteria. negatile bacterial gronth  aerobically and anaerobicall>: 
well-de\ eloped female fetu? 

Shotgun pellets penetrating left dorsal chest wall and left lung lobe. 

Abscess (4 cm diameter) serosal surface of lesser curvature of rtomach: multi- 
lobulated abscess (4 inches x 8 inches) \ i i th caseous yello\<-green interior 
attached to omentum: egg sized nodules throughout mesentery xiere abscessed 
lymphatic tissue; linear scar t i ~ s u e  tracts in ~ p l e e n  and li\ er: approximately 2 
gallons serosanguinous fluid in abdominal cavitv. 

Small sized shotgun pellets entering calvarium and penetrating first two 
cer\ical ~ e r t e b r a e :  3-lnch diarneter stone in stomach along ni th  digested f i ~ h .  

Partially digested fish in stomach: no significant lesions recognized 

S igh t  exam: no sig:~iticant lesion? recognized. 

Right lung lobe consolidation; many hard. firm 3-mm nodules throughout !i\er. 

Skull disarticulated: autolyzed. 

Bilateral mandibular fractures: autolyzed 

Lack of hlubber !ayer and any phyriological fat: large fibrous-looking mass in 
caudal ahdomen, posterior to left kidney, measured 9 inches x 6 inche? x 4 
inches. n i th  a necrotic core: increased vascularity to mass attached to 
mesentery; numerous ~ i m i l a r  nodules throughout abdomen up  to 1 inch 
diameter,  l-inch nodule? in liver; half inch nodules in diaphragm 
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- - 

2 0 

20 

18 

Pathology-noteworthy observations Species Sex 

.A11 teeth worn down to near gingival margins: autolyzed 

.Animal partially burned In campfire 

Small sized (116) shotgun pellets enterins left side of head and neck, 
penetrating skull and vertebrae. 

S o  significant lesions recognized 

S o  significant lesions recognized. 

Autolvzed 

Autolyzed 

Autolyzed. 

Autolyzed. 

Shrimp in stomach: normal x-ray exam of skull, chest, and abdomen 

About 113 of left lung lobe consolidated wlth a circumscribed line on the 
serosal surface delineating normal and abnormal parenchyma. 

Crhnial soft tissues sloughed; maxilla fractured o f t  mandibles gone, cranium 
disarticulated 

.Autolyzed 

Roth lung lobes consolidated: normal skull radiographs 

Normal skull radiographs; autolyzed 

Interlobular emphysema \;.it11 consolidation of both lung lobes: pure culture of 
Staphylococcus aureus grown from lung cultures: normal skull radiographs. 

Interlobular emphysema with consolidation of left lung lobe: pure culture of 
Staphylococcus aureus grown from l u n s  cultures: normal skull radiographs 

Interlobular emphysema with consolidation of both !uns lobes; pure culture of 
Stapiijlococcus aureus sro\irn from lung cultures; normal skull radiographs. 

Normal skull radiographs; autolyzed 

..\utolyzed 

Interlobular emphysema hnd consolidation of both lung lobes: small 
granulomatous areas in parenchyma of liver. kidney, pancreas, and spleen 

Autolyzed. 

Autolyzed 

Localized granulomas of serosal surface of intestines and greater omentum; 
cultures of these grewr E coli. Pseudomonas sp . .  and Corynebacteriuni p-yogenes. 

Shark bites on left flipper-approximately 12-14 inches diameter: left meta- 
carpalarea pus-tilled. with hlgh caliber lead slug; tan plaques on serosa and 
parenchyma of liver. 

Circumferential line cut around head at eye le\.el: stomach filled with partially 
digested fish. 

Lower jaw disartlculated: no significant lesions recognized 

Autolyzed 

Autolyzed: 17 dead adult cormorants found on same beach as animals 
numbered R L D  163-166. 
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Appendix Table (Continued) 
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Pathology-noteworthy obserxations 
-- ~-~p- -- ~ ---- - 

Blunt trauma to left side of mout  and ~ k u l l  with hemorrhages: radiograph? 
revealed a severely comm~nuted  fracture through left mandible. with d~r loca-  
tion; manv copepods In stomach. and a heavy load (1 liter) of nematodes 
(Annsnkts sp ) 

Acute congestion of all tlssues conyistent with acute cardiova?cular collapse, 
probably from rol l~ng alixe in the surf: circular erosive lesions in a curved 
linear pattern?, probably from a squid: fbcal, chronic, ulcerative dermatitis 
with bacter~al  and yeast infection, hemorrhaye, gastrointestinal contents; 
~ t o m a c h  contained squid beaks. otoliths, and a ~ixnificant load of nematodes 
(Anarakls sp . ) ,  packed cell volume less than j % ,  two external parasites located 
near left flipper identified a?  parasitic copepod. Penelin ?p 

Close range. barelv expanded s 6  shotgun blast penetrating right dorsal chest 
wall, ex~ t ing  left ventral abdominal wall. 

Stomach tilled ui th  13  undiyested herring weighing 38 pounds: 46 shotgun 
pellets throuyhout head. neck, and chest 

*6 shotgun pellet? in head and neck penetratiny right thoracic cavitv into 
abdomen 

Close ranye r 6  shotgun blast, 2.5-inch diameter entry wound in left chest. 
perforating lung. diaphragm, I ~ v e r .  and intestine?, partially digeyted h e r r ~ n g  
in stomach. 

*6 shotgun pellet? penetrating lefi shoulder. shattering scapula and 6th 
cervical vertebra, 14 pounds undigeyted h e r r ~ n g  In stomach 

Large caliber bullet enterinx skull. 

s 6  shotgun pellet? in skull and cervical vertebrae: large hematoma top of ~ k u l l  

+6 shotgun pellet? entering right ?ide of neck and fracturing 3rd cervical 
vertebra: partiallv digested herrinx filling stomach. 

A 2-inch iliameter hole left side of neck. with +1 buckshot f ractur~ng cervical 
vertebrae and severing spinal cord: partially d~gested herring tilliny ~ t o m a c h .  

Lefi chest--holes from r 6  shotgun pellet? penetratiny and maceratinx left lung 
with pellets lodyed in spine 

Decapitated by sharp instrument: parasitic yranuloma with 2-inch diameter In 
wall of fundus 

Shotgun plastic shot holder and *6 shot penetrating left shoulder and fractur- 
iny scapula. diyested fish in stomach. 

\Yound penetratinx dorsal right neck. exitinq ventral rixht neck: left 7th rib 
fractured and *6 shotgun pellets in left lung 

TVedged between rocks in heavy surf area. 

s 6  shotgun pellets entering left chest wall, fracturiny 2nd rib, maceratinx left 
and right luny lobes, exitiny betueen 6th and 7th right ribs: part~allv digested 
h e r r ~ n g  filling stomach. 

s 6  shotyun pellets entering right side of head into skull: partially diyested 
herring tilliny stomach 

Head missinx, only bones left of re?( of bodv: some soft tissue? of tail stock 
remaining. 

