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We have developed this cominl1nity profile t o  

serve as an introduction t o  the ~cOlogs of illtcr- 
tidal sand and mud flats. Our goal is t o  tics- 
cribe the ecological prc>cesscs that cllaractcrize a 
habitat which, at first glance, appc;lrs barren and 
almost de\:oid of life. We empllasizc all 
OLW cxamples from the irltertidal flats o f  co;lstal 
Xar;h Csri>:ina v ~ i t h  &ich ;i:< LiFc i22ij5; f;iill;;;zT. 

To the degree that we arc successful i l l  descril)illg 
general processes of ecosystem ft~nction o n  ;In 
intertidal flat, what we have to say c;l~i tic \ ~ ~ i t l e l y  
applied to  the intertidal shorelines o f  s o ~ ~ n d s ,  
lagoons, estuaries, and river rnouths in tetnpcrate 
zones throughout the world. We trust th;~t o t ~ r  
descriptions of the ecology of interticlal n111d  rid 
sand flats will be useful to scientists and inf'ol.mctl 
laymen alike. We cspecii~lly hope that ollr test 
wili providc r r ~ u c i ~  or L ~ I C  Lackgro\tliti rlccticti i > y  
coastal planners and environ~ncnti~l scientists 
whose decisions will influence the futurc o f  many 
of our  coastal systems. Intertidal niud ;inti sand 
flats are classified as habitat typcsl))~ tile National 
Wetlands Inventory of the 1J.S. Fish ant1 Wildlife 
Service and designated as li2F1.3 arltl IC21:IA2, 
respectively. 

Our  text is organizeti on a taxonomic anti a 
functional basis. After an introductory descrip- 
rion of the physical t-nvjronmrtni. of the intel-ticia1 
soft-sediment habitat (Chapter 1 ), wc describc thc 
plants, the primary producers of most mari~ie sys- 
tems (Chapter 2). In succeeding chapters we 
discuss the benthic infauna and thc mobile epi- 
t~enthic  invertebrates (Chapter 3) ,  the fishcs 
(Chaptcr 4), and the birds (Chapter 5). This pro- 
gression is clearly taxonomic, hut to  ;I great 
extent it is also functional, reflecting the miijor 
pathways of  energy flow through the intertitla1 
flat system. The l)enthic infauna arc Iitrgciy hrrbi- 
vorous or detritivorous and form the prey of' thc 
mobile epibenthic invertebrates. Bottom-feeding 
fishes and feed extensively o n  these 
mobile invertebrates, as well is on the benthic 
infauna. Some of the fishes fall victim to waciirig 
or- diving birds. Consequently, our  [ . ) r ~ g r e ~ ~ i o n  of 
chapters roughly corresponds t o  the flow of 
energy up the food chain of a coastal flilt. 111 our  
final &apter ( 6 ) ,  we address solne specific applied 

-- problems that emergc in  managing man's activities 
in the vicinity of intertidal flats. 

Although this publication is explicitly con- 

ccrncti  it]^ \vhat c.)cc-lrs on "" intertida1 mud Or 

sand flat, we are also c o l l ~ ~ e l l e d  to describe im- 
p)r tant  IW~)CCSXS wll ich hap pen elsewhere within 
the estu;~rioc crc)s).steli~. ~ r e a d t h  is forced upon 
,IS I t ?  tile open na ture  of the intertidal flat 
cnvii.on~~lc.nt: this is 1,y n o  means a closed system 
cc.ologi<.all~,. Inputs of organic matter ,  various 
-- ; ixc:z .. - + z a z  ... -. ;< .. r. *:-:,;; .. -. . biLa, ..I -- z5icl cx:ca 112abiIc zni i l~ak 21-c 

t);~sic to the I~ lnc t ion i~ ig  of an  in t e r t i da l  flat. Only 
the l)enthic infauna ;ire r e l a t i v e l y  f ixed in position 
and rcstric.tcd t o  c.onll,leting t h e i r  lives in a single 
h;il)iti~t. 'I 'l~c infatln:~ of an i n t e r t i d a l  flat are sus- 
tainctl b). primary p r o d u c t i o n  wh ich  occurs in 
I;lrgcs u~e;~surc ot~ts idc t h i s  h a b i t a t  and which is 
i~lil)ortccI 1))' \v;~ter C ~ ~ T C ' I I ~ S .  The highest trophic 
icvcls, the birds ant1 f ishes,  are ext remely  mobile. 
.\lost 1)irds ;tncl fishes are m c r e l y  seasonal visitors 
t o  L ~ I C  i ~ i t c *  ~ i t i ; t i  iiat , iittct I I ~ W V ~ I ~ ~  io u i l w ~  hahi- 
tiits rvithin the estuarine system a n d  then on  t o  
other etltircly ilifferciit s y s t e m s .  Consequently, it 
is not sur1)rising that w h e n  one speaks  of an inter- 
tidal mud flat c o ~ n m \ ~ n i t . y ,  one tends t o  think 
solely of thc clams, w o r m s ,  c r u s t a c e a n s ,  and other 
Ixnthic invcrtc1)ratcs w h i c h  can always be found 
tlicrc. Yct our  goal is to u n f o l d  t he  complexity, 
both tasonotnic ant1 f u n c t i o n a l ,  t h a t  characterizes 
the entire ccosystet11 of a c o a s t a l  mud o r  sand 
n , ~ t .  

C. I-I. Peterson 
N. M. Peterson 

19 September 1979 
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The denclritic drainage pattern evident in this areal photograph is a result of the  action of  water movement 
over the substrate during ebbing and floodbig tides. This pattern effectively increases the surfhce area of  the 
interface between the sediments and the contiguous waters facilitating the excharlge of nutrients, gases, and 
other materials. Photo by Wiley M. Kitchens, U.S. Fish and Wildlife Service. 
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~-c:~cl i l>~ i ~ i  c ~ ~ ~ c l  o t 1 1  01' 1 1 1 ~  l ~ ; i l ) i ~ ~ i ~ .  : i l l  L I I ~ ( I C , I . ~ ~ ; ~ I I ( I -  
ilig 01' tlic c:~.oIog)~ 0 1 '  ; I I I  i l i~ ( . r l  i ( l : ~ l  f'1:11 ~ . t - ( ~ \ i i i  <.\ 
soinc. k~iowl( . t lgc~ 01' 1)roc.cssc.s I ) C . C . I I I . I . ~ I I ~  ( ' ~ ~ ( ' \ ~ . I I ( ~ I ( ~  
wi t hin I lie I ) r . o ; 1 ( 1 ( - 1 .  c .s t r i ;~l . i~~u s\.stc.111. 







because both the animals and plants of benthic 
soft sediments are extremely sensitive t o  grain 
size differences and the associated chelnical and 
biochemical differences between sands and muds. 
For  instance, Brett  (1963)  tlocuments how the 
molluscan fauna changes as a function of sedi- 
ment type in a North Carolina sound. 

Superimposed upon the pattern of gradual 
change in grain sizes along ;I gradient away from 
iiifits .ire l i ;hc~- p,ittcriis crcstcd il; jjdrt !I)- ;hc 
sccond m~i jo r  energy source, wind-driven waves. 
Waves moving across a body of water liave their 
greatest effect upon the bot tom when they reach 
the shoreline. A t  the shoreline, even small wavcs 
can cause enough water turbulence t o  rcsusi~cnd 
fine sediment particles in the water cc)lumn. 
'These particles are then transported into quieter 
areas of deposition, retainer1 in suspension until 
the winds beconic calmer, o r  fl~ished out of tlic 
cb tu ,~ t i~ lc  (11 iitgoor~;ti sys~clri i t t t o  ihc occ;tlt. 'l'ilis 
process, whcrcl)v wavcs expetid their cricrgy by 
t>re;~kir~g ;it the  shoreline, produces the f;tmiliar 
gr;tdicnt of' i11crc;ising nicdiitn pttrticlc diittnetcrs 
along :I tr;rnsect I'rom su1)tid;il t o  intertidal Slats. 
'The higher lcvcls of tlic intcrti(la1 shoreline ex- 
perience most 0 1 '  the wavc i~c:tion ;tnd are dc1)lctctl 
of t.he siIt-ol;iy 1'r;tction. I,owcr Icvcls of rhc shot-c- 
linc lcss often feel the i111l)act of CV;IVC ;t(:tioli  lid 
are thcrcforc al)lr t o  retain ;I niucltlicr scclilncnt 
~ ~ I ~ ~ I I ~ I c L c I ~ .  SIost Sliit!, i t ]  co'~stit1 X o r ~ i i  C~~trt,lit~:i, 
where sou nds tcn(1 to  I)(: large ; ~ n d  w;~vc  act i o r l  

significant, i1lustr;rtc this c:hangc from santl~r sctl- 
irncnts in the high intcrtid;~l t o  niutls in the shallo\v 
subtidal ('l'enorc 1 972).  

Wave ;tction within cnclosetl cml)aynicnts 
such as lagoons anti cstu:irics viirics \\!it11 the size 
of '  the body o f  water. In  rcslativcl y largc I~oclics of 
water, the fetch is sufficient for s~11)st;tt~tial \v;ii,c 
dcvelopmcr~t,  while the same wind sl)ccd worilcl 
fail t o  proclucc ;11)1)reciat)lc cvitve ; t ( . ~ i o t ~  i t ]  ;I s1ii;i11 
tidal crcck. ' l ' l~e co;~stline i~long tlic North (:arc)- 
lina Oiiter Banks is char;ictcrizctl I)y I-clati\,ely 
Iitrge sountls lying behind long biirricr- isl;i~ids \v i t l l  

co111p;lratively few inlets to the ocean (Figure 13). 
Such coastal tnorphology is typical of a coastline 
where tid;il range is small to  moderate,  with tidcs 
o f  apl>rosimatrl>, I ~n creating ;I so-called "~nicro- 
tidal coast" (Davies 1964,  IIayes 197.5). Further 
s o \ ~ t h  in A'(!rth C;irolin:t (Figure 31, and espt:i.i:itl>. 
along the coasts of South Carolina and Georgia, 
the coastaI morl)hology is radically different 
(\Villiams c t  al. 1966,  Scliwartz and Chestnut 

1973) .  'l'he tidal range becomes iargcr ( Z  to  4 m ) ,  
prociucing a "mesotidal" coast and, as a conse- 
quence, barrier islands are short ,  inlets nulncr-ous, 
marshes \veil-developed, and sounds and estti;irics 
quite small (llavies 1964 ,  IIaycs 1973) .  In areas 
away from the inlets, most intertidal f'l;its in 
South Carolina and Gcorgia are very muddy ,  
wllcreas the intertidal f'l~tts along thc  S o r t h  (:are- 

lina Outer Banks, eveti including those of Bogue, 
Back, and Core Sounds tend to  be true sand flats 
(Figure 3) .  'l'his gcographic:al pattern in scditnent 
size on intertitfal flats is produced largely by  the 
varying importance of wintl-tlrivcn wavcs, \vhic:h 
hiwe a greater impact in 1. '11 ., "el- tlodies of \v;ltcr 
t~ccause the fetch is greater. In smaller cstttarics 
and tidal channels, where witves are iilsignific;tnt, 
thc slowil-rg of tidal currents in thc shallo\vs is of  
overriding itn1)ortancc ant1 produces al)untl;~nt 
seclimcntation o f  fine l)articlcs o n  the tidal flats. 

A l t h o ~ ~ g l i  n l~~t lc ly  areas arc indicittivc of loiv- 
energy environments \vherc sediment dcl~osi t ion 
is colnrnon, even mutl-fl:it sctlirncnts itre niio1)ilc. 
Ilccausc they arc finer, lcss energ). is nccdecl t o  
siisl)c:n(l ;tnd tr;inst)ort silts ant1 (:lays thi111 is Y C -  

c1ltit-cd t o  rnovc sitntl gr;tins. l<ithcr tidal c.u].t-cnts 
or wavc cncrgy can 1)c sufficient t o  t r :~nsl~ort  
scdiiiicnts o n  tnricl flats, ;is well ;is o n  sitntl Slats. 
'I'hr :tctivitics of' I~urrowing I~cn th ic  ;initnals itlso 
c , r r ~ > t  r i ! ) ! ! ! c .  t o  (!(..:I ahi!i;.:c!if,n (,!' so!'! scdi~;~c-~l ts .  
:\ltIio~igli srtlitncnt mol~ilit): is greater in hi$- 
cnc:rgy s;intl environmcnts. t he nlobility of uncon- 
solitlatctl, uncctnctitcd sol't sc*diriicnts is a tiniver- 
sill c~har;tctcristic o f  soft-scclinlctit h~ihitats.  

'I'lic Iat-gcst 01' t i i c s  Sot.tl~ (;:it.oli!1,1 hot111(1s. t 1 1 ~  

I';itnIico, . \ I t j ( ~ ~ ~ ~ ; i ! ~ l < ~ ,  : I I I ( I  ( : I I I . I . I ~ I I ( , ~ .  l i ; i \ . ( s  I I < . ~ I ~ -  
gil,lc (,orit acr wi[h ~ I I C  ;\ tl,tnl ic Oc.c:111 (1.'ig111-c 3 ) .  
'l'liis fe;~tt.~re ~)rotliiccs \.ct.). 1)r:ic.kisIi \ \ ' ; ~ ~ c r s  and 
isolatrs 1 hcsc r m l ) a ~ . t u c ~ t  t s 1'roni t!lc inf'!lic'ttc~ (1; .  

11un;ir ti(fc*s (I<il:xs ; i t t t l  0'C:orinot 1974). I':sc.cf)t in 
tlic imtne(li;~tc \.ic.init). of '  thc fc\v i~i lc ts  ( O ~ I - ~ .  
c:oke, 1 l;tttcras, ctc.) \vllerc tidal influence is felt ,  
t11c1.c arc f'cw true inlcrtici;il flats or salt t ~ ~ a r s l i ~ ~  
;tIong the sliorclincs 01' these major boclics of 
\\r:t(cr. Persistently slrolig ivincis, opet.ating over 
large expanses of \\.:ttcr in these 1)r;ickish sounds,  
crcatr occ:rsional ~ v i n d  tidcs \tlhich expose portiolls 
o f  the sl~orclincs (Kiggs ;tti(l O7Conrior 197il.). 
~ i i c s c  ekp0bcti slioreiines arc I I O ~  [ rue  intertidal 
flats in tliat the!. arc n o t  reglilLtrlj. exposed arid 
covcrcd Ily lunar tides. Instcad, the), are usilaI1y 
covcrcd by water and ;!I-e only exposed a t  irregu- 



Figure 3. A map of eastern North Carolina, identifying by number the location of all the major sounds: 
( I )  Currituck, (2) Albemarle, (3) Pamlico, (4) Core, (5) Back, and ( 6 )  Bogue. 



I;ir i~itervals I'or L I I )  to days  a t  ;I time until the  
wind tfirc.c.tion shifts o r  the wind \.clocit)s declines 
greatly. \Tint1 direction in co;istal S o r t h  Carolina 
\r;u.ic:s s t r o n g l ~ .  nit11 the seasons. \\'inters are char-  
;~c.tcrizr.d tty nor th ,  north\vcst, ; in4 northeast 
ivintis, Lvhilc* sorlthwcst bvintls prcv;iil (luring 
sl1rnlnc.r I I I O I I I ~ I S .  111 ~ ~ S I ) O I I S C -  to tile se;ison;il shifts 
i l l  \.\,inti clirc.<.tion tlif'fc.rcnt sh~)rclincs tcticl t o  I)e 
csl)osc.d '11 clil'l'c-r.c:11t sc- sons in thcsc 1;irgc sounds. 
xol-tllc:rll s1101~~~1ill(:h ;ire i ' l~c~jllcl1t~y illlcovere~l 111 

t l i (>  \\,intci- n i o ~ ~ t l i s ,  while SOUIII( : I-II  ;ire;~s ~ I - C  

t.sl)usc(l c l t r ~ - i ~ ~ ~  i l i c .  S I I - O I I ~  w i ~ l d c  of sirlnlncr 
( ~ ~ O ~ ~ I O I ' S  ~ l l l ( 1  1 ~ ~ 1 l l l ~ ) ~ l ~  I $).%). 

mental  variability. Aluch of t h e  variabil i t~. ,  i n  tcm- 
per;iture a11d salinity especially, is o n  a \.cry short 
time scale in tha t  it is pi-od~icecl b ~ .  thc  change o f  
tides and the  al ternating influence oi' tlie sca and 
of terrestrial runof f  (Koelofs ant1 Bumpus  1954). 
Along the  Atlantic coast  of Nor th  .America tidcs 
are  semidiurnal, meaning t h a t  there a rc  two low 
and  two high tidcs daily. C o n s c q i t e n t l ~ ~ ,  every 
t i  1ir o r  so,  contiitions within a n  estuary L L ~ C  1ikcl)- 
t o  chiinge radicaliy. \\i'i~tcr t c ~ n l x r a t r i r c  ;tnd sitlini- 
1). within an estuary ot- lagoon Val-). ~ v i t h  ticl~il 
Inovclncnts. As tile ilicoining ticlal current  pcnc- 
tratcs the  c s tu i~ ry ,  salinity rises. i n  ivilitcr, watcr 
tc.lnlxr;iti~re also riscs abrupt ly  o n  incoming tidcs; 
i l l  summer ,  t h e  oc.can is coltlcr :inti pro\.itlcs a 
c.ooling i n f l ~ ~ c n c c  a t  high tide (l<oclol's and 
l3ii1npiis 1954). Bccause o f  these s~rdcicn cliangcs 
in thc pysical condit ions tha t  rccur wi th  each 
ticl:il c h a n ~ , e .  daily c:li;intlc.s in In;Iliy cn\ . i l -on~i~c~i t ; i l  
\,;iri;lblcs in ;in c.stua1.y 01. 111;irinc 1;igoon ;we ot'tcn 
a large friictioli of  the total annual \.;lri;ition. 'lliis 
r~i(1c1.s t l i ~  estuiLr.1. ;L h x s h  ph\.sic;tl cnvironii1c.111 
for  both ~)l:ints anti ani~iials .  

'I'lic rno\!cnicnt o f  titl;ll currents through the  
c ~ ) ~ i ~ l ) l c * t c ,  cl)l, a n d  flootl c),clc is rarely sylnmctri-  
(:;11 i l l  an). sounci o r  e s t ~ ~ i ~ r y .  Inlets a t  the nio11ths 
01' so~incls ;inti estuaries arc usually ei ther ebb- 
c l o t ~ > i ~ ~ : ~ t ~ v l  o r  f l o ~ ~ ( i . ~ i ~ ~ t ~ ~ i ~ ~ ; ~ ~ i * f l .  [!> : I  < ~ , J ~ ! P ~ ~ ~  (!<.>i:~i- 

11.t1ct1 I)\, l'looti tit1c.s. t he  i~ lc .o~ning titl;ll  citrrcnts 
115t1~111\, ];is[ ;I s11ortc;r 1)criocI 01' tinie t11;in t h e  o ~ ~ t -  
going c x ~ ~ . r c ~ i t s ,  l)ut tile i ~ i c o ~ ~ i i n g  floo(l ct11-rents 
, I I ( ~  ~niic,li I';~str.~-. I.:l)l)-do~iliniitul s>.stelns possess 
t l r ( .  o l ~ l ) o s i ~ ( ,  I ) ~ I I ~ C I . I I .  111 I ) o t 1 1  c.l)l)- ;111d l.lood- 
(ion~iti;ite(l S > . S I ~ I I ~ S ,  11i(~ l ' l o \ \ ,  \ ' c~loci~ic~> v,ir>. 
t 1 1 i ~ o 1 1 < 1 1  t l ~ c  t i ( I ; i l  (,\.(,lc.. ' I ' l ~ t *  *11tc1 I I , I !  i ~ i g  ( l i i .c~ . i io i~s  
o i  I I o \ v  I ) I .O( I~I (  t .  sl101.1 l)c~.io(lh ((11; to 2 0  01. 30 
~ n i ~ i )  01' sl,tc,k \ \ . . i ~ c ~ .  insitlc so~11 ic l5  <111(1 ('stli;~i.ics 
I I C : I I .  ( l ~ t :  ~ i ~ i ~ t c  01' ~ 1 1 ~  c.Ii:ing(: ol' tllc titic<. l l ( ! r i ~ i ~  
~ I I C ~ S L -  l)(*~.io(ls i t ~ ~ ~ l ) i ( l i t > .  (11.01)s 1 0  .i 1 i i i1 i i11 i~1111  (1111). 
t o  ~ris(x ;ig;ii11 i v i ~ l i  I . L * S ~ I I I ~ ~ ) ~ ~ O I ~  0 1 '  ti(i.~l c t i r~ . c~ i t s .  

' l '~~~.t) icl i t>,  c ) ! '  [lie iv'11cr c 01i11nr1 is, in p ~ i r t ,  
~ .c l ; r~ct l  l o  [lie clcgrcc 01' inl)r~t  1'1.om ri\.el-s i n t o  the  
~ . ~ ) ; I s I . I ~  \v;itcr.s. I.;stuarics tclici t o  I>c more  t~1rt)id 
th,111 coast;ll lagoons, \\,liere terrcsu-ial i n p ~ ~ t  is 
~ ~ c . ~ l i ~ i l ) l c .  Somc. cst~iiirics like those along the 
(;c,ol.gi;l-So~rtli C:arolinii coast espcl-icnce greater 
f;.i.siii\,itc!- f'iows dliti i1;ii.c liigiler t u r l ~ i d i t ~ f  Ie\:eIs 
than others,  like the S e w p o r t  Iiiver es tuary  in 
S o r t h  C;~rolin:i. 'l'hcrc is ;I genel-ill $1-atlient o f  in- 
c~sci~si~lg turhidi 1 ). fro111 ~ h c  ccm t1.;11 S o r t h  Carolina 
csi i ~ , ~ r i c s  and coastal I:i:_.oo~ls t o  those of  the  south-  



eastern states (hleadc 19G9). Turbidity is signifi- 
cant bioiogic;lIly in that sunlight penetration is so 
reduced in extremely turbid waters that phyto- 
plankton productivity is inhibited and subtidal 
benthic algal production is nearly eliminated. 

Ph\.sical changes in the water column are 
greatly buffered by thc sedimcnts, such that ben- 
thic infauna (animals living buried within the sedi- 
i i l ~ i i > > )  &LC >!ic;~cl ~d [ ~ : l l l i  l i i ~  C A L C ~ I ~ ~ ~ C  C i i i  i i ~ i l -  

~ncntiil  variability of the ove r ly i~~g  waters. This 
t)uffering ~ ~ c t i o r l  occurs for temperature (johnson 
1965),  salinity (Reid 1930, 1932, Sanders et  al. 
1965, Johnson 1967), and other physico-chernical 
properties, and is especially significant for short- 
term variation such as is generated by the tidal 
cycle. 'The deeper one penetrates into the sedi- 
ments, to  a depth of approximately 10 cm, the 
grcater is the buffering effect (Johnson 1965). An 
infaunai rnotie of iiving permits rne avoidance of 
many of the rigors of the estuarine physical envi- 
ronment.  

'I'he intertidal zone is a physically rigorous 
place t o  live f o r  any marine organism. Exposure 
to  air, the sun's heat, axid the wind during a por- 
tion of almost every tidal cycle is inevitable. 
, . I his exposure can cause desiccation, overheating, 
and death for many marine organisms. Among the 
marine animals on an intertidai flat, feeding must 
ccasc whenever the overlying waters recede. Be- 
cause the highest levels of the intertidal zone are 
exposed for longer periods than the middle and 
lower intertidal zones, there is a gradient of in- 
crc;rsing intensity of p h y ~ i c i ~ l  rigor which runs 
from the subtidal to  the top of the intertidal zone. 
'The effects of this gradient in physical stress have 
been well described on  rocky shorelines (Connell 
1970),  but there is very little information avail- 
able on  the impact of the varying degrees of aerial 
exposure on soft-sediment organisms. I t  seems 
likely that  numerous species of plants and animals 
in soft sediments are restricted t o  subtidal habi- 
tats o r  at least t.() the lowest intertidal zones by 
the rigors of exposure. For instance, the seagrasses 
hire almost certainly limited a t  the high margins of 
their distribution by such increased physical harsh- 
ness. Many epifai~nal species, which as a group d o  
not  possess a sedimentary buffer, are also limited 
t o  subtidal zones or t o  the low intertidal by phy- 
sical stress. Infauna with protective outer skeletons 
or  shells (such as clams) are probably no t  SO 

greatly affected by such exposure t o  air. 

Sandy sediments contain interstitial spaces 
alllong the sand grains which permit a great deal 
o f  diffusive exchange with the  overlying water 
column. For  this reason, the buffering effect of 
living at depth in the sediments is no t  quite as 
great in sands as it is in muds, although it is still a 
significant factor. Because of the large quantities 
of oxidizable organic matter (detritus) contained 
in the sediments of estuarine systems, the biolo- 
gicdi uxygc~l  den~ai id (BOilj is oxrremeiy high 
in the sediments. 'This demand produces anoxic 
conditions at depth in the sediment column of 
lnutf flats and sand flats. Because of the  higher ex- 
change rates with the overlying oxygenated waters 
and the lower concentrations of detritus in sandy 
sediments, the boundary between the oxygenated 
layer at the surface and the deeper anoxic sedi- 
ments ( the so-called "redox layer") occurs at a 
somewhat greater depth in sandy sedinlents than 
in muddy sediments jk igure 4 j .  

Sandy and muddy sediments generally differ 
radically in theirchemical environments as a direct 
consequence of their differing BOD levels. In 
muds, the supply rate and concentration of cfetri- 
tus are sufficient to  usc up all the oxygen avail- 
able so that a reducing environment exists below 
the surface centimeter. Here anaerobic bacteria 
dominate the sediment chemistry and will pro- 
duce reduced compounds which accumulate in 
the sediinents (e.g., characteristically black iron 
sulfide and distinctively odoriferous hydrogen sill- 
fide). This smell of "rotten eggs" is what many 
visitors best remember of a visit t o  a coastal mud 
flat. In contrast,  detritus is supplied t o  a sand flat 
at  a rate for which sufficient oxygen exists for 
oxidative decomposition reactions, and the chem- 
ical environment is far different. To emphasize 
this difference, Fenchel (19G9) has coined two 
terms, defining the microbial community found 
on rnud flats as a su l fu r e t~~m system and the sand 
flat cornmunity as an estuarine sand micro- 
biocenosis. 

In shallow estuaries and sounds, the sediments 
actually determine much of the  water chemistry 
hecause of their frequent resuspension and great 
chemical activity. I11 some deeper areas, particu- 
larly where there is seasonal stratification of the 
water column and reduced mixing, the water col- 
umn at depth can become anoxic as a result of 
the BOD of the sedi~nents.  Such anoxic conditions 
frequently occur during the surnrner in areas of 
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Sor th  C:;irolina's Pamlico Sound (Tcnore 1972), 
p ~ \ , \ : i i i ~  L<,X;L f~j i .  i l i - . ,~;  u L i i ~ ! i i c .  oisciiii>til> 'tiid 

oftcn c;itisitig extensive fish kills as well. Anoxia 
never develops in the water column and in the 
s~irfacc sctlimcnts of intertidal flats because of 
thc surface mixing along the shorelincs. 