-- ~- - - 

Probable cause 
of death 

-- - -- 

12 
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ABSTRACT 

Participants in marine mammal stranding networks are often involved in research besides simple 
recovery and necropsy of beached animals. This report documents the occurrence and activities 
of a solitary belukha (Delphinapterus leucas) that inhabited Long Island Sound from February 1985 
until its death in May 1986. The whale's movements are reconstructed from 48 sighting events 
reported to Mystic Marinelife Aquarium (Mystic, CT).  Most sightings are documented from 
the Connecticut shoreline vicinities of Connecticut River/Saybrook ( 3 1 . 3  5%); Guilford ( 2 2 . 9 % ) ;  
Patchogue Riverlb'estbrook (16.770); and New Haven ( 1 2 . 5 % ) ;  additional sightings are docu- 
mented from the north shore of Long Island. The whale often approached swimmers and was 
attracted to slow moving boats and moored buoys. Necropsy results demonstrated extensive skin 
lesions of probable viral origin and evidence of human related trauma in the form of multiple 
gunshot wounds in the thorax, a fishing hook embedded in the right commissure of the mouth, 
and a fishing sinker lodged in the left nasal cavity. The results of tissue examination indicate 
possible nutritional deficiencies. The behavior of this whale is discussed with reference to other 
"friendly" cetaceans, and the susceptibility of such animals to vandalism, poaching, and other 
human activities is reinforced. 

Introduction and vicinity, and the Beaufort Sea (Sergeant and Brodie 
1975). Belukhas seldom venture from cold arctic and 

The  be1ukh.a or white whale (Delphinapterus Icucas) is a cir- estuarine subarctic habitats, as evidenced by the paucity 
cumpolar species found in arctic and subarctic waters. Ex- of North Atlantic sightings or strandings from the Cana- 
cept for an isolated population of approximately 500 dian Maritime Provinces southward (Sergeant and Brodie 
animals in the St. Lawrence estuary, most of the estimated 1969; Reeves and Katona 1980). The  purposes of this 
26,500 belukhas in North America are seasonally distrib- report are to 1) document the occurrence and activities of 
uted in coastal waters of Hudson's Bay, Lancaster Sound a solitary belukha that strayed into the western reaches 
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Figure 1 
Distribution of belukha sighting events reported to Mystic Marilielife Aquarium. 

of Long Island Sound, where the animal resided from sectioned and prepared for densitometric examination of 
February 1985 until its death in May 1986; 2) describe growth layer groups by microradiograph (Goren et al. 
necropsy results that verified trauma of human origin; and 1987). 
3) demonstrate that "friendly" cetaceans may become easy 
targets for vandals and poachers. Case History 

Materials and Methods 

Sighting data were compiled at Mystic Marinelife Aquar- 
ium (Mystic, C T )  as informal reports by shoreline resi- 
dents, commercial fishermen, workboat operators, and 
recreational boaters. Observers were asked to provide date, 
location, and the behavior and description of the animal. 
Distinctive dorsal lesions on the whale facilitated positive 
identification. Many observers also provided written and 
photographic accounts of their encounters. Numerous at- 
tempts by Aquarium personnel to see the animal were 
unsuccessful. A gross necropsy was performed at Mystic 
Marinelife Aquarium following the animal's death. Pro- 
cedures paralleled those outlined by Hare and Mead (1987) 
and standard measurement methods followed Norris 
(1961). The head was left intact, then frozen and forwarded 
to another laboratory (Naval Oceans Systems Center, San 
Diego, CA) for detailed examination. Excised samples of 
skin lesions were preserved in 10 % buffered formalin and 
submitted to two pathology laboratories (Pfizer, Inc . ,  
Groton, C T ;  and ZooPath, Sterling, VA) for microscopic 
examination. T o  estirnate age of the animal, one tooth was 

The movements and activities of the whale were recon- 
structed from 48 detailed sighting events, many reported 
independently by several observers. Aquarium personnel 
first learned of a belukha whale in Long Island Sound in 
April 1985. A marina owner in New Haven, C T ,  reported 
that a few shoreline residents and workboat operators had 
seen a whale since February. The  number of sightings 
subsequently increased with the onset of recreational 
boating in May. During the following 12 months, the 
majority of reports were from the Connecticut shoreline 
vicinities of Connecticut RiverISaybrook (31.3 %), Guilford 
(22.9 %), Patchogue RiverIWestbrook (16.7 %), and New 
Haven (12.5 %), as shown in Figure 1 .  Residents of Long 
Island's north shore, particularly the Port Jefferson area, 
also contacted the Aquarium with reports of the whale. 
Sightings reported to the Okeanos Ocean Research Foun- 
dation (Hampton Bays, NY) indicated that a belukha had 
visited the vicinities of Orient Point and Southold, LI ,  as 
well (S. Sadove, Okeanos Ocean Research Foundation, 
Hampton Bays, NY, pers. commun., 1985). Interestingly, 
one observer who could identify the whale reported seeing 
five or six other belukhas near New Haven several times 
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Date 

Table 1 
Reported translts of the sol~tarb belukha In Long Island Sound 

- -- -- - -- 

7 I ansit Distance t km) Commen+s 

24 j u iy  85 Xear Faulki~er  Island (Guilford. C T )  25 9 Light gray color noted 
to off Old Saybrook. C T  

09 Aug. 85 Near Stratford Shoal hliddle Ground 10 0 "Bullseye" scar noted on left side: vessel motoring at -12.1 
to Port Jefferson Harbor ,  LI kmlh (6 .5  kt): "petted" by people aboard. 

15 Xug. 85 Off Stamford. C T  to off 51 9 L7essel motoring at -10 4 kmlh (5 .6  kt): light gray color 
New Haven.  C T  noted 

04 Sept. 85 Near Faulkner Island to Housatonic 35.2  follow in^: pleasure boat 
River.  Stratford. C T  

05 Sept. 83 Off Darien, C T  to off Norwalk. C T  9 .3  F o l l o ~ i n ~ :  oyster boat. 

08 Sept 85 Five Mile River,  Rowayton, C ?  to 11.8 F o l l o ~ i n ~ :  pleasure boat. 
Huntington Bay, L I  

during late hlay and early June 1985. These whales were 
unapproachable, however, and were not reported from any 
other localities. 

O n  two occasions the whale was seen in widely separated 
locations on the same day. O n  2 September 1985 the 
Aquarium received a morning sighting from Port jeffer- 
son, NY, and an afternoon sighting from Clinton, C T  (ap- 
proximately 55.6 km away); on 12 May 1986 the whale 
was seen both in the Connecticut River and off New Haven 
(approximately 48.2 km apart). -4lthough this might ini- 
tially suggest that more than one whale was present, the 
animal was known to make transits of similar distances 
while following pleasure boats, the longest well-documented 
transit being 51.9 km (Table 1). Moreover, commercial 
fishermen said that the whale routinely followed their boats 
across the Sound, possibly eating benthic organisms 
disturbed by fishing gear. Based on these accounts it ap- 
peared that the '+;hale was not suffering from impaired 
mobility. During the 5 1.9-km transit the whale maintained 
a 10.4-kmlh (5.6 kt) swimming speed for 5 hours, fre- 
quently shifting from one side of the vessel to the other. 
During shorter transits the whale reportedly swam at speeds 
exceeding 12.1 kmlh (6.5 kt). 

One consistent feature of the sighting reports was the 
whale's attraction for navigation buoys and other floating 
objects. Observers usually found the whale near a buoy, 
particularly off Lighthouse Point, New Haven, and Corn- 
field Point, Old Saybrook. The whaie frequently rubbed 
a n  the bottoms of slow moving boats and on 3 May 1986 
spent nearly 1 , 5  hours pushing around a small inflatable 
boat with two children aboard. 

In addition to this attraction for inanimate objects, the 
whale solicited contact with people during many sightings. 
It allowed swimmers and boaters to rub its head and back 
and it often spit mouthfuls of water in their direction. Once 
it was even reported that the whale had retrieved blocks 
of wood. Because of its 'Yriendliness" the belukha became 

well known to shoreline residents who referred to it as 
"BW," the acronym for belukha whale. The last time the 
animal was reported alive was on 12 May 1986 when it 
was sighted off Lighthouse Point, New Haven. 

O n  13 May 1986, Coast Guard Group Long Island 
Sound (Kew Haven) contacted Aquarium personnel at 
approximately 1000 h.  During routine patrol one of their 
boat crews sighted what was described as a dead whale or 
dolphin floating ventral side up in Long Island Sound at 
41 10' N latitude and 7Z05'W longitude (approximately 
three miles south of New Haven harbor). The animal was 
later towed to shore where it was identified as a belukha 
and retrieved for necropsy, 

The whale arrived at the Aquarium at 1800 h where an 
external examination was performed. It was a female 
measuring 3 13 cm total length and 240 cm maximum girth. 
Weight was 422.7 kg. The skin was light gray in color and 
had extensive postmortem lesions on the ventral side caused 
by seabird predation. In addition, large, round ulcerations 
were present on the ventral thorax (-20 cm diameter), 
right lateral thorax (w6 cm diameter and w l l  cm diam- 
eter), left lateral thorax (w25 cm diameter), left ventral 
peduncle (w7 cm diameter), dorsal ridge (w8 cm diam- 
eter), and dorsal peduncle (w7 cm diameter). Surrounding 
several of the ulcerated areas were patches of verrucous, 
papilliform tissue (Fig. 2). In addition to these pathological 
abnormalities, there were two small lacerations (w4 cm and 
r ~ 2  cm long) in the integument on the left anterior dorsal 
region, a flounder hook imbedded in the right commissure 
of the mouth, and evidence of previous injury to the left 
commissure in the form of extensive scar tissue. Finally, 
there were four 0.5-cm diameter, draining punctures in 
the area dorsal to the left axilla (Fig. 2). Following exter- 
nal gross examination the carcass was covered with ice. 

A complete necropsy the next morning revealed exten- 
sive autolysis of the internal organs Of significance, 
however, was the finding that the punctures were caused 
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by gunshots. The track of one puncture led to a bullet frag- 
ment embedded dorsal to the transverse process of vertebra 
T6.  Another puncture led to a 1-cm opening of the thoracic 
ca~rity in the area of vertebrae T8-T9. Careful searching 
yielded an intact .22 caliber projectile free-floating in the 
left thorax. Projectiles that might have been associated with 
the other two punctures were not located. 

Trans~rerse sectioning of the head revealed further 
e~ridence of human related trauma; a 1.4-cm diameter 
fishing sinker was found lodged in the left nasal cavity (Fig. 
3). Whether the animal accidently aspirated the object, or 
somehow it was purposely introduced, was unclear; how- 
ever, it had been reported earlier that the whale was trail- 
ing fishing lines at times. The right nasal cavity was 
unobstructed. 

Another notable feature was that the right cerebral 
hemisphere was shrunken. Most belukhas examined to date 
have had either slightly larger right hemispheres or both 
hemispheres have been equal in size (S .H.  Ridgway, Naval 
Ocean Systems Center, San Diego, CA,  pers. c~...mun ., 
1986). 

Results of the histological examination of excised skin 
lesions showed proliferation of surface epithelium into 
papilliferous prqjections with well-differentiated squamous 
epithelium. The condition was compatible with a warty 
growth that is associated with papovavirus (R.J. Montali, 
ZooPath, Sterling, VA, pers. commun.,  1986), although 
a lack of appropriate frozen tissue prevented Lrerification 
of the condition. 

Of  additional interest was the histological finding that 
the deep adipose layer of skin tissue showed degeneration 

Left 
shov 
four 

Figure 2 
lateral \rie\\ of belukha 

bing one large skin lesion and 
bullet wounds (arrows). 

of clusters of fat cells and yellowish droplets of what ap- 
peared to be ceroid deposits. These deposits were of the 
type seen in vitamin E deficient states in other species, 
suggesting the possibility of a nutritional abnormality or 
deficiency (Robbins 1983). Moreover, during preparation 
of the tooth it was discovered that the dentine and enamel 
were hypomineralized, further evidence of a nutritional 
inadequacy or disorder (Robbins 1983). 

No unexpected microorganisms were recovered from 
either the blowhole, vagina, or anus. No growth occurred 
in internal organ cultures. 

The size of the whale suggested its age to be 5 to 7 years, 
based on growth data published by Brodie (1971) for 
belukha populations in Cumberland Sound, Baffin Island. 
Cumberland Sound belukhas are similar in size to those 
in the St. Lawrence estuary (Sergeant and Brodie 1969). 
Subsequent microdensitometric examination of the sec- 
tioned tooth revealed 11 growth layer groups (Fig. 4), in- 
dicating an age of 5.5 to 6 years based on two growth layer 
groups per annum (Goren et al. 1987; Brodie 1971). 

Discussion 

The occurrence of belukhas in waters south and west of 
N0L.a Scotia is rare. Extensive aerial and shipboard surLreys 
conducted by the Cetacean and Turtle Assessment Pro- 
gram between October 1978 and January 1982 yielded only 
one belukha among 5304 identifiable cetacean sightings in 
this area (Kenney and Winn 1986). Ree~res and Katona 
(1980) compiled a list of extralimital records of belukhas 



rn continer:eai shelf waters of New England and. the Cana- 
&an Maiitimes. They found 31 published and unpublished 
accounts Laling from 1675, iriclzdir~g a description of a 
juvenrle beiukna in waters o f  western Long Isiand and 
YewJersey during 1978 (UIrner 1979). -4 belukha sighted 
in Great Soilth Bay. ;I, the follo\ving year was also thought 
to be t h ~ s  individual. CVe know of eighr additional sighting 
events confirmed in [he northeast (Table '2) .  considering 
the be!ukl:a's affinity for coastal c9:aters i: seems likely that 
most occurrences in the well-populated northeastern United 
States and Gacada would be reported. 

The  region of origin for belukhas that stray into New 
England \*.atsrs is anknown, but probably belukirias sighted 
from the Caaadian hlari~irnes southward are from the St .  
Lacz:rence estuai y population (Mercer 1373). Although 
deep water csn eifective?:i inhibit beiukha dispersal, in- 
dividuals in the St. kac9:rence population are morpho- 

- ~ E ? I C i L l "  2 
I I, 

. ~. ";. 2f  t r i ' ~ ; S \ ~ ~ ~ :  S'Ltl,?'- ... 
he?,< siio,?-;fig i?:a;ior. : i  hS! 

sinker inc:ge,l ir irft r:asai ( a \ i t s   IT, 
c,>ar:ecv of S,F:. Ri"-r:..ii-, a 

logically slmiiar to those In Zumberiand Sound; this find- 
ing suggests that some whales may f ~ ~ l l o \ i ~  the Labrador 
Current southward along : h ~  cozist and in:c the Gcif 
(Sergeant and Brodie 1975). It is possible that southeri? 
strays cou.ld stvim a similar route and continue around 
Cape Breton Isiand and Sova  Scotia. 