1.4 THE ESTUARY AS A NUTRIENT TRAP 

Coastal lagoons and estuaries ordinarily possess 
far higher concentrations of nutrients than the sea 
~ L X X  V L  L!L:II ~ l t c  l'tc>!~wii:ct.s r u r : r ~ i i i ~  [rorn 
land. 'The high nutrient levels stimulate plant 
growth resulting in the high organic productivity 
that characterizes estuarine environments. In par- 
ticular, nitrogen and phosphorus, the two most 
important nutrients required for plant growth, 
can be found in abundance in estuarine waters. ', 

I 

Estuaries act as nutrient sinks for a t  least/^' 
three major reasons. First, and probably most im- 
portant,  is the effect of the sedimen~s.  Ciay-sized 
sedilncnt particles tend to adsorb nutrients and 
other chen~icals (Rae and Bader 1960). When con- 
centrations in the water column dccline, the sedi- 
ments give up their adsorbed nutrients in a classi- 
cal chemical ecjuilibrium reaction (Pomeroy et  al. 
1965). The sediments thus serve as a buffer for 
phosphates, nitrates, and other chemical species. 
When biological reactions occur t o  utilize availa- 
ble dissolved nitrates and phosphates, the nutri- 
cnts  deposited in rile "sediment bank7' are released 
into the water column, helping to  maintain nutri- 
ent concentrations at high levels in estuarine 
waters. 

arine systems is related to  the basic circulation 
p'tiit'itl of C > L U ~ ~ ~ C S  and i ~ g v o n s .  1,ullat L ~ L I c ' ~  PI."- 

duce an ebb and flood of coastal waters with 
minimal net movement," ,oJ particles and even 
water molecules. Physical oceanographers charac- 
terize estuaries and dissolved species o f  chemicals 
within them by their residence times in the sys- 
tem. Some chemicals have long residence times 
while others pass through more readily. In gen- 
eral, coastal waters are characterized by relatively 
long residence times as a consequence of the ebb 
ariti i'lood parterns OF csruary 01- lagoon. It1 

well-stratified estuaries, it is easy to  see how par- 
ticles (including adsorbed nutrients) can be car- 
ried out  toward the sea by the freshwater flow at 
the surface and then returned upstream by the 
tidal wedge below, which flows as a counter- 
current when the tide is rising. 

The process o f  biodeposition also helps ac- 
count for the nutrient-sink properties of estuarine 
systems. Large numbers of suspension-t'eeding 
molluscs and crustaceans in estuaries and lagoons 
remove suspended material from the water col- 
umn and package it into feces and pseudofeces. 
These act as large particles (which they are, even 
though a conglomerate of smaller units) and sink 
to  the bot tom. There they become buried, but  by 
no means are the nutrients bound within them 
lost. Subsequent erosion, sediment reworking by 
animals, and the uptake of deeper nutrients by 
macrophytic benthic plants maintain these nutri- 
ents in the estuarine system. Further discussions 
of the basic structure and biology of estuarine 
systems appear in a number of texts, including 
Barnes (1974) and Reid and Wood (1976). 

A second cause of high nutrient levels in estu- 



Expansive intertidal flats oftctl fringe the bays and sounds of the mid-Atlantic coast. Photo by Larry R. 
Sl~anks, U.S. Fish and Wildlife Service. 

The i~ltertidal habiiat is subjected to  physical extrenles. In summer, the substrates often become desiccated 
between tides. Photo by Rhett Talbot, University of South Carolina. 



CHAPTER 2. THE FLORA O F  INTERTIDAL FLATS 

2.1 MICROFLORA 

To the untrained eye, an intertidal mud or  
sand flat usually appears barren and almost totalIy 
uninhabited by plants. Microalgae, however, are 
extremely abundant in and on the sediments of 
intertidal flats. These small plants can be best 
viewed and identified under a microscope, but 
they are frequently obvious to the naked eye as a 
conspicuous discoloration of the sediment surface. 
Benthic diatom films appear as brownish stains on 
the sediments, while green microalgae occasionally 
tint the sediments with bright greens. 

Several different groups of microalgae are 
important on intertidal flats: benthic diatoms, 
benthic dinoflagellates, filamentous greens, and 
blue-green algae. Of these, the diatoms are usually 
the most numerous with pennate forms such as 
Navicula and Nitzschia predominant. Benthic dia- 
toms such as Navicula occasionally form dense 
multilayered sheets on intertidal flats (Pamatmat 
1968). Mats of blue-green algae are often obvious, 
features of protected flats (Brenner et al. 1976, 
Polimeni 1976). These mats, composed of several 
blue-greens (I;yngbyn, Aficrocoleus, and Phorm i- 
dium in North Carolina) and also some diatoms, 
are located in the high intertidal zone. During low 
tides, they often dry into a hard black or  blue- 
green crust that resembles asphalt. Although these 
blue-green mats in the high intertidal and the dia- 
tom mats in the lower intertidal are perhaps the 
most prominent examples of intertidal microalgae, 
even where they are not conspicuous, benthic 
microalgae are usually important primary produc- 
ers on intertidal flats. 

Benthic microalgae are of two types - mobile 
and attached. The attached forms tend to be rela- 
tively small and to adhere to the surfaces of  sedi- 
ment particles (Meadows and Anderson 1968). In  
some areas, mobile forms migrate vertically in the 
sediments. For instance, Pomeroy (1959) demon- 
strated vertical migration among the microalgae 
on an intertidal mud flat in Georgia. When the 
tide was out the algae lived on the sediment sur- 
face, whereas at  high tide the densest concentra- 

tion of benthic microalgae was lower in the 
sediments. In other systems, such as on the inter- 
tidal sand flats of False Bay, Washington (Pamat- 
mat 1968), the algae apparently do not migrate 
vertically. Living algae can otten be found to 
depths o f  I Orm, but the m;tloritv is usuallv loca- 
ted within the top centimeter of sediments. In 
turbulent areas and in places undergoing erosion, 
the biomass of benthic microalgae is much lower 
than on relatively protected flats. 

2.2 MACROPHYTES 

Although an intertidal flat contains, by defini- 
tion, no marsh plants or seagrasses, macrophytic 
algae are often a conspic~~crr~s rlement of this 
environment. Attached to shell debris, pebbles, 
and other small fragments of hard substrate, large 
numbers of macrophytic marine algae can fre- 
quently be found. In North Carolina, which lies at 
the boundary of two major biogeographic prov- 
inces, the macrophytic algae of intertidal flats 
undergo an almost total turnover during the year. 
In winter (from around November through March) 
various species of Ectocarpus, a filamentous 
brown alga, :+re extremely common o n  intertidal 
sand and mud flats in areas of relatively high sal- 
inity. This alga is replaced in spring by equally 
massive amounts of the filamentous greens, Enter- 
omorpha and Cladophora. These greens are abun- 
dant from around February through June on 
North Carolina flats. In summer (April -July) the 
leafy green alga, Ulva , is dominant in this environ- 
ment. Only in the fall do macrophytic algae fail- 
to be prominent in the intertidal zones of North 
Carolina's sand and mud flats. Although most of 
these macrophytes are attachcd to hard substrates, 
floating mats of actively growing and healthy 
Enteromorpha and other green filamentous algae 
are also common on many intertidal flats. These 
mats can occasionally beequite extensive, covering 
up to 50% or more of the total area of some inter- 
tidal flats during summer months. 

2.3 BACTERIA AND FUNGI 

Fungi and especially bacteria are extremely 



,ibundant on the srtrf,ices of sediment p,~rticlcs in pl,tnt rn,~tter is not  directly usable by most detriti- 
inrcrticiai l ici t \ .  S ITI .L~~CI  ~ L I  L ~ L ~ u > .  ~ , C C ' L L I S ~ '  or ~lleii  vole^ (Zt)i)tli dild Fc ' l th~rn 1'342, NCLVCI! 1965). 
gre'tter sit1 f'tce ,Ire,i. contain 1,trgcr popi~latiotis of The  plants (especially Spurtina and Juncus) con- 
rnicrot)es th,un co'trscr sediments (Zobcll 1938,  tain high levels of carbon b u t  few nutritious pro- 
Scwcll 1970). i\s a result, b'tcteri,~ ,ind probably teins. B y  growing on this relatively intractable de- 
.~lso lu11gl tencl to  be more abund,~ut  in the scdi- tritus, protein-rich microorganisms ~ r o v i d e  a 
mcnts of mud fl;rts th'tn in sand f'l,rts (Levinton means of making some of that energy bound up 
1972). Both 11,tctcria '~nd fungi p 1 , t y ~ ~ ~ ~ i q o r t ; m t  in plant material available t o  consumers and 
ecologic,d rolc in converting dead urg;u- higher trophic levels (de la Cruz 1973, Tenore 
to iriorg,~rlic tir~tricnts (a process tcnnecl ~nineruli- 197 7). Xuineroirs studies have demonstrated 
,&on), \$ hich ,ire then ,~v,~il,tt)le t o  support an-  that the consumption of detrital particles by vari- 
other cycle ot prtln'iry (piant) anti secondary jani- ous cietr~t ivo~eb ~esuftb in tile assinriiaiion oE the 
11~~1) production. RCC'III\C this t i l i ~ i e l . ~ l l ~ ~ ~ i t t o ~ ~  pro- t~acteria hut  in little or n o  digestion o f  the detritus 
ccss occitrs tn thc sctlitnents, nutrtents ,ire m,de  itself (Fcnchel 1970,  Newell 1970,  but see also 
rapicil) ,ivail,iblc t o  belithic pl<lnt\, whcrc:is plank- conflicting evidence in Adams and  AngeIovic 
tonic algae, cspeci,~Ily in decl)er w;cters, are often 1970, Carnmen et  al. 1978). Passage through the  

lscvert.ly lilnitcci 1 ) ) ~  the slow return of nutrients gut often serves to aid the process of  mechanical 
to the w,rtcr column. Fungi arc conimonly found break-down of the detritus despite this lack of  di- I 
o n  decomposing ~>l,tnt matcri'11, whereas bacteria rect digestion of the detritus (Fenchel 1970).  This 
.Ire , tI)i~~ld,t~it  tferom~)osers o f  both pl,~nt and ani- explains why the reingestion of feces ( termed 
ma1 m.ittcr. I:ungi tend t o  'rct inside the detr i td  coprophagy) is a commonly observed practice 
l>.~rtir.le 1)): cxtc.ndilig long hypIi,te, while bacteria among many marine deposit feeders (dctritivores) 
,try r~io\ t  c ornrnonly ,isso( i'itecl with the outer sur- (Johannes and S a t o ~ n i  1966,  Frankenberg and 
l.lc.c\. U o t l l  Ii~ng,tl 'tnd I),~c.ter~,~l dcr*oml)osttion ,Ire Smith 1967). Feed I>eIIets are enriched in detr i tus  
aided l)y the ,it tivitic\ 01 v,~riou\ ,tnlln,tls which Ilut stripped of much of their bacteria a n d  pre- 
serve t o  I)rc,tk I[) the detri tits ~n t o progt cs\ively stunal)ly fungi during passage through the animal's 
llrlcr ~ , L I  tic.lc-5 with I'irger ,inti 1,irgcr \ut f.rce '1rc.l. gut. Al'tcr it is tlcfecnted, the fecal pellet is rapidly 

rccoloni~cd by micrubcs, which because o f  high 
In ,~tldition t o  their rolc as mincrGrlizers of dc- b,~c.tcrial growth rates quickly increase in  abun- 

tritus, Oi~cteria ( m d  ~ ~ r o b ~ t b l y  ,11so fungi) play tl,uncc, such 111,tt after a sufficient lag time the  fe- 
another extremely impor t ,m tp~~r t  in the ~ lyr r~~ln ics  c J  pellet is again suit;tl)le forconsumption bv  
01 estuarine systems. 'l'hey .11so serve '1s trophlc cletritivores (Ncwcll 1965, Fcnchcl 1970, Iiar- 
intermetli,ite hctwccn re1,ttively indige\tit)lc pl'tnts grave 1970). Many rcsc:rrchers who study marine 
('ind pl'rnt fr,~ctions such 'IS ccllirlose 'tntl lignin) p>cnthic cicposit feeders t)clici~e th,lt this proccsss 
nnd potu~ti , t l  co~isumer\ 01 1)l'tnt (Ietritits (de la / of ~nicrobi:tl rcnc.wal on  detritus is ,In important  
C r u ~  1973. 'I'cnorc 1977). Alany sttrdic\ of ~n'trsh 1 rate-limiting stel) which tietermines the a b ~ t n -  
plants, including Sf)artitla (cortl ~r , tss) .  Jurzcus tlanccs of varIoils tlcposit-feeding specie\ in ma- 
(needle rush), 'tnd Salicorniu (s,lltwort), 'ind of rine I)cnthic communities (1,cvinton 1972,  Lcvin- 
scagrasscs, inc-luding Zostertl (c.cIgr,r\s), iialocltrlr~ ton ,1nc1 I . o p c ~  1977). 'i'hc best studied of  these 

stratccl tli'tt very little of the prim'lry production 

L 
(sIioalgr,rss), 'tnd '/'lznk(i~szu ( t  irrtlc gr'tss), in various deposit feeders are sn'tils of the genus I lydrobia,  
cstil,~rinc systems 'tround the world hnvc dernon- which live on intertidal mud flats. 

is g r a ~ e d  directly l)y 1icrl)ivores ('l'c,il 1962, 
'I'enorc 1977). hlort of' the plant matter dies and In addition to  their role as - mineralizers - -- -. - -* and 

is shccl into the water. A large fraction (prohdhly their-role as trophic intermediates .-  between^^ .- - --_ll _ 
exccetiing 50% in most systems) o f  the dead plant t u <  its consumers, b ~ c C t c ~ k i n  marine sys* 

material that is shed each year from m;~r \h  plants have a thii-?I majob f;nction:?-some bacteria are 

and seagr~tsses is carried away from the immediate capable of growinq on dissolved substances from 

area whcrc the plants grew and is ultimately pro- the water column. Such activity essentially pro- 

cessed t)) tlecomposcrs and cletritivorcs elsewhere duces edible particulate matter  ( the  bacteria) 

within the estu,~rinc. or  co;tst,tl tn,trine ec o\y\ icm from substances that would otherwise be unavail- 

(Odum nnd de 1'1 C r u  1967, de la Crux 1973). able t o  higher-level consumers. Dissolved sub- 
stances which some bacteria can utilize in  this 

For the sdme re~isons that render the living fashion are of two major types: (1) dissolved or- 
p1,int largely indigestible t o  herbivores, the dead ganic compounds, previously excreted o r  other- 



wise released largely by plants, and (2) dissolved 
irlorg,a~li~ compounds. B d ~ t e i ; ~  tllat C A I ~  ~ I U W  un 
dissolved inorganics are termed chemo-autotrophs 
because they produce particulate organic matter 
without directly utilizing the sun's energy in pho- 
tosynthesis. Instead, they utilize energy in the 
chemical bonds of certain inorganic compounds, 
notably hydrogen sulfide. Bacteria on marine soft 
sediments exhibit a broad range of functional 
strategies from 100% chemo-autotrophs to  100% 
utilizers of solar energy. Despite the importance 
of bacteria as chemo-autotrophs in ocedns and the 
abundance of high-energy sulfur compounds in 
intertidal mud flats, this sort of production of 
particulate food is apparently not very significant 
on tidal flats, not  even on mud flats. Primary pro- 
duction based upon photosynthetic pathways far 
ou twe ighs  t h e  c o n t r i b u t i o n  from chemo- 
autotrophy in such a well-lighted environment. 

Although most of the detritus upon which de- 
composers are operating is produced In other 
estuarine habitats, much of this detritus ultimately 
does reach the intertidal flat. Newly sloughed-off 
plant material usually rafts away from the imme- 
diate vicinity of its production (Odum and de la 
Cruz 1967), and, because it floats on the water 
surface, much of it is deposited by the wind and 
tides in the intertidal zone, especially along the 
most recent high-tide line. Here numerous animals 
fragment it, process it, and gradually work it into 
the sediments so that the detr~tal  content of Inter- 
tidal flats can be quite substantial (Odum 1970a). 
Food levels for detritivores can thus be high on 
intertidal flats, especially on mud flats (as shown 
by Ferguson and Murdoch 1975 for a North Caro- 
lina estuary). Decomposition (mineralization) of 
this detritus, which is derived from other habitats, 
helps to  fuel the substantial rates of productivity 
by benthic microalgae on the intertidal flats and 
even by phytoplankton in the overlying water col- 
umn. Rublee and Dornseif (1978) counted bacteria 
in sediments taken directly from an intertidal 
marsh in North Carolina and found that bacterial 
abundances declined significantly with depth in 
the sediments, suggesting that food levels for 
detritivores are far higher in surface sediments. 

2.4 PHYTOPLANKTON 

areas. In North Carolina's estuaries, various dia- 
turns, especially Skeleiorierr~u, dolrlinatc (Cal.pc11- 
ter 1971, Williams 1973). Winters are charac- 
terized by low levels of phytoplankton probably 
because of low light levels and low temperatures. 
Coastal waters are therefore quite clear in winters, 
except when clouded by silt in the runoff after 
heavy rains. Phytoplankton concentrations usu- 
ally peak in spring and remain almost as high 
during summer, substantially increasing the turbi- 
dity of coastal waters. Intertidal flats contribute 
significantly to totai phytoplankton producrioli 
in estuarine systems because at high tide when the 
flood waters spread out across the flats the total 
area (and volume) of the euphotic zone (the zone 
where light levels are sufficient for net photosyn- 
thesis) is greatly increased, often by a factor of 
two or more (Figure 5). The degree to  which the 
intertidal flats enhance phytoplankton production 
by increasing the euphotic zone at high tide can 
probably be approximated by the proportion of 
the estuarine bottom that is intertidai. However, 
no studies have yet been done to measure this 
effect quantitatively. Despite the relatively high 
levels of nutrients in estuaries, phytoplankton 
production is limited in North Carolina's estuaries 
by nitrogen concentrations (Williams 1966). 

2.5 MEASURMENTS OF PRIMARY 
PRODUCTIVITY 

i n  a review of the data on the rate of produc- 
tion of plant matter (primary productivity) on 
intertidal flats. one must necessarilv consider each 
of the maior tvwes of wlant on thk flats. namelv 

J 

(2) benthic .--___-.___-___ microalgae, - 
m- 

" 
habitats, the productivity of other major elements 
of the whole estuarine system must also be des- 
cribed here. Fragments, large and small, of impor- 
tant producers, such as marsh plants (e.g., Spar- 
tina, Juncus) and seagrasses (e.g., Zostera, Halo- 
dule, Ruppia), are found abundantly on and in 
the sediments of intertidal flats. The intertidal 
flats are not a closed system ecologically, but 
rather rely upon organic inputs from other wet- 
land habitats as well as their own in situ produc- 
tion. 

At high tide, when the intertidal flats are The plants of the salt marsh have received a 
covered by flood waters, phytoplankton have the great deal of attention as a result of several studies 
opportunity to grow and reproduce in intertidal 





which have demonstrated their high rates of pri- Just how great the primdry production of 
mary production. Primary productivity is often marsh plants is has been discussed by Odum 
measured in units of grams of carbon produced (1959). Most marshes are more productive than 
per square meter of ground per year or in grams cultivated and highly managed terrestrial crops. 
dry weight per square meter per year. Since car- The world's average production for corn fields is 
bon makes up slightly less than one-half of the 412 g carbon/m2/yr, while rice is 497 g car- 
dry weight of these marine plants, one could mul- bon/m2 /yr (Odum 1959). In the U.S., hayfields 
tiply grams of carbon by approximately 2 to  are highly productive, but they average ony 420 
convert to grams dry weight. Well-known studles g carbonjm2 /yr. The most productive parts of the 
of  the Georgia Spartina alterniflora marshes by seas occur in upwelling areas, such as off the coast 
Smalley (1959) and Odum and Fanning (1973) of Peru (Ryther 1969); however, these upwellings 
have produced productivity estimates as high as too are not  as productive on an areal basis as a 
3990 g dry wt /m2jyr .  Keefe (1972) and Turner salt marsh. 
(1976) reviewed the various salt marsh producti- 
vity studies and concluded that production usually Seagrass beds also show reldtively high pro- 
declines on a gradient from south to  north along ductivities in many areas. Values for annual pro- 
the east coast of North America. In North Caro- duction o f  Zostera range from approximately 5 to  
lina, primary productivity of Spartina alterniflora 600 g carbon/m2 /yr (Phillips 1974). I11 North 
marshes ~tsually falls in the range of 329 to  1296 g Carolina, Zostera productivity has been measured 
dry wt/m2/yr  while Juncus rocmerianus produc- near Bcaufort a t  approximately 330 to  340 g car- 
tion lies between 560 and 1960 g dry wt/m2 lyr  bon/m2 /yr (Dillon 197 1,  Penh'ile 1977). Mixed in 
(Keefe 1972). Stiven and Plotecia (1976) ern- with the eelgrass in this area is dnother seagrass, 
ployed a multiple regression model t o  a n a l y ~ e  the Ilalodule, and a brown alga, Eclocarpus, which 
importance of several fdctors on marsh produc- together contribute another 73 to 300 g car- 
tivity using data from 23 east coast marshes. They bon/m2 /yr (Dillon 197 1 ,  Penhale 1977). If  these 
found that along the east coast of North America, estimates are representative of the subtidal seagrass 
vegetational species, latitude, growing season, beds in North Carolina's estuarine systems, then i t  
temperature range, and mean tidal height explained is clear that an acre of a North Carolina seagrass 
69% of the variation in reported productivities. bed is also more productive than rice, corn, and 

the other terrestrial crops listed by Odum (1959). 
Virtually all of these studies rely upon what is In the sounds and estuaries of North Carolina, 

termed the harvest method of estimating net pri- seagrass beds are prominent and clearly important 
mary productivity. A t  the time of peak standing producers of detritus, some of which is processed 
crop (usually in the fall), sample plots are har- on mud and sand flats. 
vested and the plants are dried and weighed. As- LT 

suming that marsh plants undergo incremental As is suggested by its low standing crop, the 
growth to  a peak height without loss of any signi- productivity of phytoplankton in est~tarine sys- 
ficant portions during the ycar, this peak biomass tems has long been thought to be relatively low. 
would represent the total production for the full ', For instance, Marshall (1970) estimated that 
ycar. Such an assurnption obviously produces an ; phytoplankton contributed only 5 0  g carbon/ 
underestimate of true productivity. Kirby and . ~ . ~ n ~ / ~ r  t o  New England's subtidal shoal waters, 
Gosselink (1976) demonstrated that the under- compared to a contribution of 125 g carbon/ 

2 estimate was large indeed in a 1,ouisina Spartina m2 /yr for all macrophytes. In the Newport River 
alternqlora marsh. By using the so-called Wiegert- estuary a t  Beaufort, North Carolina, Williams 
Evans "old-field" method of estimating primary r (1966) and Thayer (1971) estimated that phyto- 
productivity, which involves estimating the death plankton produce about 110 g carbon/m2 /yr. 
and loss of vegetation during the year, they Rago t~k ie  (1959) measured oxygen uptake in 
demonstrated that- true annual rates of primary light and dark bottles (a conventional means of  
production are about two and one-half times the estimating net phytoplankton productivity) in the 
harvest estimates. Although the published harvest Duplin River estuary of Georgia and found phyto- 
estimates seem relatively high for marsh plants, plankton production to be negligible. 
actual values are even higher. 



Despite this prevailing concept that phyto- 
pldnklo~l colltiibutc a11 insignificant fraction of 
total carbon to the estuaries and lagoons, more 
recent data provide support for a different view- 
point. Sellner and Zingmark (1976) found phyto- 
plankton production as high as 350g carbon/m2/yr 
in shallow tidal creeks and estuaries of South 
Carolina. Haines (1977) has demonstrated that 
the majority of the detrital pool in a Georgia estu- 
ary has a ratio of stable carbon isotopes (termed 
the S I3C ratio) appropriate for either phytoplank- 
ion ol beil~hiz microd!gac a i d  not foi Sput t iw,  

. Juncus, and seagrasses. This suggests that phyto- 
plankton and benthic microalgal production in 

. estuarine systems is far greater than past measure- 
ments indicate. Further research is necessary to  
resolve this issue. In North Carolina's sounds, and 

c even in its estuaries, the summer turbidity tends 
to be low, suggesting that phytoplankton produc- 
tion could often be significant. 

. . 
very little work has been done to measure it1 

situ primary production of benthic algae on inter- 
tidaI sand and mud flats. There are no estimates 
o f  macrophyte productivity from these habitat 
types, despite the obvious abundance of macro- 
phytes like Ulva, Enteromorpha, and Ectocarpus. 
Some estimates are available, however, for the 
benthic microalgae. Pomeroy (1959) measured 
microalgal productivity throughout the year on  an 
intertidal mud flat in Georgia. He found that 
annual gross producttv~ty of benthic rnicrodI(.de ? 
was about 200g carbon/m2/yr. Net production 
(that quantity measured in macrophyte studies) is 
at least 90% of this figure. Pomeroy (1959) 
observed that benthic primary productivity 
remained nearly constant year-round on this mud 
f la t .  In summer, productivity was greatest at high 
tide, whereas in winter the algae were more pro- 
ductive when the tide was out .  Four other studies 
have measured benthic diatom production on tidal 
flats year-round. Pamatmat (1968) found micro- 
algal productivity on an intertidal sand flat in 
False Bay, Washington, to be about the same as 
measured on  flats in the Danish Wadden Sea 
(Gry5ntved 1960), namely about 116 to 178% 
carbon/m2/yr. In intertidal flats of a southern 
California lagoon, microalgal productivity was 
estimated to be about 200g carbon/m2/yr (Onuf 
et al. 1980). Leach (1970) found microalgal pro- 
ductivity t o  be 31g carbon/m21yr in the Ythan 
estuary in Scotland at latitude 57" N. Since lati- 
tude seems to explain much of the variability in 
these observations (lower productivity a t  high lat- 

itudes where sunlight is more limited), the inter- 
tidal f lats  in North Carolina probably produ 
close t o  200g c a r b ~ n / r n ~ / ~ r .  The only ava 
value for  a North Carolina microalgal comm 
(Bigelow 1977) is far lower (40g carbon/m 
but that figure comes from a 6-month stu 
the Newport River estuary where turbid 
probably greater than in sounds and is probab 
not  representative of North Carolina's intertid 
flats in general. 

2.6 FOOD CHAINS OF INTERTIDAI, FIATS 

The entire estuarine ecosystem is commonly 
viewed as a detritus-based system in which the 
vast majority of consumer food chains is based at 
the bottom level upon the consumption of detri- 
tus and its associated microflora. (See Nixon and  
Oviatt 1973 for an excellent and detailed analysis 
of energy flow in a New England estuary.) This  
viewpoint is supported by the numerous obser- 
vdti011s 011 (1) I ~ ~ ~ I S ~ C S  and marine grass bcds 
which demonstrate little in situ herbivory despite  
very high productivity, and (2) gut  contents  of 
consumer organisms which are frequently domin-  
ated by detrital particles (Teal 1962, Tenore 19 77) .  
Classic studies of the Georgia estuaries, where  
marshes cover a large proportion of the total e s t u -  
arine acreage, have emphasized the t remendous  
importance of marsh plant detritus in the nut r i t ion  
of the large majority of shrimp, crabs, and f ishes 
of the estuaiirie e c u s y ~ ~ r i i i  (Ted 1962,  Oclutli dnd 
de la Cruz 1967). 

Despite such conclusions about the impor-  
tance of detritus in the energy flow of estuarine 
systems and in the fueling of the consumer f o o d  
chains, it has remained difficult t o  confirm t h e  
quantitative importance of  detritus and its associ- 
ated microflora in the nutrition of  any given 
species. Gut  contents are not  especially useful for 
determining the diets of detritivores and o t h e r  
consumers low in food chains because of difficul- 
ties in interpretation of such information. Of ten  
the gut contents cannot be identified because o f  
their advanced state of decomposition. Even the 
basic distinction between marsh plant and diatom 
or seagrass detritus is usually impossible. Further- 
more, what is found in the gut is not  necessarily 
what is being digested and assimilated. The  major- 
ity of the gut contents of  a detritivore will usudIy 
pass through undigested. As a result, Wn-e-- 
accurate identification of the source of the d e ~ i -  
tus in guts does not permit reasonable inferences - 



about the relative importance of various types of 
primary producers in the nutrition of the animal. 
Differential rates of digestion of those food 
sources which are actually ingested cause further 
difficulty in the interpretation of data on gut con- 
tents (Peterson and Bradley 1978). The most 
quickly digested items may be greatly diminished 
or even absent from most gut contents. 