Reeves and Katona (1980) discussed in detail several fac- 
tors, including temperature, predator ax.-oidance, feeding 
strategy, and food abundance, that might affect belukha 
movements and account for their sporadic occurrence off 
New England and the Canadian Maritimes, They spec- 
ulated that belukhas may be natural wanderers-as demon- 
strated in part by the numerous records of solitary be!ukhas 
following major rivers hundreds of kilometers inland from 
the sea-whose distribution is limited mostly by competi- 
:ion with other cetacean species, and possibly even rnaa., 
for food. Because the belukha we examined appeared well 



148 NOAA Technical Report NLMFS 98: LMarine LMammal Strandings 

I 

~ 
~ 

Figure 4 
I Den31tometric trace of belukha tooth 

M E D I A L  D I S T A L  across longitudinal section with peaks of 
1 growth layer groups circled. 

Table 2 
Extralirnital records of belukhas in northeastern United States waters supplemental to R e e ~ e s  and Katona (1980) 

-- -- 

No 1,ocatlon and 
Dare a n ~ m a l ~  Cornmenr~  Source 

- 

29 blab 72 1 Off \Illford C T  Bartlett F Reef LYaterford C T  slghrlng T h e  Hartford Courant 
30 Slab 72 71 hlax 72 01 June 72 

12 Apr 80 1 Reynolds Channel,  Hempsted, LI. N'I': sighting. Smithsonian 

22 June 80 1 SLY of' Sloriches Inlet. LI ,  NY; sighting: possibly same animal as I ?  Apr .  80. Smirhsonian 

20 hlay 81 1 Gilgo Beach (Suffolk Count)) ,  L I ,  I'I': srranding: whale appeared to be wounded. Smlthsonian 

18 Aug. 81 1 Fire Island Inlet. L I ,  N'I'; stranding: observed in same area over prior &week Smirhsonian 
period 

07 June 83 1 Gav Head,  h lA ,  near Phllban's Beach: stranding. Smirhsonian 

20 July 83 1 Off Slarblehead. SIA.  near Devereux Reach; sighting. 

' 01 Apr 87 1 Lubec. ME: stranding. 
1 -- -- -- -- 

I 'S .  Karona. College of the Atlantic. Bar Harbor ,  S IE ,  pers, cornmun.. 1987. 

Srnithsonian 

S Katona' 

fed yet nutritionally deficient, it is interesting to  question 
whether qualitative features o f  regional food resources 
might also be a limiting factor. T h i s  would be significant, 
in  that the diet o f  belukhas is normally varied (Vladykov  
1946). 

Several reports have been published where solitary, 
habituated cetaceans have demonstrated behavior similar 
to  that o f  the animal documented here. Reeves and Katona 
(1980) wrote that the whale in  Great South Bay ,  LI,  
reportedly "approached vessels and rubbed against work-  
ing nets," and fed o n  organisms disturbed b y  shell 
fishermen's c lam rakes. In  addition, most accounts m e n -  
tioned that the animals developed affinities for particular 
boats or mooring buoys (Lockyer 1978: 6Vebb 1978; 
Gilchrist 1967). T h e  suggested reasons for the attractions 
were varied. In some cases they were associated with play 
as when  one bottlenose dolphin (Tztrsiops truncatzts) seemed 

to  enjoy to!ving certain boats b y  their anchor chains (IVebb 
1978), or with food as when  fishes were congregating 
beneath boat hulls (Gilchrist 1967). In  another case, a male 
dolphin rubbed repeatedly o n  the bottoms o f  boats for ap- 
parent sexual stimulation as captive males o f ten  do  with 
inanimate objects (byebb  1978). 

In our opinion,  t!vo other roles for these attractions 
should also be considered. First: permanently moored 
boats or buoys m a y  serve as navigational guideposts for 
the short-range movements  o f  the animals. Lockyer (1978) 
noted that one bottlenose dolphin actively defended the 
areas around such objects as territories. Second, and more 
important ,  solitary whales and dolphins m a y  be attracted 
to  underwater objects as surrogates for companionship and 
security, social needs normally provided b y  conspecifics. 
Social deprivation m a y  also be responsible for habituation 
to  humans  per se, because large groups o f  whales and 
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dolphins that frequent populated beach areas are rarely ap- 
proachable (Connor and Smolker 1985). 

Finally, this case exemplifies the problems that govern- 
ment officials and marine mammal stranding organizations 
may face in dealing with future cases of "friendly" strays. 
The problem of potential harassment to such animals is 
not new. In 1906 the New Zealand government by Order 
in Council enacted, " The  closed season.for thej ish or mammal 
of the species known as Risso's  dolphin (Grampus griseus) in 
the waters of Cook Strait, or f rom the bajs, sounds, and estuaries 
adjacent thereto.. . A n j  person committinf such a breach o f  this 
refulation is liable to a -fine qf not less than f 5 nor more than 
~5'100," thereby attempting to protect one of the most 
famous of all friendly cetaceans, Pelorus Jack (Colzan 
1930). In our view, the prognosis for long-term survival 
in habituated cetaceans is poor? especially in areas with 
populated shorelines and heavy boat traffic. Many people 
may advocate the attempted capture and relocation of small 
cetaceans, such as belukhas, to populations in their natural 
range. In most cases this may be neither practical nor pru- 
dent, given the possibility for accidental introduction of 
foreign pathogens to the population. If attempted capture 
of a stray is deemed necessary, relocation to an aquarium 
might be considered as a logical means to provide f ~ r  borh 
the animal's security and its social needs. 
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A Note Describing Sounds Recorded from Two Cetacean 
Species, Kogia breviceps and Mesoplodon europaeus, 

Stranded in Northeastern Florida 

MELBA C .  CALDWELL and DAVID K.  CALDWELL 

Aifarzneland of Florzda 
St .-luyustzne. F L  32086 

ABSTRACT 

Live-stranded cetaceans can provide a variety of data that are difficult to obtain from free-ranging 
animals. Vocalizations, for example, can be recorded and analyzed from strandings for species 
from Lvhich clear sounds are other~vise unavailable. Underwater echolocation-type clicks Lvere 
recorded at different times from two captive pygmy sperm whales (Kogia brez'iceps). One  animal 
Ivas a 119-cm ne~vborn male. the other a 166-cm juvenile male. Click repetition rate varied at 
least from one per 0.1 second to 13 per 0 .1  second on sound spectrograms. Frequencies ranged 
at least up  to 13 kHz.  No narrow-band sounds were recorded. Clicks also were recorded from 
a 252-cm female Antillean beaked whale (A14esoplodon europaeus). -4gain repetition rates varied widely 
and frequencies extended at least to 12 kHz.  A brief narro~v-band sound also Lvas recorded from 
t l~ is  animal, suggesting that this species may have a whistle. 

Introduction 

Cetaceans that strand alive m a y  o f f e r  the  only  opportun-  
i ty  t o  m a k e  recordings o f  their sounds.  U n d e r  such cir- 
cumstances bo th  the  vocalizing species and individual are 
k n o w n .  I n  m a n y  instances the  stranding o f  a cetacean is 
the  only t ime  that species is recognized at all. Furthermore, 
recording sounds i n  t h e  wild requires considerable exper- 
tise t o  guard against contaminat ion.  It should be no ted ,  
however ,  that  live-stranded cetaceans d o  not  always 
vocalize.  