A recent technique has been developed which 
has the potentia! to circumvent all of these proh- 
lems with interpretation of gut content data. Two 
different stable carbon isotopes exist in nature, 
*C and 12C. The ratio of these two isotopes (the 
so-called 6 UC ratio) is constant in the atmosphere. 
However, photosynthesis does not draw its C 0 2  
randomly and can enrich the photosynthate (the 
plant's carbohydrates) in one or the other carbon 
isotope. Plants which utilize the Hatch-Slack (C4) 
pathway of photosynthesis have a characteristic 
6 *C ratio that differs grcatly from thc ratio incor- 
porated by plants which utilize the Calvin (C3) 
pathway. Grasses such as Spartina are C4 plants, 
while most other vascular plants are C3 plants. 
Benthic diatoms have predictably and consistently 
intermediate 6 13C ratios (Haines 1976a, b,  Thayer 
et al. 1978). Distinctions can thus be drawn 
among the major types of primary producers in 
the estuary. 

IIdirxs illld Molltdguc (1979) have done 
feeding experiments in the laboratory to demon- 
strate that animals which consume plant material 
incorporate a 6 13C ratio that reflects that of their 
food. This appears t o  be true even if the plant de- 
tritus passes first through a microbial interme- 
diate (Haines 1977, Haines and Montague 1979). 
As a result, the relative importance of certain 
major types of plants (marsh grass vs. seagrass vs. 
algae) in the diet of a detritivore can now be in- 
ferred by analyzing the detritivore's 6 I3C ratio. 
This technique has a tremendous advantage over 
using gut content information in that it provides 
an integration of the animal's diet over quite a 
long (but undefined) period of time instead of 
yielding just an instantaneous picture of the most 
recent meal. Some results of this work are avail- 
able (Haines and Montague 1979) which tend to 
contradict previous assumptions about the impor- 
tance of marsh plant productivity to some of the 
detritivores that dominate the fauna of an estu- 
arine system. The results reveal that algae (phyto- 
plankton and benthic microalgae combined) are 

far more important than expected in the nutrition - 
of consumers in estuarine systems. Haines (1977) 1 
has also shown that the detrital pool of particles \ 
available for breakdown and subsequent incorpo- j 
ration by consumers in a Georgia estuary is largely 
derived from algal sources, not from marsh grasses. j 
If it is true, however, that phytoplankton and 
benthic microalgae are more important producers i 

of utilizable detritus than are the highly produc- 
tive marsh macrophytes, a major question remains 
ttnanswered. Whew does all of that marsh prodtic- 
tivity go? Research is necessary to resolve this 
issue. 

In estuarine systems of North 'Carolina, Vir- 
ginia, and Maryland, and, to a lesser degree, else- 
where along the east coast of the United States, 
it is clear that the areal extent of the phytoplank- 
ton habitat is often far greater than the areal ex- 
tent of the marshes and seagrass beds. Estuarine 
systcms ~vi th  large expanses of open water, such 
as are found in North Carolina, would be expected 
to support high phytoplankton production. 
Bigelow (1977) has constructed a summary table 
(Table 1) for the Newport River estuary in North 
Carolina, which presents the available data on the 
productivity of each major type of primary pro- 
ducer. In this table he also lists the areal coverage 
of each habitat and from these data calculates the 
relative importance of each type of plant in the 
total production of thc cntirc cstuarjF. Phyto 
plankton account for 49% of this estuary's total 
productivity, Spartina alterniflora 42%, while 
benthic microalgae contribute only 7.4%, and 
Zostera only 1.4% to the total. Bigelow had no 
data on the production of benthic macrophytes 
like Ulva, Enteromorpha, and Ectocarpus, so 
these plants are not included in these percentages. 

There is more suitable phytoplankton habitat 
and often also more suitable habitat for benthic 
microalgae than thcre is marsh area in North 
Carolina estuaries. Thus, even though the per- 
unit-area productivity of phytoplankton and ben- 
thic inicroalgae may not be as great as the areal 
productivity of Spartina, the total amount of 
inicroalgae produced in the estuary may be 
higher. A large proportion of this estuarine phyto- 
plankton production and essentially all of the 
benthic microalgal production is transformed into 
benthic invertebrates on intertidal and shallow 
subtidal flats. The benthic microalgae arc prob- 
ably far more important in this process than their 



Table 1. Net annual primary productivity of  each major source of plant production in the Newport 
River estuary (from Bigelow 1977). 

- - - -- - - - - - - - - 

Productivity (g c/m2 lyr) 
Source of Effective Per unit area Per unit area 
primary production area of within its averaged over all Reference 

habitat (km2 ) 
-- -- - - - - - own habitat 

- -- estuarine habitats - - -. -- 

Phytoplankton 3 1 Williams (1966), 
Thayer (197 1) 

Williams and Murdoch 
(1969) 

Zostera marina 0.3 330 3.18 Penhale (1977) 

Zostera epiphytes 0.3 7 3 0.7 1 Penhale (1977) 

Benthic microalgae 15.5 33.7 1 6 . 8 ~  Bigelow (1977) 
- 

a~ased on data from June to December and multiplied by 2 to get annual production. 

productivity indicates because of their close prox- 
imitv t o  benthic consumers, making possible a 
high ut i l i~at ion efficiency on the part of the con- 
sumers. As will be developed in succeeding chap- 
tcrs, thc intertidal flat thus serves as the habitat in 
which primary production from several estuarine 
habitats is transformed into benthic .~nimals 
which provide the food resources for all probing 
shorebirds and many bottom-feeding fishes. 

Although it is currently impossible to state 
unequivocally which sources of plant production 
arc tllc   no st signifi~dlit siil,piicl.s o f  ~iuliil ioti  10 

the consumers a t  the base o f  estuarine food 
chains, certain generalizations are possible. Several 
authors have recognized that  the trophic status of 
an aquatic animal tends t o  be complex. In marine 
systems, most animals reproduce by using plank- 
tonic larval stages. Such larvae are generally small 
and become a part of the zooplankton. Some 
larvae feed in the water column (planktotrophic) 
and some d o  not feed until after metamorphosis 
(lcicotrophic). I11 either case, when thc new ani- 
mal first begins t o  feed it is usually orders of  
magnitude smaller than the eventual adult size. I ts  
trophic status is likely t o  be entirely different 
from that of the adult or even the juvenile. 

A progression o f  trophic changes through 
development as a function of increasing body size 
is common among marine animals. For instance, 
many predatory fishes of estuarine systems pass 
first-through a planktivorous larval stage and thcn 
a detritivorous iuvenile stage before becoming - 
predaceous as adults. Even as adults, estuarine 
predators often switch to  detritus as a supplemen- 

tary food source when prey are scarce ( O d u m  
1 9  70a). Conscqucntly , trophic relationships i n  
estuaries and lagoons tend t o  be dependent  u p o n  
available alternative food supplies as well as u p o n  
stages in the life cycles. Since most larval fishes 
and crustaceans in estuaries depend upon ea t i ng  
zooplankton during early weeks, the zoop lank ton  
o f  an estarine system and thc phy top l ank ton  
u l ~ o n  cvhich most of them feed are far more  signl- 
ficant than thcir small n~ imber s  may suggest 
(Odum 1970a). I11 North Carolina sounds, Will- 
iams e t  al. (1968) found relativelv l ow  zoo -  
plankton ;~ l~undanccs  and suggested that  the  high 
populat iol~ lcvels of larval fishes may be partly 
responsibic. 

Another commonly recognized feature of es- -- - -- - - ,. - - 
tuarine food  chaT6s is thelr narroiYAase. Very few 

species are major contributors t o  the  puo1 
of organic detritus which fuels estuarine food 
webs, A wide diversity of consumer organisms is 
dependent upon thc relatively simple base of pri- 
mary production. This characteristic helps to &- 
tinguish estuarine food webs f rom t h o ~ ~  of  terres- 
trial Ecosystems where diversity-i_s-usuallv hi&st 
a t  - lower trophic .- --..- levels.. -- In  addition, within th; 
system energy first fixed (i.e., transformed from 
light energy t o  chemical energy) by a single plant 
can flow up the  food chain in several possible 
ways with several possible trophic end-points. T h e  
discussion of the  fauna o f  intertidal flats will fo- 
cus upon trophic relationships to illustrate I&- 
variety of top predators which exist a t  the ends of 
largely detrital-based food chains o n  the mud and 
sand flats of estuarine systems. 



CHAPTER 3 : THE BENTHIC INVERTEBRATES 

3.1 BENTHIC EPIFAUNA 

Benthic animals are those which live in close 
association with the bottom. This catagory in- 
cludes animals which live in more or less fixed 
posiiiu~rs u n  top of the subst~atc fcpifdunaj, those 
that live buried in the substrate (infauna), and 
those which move readily about the bottom for- 
aging both on and in the sediments (mobile epi- 
benthos). Marine epifauna and infauna are almost 
solely composed of invertebrate species, whereas 
both invertebrates and vertebrates are commonly 
represented among the mobile epibenthos. 

On most sand and mud flats the epifauna is 
apparent, but spdlseiy dibilibuied (Moote ei  dl. 
1968). In the intertidal flats of Europe and along 
the Pacific coast of North America, the blue mus- 
sel, Mytilus edulis, is the most apparent epifaunal 
species. Along the southeast Atlantic and Gulf 
coasts of North America, the oyster, Crassostrea 
virginica, is the most obvious epifaunal inverte- 
brate. In North Carolina, oysters are often found 
in a dense band in the mid to  high intertidal zone 
at the lower edge of the salt marsh (Figure 1). Be- 
low this band oioystcrs is usudlly ar1 open mud ur 
sand flat which may contain more oysters ("an 
oyster reef") at a lower level of the shoreline. In 
North Carolina, however, most of these oyster 
reefs tend to be subtidal. 

Oyster beds contain numerous plants attached 
to the shell surfaces, and a whole community of 
associated animals. In North Carolina, the inter- 
tidal oyster shells are colonized by various marine 
algae and epifaunal invertebrates characteristic of 
intertidal hard substrates. Tunicates (such as 
Styela), branching bryozoans (Bugula), hydroids 
(Pennaria), barnacles (Balanus eburneus and B. 
amphitrite), encrusting bryozoans (Schizoporella) , 
sponges (Hymeniacidon, Cliona) , soft coral 
(Leptogorgia), and small gastropods (like Bittiurn) 
are common epifaunal elements associated with 
oyster beds. 

Oysters feed upon suspended algae in the 
water column. Haines's (1976a) data demonstrate 

this trophic link, as do numerous examinations of 
gut contents of adult oysters (Nelson 1921). The 
most important single source of energy is prob- 
ably phytoplankton, but resuspended benthic 
diit~otns dttd olllet tiiictoalg~e 111dy ~ o i t t ~ i L u i e  d 

significant proportion. No study has successfully 
separated the planktonic and benthic components 
of the oyster's diet. 

Occasional empty shells from dead clams or snails 
provide hard substrate for attachment by the local 
array of hard-surface epifauna. Except for these 
ephemeral substrates, there is no basis for firm 
attachment in a soft-sediment environment. As a 
~.t.sult, lht. ~ p i f d ~ ~ l d ,  U L ~ C I  ~hdll CJYbtClb dlld I1IUb- 

sels, are not  important components of intertidal 
flat habitats. Oysters and mussels succeed in this 
environment, in part, by forming heavy clumps 
which are more stable than isolated individuals. A 
few other epifaunal species can be found in 
depressions on mud and sand flats where they 
have been carried by the currents. For instance, 
Styela plicata is often found in such depressions 
on the intertidal sand flats at  Beaufort, North 
Carolina (Williams and lhomas 1967). Neverthe- 
less, the oyster is the most common epifaunal 
resident of this habitat and certainly the most im- 
portant commercially. 

On relatively high-energy sand flats in North 
Carolina and elsewhere, various species of sea 
pansies (Renilla) are often abundant. These ani- 
mals are common on sand flats at the mouths of 
inlets in North Carolina. They are colonial coelen- 
terates which form a purple disk about the size of 
a silver dollar when fully deveIoped. Sea pansies 
are not really epifaunal in that,although the disk 
is visible at the sediment surface, an appendage 
called the peduncle extends vertically into the 
sediments and anchors the colony in the sand. 
Some authors have called sea pansies semi-infaunal 
because of this. These colonial coelenterates are 
suspension feeders. They are most numerous on 
the ocean floor just outside the surf zone, but 
they are also typical inhabitants of the high-energy 
sand flats of sounds and lagoons. 



Soft substrates, because of their mobility, are 
most suitable for occupation by infaunal organ- 
isms. The infauna are usually subdivided into 
three groups: the microfauna, the meiofauna, and 
the macrofauna. The distinction between the 
groups is occasionally blurred, but basically the 
microfauna are the smallest benthic animals (pass- 
ing through a 0.062mm mesh); the meiofauna are 
sillall, but siir~lcavhat larger bcnthic animals 
(usually those which pass through a 0.5mm mesh 
but are retained on a 0.062mm mesh), while the 
macrofauna are larger (those retained on a 0.5 mm 
mesh). This size distinction also corresponds 
broadly with some major taxonomic size breaks, 
so that the operational definitions of microfauna, 
meiofauna, and macrofauna do not reflect a purely 
arbitrary decision. Among the meiofauna, those 
taxa which never grow large enough to be retained 
uil d 0.5 1li111 ~iichli dtt: Lei ~ n e d  thr p e ~ ~ ~ i d ~ l r ~ i  t 
meiofauna. Macrofaunal juveniles which are still 
small enough to be within the meiofaunal size 
range are termed the temporary meiofauna. 

Microfauna include all protozoans. Ordinarily, 
the most numerous are foraminifera and ciliates; 
these groups can be extremely abundant on some 
intertidal flats, but their ecological roles are poorly 
understood. Because foraminifera produce a calci- 
fied test w h i ~ h  islelt behirid aL [he animal's dedth, 
geologists and paleontologists have studied them 
more intensively than have marine biologists. 

The meiofauna of intertidal sand flats differ 
c o n s i d ~ f 0 6  -ihe-hX6fa~a--(~;irintertidal ---- -- 
q i i d j a t s .  ~ & a s  are by-definition coarser, whiih ----- I 
means that larger interstitial spaces exist between 
adjacent particles. The meiofauna of sands are 
largely interstitial organisms, well-adapted to 
moving among these sediment grains. Gastrotrichs 
and turbellarians are essentially restricted to the 
sand environment (McIntyre 1969). The intersti- 
tial spaces in sands provide oxygenation to deeper 
sediments so that the meiofauna of sands are dis- 
tributed over a broader range of sediment depths, 
extending in abundance to 1 Ocm or more. In mud 
flats, the meiofauna are restricted to surface sedi- 
ments. Nearly all of the individuals occur within 
the top centimeter or in the oxygenated zone 
which may extend slightly deeper or shallower 
than 1 cm. Here, most of the meiofauna are epi- 
benthic forms, found on top of the sediment 
surface, or burrowing forms found just below the 

surface. These mud animals tend to have 1 
stocky bodies, whereas meiofauna from s 
smaller vermiform animals, adapted to 
among the grains (McIntyre 1969). 

On the intertidal flats of North Carolina 
nematodes are the most numerous meiofauna 
taxon. This pattern of abundance is apparently 
typical of shallow marine sediments world-wide. 
Harpacticoid copepods are ordinarily the second 
most abundant m~iofaunal  tauon. Other meio- 
faunal taxa of importance in North Carolina flats 
are the gastrotrichs, turbellarians, and gnathosto- 
mulids. Coull and Fleeger (1 977) in studying the 
meiofauna of sand and mud flats of South Caro- 
lina found that seasonal progressions of harpac- 
ticoids occurred regularly on the mud flats, 
whereas harpacticoids in a sandy habitat showed 
less predictable patterns of variation in abundance. 

Tllc tfL01~~iLdl r01c vr ~Iir rnt.ivfaund is not 
clear. At  one time, most meiofauna specialists 
believed that these groups represented a trophic 
dead end in estuarine food chains. Several more 
recent studies have demonstrated that various 
consumers feed upon the meiofauna. For instance, 
grass shrimp, Palaemonete.~, greatly reduce t h e  
abundance of nematodes and a meiofaunal poly- 
chaete  roba ably because they are preying upon 
them (Bell and Coull 1978). Balanoglossus, a 
common rndcroldunal bpccies in N o ~ t h  Carolina 
s,md flats, consumes nematodes very effectively 
(B. Duncdn, Univ. North CLirolina, Chapel Hil l ,  
Pers. Comm.). Coull and Bell (1979) reviewed all 
studies that demonstrate that certain meiofauna 
do serve as food for higher-level consumers and 
found that most of these studies were done in 
muddy sediments. Attempts to demonstrate con-  
sumption of meiofauna in sands have almost al- 
ways failed. Coull and Bell (1979) suggested t h a t  
the meiofauna in muds are much more available 
to consumers because they are densely packed 
into the surface sediments where a consumer can 
gather them readily by merely ingesting the top 
centimeter of sediment. In sands, on the other 
hand, a consumer must process a large volu 
sediments to harvest the sparsely distri 
meiofauna. Not many organisms are adapte 
this sort of sediment processing, which is energ 
ically expensive. Sa 
trophic dead end: 
r ~ d Z i " ~ ~ e ~  Fy 
by those considered t o  b 
feeders). 



The macrofauna of intertidal flats contributes sgdirne~tary deposits a d  presumably-gsi-pil?tes 
a much higher proportion to  total community the bacteria -- and fungi on detritzl particL:s_as we1T" 

' - - --.I* 
biomass than the meiofauna at any given time. as theJ any different types of 
Since macrofauna are also much larger and easier benthic deposit feeders have been distinguished 
to study, a great deal more is known about their by researchers who study soft-sediment systems. 
ecological function in soft-sediment systems. For Most deposit feeders harvest surface deposits, but 
North Carolina, several fairly complete studies of some feed upon food sources at  depth. Some are 
the macro-infauna of intertidal flats are available more selective of individual particle size and type, 
for the following groups: haustoriid amphipods while others are apparently nonselective in their 
(Dextei 19G7f, p o l y ~ h ~ e t e s  (Gafdner 1 9 ,  [cedirig (Sd~iderb ct  dl. 1962). Orlr lype uf  Ltcpusii 
and the total invertebrate infauna (Lee 1974, feeder is termed a funnel feeder because it con- 
Commito 1976, Wilson 1978). Although prepared structs feeding funnels in the surface sediments 
to cover the South Carolina coastline, Zingmark's which it ingests. These funnel feeders and other 
(1978) checklists are excellent for the southern deposit feeders can process and "turn over" large 
half of North Carolina's coastline. Taxonomically, volumes of surface sediments on both sand and 
the macrofauna of an intertidal flat is usually mud flats (Myers 1977a, b, Powell 1977, Reise 
dominated by polychaete worms, bivalve mol- 1978). 
luscs, amphipods, other crustaceans, enterop- 
neusts, sipunculid (peanut) worms, nemertean Because most deposit feeders ingest living 
worms, gastropod moiluscs, and echinoderms. organisms along with detritus, it is orten difricull 
Trophically, the macrofauna is ordinarily sub- to  distinguish between a predator and a deposit 
divided into four categories: suspension feeders, feeder in soft sediments. A pure predator is a 
deposit feeders, predators, and scavengers (San- species which selectively ingests individual living 
ders et  al. 1962, Levinton 1972). Distinctions animals. Fauchald and Jumars (1979) have sug- 
among these trophic categories are often compli- gested that it might be better to distinguish be- 
cated by the great diversity of ways of making a tween benthic feeding modes on the basis of 
living in soft-sediment communities. Nevertheless, relative prey size. One feeding type (which in- 
difference~ among benthic species in modes of cludes most pure predators) consumes prey which 
feeding and in diet justify an attempt to produce are large relative to the body size of the consumer. 
such a t roph~c  classil~cat~on. I'hese can be called macrophages. XIicrophages, in 

contrast, take prey items which are small relative 
Suspension feeders take their food by cap- to their own body size. Microphages tend to be 

turing particles suspended in the water column. nonselective in their feeding because of the per- 
This typically requires the use of some sort of fil- ceptive difficulties and excessive energetic costs 
ter. Bivalve molluscs (clams) are probably the of distinguishing among very small potential food 
most common suspension feeders on most inter- particles. The true microphage is thus a deposit 
tidal flats. Suspension-feeding clams pump a feeder in the classic sense. Infaunal species illus- 
water current through the body cavity and past trate not only these extremes in food preferences, 
the gills, which serve as a food-collecting filter. but also all the intermediate strategies as well. 
Most suspension feeders are usually considered to The macrophage-microphage distinction is, never- 
be herbivores which consume phytoplankton. theless, one that can often be drawn and that 
While it is surely true that phytoplankton contri- helps to explain differences in foraging strategies 
bute greatly to a suspension feeder's diet on an among the infauna. Common predators, or macro- 
intertidal flat, many suspension feeders in this phages, on intertidal flats include polychaetes in 
environment probably also capture and assimilate the genus Glycera (bloodworms) and nemertean 
both resuspended benthic algae and to some ex- worms (ribbon worms). 
tent detritus and its surface microbiota. The de- 
gree to which these possible additional sources of Scavengers are relatively mobile species which 
food contribute to the diet of intertidal suspen- can move to any source of dying or dead animal 
sion feeders is not known. matter. Most infaunal scavengers in shallow marine 

substrates are gastropod molluscs, usually domi- 
Deposit feeders are so named because of their nated by various specics in the Nassariidae family. 

general feeding mode. A deposit feeder ingests The common mud snail, Ilyanassa obsoleta , often 
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feeds by scavenging. Ilya~zassa obsoleta illsc) ingests 
sediments and assimilates energy by this other 
feeding method. Like ]nay trophic distinctions, 
that made between scavengers and deposit feeders 
is blurred by the diversity of feeding options actu- 
,dly employed in nature. A pure scavenger may 
not exist among the infauna of an intertidal flat. 

3.3 CONTROLS ON INFAUNAL 
POPULATIONS 

Infaunal species often interact strongly 
enough to  set patterns of distribution and abun- 
dance on an intertidal flat. Such interactions can 
be either direct or indirect. 'I'he major form of in- 
direct interaction among the infauna is what 
Khoads and Young (1970) have termed "trophic 
qrozp amensslisnn." They demonstrated that de- 
posit feeders, because of their high level of mobi- 
lity, tend to  increase the water content ol the 
sediments they occupy. This creates a loose, floc- 
crllcnt layer on the sediment surface which is 
easily resuspended and mixed into the water 
column with the slightest degree of water turbu- 
lence. Wave action and even the relatively slow 
motion of tidal currents are sufficient t o  produce 
such resuspension of silts and clays. 

Brenchley ( 1 9 7 8 )  has carried the ideas of 
Khoads and Young (1970 )  a step further by recog- 
nizing that any species which moves around in the 
sediments will increase water content and stimu- 
late resuspension of sediments. A mobile suspen- 
sion feeder can produce this same effect; however, 
deposit feeders tend to be more active and mobile 
thzr, suqp~nqion feeders, probably because most 
deposit feeders must forage for their food while 
suspension feeders need only sit and wait for 
water currents t o  carry in their meal. Usually, it is 
a deposit feeder which will induce high rates of 
sediment resuspension, as Rhoads and Young sug- 
gest. Brenchley (1978 )  also showed by laboratory 
experiments that stationary species tend to stabi- 
lize the sediments and that  the total level of sedi- 
ment instability produced by any assemblage is an 
~dditiire result o f  a l l  the various species inputs. 
Seagrasses, which baffle wave action and increase 
sedimentation rates, and large suspension-feeding 
clams such as cockles have a substantial stabilizing 
effect on the sediments which can lead to coexis- 
tence o f  suspension feeders and deposit feeders. 
Some long-lived and relatively large suspension- 
feeding bivalves like the stout razor clam (Tagelus 
plebeius) and the hard clam (Mercenaria merce- 
naria) may play this role in North Carolina flats. 

Large quantities of sediment suspended in t h e 7  
water column tend t o  clog up the filtering appara- 1 In dddition to interacting indirectly through 
tus of suspension feeders. Consequently, wherever ' effects on  sediments, infaunal species can also 
deposit feeders are abundant, suspension feeders / interact directly. Adult  infauna can and do  feed 
tend t o  be eliminated. This process, upon the larvae of potential coIonizers. Woodin 
trophic group and the negative (1976 )  has emphasi~ed the importance of these 
upon c~nother ,  is an example "adult-larval interactions" in determining which 

_il,m~;nsalism. Deposit feeders types of species can coexist in marine infaunal 
i w ~ i i u d d y  sediments communities. Suspension feeders often capture 
the finer particles (muds) hnve greater surface larvae of many infaunal invertebrates while they 
area for microbial attachment and because some are still present in the water column and before 
of these fine particles are detritus itself. In other settlement. Deposit feeders, on the other hand, 
words, food levels for deposit feeders are far have an effect upon larval survivorship just after 
higher in muds than in sands, and the density of settlement. Deposit feeders consume larvae 
deposit-feeding species increases accordingly. Be- directly as part of their diet and also cause mor- 
cause suspension feeders cannot feed or  grow a t  tality of new recruits by their physical activities 
normal rates where deposit feeders are abundant, in processing the sediments. Larvae that survive 
o w Y i t r e a s  can one normd]zfind these "rites of passage" may then grow to adult- 
d~n_s.ies--pf ~ u _ s p e ~ i o n  f e e d e r - T h i s  pattern o f  hood in the community, if they avoid subsequent 
tornpIemelttary distribution of suspension feeders predator attacks. Woodin (1976 )  argues that these 
and deposit feeders has frequently been observed adult-larval interactions are strong enough in any 
in natural infaunal distributions (Sanders 1958, dense infaunal assemblage to limit the member- 
Young and Rhoads 1971) and appears t o  be exhi- ship of that assemblage to only a few of the 
bited on the intertidal flats of North Carolina. species that could potentially live there. In other 



words, the hlstory of which species first abun- Leptosynapta densities on  one intertidal Bogue 
dantly colonize an infaunal area is extremely Sound, North Carolina, sand flat to  be about one 
important and determines, in part, which species individual per square meter and its sediment proc- 
will continue t o  occupy that area. essing rate t o  be 1600crn3 per individual per year. 

This level of activity  roba ably has a similarly high 
I n  the intertidal sand and mud flats of North impact upon the survivorship of other colonizing 

Carolina, infaunal densities are rarely high enough infauna and helps t o  explain why the intertidal 
to produce exclusion of one type of species by sand flats of  North Carolina contain relatively low 
the adults of another. The  activities of adult in- densities of infauna. 
fauna are nonetheless important in determining 
infaunal abundances on  these intertidal flats. One As the mud content of intertidal flats in- 
group of deposit feeders, the funnel feeders, are creases, two other large-scale sediment processors 
extremely abundant on the high salinity flats of tend to  replace Balanoglossus and Leptosynapta. 
North Carolina. This group processes and turns Another funnel feeder, the lugworm Arenicola, 
over tremendous quantities of sediment, probably and another enteropneust, Saccoglossus, are 
causing the mortality of vast numbers of coloniz- extremely common on most mud flats in North 
ing larvae. O n  intertidal sand flats, the enterop- Carolina. Arenicola is well known world-wide fo r  
neust Balanoglossus aurantiacus is the most corn- its high rates of sediment reworking and for  its 
mon funnel feeder. Although its density is often effects at limiting the abundances of most other  
only about o n e  t n  f n ~ ~ r  individl~als per qquare infauna (Reise 1978). .\gain the high density of 
meter, the worm is about 75cm long and processes these deposit feeders may well help to  explain the 
about 140cm3 of sediment daily during the warm relatively low density of other infauna o n  the  
months (B. Duncan, Univ. North Carolina, Chapel intertidal mud flats of North Carolina. Arenicola, 
Hill, unpub. data).  The funnel feeders such as the like Balanoglossus, is large, up to 0.5m in length, 
Balanoglossus can be recogni~ed by their cone- and also lives fairly deep in the sediments, usually 
shaped feeding funnels on the sand flats and by below the SO-cm level. The feeding funnels o f  
the coiled extrusions of feces, which lie in mounds Arcnicola are occasionally distinguished from 
spaced at  some distance away from the feeding those of Balanoglossus by the presence of Areni-  
funnels. cola's long gelatinous egg case, attached at one  

cl~cl 111 ~ l t t  I J U I I L , L \  Ltl~Cl i ~ ~ t i i i l ~ g  C)UL i ~ i : ~  t l t ~  LUX- 

By sampling the sediments falling down the rents. 
feeding funnels of Balanoglossus and the fresh 
fecal extrusions, Duncan (unpub. data) demon- The infauna of intertidal flats in North Caro- 
strated that this enteropneust consumes the most lina follows a very general pattern found broadly 
abundant meiofaunal taxon, the nematodes, very among the benthic infauna of  shallow bottoms. 
efficiently. Balanoglossus probably also consumes The infauna on  unvegetated flats is fdr less abun- 
larvae and other infaunal taxa, and i t  certainly dant than the infauna of  marine grass beds a t  the 
causes the mortality of large numbers of other same tidal height (Williams and Thomas 1967,  
larval and juvenile forms which it does not digest. Warme 19 71, Thayer et al. 1975a, Orth 1977,  
Such mortality effects are a common result of Reise 1977a, C .  14. Peterson unpub. data for Bogue 
large-scale sediment processing (Myers 1977a, b). Sound, North Carolina). This difference in infaun- 
Partly as a consequence of this mortality, the in- a1 abundances is usually very great, often up to 
faunal densities on  intertidal fine sand flats in two orders of magnitude. Three general explana- 
North Carolina are kept very low. Balanoglossus tions exist t o  explain this repeatable abundance 
iseffectively excludingpotentialcompetitorswhile pattern (Heck and Wetstone 1977). First, the 
at the same time processing sediments for its own \ infauna of grass beds may get more food because 
dietary needs. In addition to the funnel-feeding i as the grass blades baffle and slow the passing cur- 

i 
enteropneust, Balanoglossus, another major sedi- rents, the rate of organic deposition increases. 
merit processor coexists on intertidal sand flats in / This organic matter is food for several species o f  
Sor th  Carolina. Leptosynapta tenuis, a vermiform suspension feeders while it is still suspended in 
deposit-feeding echinoderm, is also very abundant the water column. After it is deposited o n  the 
in this environment and has similar high rates of  I bottom, it becomes available to the deposit feeders 
sediment processing. Powell (1977) estimated I as an added food supply. Second, densities o f  



infauna may be greater inside of marine grass beds 
because the grass itself provides a qualitatively 
different and new habitat which permits the add- 
ition of new infaunal species that are dependent 
in some way on the presence of the seagrass. The 
third hypothesis suggested to  explain why infaunal 
densities are higher in vegetated areas can be called 
the predation hypothesis. Predators may be less"' 
effective in grass beds because the rhizome and 
ro:;t n 2 t s  of the grasses m a y  inhihit their foraging 
and thus provide a refuge from predation for 

+ 
many infauna. 