Previously (Caldwell and Caldwell 1971) w e  have had 
such an  opportuni ty  t o  record a right whale (Eubalaena 
glacialis) neonate and a subadult dense-beaked whale 
(Mesoplodon densirostris), bo th  i n  northeastern Florida. Since 
t h e n  w e  have been  successful i n  recording t w o  additional 
species f rom strandings T h e  individuals were brought into 
captivity at Marineland o f  Florida and placed i n  isolation 
for medical observation. 

Methods 

Recording equ ipment  consisted o f  a U h e r  4400-Report 
stereo tape recorder ( 2 0  k H z  upper  l imi t ) :  a n  Atlantic 
Research Corporat ion model  LC-57 hydrophone ,  and a 

preamplifier especially designed and built for the  system 
b y  W i l l i a m  W. Sutherland,  t h e n  o f  the  Lockheed-Califor- 
nia  C o m p a n y .  A running commentary  o f  ongoing events 
was maintained o n  a separate track o f  the  same tape.  Par- 
ticular emphasis was placed u p o n  not ing the  orientation 
o f  the  animal 's  head relative t o  the  hydrophone during 
sound emissions. Al though these notes are on ly  approx- 
imat ions ,  t h e y  d o  lend some insight in to  the  directionality 
o f  the  sound (see Norris 1969, for a review o f  directionality 
i n  cetacean clicks). 

Species Accounts 

Pygmy Sperm Whale (Kogia breviceps) 

Almost nothing is known o f  the  vocalizations o f  this species. 
Reviews o f  the  sound production o f  cetaceans (Evans 1967; 
Poulter 1968; Norris 1969; Lt'ood and Evans 1980; Lt'atkins 
and Lt'artzok 1985) indicate that the only sounds o f  this spe- 
cies described i n  the  literature were made  under  somewhat 
less than  optimal conditions; i . e . ,  w i t h  a contact micro- 
phone held against the  animal 's  head i n  the  region o f  the  
blowhole (Caldwell et al. 1966). T h e  click-type sounds were 
o f  low intensity and wi th  little energy above t w o  k H z .  

Underwater  recordings o f  a n  infant  male  K. brezliceps are 
n o w  available (Figs. 1-4).  All sound emissions were clicks. 
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I TlME (SEC ) I TlME (SEC.) 

Figure 1 
Slow-repetition-rate clicks emitted by a neonate male Kogia 
breaiceps. These were classified as sounding "sharp." Note wide 
frequency spectrum, particularly of last click. Effective filter band- 
width 600 Hz .  

Figure 4 
One  of several "buzzes" emitted by the same infant as in Figures 
1-3. Effective filter bandwidth 600 Hz .  

Figure 2 
Faster-repetition-rate clicks emitted by the same animal as in 
Figure 1. Animal appears to vary this parameter even at this 
young age. Effective filter bandwidth 600 Hz .  

L - 

Figure 3 
Slow broad-band click train emitted by the same newborn as in 
Figures 1 and 2 .  This is followed by "sucking" sound seen from 
1.95-1.15 sec. The latter is not an unusual finding in Tursiops 
fruncaius recordings. Effective filter bandwidth 600 Hz .  

0 01 0 2  03 04 0 5  06 07 08 0 9  
I TIME ( S E C  I 
1- -- 

Figure 5 
Cllcks emitted by a larger (166 cm standard leng-th) male K o p a  
bre~lceps Larg-er individuals of t h ~ s  species have proven far more 
d~fficult subjects from which to obtain \ocallzations Effective filter 
bandw~dth 600 H r  

The animal was recorded in isolation when less than 24 
hours old. The circumstances of his captivity are as follows: 
O n  the afternoon of 9 August 1973 an  adult female of the 
species gave birth to the infant male in the surf about 1 % 
miles south of Daytona Beach Shores, Florida. The mother 
stranded shortly thereafter. The  infant (MLF 369) was 
rescued from the surf by onlookers who had witnessed the 
birth and was placed in a small plastic pool until it could 
be picked up by a crew from Marineland of Florida. The 
animal was apparently in good physical condition when 
placed in a 6.4-meter wide, acoustically isolated concrete 
holding tank at Marineland. The animal appeared robust 
and measured 119 cm from tip of snout to the deepest part 
of the fluke notch in a straight line. Although pushed back 
into the surf, the mother stranded again and died. In ef- 
fect then, the infant probably never heard post-natal sounds 
made by the mother or other cetaceans. 
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Figure 6 
Slow-repetition-rate clicks emitted by a . t f~sofi lodon ei~rofiaeus.  T o  
the ear. these sounded like "knocking" clicks. Effecti\-e filter 
bandwidth 300 H z .  

Recordings were begun at 1030 hours on 10 August and 
were continued for about 3 % hours. The  animal died that 
same evening. During the recording session sufficient data 
on the underwater sounds of this little-known species were 
collected to be of some interest. The  recordings also shed 
some 1ie;ht on the sounds of a newborn cetacean uncon- 
taminated by output from the mother. This is significant 
because under normal circumstances a newborn infant can- 
not be separated from its mother because of husbandry 
problems. 

Several episodes of click trains were recorded as the in- 
fant approached the hydrophone, especially during the 
early parts of the recording session, just after the instru- 
ment was placed in the animal's enclosure. No sounds other 
than these apparent click trains were heard. Documenting 
clicks in such a young animal is important, 

Click sounds (Fig. 5) also were recorded from a 166-cm 
male K. brmiceps (S-85-KB-03) stranded on 2 May 1985 
at St. Augustine Beach. Florida. It was placed in isolation 
in a 6.4-meter concrete tank at Marineland of Florida 
where it lived for 32 days. H e  emitted these clicks when 
food was held underwater, and possibly the whale was 
echolocating. 

Although we have tried to record sounds from a few 
isolated dwarf sperm whales, K. sinus, under these same 
conditions, we have not yet succeeded in obtaining sounds 
of any kind. 

Antillean Beaked Whale (Mesoplodon europaeus) 

O n  11 October 1983, a male (h lLF  409) measuring 252 
cm in a straight line from the tip of the lower jaw to the 
center of the trailing edge of the flukes stranded alive about 
three miles north of the pier at Flagler Beach, Florida. The 
whale was found at the edge of the surf at low tide and 
was never fully dry because of rain and a northeastern 
wind. It was returned to a 6.4-meter isolation tank at 

Figure 7 
Faster-repetition-rate clicks emitted by the same animal and dnr- 
ing the same recording session as in Figure 6 .  These sounds are 
described as "sharp" clicks. and the dominant frequency is 

somc\vhat higher jca. 2 kHz s-s. 1 kHz). Effective <ilter band- 
width 300 Hz .  

I TIME ( SEC ) 

Figure 8 
Slow clicks emitted by the same animal as in Figures 6 and 7 .  
These were noted as being emitted ~vhile the animal \+-as across 
the pool from and not oriented to~vard  the hydrophone. Hence. 
directionality was not a prominent factor in these clicks Effec- 
ti\-c filter bandwidth 600 Hz .  

hlarineland of Florida where it lived until 30 October. Fre- 
quent underwater recording sessions were conducted from 
12 through 28 October. 

The animal vocalized frequently and usually the sounds 
were at a high amplitude. These included both slow and 
fast clicks (Figs. 6-8) and a narrow band sound (Fig. 9) 
suggesting an ability by this species to produce a whistle. 

Discussion 

The sounds presented here are intended chiefly to report 
the presence of underwater click emissions in the two 
species noted, Although it is considered possible that all 
odonrocetes produce clicks and that these clicks are used 
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Figure 9 
Narrow-band "chirp" at about 6 kHz emitted by ~ t f  europneus. 
This indicates a narrow band whistle capability. Effective filter 
bandwidth 90 Hz. 

by at least some species to echolocate, vocalizations of many 
species remain undocumented (Watkins and Wartzok 
1985). Click emission by a newborn Kof ia  breaicejs was con- 
sidered particularly noteworthy as we know very little about 
the ontogeny of this class of sounds in any cetacean. 

Beyond reporting the sounds and publishing the spec- 
trograms, the constraints of the opportunistic nature of the 
recordings prohibit much speculation. We note, however, 
that the K. breciceps infant, and to a lesser degree the 
juvenile, emitted Inany Inore audible clicks than we have 
heard from the older animals. We do not know if K .  
breviceps clicks could be used as identification signals as they 
reportedly are in sperm whales (Watkins and Schevill 1977; 
Watkins 1980). 

There have been no sounds listed in the published 
literature for the Antillean beaked whale. The only previ- 
ously documented sounds for the genus Mesoplodon are brief 
narrow-band chirps or brief whistles recorded in air from 
a stranded M. densirostris (Caldwell and Cald~vell 1971). 

Clicks emitted by both species were of variable repetition 
rates (Figs. 1-8) 

Acknowledgments 

Peter L.  Tyack of the Woods Hole Oceanographic Institu- 
tion generously assisted in the preparation of the sound 
spectrograms, and Kenneth S .  Norris of the University of 
California at Santa Cruz gave of his wide knowledge re- 
garding cetacean vocalizations. 

Citations 

Caldwell. D.K . and h1.C Cald\<ell 
l 9 i l .  Sounds produced by tv,o rare cetaceans stranded in Florida. 

Cetoloqy 1 : l -6 .  
Caldwell. D .K. .  J . H .  Prescott. and h1.C: C:ald\<ell. 

1966. Production of pulsed sounds by the pygmy sperm whale. Kogzn 

bte~szcepr Bull. So. Calif Acad Sci. 65(4).245-248. 
Evans. W . E .  

1 9 6 i .  \'ocalization among  marine mammals .  Itz hlar ine 
bioacoustics (LV N Tavolga. ed . ) ,  \'ol 2.159-186 P e r ~ a m o n  
Press. New York. 

Norris, K.S 
1969. The  echolocation of marine mammals. I n  The  biology of 

marine mammals (S. Anderson. ed.). p. 391-427 Acad. Press. 
New York and London. 

Poulter. T . C  
1968. l l a r ine  mammals. I n  Animal communication: techniques 

of dtudy and results of research ( T . A  Sebeok, ed. ) ,  p. 
405-465. Indiana Univ. Press. Bloomington. 

1Gatkins. W.A. 
1980. Acoustics and the behavior of sperrn \\hales. In  Anirnal 

sonar systems (R -G Busnel and J . F .  Fish, eds ). p 
283-290. Plenum Press, New York and London. 

Jl 'atk~ns. W A. .  and W . E .  Schevill 
1 9 i i .  Sperm \\hale codas. J .  Acous. Soc. Am. 62(6): 1485-1190. 

Watkins. W.A.. and D.  LVartzok. 
1983. Sensory biophysics of marine mammals, hlarine lIarnrnal 

Sci. 1(3):219-260 
Wood. F .G. .  and lG.E.  Evans. 

1980 Adaptiveness and ecology of echolocation in toothed whales. 
I n  Animal sonar systems (R:G. Busnel and J . F  Fish, eds . ) ,  p. 
782-423. Plenum Press. Ne\\ York and London. 



Workshop Participants * 
Peigin Barrett 
California Marine Mammal Center 
klarin Headlands 
Fort Cronkhite. C,4 95965 

Nancy Black 
Moss Landing Marine Laboratories 
P . O .  Box 450 
Moss Landing. CA 95039 

Robert K .  Bonde 
U.S.  Fish & Wildlife Service 
412 N.E .  16th Avenue, Room 250 
Gainesville, FL 32609 

Burgitta Borguss 
Dolphins Plus, Inc. 
P . O .  Box 2728 
Key Largo, FL 33037 

Gregory D .  Bossart 
Miami Seaquarium 
4400 Rickenbacker Causeway 
Miami, FL 33149 

William J .  Bowen I11 
National Marine Fisheries Service 
Beaufort Lab 
Beaufort. NC 28516 

Douglas M .  Burn 
National Marine Fisheries Service 
Southeast Fisheries Center 
Miami, FL 33149 

Current address: 
Marine Mammal Program 
USFMiS 
101 1 Tudor Road 
Anchorage. AK 99503 

John Calambokidis 
Cascadia Research Collective 
218 % West Fourth Avenue 
Olympia, WA 98501 

Susan Candela 
University of Miami 
RSMAS 
4600 Rickenbacker Causeway 
Miami, FL 33149 

Michael J .  Carvan 
University of Miami 
RSMAS 
4600 Rickenbacker Causeway 
Miami, FL 33149 

Current address: 
Department of Veterinary 

Anatomy 
Texas A&M University 
College Station, T X  77843 

Elaine Chang 
Greenpeace 
1436 U Street. N.Mi, 
Washington, DC 20009 

Donald Chittick 
Sea World 
P .O .  Box 968. M M  68.5 
Long Key, FL 33001 

Vic Cockcroft 
Port Elizabeth Museum 
P . O .  Box 13147 
Humewood, 6013 
Port Elizabeth 
Republic of South Africa 

Raymond L .  Deiter 
Sausalito Animal Hospital 
191 7 A Bridgeway 
Sausalito, CA 94965 

Leslie A. Dierauf 
33 Martin Drive 
Novato, CA 94949 

Deborah A. Duffield 
Department of Biology 
Portland State University 
Portland, O R  97201 

Gregory S. Early 
New England Aquarium 
Central Wharf 
Boston, MA 021 10 

Frederic Felleman 
41 10 12th Avenue NE #I04 
Seattle, WA 98105 

Stephanie Fernandez 
Texas Marine Mammal Stranding 

Network 
P . O .  Box 1675 
Galveston. T X  77553 

James Gilpatrick 
Marine 'fammal Stranding Response 
NMFS, Southwest Fisheries Center 
P . O .  Box 271 
La Jolla, CA 92038 

Natalie Goodall 
Sarnliento 44, 9410 Ushuaia 
Tierra del Fuego 
Argentina 

Jay Gorzelany 
Mote Marine Laboratory 
1600 City Island Drive 
Sarasota, FL 33577 

Ramona Haebler 
USEPA 
South Ferry Road 
Narragansett, RI  02882 

Terry Hankins 
Dolphins Plus, Inc. 
P .O .  Box 2728 
Key Largo, FL 33037 

James T .  Harvey 
National Marine Fisheries Service 
7600 Sand Point Way N.E .  
Seattle. WA 981 15 
Current address: 