Although each of these three explanations 
may contribute somewhat t o  the pattern of lower 
infaunal density in unvegetated sediments, most 
authors seem to think that the predation hypoth- 
esis is the single most important (Heck and Wet- 
stone 1977, Orth 1977, Reise 1977a). In North 
C ~ I  uLiid, C X ~ L I  i i i i~i i  id1 ~ e ~ i l ~ ~ a l  01 bllodlg~ d b b  

(Halodule) resulted in 100% mortality of all size 
classes of the hard clam (Mercenaria mercenaria) 
on intertidal flats that also contained whelks 
(Busycon spp.) (C .  H. Peterson, unpub. data). 
Reise (1977a, b ,  1978) built cages on intertidal 
flats in the North Sea to exclude predators. Some 
cages were constructed on unvegetated flats, while 
others were located in adjacent grass beds. Caging 
and the resultant exclusion of large predators had 
110 c f f ~ c t  on rile iltfaund of the g~dss  Led, w h e ~ e ~ s  
infaunal densities outside of the vegetated area 
increased by 4 to  20 fold. This result, too, suggests 
that large predators control the abundance of in- 
fauna on unvegetated intertidal flats, but not in 
vegetated areas, where infaunal densities are ac- 
cordingly far greater. Young et al. (1976) per- 
formed a similar set of caging experiments in grass 
beds in the Indian River estuary of Florida, where 
they, too, found that infaunal densities did not 
consistcntly increase following the exclusion of 
predators from the vegetated bottom. 

While the results of these experiments seem to 
indicate that large mobile predators, such as are 
excluded by building a cage over the bottom sedi- 
ments, often control the densities of infauna on 
intertidal flats, the experiments done in North 
Carolina have produced ambiguous results. 
Commito (1976) demonstrated a higher density 

- of benthic infauna inside cages o n  a mud flat in 
the Newport River estuary. However, this higher 
abundance (three times the infaunal density on 
the uncaged flat) only existed during the March- 

April season of heavy infaunal recruitment. By 
summertime, density of the infauna had declined 
inside the predator-exclusion cages as well as out- 
side where predators had continuous access. 
Commito's results suggest that large mobile preda- 
tors may not be very significant in controlling 
densities on  North Carolina mud flats. However, 
these experiments did not  test the impact of the 
major sediment processors, the funnel feeders, 

Pi ishich are prohzhly of grra; significnnrc. 

Other caging experiments done on  intertidal 
and shallow subtidal sand flats in Bogue and Back 
Sounds in North Carolina (H. Stuart, North Caro- 
lina State Univ., Raleigh, unpub. data; H. C. Sum- 
merson, Univ. North Carolina, Chapel Hill, un- 
pub. data) provide strong support for the conten- 
tion that larger predators are important in con- 
trolling infaunal abundances on  unvegetated flats 
in Xorth Carolina. Since Woodin (1378, in prc- 
paration), working farther north on  intertidal 
muddy sand flats off Assateague Island, Md., has 
convincingly shown that larger predators d o  help 
to control infaunal abundances in that environ- 
ment, it is reasonable t o  expect that larger mobile 
predators in combination with Iarge-scale sedi- 
ment processors may be important determinants 
of infaunal densities on North Carolina flats also. 

Becdube tltc infaund of North Cai-ditla's soft 
sediments are controlled by predation and biolo- 
gical disturbance in general, the vast majority of 
infaunal species tend to be small, short-lived 
opportunistic species. Polychaetes in the families 
Spionidae, Capitellidae, and Nereidae, and ampeli- 
scid and corophiid amphipods tend to dominate 
the fauna of intertidal flats. In  the face of heavy 
predation pressure, the evolution of short-lived 
opportunists would be expected because these are 
the species which can live long enough to reach 
reproductive maturity, reproduce, and thereby 
persist. 

As a consequence of these high rates of pre- 
dation, which are most intense in the warmer 
summer months, the abundance of infauna on 
intertidal flats in North Carolina shows a dis- 
tinct pattern of seasonal change. Densities are 
high in spring, which is the peak period of repro- 
ductive activity for the North Carolina infaun& 
(Commito 19 76). Infaunal abundance declines 
steadily through the summer and shows a second 
lower peak of abundance in the fall when preda- 



tors have less impact and reproductive activity is 
again intense. Low infaunal densities characterize 
the coldest winter months. 

i 
Although these relatively small opportunistic 

polychaetes and amphipods are the numerically 
dominant macrofauna on North Carolina's inter- 
tidal flats, some of the less abundant but far 
larger species often contribute an overwhelming 
proportion to the b~omass. On intert~dal mud 5-l ats, the stout razor clam, Tagelus plebeius, often 
makes up 90% or more of the total community 
biomass (FIolland and Dean 1977 present some 
South Carolina data). In muddy sand flats the 
mud shrimp, Upogebia, co~nmonly dominates the 
community biomass, even though its density is 
not especially high. Despite their taxonomic dis- 
similarity, Upogebia and Tagelus are both suspen- 
sion feeders that live in semipermanent burrows 
constructed in thc scdiments. Long-lived, tube- 
building polychaetes also contribute substan- 
tially to total infaunal biomass: Amphitrite 
ornata on mud flats and Diopatra spp. on 
sand flats. These tube builders are surface deposit 
feeders, although Diopatra also grazes on the epi- 
biotic growth on its tube cap. 

3.4 THE MOBILE EPIBENTHOS 

In the mobile epibenthos category are in- 
cluded some larger, especially active deposit 
feeders, as well as a group of predators which 
forage on and in the sediments of intertidal flats. 
The most obvious of these epibenthic species are 
fiddler crabs of the genus Uca. These crabs roam 
the intertidal zone at low tide foraging for epi- 
benthic algae and detritus, both of which they 
apparently ingest and assimilate (Haines 1976b, 
Haines and Montague 1979). Three species of 
fiddler crab are found on the intertidal flats of 
North Carolina: Uca pugilator, U. pugnax, and U. 
minax. In sandy areas where there is no emergent 
vegetation near the high tide line, U. pugilator 
is found alone. On intertidal flats where Spartina 
is found toward the high tide line, either U. 
minax or U. pugnax is usually present. Uca minax 
will be dominant where the root mats in the Spar- 
tina zone are most dense, whereas U. pugnax is 
found in areas of low or intermediate root density 
(Ringold 1979). All three species of fiddler crab 
construct burrows near the high tide mark. Often 
the round entry holes and piles of spherical 
droppings are a common sight when one first 

steps out  on the intertidal zone of a North Caro- 
lina estuary. 

Only a limited number of the mobile epiben- 
thic species forage from land out onto the inter- 
tidal Lone at low tide like Uca. Nevertheless, 
several amphipod species exhibit this same behav- 
ioral trait and can be extremely abundant on 
intertidal fldts in North Carolina and elsewhere. 
Gammaridean amphipods oi thc gcnus Orche~tza 
are especially common grazers on blue-green algal 
mats in North Carolina. Blue-green algae are 
usually considered to be a poor food source and 
difficult for herbivores to digest. Yet assimilation 
studies on similar gammaridean amphipods have 
demonstrated efficient utilization of blue-greens 
(Brenner et al. 1976). Numerous insect larvae 
(often larval dipterans), mites, and nematodes are 
also found gra~ing both on blue-green algal mats 
and on the wrack, which is the dried detrital 
material cast up at the most recent high tide mark 
on the shoreline. For anyone who has visited the 
pristine shorelines of a North Carolina sound or 
estuary in summer, it should not come as a sur- 
prise that the larvae of flies are quite abundant 
somewhere along the shore! 

While all these mobile epibenthic consumers 
that foraqe down into the intertidal zone from 
land are herbivores or detritivores, those that for- 
age on the intertidal zone when the tide is in tend 
to  be largely predatory. The single most import- 
ant of these species is the blue crab, Callinectes 
sapidus. Virnstein (197  7 )  used cages in the Chesa- 
peake Bay to enclose and other cages to exclude 
blue crabs so that he could estimate their impact 
on the benthic infauna. These experiments dem- 
onstrated that blue crabs cause substantial mortal- 
ity among the benthic infauna, especially among 
the shallow burrowers which can be most easily 
excavated dnd consumed by the crabs. The scdi- 
ment5 offer the deep-burrowing species some- 
what better protection against predation. Thin- 
shelled bivalves such as Macoma balthica and 
Mulinia lateralis and polychaete worms are the 
most susceptible species to blue crab predation, 
but even thick-shelled clams are susceptible as 
juveniles. When young, the hard clam, Mercenaria 
mercenaria, is heavily preyed upon by blue cz-abs 
(Carriker 1959, Menzel et al. 1976). Blue crabs 
cannot forage effectively in the presence of shell 
debris and other hard objects which inhibit their 
digging. Consequently, the abundance of hard 



clams and other benthic fauna is usually far great- 
er at the margins of oyster beds, even those occur- 
ring near the high. intertidal zone (Figure 1). 
CIammers have long recognized this pattern and 
often exploit their knowledge by clamming most 
intensively in such locations. 

Blue crabs are especially effective predators 
because of their great tolerance of reduced salin- 
ity. hfost other including those which 
prey upon commercially important shellfish, drop 
out  rather rapidly along a gradient u p s t r e a m  
toward lower salinities. For instance, oyster drills 
(Urosalpinx) and seastars (Asterias) cannot toler- 
ate brackish waters, and their prey have some re- 
fuge from predation in the upper portions of the 
estuary. This is not true for the prey of blue 
crabs, which arc abundant throughout the estuary. 
Because blue crabs dig into the sediments t o  
depths of b t o  8 cm both to  forage and to hide, 
they actually kill more organisms than they con- 
sume (Virnstein 1977). This, too, adds to  their 
influence on the abundance of benthic fauna. 
'They act, to some degree, as sediment processors 
'tnd cause physical as well as predatory mortality. 

'I'he blue crab is common in all of the sounds 
and estuaries of North Carolina. Intertidal flats 
contain more juvenile crabs than adults, which 
prefer deeper waters. A t  night and during the day 
in spring and fall, even adult crabs can be found 
foraging over intertidal areas. In warmer months, 
large blue crabs tend t o  remain relatively inactive 
in deeper waters during the day. Juvenile crabs 
remain active during summer days even in shallow 
waters. 1)uring winter, blue crabs migrate to deep 
channels, this time to  escape the extreme cold of 
the shallows. Only from about mid-December to 
mid-March arc blue crabs rare on intertidal flats 
in North Carolina. 

Oyster reefs are not the only structures in soft- 
sediment environmen~s [hat protect the infauna 
from blue crab predation. Numerous polychaete 
species build tubes which extend into the sedi- 
ments. The tubes of some onuphid polychaetes 
are especially large and extend vertically up to  
10 cm into the water column. Two species of 
tube builders, Diopatra cuprea and Americonu- 
phis magna, are quite common on intertidal sand 
flats in North Carolina. Woodin (1978, in prepara- 
tion) has demonstrated that infaunal densities are 
far higher in the immediate vicinity of a Diopatra 

tube on intertidal flats at Assateague Island, 
Maryland. Abundance of infauna declines rapidly 
with distance away from a tube. By building 
cages to exclude blue crabs, Woodin was able to 
demonstrate that blue crab predation was lowest 
near the tubes where the structures inhibit digging 
and foraging but that at some distance away from 
the tubes the blue crab controlled infaunal com- 
munity abundance. This pattern also appears to 
exist among the benthic infauna of Sorrh  Carcj- 
lina's intertidal flats and is probably produced by 
the very same mechanism. Blue crabs leave small 
pits up to 8 cm deep on intertidal flats where they 
have been foraging (Woodin, in preparation). 
These pits persist only 2 or 3 days; so the usual 
pock-marked surface of North Carolina's inter- 
tidal flats is an indication of the high activity rate 
of the blue crab there. 

Woodin (in preparation) also pertormed 
experiments with another major mobile epiben- 
thic predator of the infauna on intertidal flats, 
the horseshoe crab, Limulus polyphemous. These 
large crabs dig broader pits than those made by 
the blue crab, but the horseshoe crab pits are shal- 
lower - only about 4 cm deep. Woodin (in prepa- 
ration) showed by experiment that Limzilus has 
an effect o n  infaunal densities too but not nearly 
as great an effect as that of blue crabs. Because 
Lzmulus 1s abundant on the intertidal fiats of 
North Carolina, it is doubtless having a substantial 
impact there, too. Horseshoe crabs are quite sea- 
sonal in North Carolina, with noticeable abun- 
dances in shallow water from about April through 
October. This corresponds to the period when 
large shallow pits are evident on many 'North 
Carolina mud and sand flats. 

Another abundant group of mobile cpibenthic 
invertebrates on North Carolina's mud and sand 
flats is whelks, composed of species of Busycon 
(Magalhaes 1948). Thrce species of these large 
gastropods are common at  the lower margins of 
intertidal sand and mud flats. The channeled 
whelk (Busycon canalicu1atum)feeds mostly upon 
carrion and is commonly captured in crab pots. 
The two other whelks, the knobbed whelk (B. 
carica) and the lightening whelk (B. contrarium), 
are voracious, feeding mostly on clams such as 
Mercenaria mercenaria and the dog clam, Chione 
cancellata. These predatory whelks feed by using 
the lip of their shells to rasp away at the margins 
of a clam until enough of a gap is created to 



permit the insertion of the snail's shell margin. 
Once opened, the clam is quickly consumed, 
leaving a dead pair of articulated shells marked 
with a clear clue to the cause of the clam's demise. 

Many species of marine epifauna, such as 
some barnacles on rocky shorelines (Connell 
1970), possess a refuge from predation by gastro- 
pods and other predators in large size classes. 
Some sizes of prey are too large for the predator 
to handle. Such refuges are important in insuring 
the stability of  prey populations in the face of 
what are often very efficient predators. Little 
work has been done to establish whether soft- 
sediment infaunal species generally possess an 
analogous escape from their predators as a result 
of growing to large sizes. Whelks, however, take 
all sizes of Mercenaria and Chione, even the 
largest. Although hard clams can grow large 
enough tn hecome inv11lner;thle t o  prrdation by 
blue crabs, whelks more than compensate for the 
decline in blue crab predation and can denude an 
unvcgetated sand flat of its hard clams in short 
order. Whelks do not extend in tlistribution into 
the high intertidal zone or into brackish waters, 
so clams have '1 refuge there from whelk preda- 
tion. 

Other predatory gastropods can occasionally 
he forlnc! on the  Ion,rr mnrgil-is of intertidal flats 
in North Carolina. 'l'ulip snails, including the true 
tulip (Fusciolaria tulipa) and the banded tulip (1;'. 
huntr~ria), arc residents o f  tide flats. Both o f  thcse 
species prey upon the benthic infauna and possess 
extremely varied diets (Painc 1963). Other gastro- 
pod predators found in this environment include 
the baby's car (Sinurn perspectivz~m) and the 
moon snail (Polinices duplicatus). Moon snails in 
North Carolina also have a broad diet which 
includes some clam species. .A moon snail con- 
sumes a clam by using its radula t o  rasp a circular 
hole near the umbo of the clam. Thesc character- 
istic holes often mark the shells of dead clams and 
clearly indicate the cause of death. 

In addition to the blue crab and the horseshoe 
crab, a number of additional types of' crabs roam 
an intertidal flat at high tide. In North Carolina, 
perhaps the most abundant and evident of these 
remining species are the hermit crabs (Pagurus 
longicarpus and Petroclzirus diogenes), which 
carry on  their backs the shells of moon snails, 
mud snails, and whelks. The larger the crab, the 

larger the shell it carries, such that little Pa 
lo~zgicarpus is almost always found in the sm 
gastropod shells, those from mud snails ( 
1973). Hermit crabs are apparently omniv 
acting as both predators and scavengers in e 
arine systems. Various small grapsid mud  
are locally abundant predators on intertidal 
As one moves closer and closer to the equator 
the importance of xanthid crabs gradually 
creilses. North Carolin;! haq a ntrmber of tropi 
faunal elements, including several xanthid 
during the summertime. 

One major group of mobile epibenthic inver- 
tebrates renlains t o  be discussed: the shrimp. 
While shrimp are generally considered residents of 
slightly deeper waters where marine grasses a r e  
common, many shrimp do  forage u p  on  in ter t ida l  
flats at higher tides. Grass shrimp (Palaemonetes 
spp.) probably remain fairly wcll resirictcd to 
vegetated habitats, but other shrimp types s u c h  as 
the penaeids, alpheids, and lnysids range widely.  
The  brown shrimp (Pmaeus aztecus) is t he  m o s t  
common penaeid in North Carolina waters. Juve-  
niles enter the estuaries in spring where t h e y  g r o w  
and develop in shallow nursery areas usual ly in 
relatively muddy habitats far up  small tidal c reeks .  
By the cnci o f  sulntner when they have g r o w n  and 
miiturcd, they ~nigriitc into the deeper waters  of 
;lie sr,uiltis &lid ul~irliiirciy into tilt.  ocean (Will- 
i ;~ms 1955). Pcnacid shrimp arc apparently both 
prulators on small s1i;tllow-t,urrowing infauna  and 
also detritivorcs (LVilliarns 1955). Most of the i r  
energy is ~)resurnably dcrivetl from consuming the  
microbial florit o n  Sparlina and seagrass detritus. 
Mysid shrimp, especially Neomysis arnericana, are 
commonly found on intertidal flats s o u t h  of 
Chesapeake Bay feeding on detritus (D. Allen, 
Pcrs. Cornm. Univ. South Carolina,October 1979).. 
Snapping shrimp (/llpheus spp.) are of ten  found 
over flats. 'l'hcy are strictly predatory. 

A few other even more subtidal species of  
~nobilc  invertebrates can occasionally be found  in 
the lower intertidal zone of  flats when the t ide  is 
in. For instance, in fine sand sediments the sand- 
dollar, Mellita yuinquiesperforata, can be an 
abundant deposit feeder. Mellita forages just 
below the sediment surface by plowing along a t  a 

- .  relatively rapid rate. I t  presumably consumes hen- -- 

thic microalgae and organic deposits, bu t  because 
of its large size and high activity rate it  must  also 
have an important impact on the juveniles of m a y  



benthic infaunal species through bloturbation 
(biological disturbance of the sediments). Other 
mobile epibenthic invertebrates which are basi- 
cally subtidal but which may occur at the very 
low end of the intertidal zone include the dwarf 
olive (Olivella), which is presumed t o  be a herb- 
ivore and detritivore; the heart urchin (Moira), 
which is a deposit feeder; the stone crab (Menippe) ,  
spider crabs (Libinia spp.); and stomatopods or 
mantis shrimp (Squilla). Mantis shrimp are vora- 
cious predators which live in permanent burrows 
extending fairly deep into the sediments. They 

lurk in these burrows until they spot a potential 
prey item, whereupon they quickly emerge and 
snap up the prey with their powerful chelae, 
capable even of inflicting a substantial wound on 
the hand of an unsuspecting biologist. Mantis 
shrimp are extremely common in subtidal sandy 
areas in North Carolina's sounds, but, because of 
the depth at which they burrow into the sedi- 
ments and their mobility, their density is ordinarily 
grossly underestimated by typical benthic grab 
sampling. 



Many co~nmercial species, Including flounder and shrimp, depend upon intertidal flats for food.Photo by 
T. A. Kfopp. 



I3cc.ausc t iclal ch;t~igcs \\.ouI(l Ica\.c them 
stranclctl ditritlg ;I port ion of' e;tcIl (lily, fc\v fislles 
;trc pcrmanctit rcsidcnts of intertid;tl l'l;tts. Onlj, in 
; I I . ~ ~ ; I S  \\.l~c.rc relnti\,el>. large I ) ~ ~ r r o w s  arc cotntnon 
in r h e  int cl.tirl;tl scclitncnts o r  wlierc tide pools ;tre 
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intct.tid,tl zonc.  111 the intcrtid;tl siind flats of' 
s o i ~ t l i e r ~ i  C;tlil'orni;t I;tgoons? the ghost sliritn~, ((,'(I/- 
1io~tcc.ssn cnli'br~tic~)zsis) c;un 1)c cs t remcl l .  al)itndant. 
Its I)urro\vs c s t cnd  itp to 1 tn beneath the scdinlcnt 
surfac.c and rctnain fillect with scauf;ttcr even at  
Io \v  riclc. Conscc~ucnt ly ,  fishes (like the  ;trro\v 
got)y, C'I(.~>l(~~ldicl ios) sunrive this pcrioti by living 
insid(. thr. I)urrows. Othc,r fislics, such as v;trioits 
I)lcnnics ~tnt l  gohics, i11.c c o m m o n  tidc pool rcsi- . . . . 
i!~~i;s d t i i ~ g  ~,,u>:> ~ b i l i i  t c , ~ L ~  >llu~t ' i r~lcs.  ill North 
Carolina, gobies, l)icnnies, and  cling fish occur as 
permanent  rcsi(1ents o f  t h e  intertidal z o ~ t e ,  b u t  
t11t.y arc  ust~ally S O L I I I ~  in association with hart1 
sui)strates and arc llot abundant  o n  intertidill s;~riti 
and muti ilats. 

:\ltlrough those fishcs which itrc pcrtixlncnt 
rc*sitlcnts o f  iritertitial flats arc 1101 itnl,ortant in 
North Citrolina's cstu;trics, t he  unvcgrtatctl intcr- 
:i(!::! z,-,~-ie c y f  s:jsnc!s, !:y::>ns* r iver :~:t: i: l~s,  :::I<! 

cstu;trics is an itnport;lnt environment f'or 1n;rny 
cwastal ;uid tnaririe fishes. Intcrtic.~al f'lats arc im- 
I H ) ~ I ; I I I L  t o  thcse I'ishcs in two tnitjor w;tys. First, 
t]umc:roils fishcs live and fccti o n  intertidal Slats 
tlul.ing high tick ; k t  somc st ;~gc in their lil'c c.yclcs. 
Second,  tn;ttiy otlicr I'ishcs ;Ire, att Ic;tst iti par t ,  
trophic;lll>. t lc~tc~t l t l (~r~t  ttpon pr(*); \vllicll Ii;icc lived 
atnd for ; tg(~l  on  intc.t.titl;tl s;tntl :111d mud  f'litts. 
'I';~l)lc 2 presents :I list 01' thosc 1'ishc:s which arc 
clircct uii!izcrs of' Sort!] Cal.olirl;~'s intcrticl;:l I'l;:!s. 
I n  l ' ab lc  3 appears ;I list o f  those l'istles i t1  North 
Carolina which del)end intlircctly upon intcrticlal 
flitts I)ccause it sul)st;tnti;tl ~)rol)ort ioti  o f  the-ir 
prey feed thcrc. 1)istinctions necessary t o  c.otl- 
struct  thcsc tahlcs rcy uirccl scvcr;~l rat her- i t t . l ) i  trary 
tlcc:isions, h u t  an itttcrnpt h;ts hecn m ; ~ d c  t o  
inclucle all of the major sl)ccics i r i  either 'l'ahle 2 
or  3. Rarc anci occ;tsion;tl sl)ecies have I)ccn speci- 
fically excluded.  Although 'l'at~les 2 and 3 include 
scvcrai species, illis does   tot itltply titar i t l~crt idai  
flats are  a critical habitat  for all of them.  As a 
general rule, the  fishes and shorchirds hitvc 
complementary  distr ibutions in estuarine systems, 

with I'ishcs I'oritgillg  nosily in sitl)tidal haI)it:tts 
itnd s1~0rt~l)irtis in tlic itltcrtidal zonc.  Sccatuse 
fishes h;~\.c access to sttl)ti(lal h;tl)itats, the climi- 
nittion o f  itltcrtitlal fl;tts \voul(l prol)al)l>, c.;titsc 
few fish es t inc t ions  in Sor t l i  Carolina, but  i t  
tvoitI(1 r ~ s i t l t  in rIr;istic ( l c ~ l i n c s  I)otll in tllc popu-  
lations c.)f sc~\~er;tl fishes ;uncI in thc total  fish pro- 
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'l 'hc fislics which forage o n  intc~~.tid;tl flats atld 
thosc p;wli;tll?. cIcl)cndcnt upon prey ttiiit l'ccd o n  
ilitcrticlal flats c;tn 1)c s~~l)di\~icIccl illto Sour I ~ r o a d  
tropliic t j .1)~:~: ( I ) ~ ~ l ; t ~ ~ k ~ i \ ~ o s c s ,  ( 2 )  clctriti\~orcs, 
( 3 )  ~) rcda lo r s  o n  I)cnr hic iti(';tu~~at, ~ ' l ) i l ' i ~ l ~ t ~ i t  : ~ n d  
smatll rnol)ilc epil)cnthos, ant1 (4)  ~>rctl;ttors on  
l'isli and Iarrgcr tilobile cl)il)etitliic spcc.ies. 'l'hcst. 
c-ittcgot.ics ;trc itrtificial in thitt sl)c,c~ics in the  siimc 
, . ; , t P ~ ~ r ~ ? ~ > ~  f l , b  r,,il. ,:>::!,:?!<., !!he; s:i!:!y cjic! <c . 
in t l i a t r  scvc~ral sl)ccics t;tkc [)re!. i t1 tn~tltil,lc c~ ;~ tc -  
sorics. I.'or it~starlcc, ~)lanktivo~.c.s \\.ill oftell ingest 
st tsprn(l(~1 tlcrritus. 1,ilicwise. tlctritivorcs \vill 
oficn constinic srn:tll I)cwthic. ;uiirn;ils as well as 
clctrittrs M ' ~ I ( ~ I ~  ih('y ingest I)ottotrl se(1ilncnts. 
I.':trtlicrn~orc, ;IS will l)c clc.scril)c.tl I;ttcr i t1  dcta~il, 
virtuully it11 I'ishcs ~ i r~ t l c rgo  rna{ior c.h:~ngcs in thcir 
f'ood Ii;tl)ics :IS thcy grow, moving f r o n ~  onc trol)liic. 
catcgorj. t o  another  with age. 