Moss Landing Marine Laboratories 
P . O .  Box 450 
Moss Landing. CA 95039 

Sandra L .  Hersh 
University of Miami 
RSMAS 
4600 Rickenbacker Causeway 
Miami, FL 33149 

John E. Heyning 
Natural History Museum 

of Los Angeles County 
900 Exposition Blvd. 
Los Angeles, CA 90007 

* T h e  list includes only individuals specifically invited to participate in the \rorkshop 



156 NOAA Technical Report NMFS 98: Marine Mammal Strandings 

Jan Hodder 
Oregon Institute of Marine Biology 
University of Oregon 
Charleston. O R  97420 

Robert J .  Hofman 
U.S.  Marine Mammal Commission 
1825 Connecticut Ave., Suite 512 
Washington, DC 20006 

Aleta A. Hohn 
NMFS, Southwest Fisheries Center 
P . O .  Box 271 
La Jolla, CA 92038 

Murray L .  Johnson 
501 No. Tacoma Avenue 
Tacoma, WA 98403 

Deirdre Keeler 
Marine Mammal Stranding 

Response 
NMFS, Southwest Fisheries Service 
P .O .  Box 271 
La Jolla, CA 92038 

Dennis L .  Kelly 
Orange Coast College 
2701 Fairview Road 
Costa Mesa, CA 92628 

Kathy Krieger 
New England Aquarium 
Central Wharf 
Boston, M A  021 10 

Elaine Leslie 
The Living Seas 
Walt Disney World Co.  
P . O .  Box 10,000 
Lake Buena Vista. FL 32830-1000 

Conrad Litz 
The Living Seas 
Walt Disney World Co. 
P .O .  Box 10,000 
Lake Buena Vista, FL 32830-1000 

Morgan Lynn 
NMFS, Southwest Fisheries Center 
P . O .  Box 271 
La Jolla, CA 92038 

Gene Martin 
Office of General Counsel, NE 
NOAA 
1 Blackburn Drive 
Gloucester. MA 01930 

Thomas J .  McIntyre 
National Marine Fisheries Service 
NOAA 
1335 East West Highway 
Silver Springs, M D  20910 

James G .  Mead 
Smithsonian Institution 
National Museum of Natural 

History 
Washington, DC 20560 

Bob Miller 
N.Y.  State Department of 

Environmental Conservation 
Wildlife Resources Center 
Delmar, NY 12054 

Gino B. Moro 
U .  S.  Department of Commerce 
Law Enforcement Division 
14 Elm Street 
Gloucester, M A  01930 

Sally Murphy 
S.C. Wildlife and Marine Resources 

Department 
P .O .  Box 12559 
Charleston, SC 29412 

Pete Nabor 
Mote Marine Laboratory 
1600 City Island Drive 
Sarasota, FL 33577 

Paul E .  Nachtigall 
Naval Oceans System Center 
Hawaii Laboratory 
Research Branch Code 
P . O .  Box 997 
Kailua, H I  96734-0997 

Eugene T. Nitta 
National Marine Fisheries Service 
2570 Dole Street 
Honolulu, H I  96822 

Daniel K .  Ode11 
Sea World 
7007 Sea World Drive 
Orlando, FL 32821 

Helmut A. Oelschlager 
Zentrum der Morphologie der 

Johann Wolfgang 
Goethe-Universitat 

Theodor-Stern-Kai 7 
6000 Frankfurt am Main-70 
Federal Republic of Germany 

Neal A. Overstrom 
Mystic Marinelife Aquarium 
Mystic, C T  06355 

Morris M .  Pallozzi 
National Marine Fisheries Service 
NOAA 
1335 East-West Highway 
Silver Spring, M D  20910 

Geoffrey W .  Patton 
Mote Marine Laboratory 
1600 City Island Drive 
Sarasota. FL 33577 

Charley Potter 
Smithsonian Institution 
National Museum of Natural 

History 
Washington, DC 20560 

William Powell 
National Marine Fisheries Service 
NOAA 
1335 East-West Highway 
Silver Spring, M D  20910 

Gerald T. Regan 
Spring Hill College 
4000 Dauphin Street 
Mobile, AL 36608- 1791 

John E .  Reynolds I11 
Chairman, Natural Sciences 
Eckerd College 
P . O .  Box 12560 
St. Petersburg, FL 33733 

Mandy Rodriquez 
Dolphin Research Center 
Marathon Shores, FL 33052 



Workshop Participants 157 

Jan Rol-iro 
California Riarrne ht.lamrna1 Center 
Fort Cronkhlte. CA 24965 

Tracy Romano 
Department Neurobioiogy and 

Anatomy 
School of Medicine and Dentistry 
University of Rochester 
Rochester. NU 14642 

l'L'ill~am l'L' Rossiter 
21 Laurei H111 Road 
Ridgefieid, C T  05877 

Sam Sadove 
Okeanos Ocean Research 

Foundatlor 
216 East hfontauk Migh\\al 
P 0 Box 776 
Hampton Ba\ -, NB7 11946 

D a ~ i d  J Schmidlv 
Texas A&id Gnibersrtl 
College Statlon, TX 77843 

Robert Schoelkopf' 
Marine hfamma! Stranding Center 
P .O .  Box 775 
Brigantine, iVJ 082113 

Gregory Schw ab 
Texas hIarine hiarllmal Strandrzg 

Network 
Padre Island National Seashore 
9405 South Padre Xsiand Drive 
Corpus Christi, TX 78418 

P e n ~ v  Scoggins 
California Marine Mammal Center 
Fort Cronkhlte CA 94965 

Joe Scordlno 
Yatnonal Marine Flsherles Serlrice 
7600 Sand Polnt Wav S E 
Bin C157000 
Seaitle, MrA 98 1 15 

Dana J. Seagars 
hlarine hlammal Prograrll 
',rSF\VS 
101 1 Tudor Road 
Anchorage, XK 99503 

John Sease 
NhlFS, Alaska Region 
P 0 Box 1SG8 
Juneau, XK 99802 

Mobashir A.  Solangi 
hlarine Animal Productions 
B3x 4078 
Gulfport, M S  39502 

Cretcner, Steiger 
Cascadia Research Collective 
2 18 % M' Fourth Avenue 
Olympia, tkiA 9P501 

hlichael T.  LValsh 
Sea World of Florida 
7007 Sea World Dri\re 
Orlando. FL 32321 

Robert [Yeeks 
Department of 1-eterinary Anatomy 
Texas ABrM University 
College Station. TX 77843 

Bradlev E LVeigle 
Department of Uatural Resources 
100 8th A ~ e n u e  S E Bldg C 
St Petersburg. FL 33701 

Robert LVhistler 
National Park Service 
Padre Island National Seashore 
9405 South Padre Island Drive 
Corpus Christie, T X  78418 

F G [Yood 
Navai Oceans S\ stems Center 
San Diego. CA 92152 

Charles D M'oodhouse 
T'rrtebrate 6-drator 
Santa Barbara Riuseum of Satural  

History 
2559 Puesta del Sol Road 
Santa Barbara, CA 93 105 

Maiya Zhou 
Departrllent of Biology 
Nanjing Kormal College 
Nanjing 
People's Republic of China 

Stelren T Zimmerman 
National ICIarine Fisheries Serlrice 
P . O .  Box 1668 
,Juneau. AK 99802 



Guidelines for Contributors 

NOAA Technical Report NMFS 

PREPARATION umn headings; do not deviate from the unit of measure within a columr~. 
Table footnotes should be noted consecutively in italic letters across the 

A manuscript should follow the sequence outlined below and include the 
page from left to right and then down. Use asterisks, however, to mark 

following information. significance in statistical data. Since all tables are typeset, they need not 
be submitted camera-ready. 