4.2 I'L,ANK'l'IVOKI;S AND L)lr'I'l<l'I'IVOKI.:S 

Of scvc.r.;rl c.omrnon nl;rritic. f isl~cs in North 
(.:;trolin;t that ; ~ r c  ~);t~.ti;tlly tlc*l)cntlcnt u])on the 
i)ro(lttction o f  intertitlati I'latrs, ~)c'rh;tl)stthc tnost 
itht~ntlarlt ;II.(. ~)l:rnkticorcs, incl~ttling tllc ainc.lio- 
vies ( , . l ) t c / l o ~ t  s l ) ~ ) . ) ,  tnc~ihittlcn ( f i rc~voor tb  /yr(111- 
rlcis), ; t t ~ r l  otlicr c1ul)citls (sttc,h as O/)i.stllot~r~~?lcr 
o,5di1zunz). >Icn l i i i ( l (~~~  f'iltcr tlic w:it(>r. co1it11~11 i t t i ( 1  

c.onsrrrnc rn,tinly ~,h)!tol)lattlkton. I icca~lsc they 
f'ccc! s o  I O ~ V  o x  tllc !'(>o(i chain,  i t  is n(>! sttrj)rising 
t l i a  t trlc~~liitclcn atrc c ~ s t r c ~ n c l y  :tl)un(lant itnd f'orrn 
a higtlcr ~)c~rccnt;tg(! o f  tllc tot;11 ~)otind;tgc o f  
aomtncrtri;tl f'isli 1;tntlings in S o r t h  (:~trolinit than 
;illy o t l l~ : r  sitlglr s1)rcies. :I\ltl~oufill J i t \ ~ c ~ ~ i I e  111cn- 
tlatlcn grow up  in rivers aind sc)rittds, tlicy ol'tcri 
arc I'ountl tlircctly ovcr intc1.tirla1 1'1i1ts. 1'rocIut:tiorl 
o f  tlicir f'ood, phy tol)l;tnktoti, is greatly cn- 
11anc.cd 1)y the it~crcitscd cul)liotic zone ;~v;iil- 
;tl,lc over irtteitidal f'lats at high title (see (:h;tp- 
it,. 2). 'TWO s l x t i c s  of' r i r t ~ . h o ~ i c ~  ( I I ~ ~ ~ / ~ u ( ~  / l i p -  

sc tus  itnd :I. ,nilchilli) arc also common plitnk- 
tivorcs foiln(l ovcr tidal f'lats at h i ~ h  tidc. 130th 
Seed largely on zooplankton,  a l t h o ~ t ~ l i  they also 



Table 2. Fishes utilizing North Carolina's intertidal flats at high tide (rare and oc:casional species not  included). 

Family and species Seasons Abundance information Diet Information 
present on  flats source source 

Dasyatidae (stingrays) 

Dasyatis americana 
(Southern stingray) 

Radcliffe 19 14 Spring-fall Few 

Spring-fall Few 

Clams, shr in~p,  annelids, small 
fishes and blue crabs 

Dasyatis sabina 
(Atlantic stingray) 

IIyle 1976, 
Schwartz and 
Ilahlberg 1978 

Crustaceans and fishes Hildebrand and 
Schl oeder 1927, 
Schwartz and 
Dahlberg 1978 

Gymnura  micrura 
(Smooth butterfly ray) 

Summer Few Mainly fishrs (including black 
sea bass); also molluscs (in- 
cluding Sol(smya) ,  annelids, 
shrimp, and other small crus- 
taceans 

Myliobatidae (eagle rays) 
Rhinoptera  bonasus 
(Cownose ray) 

Spring-fall Locally 
numerous 

Smith 1907, 
liadcliffe 19 14 

Mainly molluscs (including Smith 1907, 
Radcliffe 19 14, 
Orth 1975 

Solemya,  .fifya,oysters, and 
scallops) 

Clupeidae (herrings) 

Breuoortia t y  rannus 
(Atlantic menhaden ) 

Spring-fall Common Turner and 
Johnson 1973. 
hIarshal1 1976 

Mainly phytoplankton; also 
zooplankton and resuspended 
detritus 

Lin ton 1904, 
Hiltlebrand and 
Schroeder 1927, 
Da~nel l  1958 

Bpis thonema ogl inum 
(Atlantic thread herring) 

Spring-fall Common l'agatz and 
Iludley 1961, 
Ilyle 1976 

Zooplankton (copepods) Hilrlebrand and 
Schroeder 1927 

Engrdulidae (anchovies) 

A ~ t c h o a  hepse tus  
(Striped anchovy) 

Spring Few 
Summer Common 
Fall Few 

Annelids, foraminifera, copepods, 
zoea, small shrimp and other small 
crustaceans (zooplankton) 

Smith 1907, 
'\darns 1976a, 
lIyle 1976 

Lir~ ton 1904 

A ~ z c h o a  mitchil l i  
(Bay anchovy) 

Year-round Abundant -1'urner and 
Johnson 1973, 
IIyle 1976 

Mainly small shrimp (including my- 
sids and larval penaeids), and 
detritus; alho zooplankton, small 
bottom-dwelling molluscs and 
crustaceans (including minute 
snails, clams, isopods, amphipods, 
ostracods, ;ind copepods) 



Table 2. Continued. 

Family and species Seasons Abundance Information Diet 
wresen t on flats source 

Information 
source 

Synodontidae (lizardfishes) 

Synodus foetens Summer Common 
(Inshore lizardfish) Fall Few 

Batrachoididae (toadfishes) 

Opsanus tau Year- Common 
(Oyster toad) round 

Gadidae (codfishes) 

Urophy cis regius 
(Spotted hake) 

Ophidiidae (cusk-eels and 
bro tulas) 
Ophidion welshi 
(Crested cusk-eel) 

Rissola marginata 
(S lriped cusk-eel) 

Exocoetidae (flying fishes 
and halfbeaks) 

Fall-spring Few 

Year-round Few 

Year-round Few 

IIyporhamphtis unifascialus Spring-fall Common 
(I-1,ilfbeak) 

Tagatz and Mainly fishes (including silver- Linton 1904, 
Dltdley 1961, sides and young weakfish); Hildebrand and 
H>.le 1976 also annelidx, shrimp, crabs, Schroeder 1927 

and urchins 

Hlrle 
Ross 

1976, Mainly small crabs (including Linton 1904, 
1977 mud, blue, spider, stone, herinit, Hildebrand and 

fiddler crabs), other crustaceans Schroeder 1927, 
(including shrimp, isopods, and Schwartz and 
amphipods), molluscs, (including Du tcher 1963 
small snails, scallops, and clams), 
and fishes (including gobies, silver- 
sides, and 0. tau eggs); also anne- 
lids, anemones, urchins (Arbacia),  
and vegetation 

Hyle 1976 Mainly small crustaceans Hildebrand and 
(including mysids, shrimp, crabs, Schroeder 1927, 
amphipods, isopods, cumaceans) Sikura e t  al. 1972 
and fishes; also annelids and 
molluscs 

Hyle 1976,  Presumed si~nilar to  that of 
Ross I977 Rissola marginata 

Atlams 1976a. Small crustaceans and small fishes Hildebrand and 
Zingrnark 1978 (including gobies) Schroeder 1927 

Smith 1907, Green algae (mainly Ulva) and Linton 1904 
Ti~gatz and zooplankton 
D~tdley 1961 

continued 





Tat~le 2. Continued. 

Seasons Abundance Information Diet Information 
Family and species 

present on flats source source 

Carangidae (jacks and 
pompanos) 

Carnax hippos (young) Summer-fall Few Tagatz and iMainly small crustaceans; also Linton 1904, 
(Crevalle jack) Dudley 196 1, small fishes (including anchovies) Darnell 1958 

Hyle 1976 

Selene vomer (young) 
(Lookdown) 

Spring-fall Common 

Gerreidae (mojarras) 
Eucinostomus argenteus Summer-fall Few 
(Spotfin mojarra) 

Eucinostomus gula Summer-fall Common 
(Silver jenny) 

Smith 1907, 
Hyle 1976 

Tagatz and 
Dudley 196 1 

Smith 1907, 
Tagatz and 
Dudley 1961 

Mainly shrimp and other crusta- Linton 1904 
ceans; also small molluscs 

Presumed similar to that of E. gula 

Mainly ( alanoid copepods and other Linton 1904, 
small crustaceans; also annelids, dia- Adams 197613 
toms, and detritus 

Pomadasyidae (grunts) 

Ortltopristis chrysoptera 
(Pigfish) (adult) 

Spring- Common 
summer 

Winter Few 
Spring- Common 
summer 

Smith 1907, 
Hyle 1976, 
Marshall 1976 

Adult: mainly annelids (including Linton 1904, 
Axiotheila, Diopatm, Rhyncobolus, Smith 1907, 
Arenicoia, and Pectinaria), nemer- .4dams 19760 
teans (Cerebratulus), molluscs, 
crabs (including fiddler, horseshoe, 
hermit, and blue), shrimp, and other 
small crustaceans (including amphi- 
pods and isopods); also fishes and 
urchins 

continued 

Young: mainly detritus, zooplankton, 
and small shrimp; also other small 
crustaceans (including gammaridean 
amphipods, hapacticoid copepods, 
and small crabs), small molluscs, and 
annelids 



Table 2. Continued. 

- 
Family and species Seasons Abundance Information 

Diet Information 
present on flats source source 

Sparidae (porgies) 

Lagodon rhomboides 
I (Pinfish) (adult) Spring- Abundant Smith 1907, Adults: mainly vegetation (including Linton 1904, 

summer Turner and seagrasses, filamentous and other Darnell 1958, 

Sciaenidae (drums) 

Johnson 1973, green algae), detritus and feces, 1964, stanfoid 
Adams 1976a, small crustaceans (including cala- 1974, Adams 19 76b, 
Hyle 1976 noid and harpacticoid copepods, Hyle 1976 

gammaridean and caprellid am- 
phipods, and isopods), and anne- 
lids; also small fishes, molluscs, 
shrimp, crabs, urchins (Moira), 

(young) Year-round Abundant 

brittle stars, and bryozoans 

Young: mainly small zooplankton 
crustaceans (including calanoid and 
harpac ticoid copepods, gammaridean 
and caprellid arnphipods, and isopods), 
detritus and diatoms, vegetation; also 
small shrimp, annelids, small fishes, 
small snaiIs, bryozoans, and nema- 
todes 

Buirdiella chrysuora 
{Silver perch) (adult) Spring- Common Smith 1907, Mainly mysids, palaemonid and Linton 1904, 

summer Hyle 1976 penaeitl shrimp, other small Darnell 1958, 
crustaceans (including calanoid Stickney et  al. 
copepods, gammaridean amphi- 1975, Adams 19 7613 

(young) Year-round Abundant pods, and isopods), crabs, anne- 
lids (mainly Nereis); also small 
fishes (including anchovies), and 
small nlolluscs 

Leiostomus xanthurus Spring- Abundant Turner and Adults mainly annelids (including Linton 1904, 
(Spot) (adult) summer Johnson 1973. Nereis, Capitella, Paraprionospio, and I-Iildebrand and 

-4dams 19 76a, oligochaetes), molluscs (including Schroeder 1927, 
Hyle 1976, Rangia, Mulinia, Mya, Solemyu, Roelofs 1954, 
Marshall 1976 and sm.dl snails), small crustaceans Darnell 1958, 

(including isopods, amphipods, 1964, Stickney et 

continued 



Table 2. Continued. 

Family and species Seasons Abundance Information Diet Information 
present on flats source source 

harpacticoid copepods, cumaceans, al. 19 75, 
mysids., and crabs), and detritus; also Adams 197613, 
fish remains, algae, and insects Hyle 1976, 

(young) Year-round Abundant 
Chao and Musick 

Young: mainly small epibenthic 1977, Virnstein 
animals (including copepods, 
ostracods. amphipods. isopods. 

1977 

rotifers, and foraminifera), and 
detritus; also minute molluscs 
and annelids 

Menticirrhus spp. 
(Kingfish) 

Fall Few Hyle 1976 Mainly shrimp, crabs, and other Linton 1904, 
small crustaceans; also fishes, Smith 1907, 
and molluscs (including Bulla, Hildebrand and 
Urosalpinx, and clams) Schroeder 1927 

Micropogonias undulatus 
(Atlantic croaker) (adult) Spring- Abundant Turner and Adult: mainly annelids (including Linton 1904, 

summer Johnson 1973, Arenicula), enteropneusts (Balano- Hildebrand and 
Hyle 1976 glossus), inolluscs (including Rangia, Schroeder 1927, 

Solemya), crabs (including mud and Roelofs 1954, 
blue crabs), palaemonid and pena- Darnell 1958, 
eid shrimp, small fishes (including Stickney et  al. 
anchovies, gobies, young croakers), 1975, Hyle 1976, 
and detritus; also insect larvae, algae, Chao and Musick 
ascidians, and ophiurans 1977, Overstreet 

Young: mainly small zooplankton and Heard 

crustact.ans (including copepods, 
amphipods, mysids, isopods, ostra- 
cods, cumaceans, tanaids), insect 

(young) Year-round Abundant 

Ephippidae (spadefishes) 

, Chaetodipterus faber 
(Atlantic spadefish) (young) Summer- Few 

fall 

larvae, imd detritus; also foraminiferit 

Smith 1907, Young: detritus and small crusta- Hildebrand and 
Hyle 1976 ceans Schroeder 1927 

continued 



Table 2. Continued. 

I 

Family and species Seasons Abundance I~iformation Diet Information 
present on flats source W-III~CC ------ 

Mugilidae (mullets) 

Mugil cephalus Year-round Abundant Tagatz and Organic detritus, epiphytic algae, Liriton 1904 
(Striped mullet) 13udley1961, andlittoraldiatoms Dru-nell 1958, 

Turner and 1964, Odum 1970b 
Johnson 1973 

Mug-il curema Year-round Few Smith 1907, Organic detritus, epiphytic algae, Linton 1904, 
(White mullet) Ross 1977 and littoral diatoms Hildebrand and 

Schroeder 1927 

Uranoscopidae (stargazers) 

Astroscopus spp. 
(Stargazers) 

Year-round Few Smith 1907 Mainly fishes, also isopods Hildebrand and 
St hroeder 1927 

Gobiidae (gobies) 

Cobionellus boleosoma 
(Darter goby) 

Year-round Few 

Year-round Few 

Presumed similar to that of other 
gobies 

Go4iosoma bosci 
(Naked goby) 

Smith 1907, 
Hyle 1976 

Mainly small crustaceans (in- 
cluding garnmaridean amphi- 
pods), and annelids; also fishes 
and eggs 

Hildebrand and 
Schroeder 1927 

Go biosoma p'nsburgi 
(Seaboard goby) 

Summer- Common 
winter 

Ross 1977, 
Zingmark 1978 

Mainly small crustaceans (in- 
cluding ganmaridean amphi- 
pods) 

I-lildebrand and 
Schroeder 1927 

Microgo bius thalassinus 
(Green goby) 

Year-round Few Smith 1907, 
Ross 1977 

Small crustaceans (including 
gammaridran amphipods) 
and other invertebrates 

H ildebrand and 
Schroeder 1927, 
Schwartz 197 1 

Triglidae (searobins) 

Prionotus carolinus 
(Northern searobin) 

Year-round Common Mainly crustaceans (including 
mysids, an~phipods, isopods, 
shrimp, and crabs) 

Hildebrand and 
Schroeder 1927 

Prio tlotus evolans 
(Striped searobin) 

Winter- Few 
spring 

Hyle 1976 

I-Iyle 1976 

Small crustaceans (mainly my sids) kf ildebrand and 
Schroeder 1927 

Prionotus scitulus 
(Leopard searobin) 

Year-round Few Mainly sm;dl molluscs (including 
Solemy a, Bulla, young Olivia), 
shrimp, crabs, and fishes; also 

continued 



Table 2. Continued. 

Family and species Seasons Abundance Information 
present Diet 

on flats source 
Information 

source 

Prionotus tribulus 
(Bighead searobin) 

Bothidae (lefteye flounders) 

Ancylopsetta quadrocellata 
(Ocellated flounder) 

Citharichthys spilopterus 
(Bay whiff) ( young)  

Etropus  crossotus 
(Fringed flounder) 

Paralirhthys dentatus 
(Summer flounder) (adult)  

Paralichthys lethostigma 
(Soupern flounder)(adult) 

Year-round Common Hyle 1976 

Spring-fall Few 

Summer- Few 
fall 

Fall-winter Commnn 
Spring Abundant 

Spring- Few 
summer 

Year-round Common 

Spring- Few 
summer 

Smith 1907, 
Hyle 1976 

Hyle 1976 

small crustaceans (including 
ostracods, copepods, and cuma- 
ceans) 

Mainly shrimp, and crabs (in- Linton 1904 
cluding horseshoe and fiddler 
crabs); also fishes, small crusta- 
ceans (includina amphipods, cope- 
pods), annelids, bivalve molluscs, 
and urchins 

Mainly crabs and shrimp; also Stickney et  al. 
mysids, other crustaceans (in- 1974 
cluding amphipods, copepods, 
cumaceans, and isopods), anne- 
lids, and fishes 

Mainly mysids; also other crus- Stickney et  al. 
taceans (including shrimp, crabs, 1974 
copepods, amphipods), fishes, 
annelids 

Hyle 1976 Mainly calanoicl copepods and Linton 1904, 
other small crustaceans (including Stickney et  al. 
cumaceans, amphipods, mysids, 1974 
shrimp, crabs, isopods); also 
annelids, molluscs, and fishes 

Hyle 1976, Mainly fishes; also squid, shrimp, Smith 1 907, 
Powell and crabs, mysids, small molluscs, Hildebrand and 
Schwartz 1977 sand dollars, annelids, and gam- Schroerler 1927, 

maridean amphipods Adams 1976b 

Hyle 1976, Mainly fishes (including mullet, Darnel1 1958, 
,Powell and menhaden, shad, anchovies, pin- Adams 1976b 
Schwartz 1977 fish, mojarra, ) oung croakers); 

also crabs (including blue, mud, and 
Year-round Common 

continued 

stone crabs), mysids, molfuscs, penaeid 
shrimp, and gammaridean amphipods 





Table 3. Fishes which prey upon species which feed on intertidal flats in North Carolina (rare and occasional 
species are no t  included). 

Family and species Abundance Information Diet Information 
source source 

Carcharhinidae (requiem sharks) 

Carcharhinus milberti Few Ross 1977 Mainly fishes (including pinfish) Hildebrand and 
(Sandbar shark) Schroeder 1927 

Carcharitinus o bscurus Common S11lit.h 1907, Mainly fishes (includingmenhaden Linton 1904, 
(Dusky shark) Ross 1977 and butterfish) Radcliffe 19 14 

Mustelus canis Few Smith 1907, Mainly crabs, lobsters, and other Smith 1907, 
(Smooth dogfish) Ross 1977 bottom invertebrates; also Hildebrand and 

fishes (including menhaden) Schroeder 1927 

Rhizoprionodon terraenovae Abundant Radcliffe Mainly fishes (including pigfish, Linton 1904, 
(Atlantic sharpnose shark) 19 14, Ross silversides, menhaden); also Smith 1907, 

1977 crabs (including hermit, blue, and Radcliffe 1914 
fiddler crabs), shrimp, annelids, 
and molluscs 

Sphyrnidae (hammerhead sharks) 

Sphyrna lewini Few Smith 1907, Mainly fishes and crustaceans Hildebrand and 
(Scalloped hammerhead) Ross 1977 Schroeder 1927 

Elopidae (tarpons) 

Elops saurus Few Smith 1907, Mainly fish (includiag ancho- Darnell 1958 
(Ladyfish) Tagatz and vies, pinfish, and shad) and 

Dudley 196 1 penaeid shrimp; also crabs, 
squid, and other invertebrates 

.\npifIidac (frcshwntcr rrls) 

Anguilla rostrata Abundant Smith 1907, Mainly crustaceans, annelids, Smith 1907, 
(American eel) Hyle 1976 fishes, echinoderms, molluscs, Hildebrand and 

and eelgrass; also carrion Schroeder 1927 

Congridae (conger eels) 

Conger oceanicus Few Smith 1907, Mainly fishes; also shrimp, and Linton 1904 
(Conger eel) Hyle 1976 snails (Urosalpinx ) 

Belonidae (needlefishes) 

Strongylura marina Common Smith 1907, Mainly fishes (including anchovies, Linton 1904, 
(Adantic needlefish) Tagatz and silversides, mullet); also shrimp, Hildebrand and 

Dudley 1961, amphipods, annelids, and urchins Schroeder 1927 
Hyle 1976 (Moira) 

P e r ~ i c h t h ~ i d a e  (temperate basses) 

Morone saxatilis Abundant Hester and Mainly fishes, crustaceans, anne- Hildebrand and 
(Striped bass) in northern Copeland lids and insects Schroeder 1927 

estuaries 19 75 

Serranidae (sea basses) 

Cen tropristis striata Few Ross 1977 Mainly crabs (including hermit Linton 1904, 
f Black sea bass) crabs), and fishes; also shrimp, Smith 1907, 

molluscs, annelids, urchins Hildebrand and 
(Moira), and s m d l  crustaceans Schroeder 1927 
(including isopods and amphipods) 

continued 



Table 3. Concluded 

Family and species Information Diet information 
source source 

Pomatomidae (bluefishesl 

Pomatomus saltatrix Abundant  Smith 1907, Young: mainly fishes,(including Linton 1904, 
(Bluefish) (young)  Ross 1977 anchovies, silversides, killifishes, Smith 1907, 

menhaden, shad, and spot ted Hildebrand and 
seatrout); also shrimp, crabs, Schroeder 1927 
other small crustaceans, annelids, 
and small snails 

Sciaenidae (drums) 

Cynoscion nehulosus 
(Spotted seatrout) 

Cynoscion regalis 
(Weakfish) 

Scin~nnpv oc~llntn 
(Red drum) 

C o m m o n  Hyle 19 76, Mainly fishes (including spo t ,  Linton 1904, 
Ross 1977 croaker, mullets, anchovies, sil- Hildebrand and 

versides, gobies, menhaden, pin-  Schroeder 1927, 
iish, pigfishj, and penaeid a n d  Darnell i938 

C o m m o n  

Common 

palaemonid shrimp; young also 
eat crustaceans 

Iiyle 1976, Mainly fishes (including anchovies, Linton 1904, 
Ross 1977 Atlantic thread herring, menhaden,  Smith 1907, 

pigfish, spot, and weakfish), and  Hildebrand and 
mysids; also crabs, annelids ( N e t -  Schroeder 1927, 
cis),   mollusc^, and small crus- Merriner 1975, 
taceans Stickney e t  al. 

1975 

R t w s  1977  Main!?~ rrr~st?r?ans (inclt~ding 1.inton 1904, 
penaeid shimp and blue crabs) Hildebrand and 
and fishes (including mullet,  Schroeder 1927, 
menhaden. anchovies, killifishes. Ilarnell 1958, 
silversides, pinfish, spot); also Bass and Avault 
molluscs (including bivalves and 1975, Overstreet 
squid), and annelids and Heard 197813 

Stromateidae (hutterfishes) 

Peprilus spp. C o m m o n  Smith 1907, Probably small fishes, squid, crus- IIildebrand and 
(hutterfish, harvestfish) Ross 1977 taceans, annelids, and ctenophores Schroeder 1927 --.- 



consume detritus, snlail shrimp, and other small 
crustaceans. As si~ggcstcd by its cotnlnon name, 
the bay anchovy, :l. nzitcf~illi, is common in 
brackish \\raters, whereas .4. hepsett~s is charac- 
teristic of fullj. saline environments. Along with 
silversides, the iunchovics are the most numerous 
of the  small baitfishcs found in shallow waters 
along the North Carolina coast. 

1 , i k ~  anchovies. juvenile silversides (!Clc~zidia 
mrnidia, M. beryllina, Mcntbras martinica) are 
also planktivores, feeding largely on zooplankton 
(Darnell 1958). Silversides also show some habitat 
segregation along it salinity gratlierl t, with M. ntefz - 
idia in fully saline waters and 111. bt>rylliiza in 
brackish areas. .As adults, silvcrsidcs become inure 
omnivorous, feeding on detritus and polychaetes, 
small shrimp, arnphipods, and other s~nal l  crusta- 
ceans. This omnivorous diet closely resembles the 
i!ict of a~c i thcr  typc of bzitfish common (311 inter- 
tidal flats, the killifishes (Fz~ndulus nzajalis, F. 
heteroclitus, Cyprifzodon vuriegatus). Where 
deeper tide pools arc found o n  the flats, I;. hcter- 
oclitus and C. varic~gatus arc )/car-round residents 
o f  shallow waters in North Carolina, although 
most individu;tls spend thc winters in deep-water 
habitats. Fundulus rnajalis tends to  be found in 
sandy sediments and in high salinities, while F. 
hcteroclitus prcfers muddier habitats iind tolcr- 
ittcs lower saliniiies. Somc a n ~ l i v ~ s  i u v t '  bupgc~ted 
that F. hetc.roclitus feeds only in salt marshes at 
high tide (Vincc et  al. 1976). Even if F. Izeter- 
oclitus also feeds on unvegetatcd tidal flats, I;. 
majalis is by far the most important killifish in 
the unvegctated intertidal flat environment. 

The mullets (hlugil ccplzalus and M. curema) 
represent thc last baitfish group of importance 
remaining t o  be ~nent ioned.  Mugil ci~f~ltalus, thc 
striped mullet, is by far the most abundant mul- 
let in North Carolina. hlullets are almost pure de- 
tritivorcs, taking mouthfuls of surface sediments 
and digesting what they can. Juvenile mrtllcts 
grow up in shallow waters of sounds, estuaries, 
and lagoons along the North Carolina coast. In 
the fall, young mullets form massive schools 
which migrate south. This mullet migration coin- 
cides with what is called a mullet blow in North 
Carolina, a shift of the winds into the north in- 
duced by the passage of a cold front. Schools of 
migrating mullets, with each individual almost 
geometrically and equally spaced from 
its nearest neighbors in the school, are a common 

s~gh t  in the sounds of North Carolina during Sep- 
tember and October. Althoitgh mimy mullets join 
this south\vard migration in the fiil, mullets arc 
still common in North Carolina's estu;~rics during 
the winter. .4Jugil ccplzalus is also known as the 
jumping mullet for its tendency t o  leap from the 
water, although the less common white mullet (nl. 
curema) probably jumps also. Smaller mullets 
clearly jump as a response t o  being disturbed or  
chased by predators. Larser mulIets also jump. 
and some authors have suggested that such 
leaping may 11elp remove estcrnal parasites. 

Other fishes occasionally consume detritus 
From the surface of North Carolind's intertidal 
flats. Of these, thc pirlfish (Lngodon rhnnzboidcs) 
is the most common. The pinfish is generally con- 
sidercd a grass-bed species when it occius in estu- 
aries. Its normal diet cncompasscs thc encrusting 
 faun:^ :~nd flor:? f o i ~ n d  on firm S I I I ) V ~ ~ ; I ~ C P  ~ t ~ c h  ;I<  

grass blades. Yet pinfish are so universi~lly nbiui- 
dant in North Carolina's sounds a n d  estuaries that 
they can be found fceding on all types of 1)ottoms 
including unvegetated intertidal flats. 'I'hc filcfish 
(Monacanthus hispidzlsf feeds in ;r sitni1,tr fashion 
in grass beds, and like the pinfish, c,tn also be 
found feeding over intertid,tl flats. 'l'hc filc.fis11 is 
much less abundant than pinfish, which is the 
most characteristic benthic feeder in North Ci~ro-  
lind's cstuarics. 

4.3 PREDATORS ON BENTHIC FAUNA, 
MOBII,E EPIBENTNIC INVERTEBRATES, 
AND FISHES 

The vast majority c ~ f  the fish species listcd in 
'Tables 2 anti 3 are predators either ( 1 )  o n  the 
benthic infauna and small el~ibcnthos or (2 )  o n  
fishes and larger cpibcnthic anitn,lls. 'I'hcsc two 
trophic cdtegories includc two grcrups of fishcs 
which, along with some of the s~n~ll lcr  bi t f ishes 
discussed above, arc perhaps the most charnctcris- 
tic fishes of intertidal fldt habit,its worltlwidc: 
( 1) the rays and skates and (2 )  the flatfishes. 