Title Page Include authors' full names and complete mailing addresses. 

Figures Photographs and line drawings should be of professional 
Contents Page Outline the major divisions and subdivisions of the 

quality-clear and concise-and reducible to 42 picas for full-page width 
manuscript. or to 20 picas for a single-column width, and a maximum of 54 picas 

high. All graphic elements in illustrations must be proportioned to in- 
Abstract One paragraph and not to exceed one double-spaced typed 

sure legibility when reduced to fit the page format. Line weight and let- 
page. Should include a sentence or two explaining to the general reader 

tering should be sharp and even. Lettering should be upper and lower 
why the research was undertaken and why the results should be viewed 

case, and vertical lettering should be avoided whenever possible (except 
as important. Abstract should convey the main point of the paper and 

for vertical, y, axis). Zeros should precede all decimal points for values 
outline the results or conclusions. No footnotes or references. 

less than one. Reproductions of line artwork are accepted in the form 

Text A brief introduction should portray the broad significance of the 
paper. The entire text should be intelligible to readers from different 
disciplines. All technical terms should be defined. Follow the U S  Gouern- 
ment Printinf Ojfice Style M a n u l ,  1984 ed., and the C B E  Style Manual, 5th ed. 
Fishery nomenclature should follow the American Fisheries Society Special 
Publication 12, A List d Common and Scient$c Names d Firhesjrom the United 
States and Canada, 4th ed. 

Define all abbreviations, acronyms, and symbols in text, equations, and 
formulae. Abbreviate units of measure only when used with numerals 
or in tables and figures to conserve space. The numeral one (1) should 
be typed as a one, not a lower-case el (1). 

Measurements should be expressed in metric units. Other equivalent units 
may be given in parentheses. 

Text footnotes should be numbered in Arabic numerals and typed on a 
separate sheet from the text. Footnotes are not used for reference material 
nor for personal communications, but rather for explanations and defini- 
tions in the text and for contribution numbers. 

of high-quality photographic prints from negatives or photomechanical 
transfers (PMTs). Halftones should be sharply focused with good con- 
trast. Micron rules should be inserted on electron micrographs, even when 
magnification is included in the figure legend. There should be a clear 
distinction between identifying letters (press-on or overlays) and the back- 
ground of photograph. Label each figure in pencil on the back. Send only 
Xerox copies of figures to the Scientific Editor; originals or photographic 
prints will be requested later when the manuscript is accepted for 
publication. 

Copies of Published Reports For single monographs, the senior author 
and hislher organization each receive 50 copies free-of-charge. If the 
monograph forms part of a proceedings or collection of articles, the senior 
author and hislher organization each receive 50 copies of the monograph 
and one copy of the collective work. Additional copies may be purchased 
in lots of 100. 

SUBMISSION 

Personal communications are noted parenthetically in the text (full name, Send manuscript (original plus two copies) to the Scientific Editor: 
affiliation, brief address including zip code, month and year). 

Dr. Linda L. Jones, Scientific Editor 
National Marine Mammal Laboratory, FIAKC3 

Acknowledgments Gather all acknowledgments into a brief statement 
National Marine Fisheries Service, NOAA 

at the end of the text. Give credit only for exceptional contributions and 
7600 Sand Point Way, N.E. 

not to those whose contributions are part of their normal duties. 
Seattle, WA 981 15-0070 

Citations All written sources should be listed in the Citations section, 
including unpublished and processed material. In text, cite as Smith and 
Jones (1977) or (Smith and Jones 1977); if more than one citation, list 
chronologically (Smith 1936; Jones 1975; Doe 1977). All sources cited in 
the text should be listed alphabetically by the senior authors' surname 
under the heading CITATIONS. Abbreviations of periodicals and serials 
should conform to the Biosis Data ~ a s e ~ " .  Indicate whether sources are 
in a language other than English. For informal literature, include address 
of author or publisher. Authors are responsible for the accuracy of all 
citations. 

Tables should supplement, not duplicate, the text. Each table should be 
numbered and cited consecutively, with headings short but amply descrip- 
tive so that the reader need not refer to the text. For values less than one, 
zeros should precede all decimal points. Indicate units of measure in col- 

Once the manuscript has been accepted, a software copy, following the 
disk specificiations described below, should be sent to the Managing Editor: 

Sharyn Matriotti, Managing Editor 
NOAA Technical Reports NMFS 
National Marine Fisheries Service, NOAA 
Scientific Publications Office, FINWR1 
7600 Sand Point Way, N.E. 
Seattle, WA 981 15-0070 

Disk Specifications A manuscript should be submitted in ASCII for- 
mat (i.e.,  in a MS-DOS "print" or "nondocument" file) and should 
be placed on a 5 Yi -inch (preferably) or 3 %-inch disk that is double-sided, 
double or high density and that is compatible with either IBM or 
AppleIMacintosh systems. 



UNITED STATES 
DEPARTMENT OF COMMERCE 

NATIONAL OCEANIC AND ATMOSPHERIC 
ADMlNlSTRATlDN 

NATIONAL MARINE FISHERIES SERVICE 
SCIENTIFIC PUBLICATIONS OFFICE 

BIN C15700 
SEATTLE, WA 981 15 

OFFICIAL BUSINESS 

Penalty for Private Use, $300 

POSTAGE & FEES PAID 
U.S. Department of Commerce 

Permit No. G-19 

NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

The Natlonal Oceanic and At~nosplzcric Administration was established as part of the Department of Commerce 
on October 13, 1970. The mission responsibilities of NOAA are to assess the socioeconomic impact of natural and 
technological changes in the environment and to monitor and predict the state of the solid Earth. the oceans and their 
living resources. the atmosphere, and the space enb'lronment of the Earth. 

The major components of NOAA regularly produce varlous types of s c ~ e n t ~ f ~ c  and technical information in the 
following kinds of publications: 

PROFESSIONAL PAPERS-Important definitive research 
results, major techniques, and special lnvest~gations 

CONTRACT AND GRANT REPORTS-Repons prepared 
by contractors or grantees under NOAA sponsorship. 

ATLAS-Presentat~on of analyzed data generally in the 
form of maps s h o u ~ n g  distribution of rainfall, chemical 
and physical conditions of oceans and atmosphere, distr~bu- 
tion of fishes and marlne mammals, ionospheric condi- 
tions, etc. 

TECHNICAL SERVICE PUBLICATIONS-Reports con- 
talnlng data, observations, instructions, etc. A partial 
listing Includes data serlals; predictions and outlook 
periodicals; technical manuals, training papers, planning 
reports, and information serlals; and miscellaneous 
technical publications. 

TECHNICAL REPORTS-Journal quality w ~ t h  extensive 
details, mathemat~cal developments. or data Ilstlngs. 

TECHNICAL MEMORANDUMS-Reports of prelim- 
inary, partial, or negative research or technology results, 
lnterlm ~nstructions, and the like. 

Information on availability of NOAA publications can be obtained from: 

U.S. Department of Commerce 
National Technical Information Service 

5285 Port Royal Road 
Springfield, VA 22161 