Rays arc prominent on intertidal flats around 
the world. They dig pits in the scditnents in thcir 
search fur clams and other buried infduna. 
Flapping their "wings," the fieshy parts of their 
extens~ve pectt~ral fins, enaidus 8 ~ 1 ~ 5  to  txcavalc 
substantial craters. The roots of marinc grasscs 
help to  inhibit excavations by rdys in the same 
way that they interfcrc with the activities of blue 



crabs and horseshoe crabs. Consequently, ~ h c  
physical impact of skates and rays is ordinarily far 
greater on unvegetated flats than in nearby grass 
beds. Because of their relatively large size, most 
skates and rays prey upon fairly large benthic ani- 
mals. Their extensive digging activities also cause 
widespread mortality even among the smallest of 
benthic organisms. Many smaller predatory 
species, such as the pinfish, follow the rays and 
~ k a t e z  in order t o  consume any smaller inverte- 
brates which they may uncover but not consume. 
'The excavation pits then undergo colonization by 
opportunistic species and succession proceeds 
back toward larger infaunal species (VanBlaricom 
1978). This characteristic disturbance process 
makes rays an important determinant of the ben- 
thic infaunal abundances and community compo- 
sition anywhere they are common. 

In North Carolina, the most abundant rav, the 
Atlantic stingray (Dasyatis sabina) does not exca- 
vate pits, but a locally abundant ray, the cownose 
ray (Rhinoptera bonasus), does. In spring and fall, 
large schools of cownose rays often can be found 
around grass beds in North Carolina's sounds and 
in the Chesapeake Bay (Orth 1975). Here they 
damage grass beds somewhat by their digging for 
food. Cownose rays consume large quantities of 
commercially valuable shellfish, especially hard 
clam.;, scallr)ps, and rtysters. Because these rays 
are so large, their appetites are substantial, and 
their effects on  the benthic communities are 
great. An attempt is now being made by some 
North Carolina researchers to develop an over- 
seas market for cownose (and other) rays. In 
Europe the ray "wings" are cut into scallop- 
like pieces which are considered a delicacy. De- 
veloping this fishery in North Carolina would 
have the added benefit of freeing the hard clam, 
scallop, and oyster populations from one of their 
major predators in certain areas. 

The other major category of predators which 
are most characteristic of intertidal flats is the 
flatfishes (flounders, soles, and tonguefish). Some 
flounders employ the tactic of lying buried just 
beneath the surface of the sediments with only 
their eyes protruding. While lying on the sediment 
surface, many flounders (mostly Paralichthys spp.) 
are tndsters of disguise, the chameieons of the ich- 
thyological world. Here they are able to change 
not only their coloration to  match their back- 
ground but also the pattern of blotches and marks 

on their skin (? las t  1?14), ccmce;rling them from 
their unsuspecting prey. Flounders then dart up 
out  of hiding to capture fish, shrimp, crabs, and 
other epibenthic species. 

The most important of this flatfish group on 
the intertidal flats of North Carolina are the 
summer flounder (Paralichthys dentatus), the 
southern flounder (P. lethosti,qma), and the hog- 
choker (Trinectes maculatus). The Paralichthys 
species prey predominantly upon fish, usudily 
silversides, anchovies, and other small fishes, and 
upon shrimp and crabs. The hogchoker is a small 
bottom-feeder that captures relatively small prey. 
PoIychaetes and srnall crustaceans along with detri- 
tus make up the bulk of its diet. 

The summer flounder and the southern 
flounder are the most important o f  these flat- 
fishes in that they contribute to both the sport 
and commerical fisheries along the east coast. Ju- 
venile flounders of both species are year-round 
residents of shallow waters in North Carolina, 
living in sounds, lagoons, and estuaries until they 
are 18 mo old (Powell and Schwartz 1977). They 
then leave through the inlets for the ocean for 
spawning. Some adults return to the sounds when 
the water warms, leaving again for ocean spawning 
each fall. Flounders weighing up to  8 to  10 lb are 
not uncommon in North Carolina's sounds. Bc- 
cause o f  the flounder's habit of lying on shallow 
flats to await its prey, fishermen often catch 
flounders by "gigging." This involves walking or  
poling a boat along in shallow water and using a 
barbed spear (or gig) to capture any flounder that 
is encountered. Flounder gigging is most fre- 
quen.tly practiced a t  night when flounders are 
most often found on the shallow flats and when 
they are relatively inactive. This entire fishing 
methodology is dependent upon the flounders' 
affinity for shallow-water sand flats. 

The hogchoker has been used in experiments 
to determine its influence on  the benthic infaunal 
community. Virnstein (1977) enclosed hogchokers 
inside of mesh cages and after varying periods of 
time took core samples of the benthic infauna. By 
comparing these cores to cores taken inside cages 
which lacked all predators, he was able to test 
whether the hogchoker had a significant impact 
on the benthic infaunal community. Even though 
the hogchoker feeds upon benthic infauna, i t  
appeared to have no  significant impact on the 



infaun31 communitv in \'irnstein's (1977) Chesa- 
peake Bay experiments. Since the hogchoker 
density used (one per 0.25 m 2 )  is much higher 
than ttnrall) prevailing hogchoker densities, it 
may be reasonable t r )  conclude that the h o g  
choker has a relatively trivial impact on benthic 
infaunal systenls as n consequence of its feeding 
activity. 'This result probabl!. indicatcs that hog- 
chokers, like flounders, do n o t  excavate the sedi- 
ments to  the degree that  is characteristic of tllany 
rays and b L L i ~ ~ s  c i : ~ d  < * f  the blxc cr::h. 

As juveniles, other species o f  bottom-feeding, 
predatory fishes frequently visit intertidal flats at 
high tide. Some of thcse species are so generally 
abundant in the sounds and estuaries of North 
Carolina that their presence on the intertidal flat 
is quite obvious. For instance, spot (l.~icrsto&ius 
xanihurus), Atlantic croaker (illicr/)ogonias undzd- 
latus), silver perch (Ilairdic~lln chrysuoru),and pig- 
fish (0rthoprzsLz.s ci~rysopteruj are ail abundant 
during warn1 tnonths. Ucca~rse of their relatively 
large size, they have rc1;ttively high feeding rates. 
Virnstcin (1977)  measured the impact of spot on 
the benthic infitunal community inside cages in 
Chesapeake Bay and found that one spot per 
0.25 m2 significantly retluccd the abundance and 
diversity o f  thc infi~una. Although this experiment 
was carried ou t  in a subtidal habitat, the occa- 
sionallv hiqh abundance of juvenile spot in the 
intertidal zone suggests that they may have :I simi- 
lar impact there. 

A few spot,  Atlantic croaker, pigfish, and 
silver perch are yeiir-round residents of shallow 
waters in North Carolinii, but most adults of these 
species migrate offshore to spawn in fall and win- 
ter. All four o f  these species arc commonly caught 
by sport fishcrmcn, while spot and Atlantic 
croaker also contr ib~t te  to commercial fisheries. 
Because each species feeds, at  least occasionaliy, 
o n  intertidal flats, this habitat contributes t o  
thcsc important fisheries t o  some extent. How- 
ever, the majority of thc kcding of each of these 
species occurs outside of intertidal habitats. For 
this reason, the truly characteristic fishes of intcr- 
tidal flats remain the baitfishes (silversides, ancho- 
vies, menhaden, killifishcs, mullets, etc.), the rays 
and skates, and the flatfishes (fIounders, sole, and 
i o n g u e f i s h ) .  I f  a n y  fish s p r c i c s  \\.cluld !?e 
threatened with local extinction by the elimina- 
tion of intertidal mud and sand fIats, that species 
would come from this list. In North Carolina, 

!)roh;thly all thrx h:\it f isl1ec, r.tyc., :ind f ' ! . t t f i ~ E ~ c  
would be seriously depleted by loss of intertidal 
flat habitat. The  planktivorcs, which benefit from 
the increased production of phytoplankton over 
intertidal flats, and the pisci\,orous (fish-eating) 
predrttors would also suffer through depletion of 
their food. 

Table 2 lists d few addition;il bottom-feeding, 
predatory fishes cvhich, upon occasion, forage in 
the i;:ter:id;i! :one : ~ f  r-q::;:i~.ics, <r.:tnd<, :?!ld 
1,tgoons in North Cdrolin'i. Solne of these species. 
such as the li~ardfish (Synodus fortcvzs) and the 
oyster todd (Opsaitzis tau), ‘ire c i b i ~ ~ ~ d L ~ ~ ~ t ,  rl l t l lo~~gh 
the bulk of their feeding is i~ntfoubtedly done 
outside of the intertidal Lone. Oystcr toads 
coinlnonly forage around hiding places in the sub- 
tidal zone, but this foraging often c'irries t h e n ~  LIP 
o n t o  intertidal flats. Oyster to'tds  re i11s0 known 
to excavate pits while feetling in the intertidal 
~ o ~ i e .  O c c d b i v ~ ~ ~ i i I ~ ,  & t i  U) ~ L C I  l\)'~d ~ d t i  bi' fi)il:~d 
str,inded in such ,l pit at low tide. 

4.4 NON-RESIDENT FISHES INDIKECT1,Y 
DEPENDENT UPON INTERTIDAL FLATS 

The fishes listed in 'Table 3 '\re only occdsion- 
ally found over intertidal flats, but ordin,uily con- 
sume somc prey that hdve fed in intertidal environ- 
ments. hlost of ~ ~ C S C  bl)c~ics 'ttc i d t g ~ ,  i c ~ )  
mt)bile predators ,ind f';~ll into the fourth trol)hic 
cntegory: consumers of fish anct 1,1rge epibcnthic 
invertebrates. As such, these species tcnd t o  feed 
o n  a highcr trophic lcvel than those syccics which 
fordge directly on the intertidal f l ~ t .  h1,tny o f  
thcse larger preddtors, cspeci,llly the sharks, re- 
main in deeper water during the day ,ind only 
,tpproL~ch the shrillows cluring the cooler tempera- 
tures o f  night. Because thcsc q~cc ics  arc so Iargc 
and mobile, thcy ,ire r'lrely netted in otter tr,t\vls 
or seines, so  that their ab~~nd'ulce and importance 
in coa~tril systems 'Ire largely unknown. 

Several of' thcse largcr pretlators are vdluable 
to  either commc~cial or  sport fisheries in North 
Carolina. The weakfish (Cyrzoscion ri,,qali.\) is 
r)rohably the most important of these. Although 
Iess abundant, the spotted seatrout (C. nc,bulosus) 
and small red drum or  "puppy drutn" (Sciaenops 
ocellataf are prized game irshcs in thesrrttnri\ ctf 
North Carolina. 'The bluefish (Pomutomus salta- 
trix) is ,ibundant and contributes greatly to the 



sport and commercial fisheries of the State. Blue- 
fish generally spend their first summer feeding 
and growing in sounds and lagoons before moving 
out into the ocean sometime in the fall. These 
young bluefish reach about 1 Ib in size before 
they make this shift in habitat. The black seabass 
(Centropristis striata) is also an important con- 
tributor to the sport fishing industry of North 
Carolina. Although the Spanish mackerel (Scom- 
beromorus t~toculat7is) has not been included in 
the list of species partially dependent upon food 
species from intertidal flats, it sometimes leaves 
the ocean to venture into sounds and estuaries. 
When it does, i t  preys heavily on silversides and 
other baitfishes which may have been feeding on 
intertidal flats. 

Among the sharks listed in Table 3, perhaps 
only the Atlantic sharpnose shark (Rhiropriono- 
don terranovue) is often scen in shallow waters 
in the sounds and estuaries of North Carolina. 
Other sharks which are larger, more mobile, and 
nocturnal in their visits to  shallow water, may be 
more involved with intertidal flats than is com- 
monly recognized. Sharks represent one common 
terminus of food chains originating in the inter- 
tidal flat habitat. 

4.5 ESTUARIES AS NURSERY GROUNDS 
FOR FISHES 

One of the most widely quoted functions of  
estuaries and coastal lagoons is their role as nursery 
areas for many marine fishes. Many fish species 
which live or spawn at sea as adults utilize the 
estuary as postlarval forms and as juveniles. 
Presumably this split life history has developed in 
response to  (1) the very high productivity of estu- 
arine systems which can satisfy the early nutri- 
tional needs of the juvenile fishes and (2) the pro- 
tection from predators provided by the shallow 
waters. Those species which utilize the estuaries 
as nurseries include most of the important com- 
mercial and sport species as well as most bait- 
fishes in the coastal marine systems of North 
Carolina (Turner and Johnson 1973). The contri- 
bution of estuarine systems in general to marine 
fisheries is enormous, and the intertidal flat habi- 
tat makes - its contribution to this pattern. - 

trophic status as they grow dnd age. As larvae. 
most marine fishes are considered part of the 
plankton because of their small size. Even as post- 
larval forms, most marine fishes are very small. 
Both larval and early postlarval fishes feed upon 
zooplankton. This is true of species which are 
pIanktivorous as adults, as well as species which 
are predatory when older (Kjelson et al. 1975). 
Atlantic croaker, spot, striped mullet, and virtually 
all other larval and postlarval fishes in marine sys- 
terns spciid much time !r. sma!! si7e classes which 
feed on the zooplankton. Because zooplankton 
are supported by a diet of phytoplankton, inter- 
tidal flats contribute indirectly to zooplankton 
production through the mechanism of increasing 
the area of the euphotic Lone and supplying inor- 
ganic nutrients, both of which stimulate phyto- 
plankton production (see Chapter 2). Intertidd 
flats also contribute directly to the success of 
larval and postlarval fishes in another way. Be- 
cause of their vulnerabiliry to p ~ . c d ~ i ~ u ~ s ,  these 
postlarval fishes congregate in the shallowest 
waters of the estuarine system for protection 
against predatory fishes, which are ordinarily re- 
luctant to risk the shallows. Many fishes which 
are strictly marine as adults can thus be found 
during their earliest life stages in the intertidal flat 
habitats. For instance, even some of  the offshore 
reef fishes, various snappers and groupers, spend 
their larval and early postlarval days as plankti- 
vores in the shallows of estuaries and lagoons in 
North Carolina (Adams 1976a), although i t  is un- 
clear how important these juveniles are to the 
total reproductive effort of the reef species, 

Not only do  marine fishes raised in estuaries 
demonstrate predictable changes in trophic status 
as they grow, but they also show unpredictable 
changes in feeding habits in response to  varying 
abundances of preferred foods. Predatory fishes 
in estuaries commonly supplement their diets 
with detritus when their usual prey are scarce 
(Darnell 1964). Although growth rates on pure 
diets of detritus are quite low, this plastic feeding 
behavior at least permits the predators to  survive 
periods of food scarcity. Detritus always is avail- 
able as a depend-ble alternate source of energy in 
any estuarine system. 

4.6 SEASONAL CHANGES IN THE FISH 
FAUNA OF INTERTIDAL FLATS - 

The dietary information presented earlier 
applies to juvenile and adult fishes. Most species Seasonal variation in the fish fauna found 
of fishes radicd changes in their over intertidal flats a t  higher tides is quite substan- 



tial. hIost cstu;irinc and 1;iguonal fish species are 
no t  year-round resltlents in Sorril  Caroiina. Many, 
like the bluefish, migratt. south during the cold 
months. Others, like adult spot and Atlantic 
croaker, simply migrate into deeper oceanic waters 
for the winter, although they may also wldergo 
some north-south tnigraiion. Etretl fishes which re- 
main in cncloscd sounds ;und estuaries during the 
cold mor~ ths  ilsually ~ n o \ ~ e  into deeper waters 
where the teinpcrature extreines arc not so pro- 
nour?ced. For instance, those spotted seatrout and 
yearling spot and croakers which spend winters in 
North Carolina sounds are found congregated in 
deeper holes during cold months. These species 
are never seen foraging out  over intertidal zones 
during winter, 

In spring, the North Carolina flats rernain 
populated by the characteristic silversides rtrld 
killifishes. t2s the waters wartn in hlarch, April, 
anti M'iy, lct~sc ach~,)!s i if  s:nall ;~ostl::rv::l :incl, 
adult  t\tlantic croaker, spot,  ~nenh;idct~, ;tnd 
flounders will ;tppear. Occasiun,tlly, the near- 
shore waters will t>c clark with schools o f  the 
young of these fishes. J i~veni le  stripcci mullet, also 
a p p e x  during this period, but their numbers tio 
n o t  equal those of the juvenile spot, Atlantic 
croaker, and menhaden at this time of the year. 
By late spring large schools of juvenile silversides 
are also common. Small pinfish appear during the 
spring, bu t  they are o r d ~ n a r ~ l y  LL'SIT~LLCJ t o  ~ i d h a -  

bed  habitats during this stage of their life cycle. 
By late spring, species diversity of fishes has 
reached a high level that is excectied only hy the 
diversity in thc S,t11. Species diversity of fishes in 
North Carolina estuaries is 1)imodal when plotted 
over the full J7ciir with ;r spring and a higher f;tll 
peak coinciding with the presence o f  fishes on 
their north-south n-rigrations ( F .  J .  S~hwar t z ,  
Univ. North C,trolinrt, Chitpel IIill,Pers. Comm.). 

Althouglt tishcs ~ t r c  c~ot-nmon over North Chro- 
lind's tid'11 fl'its only (luring the w,trrner months 
of the year, most of the 12roduction o f  inve~ tc- 
brates ,tntl othcr pre) types occurs then, too. 'l'he 
srrlnlner is rhar,icter~/.ed I)y high fish '~bundances. 
Species diver\ i~y of lishcl is high in summer but 
n o t  as high '15 the sprlng level. During the sLarrlmer 
months the species described c,trlicr are ;~clivcly 
feeding. f3,i-t!:ffihe\, il ,ttfj\hr\,  anti rays '+re the 
prominent members of the summer ichthyof'iuna 
on North Carolind's tidal flats, w ~ t h  several Adi -  
tiondl species occ'lsionally visiting the fletts to 
feed. 

In thc carly f'tll, fish species ciivcrsity reaches 
its yearly tnaslmum. Sumlner reslclenis ilre s t~ i i  
present and are joined by the c'trly fall migrants 
to produce this high diversity. In 1;lte f,tll, mitny 
of  tllc wdrrn-water rcsidcnts Ocgin to le:tvc- thc 
shallows for their migratory runs to d c c p c ~  o r  
more so~~thcrl!; wit ters. S ~ n ; ~ l l  hiurfish, rarc on 
North Ciuoliiia's intertid,rl fl'tts citrring the skim- 
mer, invade in large schools rh,tt haw come from 
sounds farther north. 'These fced on bsitfinhrs 
over intertidal flats and in riceper \v:rtcrs before 
continuing their migration southw,trct. Striped 
mullet begin to school LIP in preparation for rhrir 
migrcttion south, Spotted seatrour move illto sl1~11- 
low waters during the frtll. as do kingSish (A lcn t i -  
cirrl~zrs spp.). E'loitnders ,trr still abtinclant in the 
fall, ;tlthough the aditlts school up and ~novc  ottt 
the inlets by the end of October. 'X'lic* ).car-round 
residents o f  intertid;il flats, kiltifishcs ;uitl si1vc.r- 
sides, rcrnain obvious t )n t i dd  flitis t h ro~~ghou  t 
! h a  f211 

'This cyclic pattern o f  sc;tson,tl r1t;ingr in 
abundance and diversity is a univ<*rs.il charartcris- 
tic o f  the fish fauna uf e'ist-cuast cstuarinc sys- 
tems. Partly req,onsiblc is tlrc sc.tsot1.11 v,~ri;ttion 
in abund:lnce of all fish foods t'r'om j)l,tnkton to 
marine invrrlehratcs to sm;lller fist~cs. 'l'hc physio- 
logical temperature tolcr:tnccs of the fishes ancl 
tzreedin~ habits also may play i t  role in srtting this 
pd::cm iif sl-:isfrnz!i*y 

In ;iddition to sc,rsondl p.ittcrns i t )  fish ,tbun- 
d4ncc.s on interlic1;il tl.lts, tl~ctt. 'trc' strong tcin- 
p~>r,tl cydes in dbunt1,ttlce o\.cr s,hortcr t ~ i n c  
periods. 'l'he most iml)ortd~lt of thc'sr *ire prob- 
ably the p&ttc.rns inciuc.ccf f>y thcq iilic*rn,ttion of 
day and night. >lost, but not all, fishc\ fee-ti more 
actively at t.ertdin titnc.5 of cl,~y, o f t c * ~ ~  c.,trly 
a~trrtiing 'ind I, i~c everring. 0 t h t . r  t)c.h,lvior,~l )),it- 
terns ,ire . r l w  ~ ~ w d  inlo d d i ~ l - ~ t ~ ~ h t  I.Y( It\. 111 11,lrti- 
ctil'rr. marry srnallct Sishcs, .tpl)u.lr t o  lor,rgc iiway 
from the cover o f  t,c+rts ,111ci other hiti~nji 
p];tc.cs, only untlcr the prc~tc.c.tlctn 01 tlarkrtt*\s. 'I'hc 
un\legetated iritcrtid,tl I l , r t \  ,trc ofic'n fdr Inorc 
hc,ivily visited by fishc.5, <is, ~ ~ $ 1 1  &is cr,~bs, tlurin): 
the night than in th r  cfdytrt~~e. So~nc. o f  thr larger 
I)rcd,ttor.s f(~llo,v ct ti,~y-night p t  tun1 '15 wc11. It I \  

110 dcc.lrlent th'tt Ltltnc,\t c ~ l l  j i ~ g ~ ~ n g  for floi~ricfers 
on the North C.~rolin,t t i t l r  S1,tts o ~ t  urs 'it night, 
r&m fivt,mdt.rs f ; ~  '$81 ihrx !kits .rr.rr! clrc rc*!<~rivrly 
inactive. Sfany r t f  the sh,irks that ~>ldy thc role 
t r f  t o p  j)rrcidtor5 OJI 1 1 1 ~  irrtcr~ttl'd f l l t t \  pdy their 
surnmcxtime visits t o  sh,rllow w,rtc.rs d t  nrxht. 



The coinmon egret often feeds ill slriall intertidal creeks where food organisms concentrate i l l  the receding 
waters. Detritus, accumulated on the exposed mudbank, is in tile process of degradation which is vital t o  its 
incorporation into the food web. Photo by T. A. Klopp. 



C;lliZP'I'EK 5 .  'THE KIK1)S 

5.1 THE \'AKII.:TY OF AVIAN KO1,ES OX 
INTEK'rID,lL F1,ATS 

110s t visitors t o  ;in est lt;~r). \votil(i p roba l ) l~ -  :is- 
sociatc intcl-tidnl flats \vith the vi~rious specics of 
\v:iding bil-tts ;und s11orcI)irds \\.11icI1 ;ire c-om~nonly  
s~.%r.!l there. Uirtis itre ccrtainl\- the ~ n o s t  conspicu- 
ous elelllent of a l ~ n o s t  ;my irlrc.rtidal f lat ,  in part 
1,ecaiisc. the!. arc. large ; I I I ~  iis~tiill!. clc;irl~. visi1)le. 
. > i his sul?jccti\.c i~nl)~.cssion 111;11 In;itt!. t)irds ;ire in- 
tinlately ;tssociatcti \vith intcrtici;il s ~ t n d  and ~ n u d  
f1,its is supportc.cl I)!. c v i t i c ~ ~ c c .  Fishcs can ;tltvays 
f'or:tgc sul ) t ida l l~ . .  \\";ttling ~inrl sediment-l)rol)ing 
shoret)irtls, ho\\,c\.cr, c;111 g:ithc.r l 'oocl  o1i1>. on in- 
tertidal a ~ i d  vc.r). sh;illo\v sliI)ticl;il flats. 1)ccl)cl. 
sut)tid:il I la t~i ta t  s arc largely inac.ccssil)lc, cxc-el)t 
t < j s < j  ,llc(! c c i > #  I;\>: ,,<,, I -,,. L. 

. . . . . . . ....-.% s. !~~,rl-:!?c!.!!~~?~e, I>c.c::!!!cc. 

of t heir f ~ . ~ c l u c . ~ ~ t  11, high ; ~ l , ~ r n d a ~ ~ c c . s  ;inti thcir 
sul)stanti,il I'ood r e c l ~ ~ i r c ~ u e n t  s resulting from high 
mct;iI)olic r ;~ tc s ,  1)il.d~ ol'tcn 11;1\:c a sul)st;ittti;~l i ~ n -  
pact on t h c  il1f';iun;tl ilivcrtcl)~.;~tc.s o f  intcrtid;ll 
11abitats (Schncicicr 1978). 

'f ;iblc 4 ~ ) r o \ ~ i d e s  ;t neiirly c o m l ~ l c t c  list of 
thosc  spccics of birds \vhic.h utilize tllc intertidal 
1l;its o f  sounds ,  lagoons, cst t~arics.  and river 
i n ~ i i t i ~ s  11) h o r ~ ! ~  <~~t ro l i~ i ' i .  ' i ' i i i b  ;is[ i b  ~ ~ i i x i i ~ i c l c d  
i n t o  s ix  c . co log icn l  c . : i tagor ics ,  01- ' gu i lds ' :  
(1) w:tdc~.s ( i n c ~ l ~ ~ d i n g  herons,  cgl-cts, il>ises, 
!,elIo\viegs); ( 2 )  sha l lo \v - l~ ro I ) i~~g  a n d  suri';~cc- 
s e ; ~ r c h i n ~  sho~.cl)ircls (sandl)ipcrs, plovers, knots ,  
oyst ercatclicl-s, c tc..) ; ( 3 )  c tec~~-~) ro l ) ing  shorc1)irtls 
(god\vits, \villcts, curlc\\:s); (4) ;ieri;ll-scitrchint: 
hil-ds (terns, gulls, skimmers,  pelic;r~.ls, kingfishers); 
( 5 )  Slo;~tirlg ; ~ n d  cii\;ing w ~ t e r  1,il-cis ( t l~ tcks ,  grcl,cs, 
geese, loons ,  cornlorants ,  ancl ;I swan); ;inti 
(6)  birds of  prey (oy)rcys ,  hawks, eagles, owls). 
Each of ihcsc. g ~ ~ i l t l s  is orclin~~l-ily re1)rcsentcd by 
itt Ie;tst o n e  species o n  intert idal  flitts itround the 
world. Certain guilds are clciirly more diverse than 
othcrs.  F o r  instalice, t he  s h a I l o - r o t  shore- 
birds arc tlic most  diverse on  almost any shoreline 
including t h e  flats of Nor th  Carc11in;t. 111 contrast, 
there are f ew birds of prey tha t  arc impor tant  in 
intertidal systems. 

S I ~ i l y  (probcibly most )  of thesc spccics of 
birds represent end-points  in the  consumer food  
chains of intcrtid,il lldts. Certt inly adul t  wddcrs 
are Jargel>, free o f  prctf;ition because of their large 

bodj. sizcs, ;tltho~igh c ,g~s  ;inti ~lcstlings ;trc. l)~.ot)- 
ably prcbycd ripon by g ~ ~ l l ? ; ,  f o r r s ,  r ; t c ~ o o ~ ~ s ,  ;rnci 
rats. :\s adults. terns ;lnd gulls ;irc no t  ordi11aril~- 
prc!.cd upon by higlic~.-trrtlc~. l)rcc[;~tors. On/!. t 1 1 ~  
smaller 1)robirlg sllorc.l)i~tls (sal~dl)ipc%rs, ctc..) ;ultl 
some o f  the tliicks arc  likcl!. t o  h;i\,c n;ir~ir;il L . I I ~ -  
mies as ;tcIt~lts. l.:vcn lor  thcsc. crou!ts. most n;tt- 
ur;il mort:~lit!. l)rol);iI)1!. o(.c-ul-s ; i s  a c.onsc-cjrlc.t>(.c 
of s t a r \ ? a t i o ~ ~  o r  other I';~ctors ~irlrcl;rtc(i t o  ~)rc t la-  
tion. C;ivcn t l ~ ~ t  n):ili!. 0 1 '  t11t' sl)e(.irs lis1c.d i l l  

'1';iblc 4 arc enti-l)oi~its in thc. f o o c l  c11;iins of illt(\r- 
ti(I~i1 fl:~ts in Sort11 (::i~.oIii~;t, :III i ~ i ~ ~ ) o r t ; i t ~ t  l): \ t-  
tc1.11 in tlic foot1 ch;iil~s o f  csttt;u.ics is clc;irl!. illus- 
tr:~re(l. '1'11~ i~siiiil tro1)Ilic l ) \ . s ; ~ ~ ~ ~ i ( i  is in\x*rlc.(i; 
there arc more ~ i ~ i ~ i t c r i ~ ~ ; t l l ~ .  i~lll)ol.t;int c.011s11111c.i. 
spcc.ics :it the top o f  tlic l'oocl \\.c%I). 'l'his i~~tcr t i ( l ; i l  
f ! :~! r ~ ~ ! ~ l ~ > ~ ~ ~ r ~ i t t ;  o r u ; i ~ ~ i , : , i i o ~ ~  c , (iif'f'tv.< ~~:i(li(.:tll~. 
froti1 t11c org:inix;~tio~l 01' rock>, i~itcrtici;tl l ) ( , ~ i t l ~ i c .  

communities wli(.rr. c1istinc.t f o i > c 1  \ ~ ' ( * I ) s .  1.i1t.11 

headed 1)y ;I limited n~lrnl)c.r. < ) I '  'to1) casni\~orc.s.' 
;ire the r ~ i l c  ( P ~ ~ I I c  l!l(i(i). Orit. i t~~j~I ic . ; t t io~i  o f  this 
c1ifSercnc.e is t11;it ;uny loss of' ~ ) ~ . i ~ n ; t r y  ~)rod~tc . t ion  
in an e s t t ~ a r i ~ ~ c  sys tc~n  \\ . i l l  I~a \ , c  \~~idcsl)rc.ud r : i~~ i i -  
Fications on the popiil:rt ions o f  t 01) ~ ) w ( i a t o r s l ~ , c -  
cause they ;ire all clcl)c~ltlcnt tll,on the s;tmc n;ir- 
I-ow energ!. Ijasc. I~c~c.;riisc s o  malty of  ihcsc to!) . . i )~-c~;L~i : , I -s  ;irr :ijr(!x, :! !!< !I::. ! + i Y { I <  # I> : ! !  ,+ , '>!) l<i  <,I [ ' -  

fcr most I'ro~n stic.11 ;I h!.l)ofllt~t ir.;il Ioss i l l  p~.irnar). 
l)ro(iuc.tior~, 

\l'ading 1)ircls ;IS<: cll;ir;tc~tcrisii(~ componc*nts o f  
the intcrtit1;tl f1;it Ii;il,it;it. '1'.11~1(: 1 lists all o f  t l lcv  

~v;tding sl)ecics t l l ; t t  o n c  \ v o t ~ l ( i  cLrcr I ) ( .  1ikc.l). to 
crlcollntcr f e c d i n ~  o n  the. intc1.1 i c t i ~ l  1l;lts 01' Nort11 
Citt-olin;,. Of thcsc, tlircc spc.(.ic.s arc. I,y I';lr thc 
most t i~ i rncrot~s  in this h.~I)it;it : tllc grcat cgrcl. 
tllc snowy cgrct, itnd rhc. I,oriisiai~;t heron (SOOIS  
aild Parnell 1975).  'l'hcsc arc. i~ l so  the  t111-(.c. most 
abunci;~n t sl)c.c,ics i t 1  rook(v.ic.s along thr c.11 I jrc (.itst 
c ~ ; ~ s t  ((;llstc.r anti  O~I IOI . I I  1977) .  'I'his c-orrcs- 
p o ~ i d e n c c  untfcrsco~~c~s 111c imj)ortanc.e of' t11c in- 
tertidal flat h;tt)it'tt t o  \v;rciing I~irt ls .  

'The grea1c.r ycllo\vlexs is ;ilso c.l~ar;lctcrisii(- 
of sand and  nod i'I;its. 'i'i~t. ) ~ i l i ) i t . l l ' ~ ~  h;i\.i' f :~( ' t l  

includctl in thc  watling bil-ti guild I)ccause the): act  
like mini;lture hcsons o r  cgl-cts, \vacling in sh;t l lo\~ 
u , ;~ter  while searching for ;~nci ~ti t inlalel) ,  catcfling 



Table 4. Bird species which utilize intertidal flat habitats in North Carolina, subdivided into guilds of 
ecologically similar species.a 

Guild and species Abundance 
b Diet 

1) WADERS 
Great Egret FC(S); u(W) Small fishes 

(Casmerodius albus) 
. Snowv Egret FC(S); U(W) Small fishes 

(Egretta thula) 
Louisiana Heron FC(S); U(W) Small fishes 

(Egretta tricolor) 
Great Blue Heron U(S); FC(W) Small fishes 

(Ardea herodias) 
Little Blue Heron FC(S) ; U(W) Small fishes 

(Egretta caerulea) 
Green Heron FC Small fishes 

(Butorides striatus) 
Black-crowned Night Heron FC Small fishes 

(Ny cticorax n ycticorax) 
Ye!low-crownrd Night Heron U Crustaceans 

(Ny  cticorax violacea) 
White Ibis FC (south of Uca and other crustaceans 

(Eudocimus albus) Cape Lookout) 
Greater Yellowlegs FC Small fishes, crustaceans 

(Tringa melanoleuca) 

2) SIIALLOW-PROBING AND SURFACE-SEARCHING SHOREBIRDS 
Clapper Rail FC Uca and other crustaceans 

(Rallus longirostris) 
Piping Plover U Insects, amphipods, etc. 

(Charadrius melodus) 
Semipalmated Plover FC +C Insects, amphipods, etc. 

(Charadrius semipalmatus) 
Wilson's Plover U Insects, amphipods, etc. 

(Charadrius wilsonia) 
Killdeer U Insects, amphipods, etc. 

(Charadrius vociferus) 
American Golden Plover R Insects, amphipods, etc. 

(Pluvialis dominica) 
Black-bellied Plover C Insects, amphipods, etc. 

(Pluvialis squatorola) 
Ruddy Turnstoile FC +C Crustaceans, polychaetes 

(Arenaria interpres) 
Red Knot U(F); ~ ( S P )  Crustaceans, polychaetes 

(Calidris canutus) 
Dunlin (Red-backed Sandpiper) C Insects, molluscs 

(Calidris a lpina) 
Spotted Sandpiper FC Invertebrates 

(Actitis macularia) 
White-rumped Sandpiper U Invertebrates 

(Calidris fuscicollis) 
Least Sandpiper U + =  Invertebrates 

(Ca Eidris minutilla) 
Western Sandpiper C Invertebrates 

(Calidris nzauri) 
Semipalmated Sandpiper FC Invericbrates 

(Calidris pusilla) 
Short-billed Dowitcher U +% Polychaetes, other benthic 

(Limnodromus griseus) invertebrates 
Long-billed Dowitcher U Polychaetes, other benthic 

(Limnodromus scolopaceus) continued invertebrates 

Residencv status in N.C. 

Permanent resident 

Permanent resident 

Permanent resident 

Permanent resident 

I'rrmanent resident 

Srlrnmar resident 

Permanent resident 

Summer resident 

I'er~nanen t resident 

Winter resident 

Permanent resident 

Winter resident 

Winter resident t 
r~dnsicril 
Summer resident 

Winter resident 

'Transient 

Winter resident 

Winter resident + 
transient 
Transient 

\Y inter resident 

Transient 

Transient 

Winter resident + 
transient 
Winter resident 

Transient 

Winter resident 
+ transient 
Winter resident 



Table 1. (continued) 

Guild and species ~\bondancc" Vier 

- 

Kcsiclcnry status in N.C. 

Snnticrling C 
(i.'nli(fris nll)c~) 

American Oystcrcatchcr 1.' C 
(IIac~trtatopris pnlliatus) 

3) L)I:.III'-f'KORISC, S1IOKIiHIKI)S 
v.7-1-l..,l (:-,4,%.i! -,liri <'. . l l . , - - .. I 1 

(1,itrio.sn ,jt.riotr) 
fVil1c.t C(S); U(\V) 

(i:c~tt)f~t~.o/~lr orrcs sc*jtr if~crlrr~c~trts) 
Long-billed Curltlw K 

(NII trr(~rriri.s (1111 t.ric-crtirr.~) 
W himbrc.1 ( I  lucfsonian Curlew) FC 

(.Ytitt~c.riirt~ / ) / r a i ~ o f ~ ~ ~ s )  

4) AEKI:\I,-SIXIZCIIINC; RII<l)S 
Cirspian 'i'crn F C; 

(Stcrrr(z (.tr.vpia j 
(;IIII-l~illcci ' l 'crt~ 1.1 

((;t.loc.l~ t.litlotr ni1olic.o) 
1:orstt-r's '1.crn FC cC 

(St(,nlcr for.\ (mi) 
C o n ~ n l o n  'l'crn FC 

(Stc,rna / ~ i r t ~  rr do)  
1,e:tst 'l'ern 1: C 

(.St(.rrln nlltijrorls) 
Itoyal ?'crri I:C(S); U(W)  

(Stc,rna tntrxirttci) 
Saridwich l ' c rn  ((:;~bot's ?'ern) LJ 

(Sti.nlc1 .satit/i~ic.c3tlSis) 
1iidI.h 'i.t 111 t 

(L'/tli(lo7rias rl igra) 
fIerrirlg Gull C 

(Larlts argr.ti lo tux) 
Grcat Hlac-k-tuc-k<*tl C;ull E' C: 

(Lar l~s  ttinrirrzts) 
Ring-billcti (;ull C 

(L>ancs tl~~larc~czrc~tisis) 
1,aughing Gull C ( S ) ;  C(Mr) 

(Lartts o t ric-illr~) 
Honalxtrtc's C;ull 1: (: 

(Larus plrila~lr~lf~lria) 
Fish Crow C 

((.'nrvus ossifra,p.'i) 
Brown I'rliran I2C(S); i1(R1) 

(/'r,lt.c.n rr us  occ.icfcvt ln1i.s) 
Black Skimrner C ( S ) ;  Ll(W)  

(Nyric.h , ,~IY tiiiirc'r) 
Belted Kingfishvr FC(W); C ( S )  

(,21t~,qacc~rylr~ nly c 0 7 1 )  

5 )  F~,();\,~IXC; /\XI) 1)I\'lN(; iV,\'I.iK i i lKi)S 
Common Loon C 

(Gaviu im mrr)  
Red-titroaied Loon PC 

((;avia stcllatn) 

\\'irl tcr rrsiiirnt 

I ' e t ~ n ~ ~ ~ i ~ ~ r i  I rcsiiir11t 

I:~sht.s 

l usrcts ovcr niarsl~rs 

I ' i s t~rs  

I:istlr.s 

Fishcs 

I~'isI1cs (80111~ ol'fsl~ori-) 

I'istros (sornc offshore) 

l'ishcs 

Fis t~rs ,  scallops. clarns 

1.ishcs 

I.'isi~cs 

I:isht-F 

k'ishrs 

I'istic.~, cnollusc~~ 

I,'ivihr\ 

I ; i h  (tnullct) 

Srndll t);litfishcs 



Table 4 (concluded) 

Guild and species Abundance Diet Residency status in N.C. b 

Homed Grebe 
(Podiceps auritus) 

Pied-billed Grebe 
(Podilym bus podiceps) 

Double-crested Cormorant 

Fishes 

Fishes 

Fishes 

Winter resident 

Winter resident 

Winter resident 
(few summer) 
Winter resident 

(Phalacrocorax auritus) 
Whistling Swan 

(Olor columbianus) 
Canada Goose 

(Branta canadensis) 
Brant (Black Brant) 

(Branta bernicla) 
Snow Goose 

(Chen caerulescens) 
Black Duck 

(Anas rubripes) 
Redhead 

(Ay thya americana) 
Canvasback 

(A? thya valisineria) 
Greater Scaup 

(Aythya marila) 
Lesser Scaup 

(Ay thya affnis) 
Common Goldeney e 

(Bucep ha la clangula) 
Bufflehead 

(Bucephala albeola) 
White-winged Scoter 

(Melanitta fusca) 
Surf Scoter 

( M ~ l n n i t  ta p~rspicillntn) 

C (north of 
Cape Hatteras) 
FC (only near 
Ocracoke Inlet) 
C (around 
Bodie Island) 
FC 

Win trr rpsident 

Winter resident 

Winter resident 

Winter resident 

Benthic macro-algae, 
seagrass 
Herbivorous-omnivorous 

Benthic mud flat algae, 
invertebrates 
Herbivorous-omnivorous U (C in Core 

Sound) 
U (C in 
Pamlico River) 
U 

Winter resident 

Winter resident Algae, invertebrates 

Predomlnanriy moiiuscs 

Predominantly molluscs 

Predominantly molluscs 

Predominantly molluscs 

Predominantly molluscs 

W~nrer  resident 

Winter resident 

Wintcr resident 

Winter resident 

Winter resident 

Winter resident 

FC (C in 
Neuse River) 
u 

U (north of 
Cape Hatteras) 
FC (C in Neuse 
River and 
Pamlico Sound) 
C 

Predominantly molluscs 

Common Scoter (Black Scoter) 
(Melanitta nigra) 

Ruddy Duck 
(Oxy ura jantaicensis) 

Red-breasted Merganser 
(Mergus serra tor) 

Hooded Merganser 
(Lophody tes cucullatus) 

Predominantly molluscs Winter resident 

Winter resident 

Winter resident 

Winter resident 

C (Neuse River, 
Core Sound) 
C 

Molluscs and other 
invertebrates 
Baitfishes 

Bai tfishes 

6) BIRDS OF PREY 
Osprey 

(Pandion haliaetus) 
Bald Eagle 

(Iialiaeetus leucocephalus) 
Marsh Hawk 

(Circus cyaneus) 
Short-eared Owl 

(Asio flammeus) 
Barn Owl 

(Ty to alba) 

Summer resident Large fishes 

Large fishes 

Kodents, birds 

Rodents, perhaps birds 

Rodents, perhaps birds 

Winter resident 

Winter resident 

Winter resident 

Winter resident 

for this list were assembled from Harper (1914), Simpson (1940), Pearson et al. (1942), Funderburg and Quay (1959), palmer (1962), 
Robbins et a,. (19661, Parnell and Soots (1978). Zingmark (1978). personal observations, and (predominantly) from John Fusselt, 111's ob- 
servations. 

b~bundance categories: R = rare, U = uncommon, FC = fairly common, C = common. If abundance changes during period of presence in 
North Carolina season is given in parentheses. 



SIII:~!! h:qit f'isht-c (killifisl~r.s, silvo-cidcc, ;!nchc>vies). 
Although present in co:tstal North Carolina, the 
lesser yellowlegs is t ypicaI1y^ associated with im- 
poundments and high marsh pools. Because i t  
very rarelj- visits intertidal flats, it is excluded 
from Tablc 4. \\lit11 the exception of the ibises 
and the j.cllo\v-crowned night heron, the waders 
are almost escl~tsivcl\~ f'isli eaters. The white ibis 
feeds largelj. upon crustaceans, including in par- 
ticular fiddler crabs ( U c n  spp.) on North Carolina's 
Lii;ii  ;'iiii3. ';'hc j-ij~i>iv-ci-c?\&;iic~ iiigiii i irl  "11 cull- 
sulnes :t \,aricty o f  s~ii;~llcr crustaceans as well as 
sotlle fishes. Some species of waders, such as the 
green heron and the great blue heron, are frequent 
foragers along the shorelines of ponds and other 
freshwater habitats. Since the cattle egret feeds al- 
most entirely on  insects taken from pastures and 
fields and sincc the glossy ibis feeds almost ex- 
clusively in ponds on  the high marsh, neither spe- 
cies has been listed in Table 4 despite their obvi- 
ous ~ ~ C X I I ( ~ : C  "1 coast;d North Carolina. 

Because the herons, egrets, and ibises are 
colonial nesters, breeding populations are easy t o  
estilnntc. Parriell and Soots (1978, 1979) have 
made extensive studies of the rookeries o f  thcse 
waders in North Carolina, from which excellent 
population estimates are available. Almost all 
heron, egret, and ibis rookeries (usually called 
heronries for this group) occur on islands, probab- 
ly because potential egg predators like foxes, ra- 
coons, and rats arc usually absent from islands. I n  
Xorth Carolina, 61% of estuarine islands are arti- 
ficial, composed of dredge spoil. Of the heronries, 
62% occur on such dredge-spoil islands, and those 
heronries on dredge-spoil islands are larger and 
contain 92% of all nesting waders (Parnell and 
Soots 1978).  Parnell and Soots suggest that the 
dredge-spoil island is a preferred site because such 
islands are higher in elevation than natural islands 
imd, therefore, less subjcct t o  overwash and flood- 
ing. Since most dredging is done near inlets where 
fish are abundant,  the spoil islands are ideal Ioca- 
t.ions for fish-eating waders. 

The birds o f  any coastline can be divided into 
at least four groups based upon their seasonal oc- 
currence: ( 1 )  summer (breeding) residents; 
( 2 )  winter residents; ( 3 )  transients (passing through 
during either fall or  spring migrations o r  both);  
and (4) permanent residents. All of the herons, 
egrets, and the ibis listcd in 'I'able 4 summer and 
breed in North Carolina, and most species spend 

thc \\inter a>  wti1. Tllc greater yellowiegs is the 
only species in this guild which fails t o  breed in 
North Carolina; it is a winter resident. The year- 
round presence of wading birds is made possible 
by the permanent presence o f  small baitfishes 
over the tidal flats of North Carolina. Farther 
north, where small fishes are rare on flats during 
winter and where ice cover restricts access to  
those fishes which are present, waders cannot 
feed year-round. 

5.3 SHALLOW-PROBING AND SURFACE- 
SEARCHING SHOREBIRDS 

Like the waders, this guild is typical of inter- 
tidal habitats worldwide. I t  is also the most di- 
verse and most abundant guiId on many intertidal 
flats, including those of North Carolina. Not only 
is the species diversity of this guild high, but also 
the diversity of' form and structure. Bill lengths 
and shapes vary widely, presumably correlated 
with differences in prey type. Recher (1966) has 
suggested that various species in this group possess 
such a wide diversity of bill structures and feeding 
habits as a means of coexistence in a habitat ( the 
intertidal flat) which itself cannot be adequately 
partitioned because of its physical uniformity. In 
other words, perhaps these probing and searching 
species have specialized on  certain food types and 
certain foraging strategies in order to avoid com- 
petitive exclusion because habitat segregation is 
nearly impossible. 

'The list of shallow-probing and searching 
shorebirds of North Carolina's intertidal flats 
(Table 4) includes all species that would ever be 
encountered in this habitat, with two exceptions 
(the pectoral sandpiper and the solitary sandpiper 
which feed almost exclusively o n  sandy beaches). 
Some of the species which appear on  this list, 
such as killdeer, golden plover, and long-bilkd 
dowitcher, obtain only a small fraction of their 
food from intertidal flats. Killdeer often feed on 
insects in fields. The majority of species listed in 
this guild, however, depend upon the intertidal 
flat for most of their food requirements (Palmer 
1962). 

Shallow probers are extremely opportunistic 
in their feeding, taking what food items are most 
abundant. Diets of individual species differ radi- 
cally o v e r  t i m e  a n d  in different localities. 
Schneider (1978) constructed cages t o  exclude 



migratory shorebirds (mostly shallow probers) 
from intertidal mud flats in Plymouth, Massachu- 
setts, and learned that these shorebirds caused a 
huge decline in the density of invertebrate in- 
fauna on these mud flats during the 2-month 
(July-September) migratory period. The probers 
always tended to select the most abundant of the 
several prey species that made up their diet. This 
waq true on each mud flat examined in the study 
even though the prey species which were most 
common varied from one flat to  another. The only 
species which the shorebirds seemed to avoid 
was Gemrna gemma, a small but relatively thick- 
shelled clam. They fed heavily on polychaetes, 
amphipods, other small crustaceans, and insects. 
The largest invertebrates were generally preyed 
upon more heavily than the smaller species. The 
most n u m e r o u s  species  o f  shorebirds  on 
Schneider's experimental flats were the sander- 
ling, semipa lmated  sandpiper ,  short-billed 
dowitcher, and black-bellied plover, all of which 
occur on flats in North Carolina. 

Shallow-probing and searching shorebirds 
differ among themselves in feeding strategies and, 
therefore, in diet. The plovers and smaller sand- 
pipers feed by sight (Recher 1966) and, accord- 
ingly, prey upon surface fauna most heavily, in- 
cluding insccts and surface arnphipods. Most of 
the other species in this guild(except the American 
oystercatcher and perhaps the red knot) have 
intricately innervated bills which permit them to 
feed by touch. Feeding by these species is nor- 
mally a subsurface process of true probing in the 
shallow layers of the sediments. These birds are 
thus more likely to take polychaete worms and 
other infaunal invertebrates in their diets. A study 
of two coexisting sandpipers in Sweden (Bengtson 
and Svcnsson 1968) demonstrated large differ- 
ences in feeding habits and subsequent diets be- 
tween two very similar shallow-probing shore- 
birds. Other studies (Wolff 1969) demonstrate 
how probing shorebirds in the same estuary pos- 
sess different distributions t o  match the spatial 
patterns of their preferred prey. 

Other clear behavioral and ecological differ- 
ences occur among the shallow-probing and 
searching shorebirds. For instance, the ruddy 
tu rns tone  will f r equen t  hard-substrate out- 
croppings  within t h e  mud f la t  environment. 
This bird is commonly found feeding around 
rocks, pilings, and oyster clumps surrounded by 

soft sediments. In Beaufort, North Carolina, the 
ruddy turnstone has been observed fecding upon 
the wharf roach, Ligia exotica, found on such 
hard substrates (Simpson 1940). The clapper rail, 
like all rails, is a secretive bird which hides high in 
the salt marsh. Rails are more often heard than 
seen. In feeding, clapper rails often venture out 
onto the mud flats at low tide, where they can be 
seen in North Carolina pursuing and capturing fid- 
dler crabs (L'cu) and othcr dccapod crustaccitns. 

Oystercatchers differ substantially from the 
other shorebirds in this guild in that they feed 
upon large bivalves, such as clams and oysters. In 
a sense, an oystercatcher is a heavy-duty version 
of a probing shorebird, distinguishcd by its heavy 
bill which permits harvest of the Idrge thick-shelled 
bivalves, which are sufficiently armorcd for pro- 
tection against the probing shorebirds. Oyster- 
catchers worldwide have the distinction of being 
able to harvest large bivalve molluscs of the inter- 
tidal zone. In Europe and on the west coast of 
North America, they consume large cockles and 
cockle-like clams from this habitat. The oyster- 
catcher in North Carolina seems entirely restricted 
to, and therefore totally dependent upon, foraging 
in intertidal habitats at low tide. 

A l t h o ~ g h  both dowitchers listed in Table 4 
possess long bills, they appear in the shallow- 
probing and searching guild because of their 
feeding habits. Only occasionally do dowitchers 
probe to the 8- to 10-cm depth made possible by 
their long bills. Dowitchers frequently use their 
bills to capture tube-building polychaetes like 
Amphitrite. By taking such polychaetes, their diets 
more closely resemble that of the shallow probers 
than that of the deep-probing shorebirds. This 
distinction is subtle and the dowitchers could 
easily be included in the deep-probing guild. 

Most of the species in this shallow prober 
guild are only abundant in North Carolina during 
migrations. Some, like the clapper rail and Ameri- 
can oystercatcher, are year-round residents, 
whereas other species spend either the winter 
(dunlin) or the summer (Wilson's plover) on 
North Carolina's tidal flats. ~onetheiess ,  this is 
largely a migratory guild with high abundances in 
spring (March-May) and fall (July-November). 
The spring and fall migrations differ in length and 
intensity as well as in the direction of net move- 
ment of the birds. The fall migration tends to  be 



spread nu t  ovcr a relatively long period, perhaps 
as long as 4 to 5 months in Beaufort, North Caro- 
lina. Species are moving independently and peak 
abundances of various species are displaced in 
time. In spring, the migratory period is greatly 
compressed into 1 or 2 months. The shorebirds 
move through the area much faster and peak num- 
bers of various species tend to coincide. As a re- 
sult, total density of shallow-probing shorebirds 
can often be far higher during spring migration 
than dtiri i~g iitr f d l  ttiigldtc~i) period. Rechei 
(1966) has speculated that this difference may be 
a consequence of the lower tides during the spring 
months, which permit the birds a much greater 
feeding time to refuel for their continued journey. 
This tidal pattern holds true along the North 
Carolina coast, but, in addition, the densities of 
infaunal invertebrates on intertidal flats in North 
Carolina are far greater in the spring than in the 
fall (Commito 19 76). Consequently, refueling can 
be accomplished much more efficiently in a 
shorter period of time. If this refueling need is 
the determinant of the length of feeding delays 
during migration, then the difference in prey 
abundance as well as the difference in feeding 
time because of seasonal tidal variations may be 
causes of the short spring migratory season. This 
argument, along with Schneider's ( 19 78) experi- 
mental results, helps to demonstrate the extreme 
importance of intertidal flats as feeding grounds 
for the migratory, shallow-probing and searching 
shorebirds. 

5.4 DEEP-PROBING SHOREBIRDS 

The deep-probing shorebirds have been sepa- 
rated from the shallow probers in Table 4 because 
of Recher's (1966) and Baker and Baker's (1973) 
analyses of feeding habits and diets among 
probing shorebirds. These deep probers are eco- 
logically different from the birds of the shallow- 
probing guild. Deeper probing makes available a 
large group of deeper-burrowing and generally 
larger marine invertebrates. Furthermore, mem- 
bers of this deep-probing shorebird guild are most 
efficient when wading in water, so that they tend 
to forage at lower levels along the shoreline than 
the shallow probers which are largely restricted 
(with some exceptions) to the exposed portions 
of the flats. 

Only four species of deep probers appear reg- 
ularly on the intertidal flats of North Carolina: 

the marbled godwit, wiilet, long-billed curlew, 
and whimbrel (Table 4). Not only are there few 
east-coast species in this guild, but also the abun- 
dance of deep probers on North Carolina's inter- 
tidal flats is quite low relative to similar habitats 
on the west coast of North America. This geo- 
graphic difference may be related to a large dif- 
ference in the invertebrate communities of the two 
coasts. On North Carolina's intertidal flats, the 
abundance of relatively large crustacean infauna 
{such as Callianassa and Upogebiaj is low (Lee 
1974, Commito 1976, Wilson 1978). In contrast, 
these ghost shrimp and mud shrimp are extremely 
common in the intertidal flats of the west coast 
(Peterson 1977). Both Callianassa and Upogebia 
dig relatively deep burrows which protect them 
from shallow probers but not from deep-probing 
shorebirds. West coast abundances of other 
infaunal invertebrates are also far higher, per- 
mitting larger tota.1 densities of probing shore- 
birds. These prey differences between coasts 
probably explain why the deep-probing guild is 
relatively underrepresented on North Carolina's 
intertidal flats. 

When deep probers are abundant along the 
North Carolina coast, they are often found feed- 
ing on ocean beaches. Willets, especially, are more 
often found feeding on sandy beaches, where 
they can gather the abundant mole crab (Emerita) 
during the warm months, than on intertidal sand 
and mud flats. Only during colder months when 
Emerita has migrated off the beach into deeper 
waters are willets likely to be found in abundance 
on intertidal flats. Among the shallow-probing 
guild only the sanderling seems to  folIow this 
pattern of strong preference for beach habitats 
during warm months, although it more often 
preys upon the beach hoppers (Talorchestia and 
Orchestia). 

It is somewhat misleading to include the wil- 
let among the other shorebirds in the deep-probing 
guild. Although the willet is appropriately equip- 
ped with a comparatively long bill, it does not al- 
ways use that bill for probing into the sediments. 
Willets are extremely aggressive and commonly 
follow other probing shorebirds around the flats, 
waiting for an opportunity to attack and pirate 
their catch-before they  can swallow it. Willets in 
North Carolina often rob from marbled godwits, 
sanderlings, and some of the smaller shallow- 
probing shorebirds. As a result, the willet's diet 



will often resemble that of a shallow prober de- 
spite its ability t o  forage at depth. Willets also at- 
tack and consume small crabs on the sediment 
surface much more readily than do other deep 
probers. This, too, gives a different flavor to their 
diet. 

Although the deep-probing guild is not espe- 
cially iitlpt>rtant on the intertidal flats of North 
Carolina, some flats are especially attractive to  
this group. Specifically, those flats where any of 
the larger infaunal crustaceans, such as the ghost 
shrimp and mud shrimp, are abundant play an 
important role in the ecology of species in the 
deep-probing guild. Such flats may be of critical 
importance during winter when the mole crab is 
unavailable on the ocean beaches. 

5.5 AERIAL-SEARCIIING BIRDS 

This guild includes all species of terns and 
gulls, as well as the slngle species of pelican, 
skimmer, kingfisher, and fish crow commonly 
found along the North Carolina coast. These birds 
feed predominantly on fishes, including (in North 
Carolina) silversides, mullets, and anchovies. The 
inclusion in Table 4 of all of the terns and gulls 
normally visible along the North Carolina coast 
overstates the irnporian~tl of intcrtidaI flats to 
this guild. Some species, like the sandwich tern 
and the royal tern, often fish in the ocean, and 
all of the others probably do most of their forag- 
ing outside of the intertidal zone. Nevertheless, 
even those birds fishing far away from intertidal 
habitats often take prey which have fed over in- 
tertidal flats, while other terns and gulls do a sig- 
nificant fraction of their feeding in the shallolv 
waters overlying intertidal environments. 

Both gulls and terns prey on fishes. 'Terns 
tend to  hunt from the air, spotting their prey vis- 
ually and diving to capture it. Gulls often employ 
this same foraging technique, but they also search 
for prey from a floating position. In body size, 
terns are slightly smaller than gulls and seem to 
capture somewhat smaller fishes. Both terns and 
gulls take advantage of feeding schools of pisciv- 
orous fishes by circling overhead and diving to 
harvest the left-overs, the injured and confused 
bait fishes. Terns are thought to feed almost 
exclusively on live prey, whereas gulls are not so 
choosy. Especially while floating, gulfs often scav- 
enge dead fish. Both terns and gulls feed most 

heavily along shorelines where even bottom- 
feeding fishes arc close to the surface and where 
land masses block the wind creating a flat water 
surface under which prey are most easily seen 
from the air. Many gulls have far broader diets 
than most terns as a partial consequence of their 
scavenging activities during low tide. Iicrring gulls 
can often be seen strutting about the intertidal 
flats of North Carolina scavenging dead fish and 
searching f u ~  scallops, c!srns, and o thcr  relatively 
large, shelled invertebrates which they carry aloft 
and drop upon the ground to crack open the 
shells. Many gulls are aggressive scavengers which 
chase various shorebirds in an occasionalIy success- 
ful attempt to pirate their catch. Fish crows scav- 
enge dead fish andconsume invertebrates along the 
shoreline at low tide in a fashion similar to the 
herring gull and other gulls. 

Although some gulls dnd sorrle iclils ie~nniii in 
North Carolina wdters year-round, there is an  
obvious seasonal replacement that occurs in both 
groups. Summers are characteri~ed by high abun- 
dances of  several species, including especially the 
least tern, common tern, dnd Idughing gull. In 
winter these gulls and terns are replaced by an 
almost completely different set of conllnon spe- 
cies, Forster's tern, the herring gull, and the ring- 
hilled gull. Other species can be very abundant 
during migrations, such as the black tern, the 
caspian tern, and Bonaparte's gull. Although some 
birds from each of several species remain in North 
Carolina year-round, the dominant pattern is this 
seasonal replacement. Summer abundances of this 
guild are ordinarily somewhat higher than winter 
densities in North Carolina. This is probably a 
consequence of the seasonal variation in the abun- 
dance of the dominant prey, the smaller fishes. 
One major reason that winter abundances are as 
high as they are is that the herring gull, the most 
common winter gull, takes invertebrates in its 
diet, and is, therefore, not  totally dependent 
upon fishes. 

The black skimmer, belted kingfisher, and 
brown pelican are all fish eaters like the terns and 
gulls. Each of these three species is a year-round 
resident of North Carolina, although the abun- 
dances of skimmers and pelicans are much 
reduced during winter. Black skimmers fish by 
gliding over the water surface, often with their 
lower mandible trailing in the water. In North 
Carolina, they commonly fish in pairs along the 



edges of sounds, estuaries, and river mouths. 
Black skimmers can also be found on ocean 
beaches fishing the surf zone. They virtually 
restrict their fishing to  the intertidal zone in each 
habitat. 'The belted kingfisher is likewise restric- 
ted to fishing along the margins of shorelines, 
over intertidal areas when the tide is high and 
over shallow subtidal areas at  other times. This 
restriction to shorelines is produced by the search 
habits of the belted kingfisher, which sits on a 
perch, usually a tree or  shrub, to gain perspective 
on its potential prey. When the kingfisher spots a 
likely prey item, it dives from its perch to  attack. 
Brown pelicans usually fish by gliding at low alti- 
tudes over the water surface in sounds and estu- 
aries, as well as at sea. They are not restricted to 
fccding in shallow water like the h e l t ~ d  kingfiqher 
and black skimmer. Brown pelicans, which have 
been increasing in population in North Carolina in 
recent years, tend to  aggregate on tidal deltas in 
the vicinity of inlets. I t  is around inlets that peli- 
cans d o  most of their fishing. 

'The terns, gulls, pelicans, and skimmers are 
colonial nesters which build their nests on  the 
ground on emergent land masses along the coast, 
pal t i c ~ l ~ l 1 ~  011 ~ C I  i s l c i ~ ~ d ~  and dredge-spoil 
islands. Those species which summer and breed in 
North Carolina are quite easy to census because 
of their colonial nesting habits. Soots and Parnell 
(1975) have estimated the breeding abundance of 
several of these species in North Carolina and 
have studied the habitat selection of each species. 
Some species choose almost open beaches for 
nesting, while others prefer varying degrees of 
vegetative cover. In choosing its nesting site, the 
least tern avoids other species of terns (Jernigan 
et al. 1978) because it is small and less success- 
ful in aggressive encounters which often occur 
between least terns and common terns. Due t o  
the increased human usage of barrier island 
beaches, the breeding habitats of many of these 
ground-nesting species are greatly threatened. 
Presumably, the decline of black skimmers in 
New Jersey is a consequence of the loss of breed- 
ing habitat. The  need for protecting such habitats 
may result in restricting off-road vehicles from 
some ocean beaches. Dredge-spoil islands have 
provided valuable alternative nesting sites for 
these ground nesters. 

5.6 FLOATING AND DIVING WATER BIRDS 

The guild of floating and diving birds includes 
ducks of several types, loons, grebes, cormorants, 
geese, and a single swan species. Loons, grebes, 
and cormorants are usually found in fairly deep- 
water habitats but often fish in sounds and estu- 
aries, occasionally even over intertidal flats. Virtu- 
ally all of the birds in this guild (Table 4) are 
winter visitors t o  North Carolina waters. Only a 
few black ducks are present during the summer. 

Although several different types of waterfowl 
are combined to form this guild on the basis of 
their common habit of foraging while floating 
on the water's surface, this remains a heterogene- 
ollr group of water birds. There are three identi- 
fiably different trophic types included: fish eaters, 
benthic mollusc eaters, and herbivores. The loons, 
grebes, mergansers, and cormorants prey upon 
fish, often relatively large ones. The  scaup, scoters, 
bufflehead, common goldeneye, and to  a lesser 
degree the ruddy duck, redhead, and black duck 
feed on benthic invertebrates, preferring clams 
found in shallow, occasionally intertidal habitats 
along shorelines. Most of the other ducks appear 
to be largely herbivores, including the geese. 
brants, swans, and canvasback. In consuming 
quantities of vegetation many of these species 
also ingest benthic invertebrates and should, 
therefore, be considered omnivorous (Pearson et  
al. 1942). The strict herbivorous are clearly not  
feeding on intertidal flats, where, by definition, 
there are no  macrobenthic plants of significance. 
Several additional ducks are found in North 
Carolina during the winter, but  these have not 
been included in Table 4 because they are ex- 
tremely rare on tidal flats. Many of these prefer 
freshwater and all are largely herbivorous: the 
mallard, gadwall, pintail, green-winged teal, blue- 
winged teal, American wigeon, shoveler, wood 
duck, and ring-necked duck. 

Despite the seasonal nature of this guild in 
North Carolina waters, the winter is an extremely 
stressful period for waterfowl. Adequate winter 
food supplies in a suitable habitat are critical to 
the continued persistence and health of most of 
the species in this guild. Wintering grounds in 
North Carolina and along the Chesapeake Bay are 



rstrcmely ilIlpc9rtdnt. Most species in this guild 
c,rriil>,irily fcc,tf c,ver \hallow subtidal waters, but 
sc,nlc fCctfitlg i, c,lrried out over intertidal flats. 
,\latnv i r \  scc.k Ixirtictrlar characteristics in 
thrir wititcritig 11,ll)i t . ~ t ,  prirnc among these being 
< t i i f  dd,. f r r t l r l  rft*,lciti~.c Ctbrr rin ch:l!lc~w ,+rcm;4q O f  

lhv l*.inlli<.o soLind ,ire ~iotc(l  for their high scaup 
.lLttrrtl.~nt es, l)roI~,~l)Iy be(-,itlse of r~l~rtively dense 
I N I ~ , I I ~ , I I ~ I ) I ~ ~  of ti>in-\hcllctl clirms, Mulirlic~ lntrralis, 
.\frtr onto  illtic- tic-^. .r~td M N C O W ~ ~  phetzax. 'I'hcsc 
tl3rc.c. ~l>cc*ic.+ o f  ( - I , ~ I I I s  r.ontributc significantly t o  
the wi1irc.r dic,t of' r t i o \ t  benthic-feeding ducks in 
i,r,trkisIi \v,ttc*r\ in North CGrrolina. Fortunately, 
[tic Irbt  r r r i t r~~ r l i~  I , ~ ~ ~ r - ~ ~ t i , ~ l  of tiiesc clams is high so 
1h.11 t lrcrc .trc. f.rirly ~)rctlic.t,il~li+ supplies each 
! $ - i n ~ o v  wj i f /y i t>  t i l t *  l\y.t,:k i q l ,  ~ ' 1  t PI-< I I ~  

Nctr i l l  (:,it c~11ti.1 (\~'iIli,r~ns 1978). Bufflchc~d,  in 
c c ) t i ~  t,t+t, \r+r+ll t  t o  [)n.Srt rhc inorc. saline waters of 
lictg~tc*, 1i.r~ k, or (:arc- Sott~lcis, wI>(*rc they only 
r,~tr.ly c*nr otttltrsr high c-1.1111 (Ic~isitics. Although 
rn.111) t i l l (  LI r c~ti~rc*g.ltc' it1 ~nitlti-species flocks on 
tl~c*it wt~ttt*ilrlg gto~l t~t ls ,  sotnc tlcgrct- of h.ii,it~t 
syrrt.iSic.it y rcbmirins, which, in combination with 
tltr 1110l)ility o f  tlicsc I)ir(ls, can niake accurate 
c ' ~ t i ~ ~ r . r t i c r ~ ~  (11' witttrrir~g pop~tI,rtions cliffi~-ult. 

' 1 ' 1 ~ *  t t ~ ( i \ t  o I ) \ i o t t \  o S  [ I t ( *  t)ircts o f  prey L ~ l ~ ) ~ l g  
t l tv  \l~cttc*li~~cs 01 Ncr~ rh C:,rrolitl.r's $oit~ids, Idgoons. 
r%tr~.~r irrr, , r r t t l  r ivcr 111c~ttl1s is t hi. osprc-y. 'I'11esc 
I,trgt- l)~t+(I,rttbt\ ( " t t i  01  tc.11 1)r W*II so.rring c ~ t  .ilti- 
t t r t i c \  0 1  111) 10 ti0 urctct\. I:I.OIII this hctght they 
J ) ~ U I I I I I ~ ( + ~  c f 1 3 \ \ 1 1  to ( , I ~ ) I \ I ~ c *  fish with their t,~lons. 
I i t i . t i i \ c .  . t f  t l r c a t t  I.irgc' l ) t v l )  sire, they norm:iIly 
r,thr- r c * l . ~ t  I \  t-I) I . t ~ v , c .  f i b l l ,  int ludi~ig ,1(1irlt I I I I I I I C ~ ,  
iduc.i~sli. . t ~ t ( l  racls. O\I)I(.)*\ nest .tlong shotclines in 
( ~ , i \ ~ + i l  111 (~'tro1111+: , \~ i ( l  .ttc f'tirly conllnon 111 

W \ ~ - I < I I  I t ) (  ,rIitic\. 'l'lrt*> o f t r ~ t  fib i l l  s11,rIlow w*i- 
I X . I \ ,  o c  I *14#)tt,tll> O \ V I  int~-~ti(i , tI  li,il~it,tts, perhapi 
f t r t  llkr c,rrnia tc~tsons 1 1 ~ 1 1  I V I  I > \  cc)nccSnt r<ltc thcir 
\ c . ~ r c  l l 1 1 1 ~  111 ~ h c \ c  ,trc',rs. lI\.ctl I)otto~li fihl~es cdn 
t ~ c  r .1191 urc~i  in 'rIt.il11 )ws, \vII(.I C' 1;11ld ~ Z I L ~ S S C S  help 
1)itrr h the. \ \ t t l r i ,  arnootliitlg the wdter surf,ice for 
t I t -&iff  tistttrlir . dttlit+ttgik tt3j)tcj s rttr titti  tlitth~(- 
I \ -  dc~)~.n(icni  upon  itttcrtiti.11 flats, nI,iny of the 
fb\h \thliich r h q .  ( .c~~tsu~itc  h,~vc rrscti the illtcrtidal 
Il'lt 4 s  ,t fr-ctiing groirnti, 

The bald eagle is another bird of prey which 
lives almost exclusively o n  a diet of fish. ?'here 
have been several confirlncd sightings o f  bald ea- 
gles from coastal North Carolina, but this spccics 
is unquestionably rare. When i t  docs appcirr in 
c-oastal North Carolina. sightings ustially decrease 
during winter. l ' h e  birltl eaglc fishcs in sha1lo.w 
coastal waters, ever) over intertidal flats. I t  also 
scavenges dead fish. 

Various hawks arc known t o  take all occii- 
sional shorebird in their diets. One rclativcly 
abundant hawk during winter in co;istal North 
Carolina, the marsh hawk, preys hcavily upon ro- 
dents and sometimes on the smaller shorcbircls. It 
ir :11wt ~ ( ~ Q c ~ I I I I ~  th;tt <(~nl( -  c~n;tll qhorchirrls fall 
prey to  owls. 'i'he barn owl ant1 thc short-eared 
owl ;Ire often seen hunting near the ~narshes o f  
North Carolina during the winter. 

5.8 GENERAL COMMENTS 

I n  thc prwceding analysis of the birds of in- 
tcrtitlal habitats, one group whose membcrs fly 
cwrr i t~ ter t idul  flats has L t ~ e r t  ttt:tit tec!, !'i:rplc m3r-  
tins ant1 other swallows arc cxt rcmcly colntnon in 
coastal North Carolitli~ (luring the summer. 'l'hcsc 
t)irds are inscctivoroi~s and can be seen 'hawking' 
insc.c,rs over intertidal Slats. 'l'hcsc sl)ccies have 
1)ec.n cxcludcd from 'I'able 4 1,ccausc most of the 
insects ci~ptutxxi ovcr i~ltcrticlal flats actually 
conzc from other environ~ni~nts ,  including espe- 
cially the salt marsh (see Davis and <;ray 1966 for 
;in analysis o f  the insects of a So r th  Carolina salt 
 tars!^). 'l'hc link bctwcen intertit1:rl flats and the 
swiillo\vs is weak anci relatively insignificant. 

For tht. birds o f  'I'dblc 4 as a group, the inter- 
rld.11 flat habitdt is estrcmcly important. For wa- 
tlers, a~ id  both the deep and shallow probers, this 
11;tbitat is crilical to their continued survival be- 
i.,tusc they feed there dlmost exclusively. For the 
~nolltrscivorous ducks, intertidal flats are almost 
as important. In contrast, i f  intertidal flats were 
tiintittet~cd by ~l.attttclir,d:iott vt sutttt udier pt.u- 
cess, most species o f  fishes and invertebrates 
~vould survive by virtuc. o f  their ut i l i~at ion of sub- 
tidal environments. 



CHAPTER 6.  PRACTICAL PROBLEMS IN MANAGING INTERTIDAL FLATS 

Now that a complete taxonomic and func- 
tional profile of an intertidal flat has been devel- 
oped in earlier chapters, this chapter will address 
some pracricai p rc~ i Jk l l lb  ul' curl-ti:t concern in the 
management of intertidal flat habitats. Because 
the coastal zone is under such heavy and often 
competing pressures from various groups of users, 
decisions must often be made which will not 
please everyone. Needs for housing, recreation, 
navigation, and boat harbors are often not com- 
patible with the maintenance of a pristine, natural 
estuarine ecosystem. T o  enabIe coastal zone plan- 
ners to make informed decisions in managing es- 
tuarine systcrns, information on rhe ecology of 
various estuarine habitats must be available in a 
form that permits the merits of various compet- 
ing, alternative uses t o  be weighed. The first five 
chapters include such needed information on the 
ecology of one estuarine habitat, the intertidal 
flat. T o  conclude this report two very specific 
problems in the management of intertidal flat 
habitats will be addressed: (1) what guidelines are 
needed to  regulate the perturbation of this habi- 
tat; and (2)  how valuable is this intertidal flat 
habitat compared with other habitats in an estu- 
arine system. The final section of this chapter and 
of this report will summarize information pre- 
sented in all previous chapters t o  provide a con- 
cise model of  the role of intertidal flats in the 
functioning of estuarine systems. 

6.1 RECOVERY OF INTERTIDAL FLATS 
FOLLOWING PERTURBATION 

Because of  the need t o  maintain sufficient 
depth in coastal navigation channels and the ten- 
dency of such channels t o  fill in with sediments, 
frequent dredging is necessary in estuaries. Dis- 
posal of the dredge spoil always presents a prob- 
lem. Few studies have ever adequately tested 
whether the added turbidity resulting from 
dredging has any detrimentd effects on estuarine 
systems. Because the dredging process obviously 
disturbs the seabottom in the vicinity of the 
dredging, as well as in areas where the spoil is 

deposited, some of the data relating to  the 
rccovery of benthic communities following 
perturbation will be reviewed. 

Presumably one need only study the benthic 
invertebrates in such unvegetated soft sediment 
systems to obtain an indication of the recovery 
potential of the intertidal flat community. These 
benthic invertebrates are the food for the shore- 
birds and bottom-feeding fishes and crabs. So  it 
seems reasonable that a recovery in the benthic 
invertebrates would be accompanied by a recov- 
ery in the higher trophic levels also. 

Some workers have studied the recovery of 
soft-sediment benthic communities from pertur- 
bations of various sorts. The recovery following a 
red tide in Florida (Dauer and Simon 1976, Si- 
mon and Dauer 1977) and after halting a pulp 
mill effluent in Sweden (Rosenberg 1976) have 
provided some data on the repopulation process 
in marine soft sediments in shallow waters. In an 
extensive series of field experiments in shallow 
waters of Long I s l a d .  Sound, 3lcCall (1077) 
examined the recolonization of defaunated mud 
which he placed in sediment trays on the bottom. 
Defaunation (i.e., killing all the macro-, meio-, 
and microfauna) was accomplished by drying 
natural sediments from the experimental area and 
then rinsing them with freshwater. In McCall's 
shallow-water site, these defaunated sediments 
were rapidly recolonized by opportunistic 
benthic species like the polychaetes Streblospio 
benedicti and Capitella capitata and the amphi- 
pod Ampelisca abdita. Opportunistic species are 
characterized by certain life history features held 
in common: rapid development, frequenf repro- 
duction, fast growth, high recruitment rates, and 
high mortality rates (McCall 19  7 7). 

Rhoads et al. (1978) reviewed these benthic 
recolonization studies and concluded that early 
coloniits of disturbed sediments (the opportunis- 
tic species) share one important ecolooical ? chara- 
teristic: even though some are suspension feeders 
and others are surface-deposit feeders, all of the 
early colonists live a t  or  on the sediment surface. 
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l~titlcrgo large s c a s o ~ ~ a l  Slr~c:tu;ttions in ;tl)iintlanc-c 
in the sctlilncnts of sh;illow-w;ltcr rnarinc h;tbit;cts 
vntl assutning that thcsi- spcc.ics contril)\itc skit>- 
st;inr ially I o the  cnc1.g). l'locv I O  I~ ighcr  t r o l ~ l ~ i c  
levels. 1tIio;ids ct  ;11. ( I  '378) suggescctl tha t  c;rt-cfr~l 
sc*iisonal titiling o f  clrctlging iic~ivitics in s l ~ a l l ~ t w  
wntcrs c;tn minilnizr t hc ilnpact on ti;i~ul.al cstri- 
arinc. systcSrns. 1)rctlging (luring winter ttionths 
shoi~lcl have minim;d itnl);ict o n  this entire system, 
in 1):1rt bccai~sc  tlic nv \ r  set o f  opportunistic. s1)e- 
tics, ~ I ~ O I I  \vhic.li higlicr tro1)hic levels arc dcl)on- 
clctit, docs  not oc.c.~ir until sl)rir~gtinlc'. \\iiritcr 
dredging will not  intc.rfcrc* w i t l ~  that  proc.chss 
r~rllcss lhc' sctlinictlts ;ire itltcrccl in solnc way 
1vhic.h tn;lk(.s tIic:m nnsr~it ;~l)le for colonization. 
'l'liis sugxcstion c;ir~ onll* I)(: tcstcd by ;un ill si t11 

1 ) i l o t  e s p c i ~ i r r ~ e ~ ~ t  it1 thc* ;rcttr;~l system in ciucstion. 
Sr1c.11 winter ctrctiging woultl ;ilso cause tninini:il 
tlani;tgc Sroni inc~rc~ascd t 11r1)itfi t \. E)cc;it~sc phv to -  
~)l ; inkton ~)ro( luct ion is l o \ \ ~ s t  (luring winter. 
A l t l i o t ~ ~ h  this nioticl of th(: itnl);ict o f  tlrctlging o n  
soft-sedirncn~ systems wits tlcsclopctl t o  dcsct-ibc 
the sh;tllo~v subticial I,cntl~os of 1,ong Island 
S o ~ i n t l ,  it possesses rnuch I)roi~tic~r al)l)lic:;~t)ility. 
Specifically, it ciui r~ntlot~l)tct l ly be cstrapolatctf 
to the  intcrtic1;ll 111t1d I'l;its 01' North  Carolina 
where scason;il ~tirlscs of' ret,rltit~ncnt by ol)l)or- 
tunistic in fauna are cviticnt (Colnrnito 1976)  ;ind 
where predation o n  t l ~ c s e  spcc.ics is substantial. 

O n e  rc,ison that  the intcrtid,il l)cnthic corn- 
t-nunitics o f  titi,il Il,its c'un l)c pc r t i~ rbcd  \o greatly 
with rt-latlvely little dCirnagc t o  their c c o l o g i c ~ ~ l  
functic,ning is th,it they ;ue cxtrctncly resilient 
systems (Boesch 1974).  .+I resilient system is one  
which recovers q u i c k l ~ *  a l ter  perturl)dtion. Al- 
though estuarine systems 'ire ch,lr;~cterized by 
relatively low species diversities 'ind low pcrsis- 
tcnce stabilities (i.e., possess qu i t e  variable popu-  
iatttm abttndatlces and t t t m n ~ u n i t y  t.ornposititttt), 
their resilience stability may be relatively great 
(Boesch 1974). T h e  physic,il environment is so  
variable a n d  predators and benthic disturbers 
are s o  c o m m o n  in the  benthic  communities of 



estuarine habitats that the species which inhabit 
them must be well-adapted to recovery following 
disturbances. Such recovery capability implies 
that the system is capable of  withstanding the im- 
pact of some carefully controlled, periodic 
dredging without substantial long-term ecological 
harm. This is probably a more accurate descrip- 
tion of temperate-zone estuaries than it is of  
tropical systems where natural environmental 
vai-iabiiiiy is Leilucid {Cvpelaiicl 1970). 

6.2 THE SIGNIFICANCE O F  AN 
INTERTIDAL FLAT 

When one is asked t o  place a value on a habi- 
tat or  upon an ecosystem, the answer requires 
some sort of value judgement which is necessarily 
subjective. Nevertheless, planners are often forced 
to mrikc decisions which require the ranking of 
certain habitats o r  ecosystems on some basis of 
worth. Such comparative rankings are certainly 
easier to reach and more easily defended than 
absolute valuations. 

'I'he importance of intertidal flats t o  estuarine 
systems is addressed either implicitly or  explicitly 
in almost every earlier section of this publication. 
For instance, the significance of the tidal flats to 
ilte shotetirds ctf a coastdl wcilittld hits bccn a n -  
phasized. I t  is clear that the majority of probing 
and wading shorebirds d o  virtually all of their 
feeding on intertidal flats. For those species and 
for the avian segment of estuarine ecosystems in 
general, the intertidal flat habitat is clearly of far 
greater significancc than the salt marshes, the sea- 
grass beds, or any of the other estuarine habitats. 
However, it is not clear whether shorebird popula- 
tions are limited by the extent of the intertidal 
flats available. Recent studies (Goss-Custard 1977) 
have addressed this question without reaching a 
definitive answer. Habitat availability is limiting 
to the populations of many other types of birds, 
so it would not be surprising t o  learn that shore- 
birds are similarly dependent upon the areal 
extent of intertidal flat habitat. 

For the other large consumers in an estuarine 
ecosystem, the shrimp, crabs, and fishes, the rela- 
tive importance of  the intertidal flat habitat is not 
as clear. The relative importance of various estu- 
arine habitats t o  species within these categories 
depends upon the relative contributions of  the 
various types of primary producers t o  the food 

chains upon which these consumers depend. In 
other words, more 6 13C data such as those gener- 
ated by Haines and Montaguc (1979) and Thayer 
et al. (1978) are badly needed. These 6 13C ratios 
permit one t o  make inferences concerning the 
importance of marsh plants versus algae versus 
seagrasses in the nutrition of consumers, as is de- 
scribed in Chapter 2. 

As an approximate evaluation o f  the reIative 
importance of the various groups of primary pro- 
ducers in an estuarine ecosystem, one might 
simply total the annual production of each plant 
type in the system. This was done by Bigelow 
(1977) for the Newport River estuary in North 
Carolina, and the results appear in Table 1. This 
technique would imply that the salt marshes, for 
example, contribute 42% of the energy ultimately 
consumed by estuarine species. 'There are threc 7 

serious drawbacks in utilizing primary productivity 
values in this fashion to represent the relative 
importance of various types of plants in estuarine 
food chains. First, it is not known how much o f  
the annual primary production is actually utilized 
by consumers. Some of the plant material is 
carried out of the estuarine system by tidal 
currents and river flow. Some plant material is 
decomposed before it can be used by consumers, 
and some is buried too deeply in the sediments t o  
be available t o  consumers. J 

The second problem with utilizing primary 
production data t o  estimate the relative impor- 
tance of each plant type lies in the realization 
that consumers differ greatly from one another in 
diet. For a given species, one type of plant will be 
far more important and others far less important 
in its diet than is suggested by the relative contri- 
bution of that plant to the total primary produc- 
tion of the estuarine system. For example, the 
oyster feeds almost exclusively on algae, including 
various phytoplankters and probably also sus- 
pended benthic microalgae. One needs to  know 
much more about the fate of each source o f  
primary production before evaluation of  the 
significance of various types of plants and various 
habitats can be appropriately made. 

The third major rcason for avoiding thc tlsc of 
simple productivity measures to estimate the rela- 
tive importance of various types of primary pro- 
ducers is implicit in the earlier discussion of the 
role of bacteria in estuarine ecosystems. Because 



s , i J j  rn,lrrh , ) l d l t [ \  ( o t l l l ) 0 5 r ( ~  I'lrqcl) 01 5trtrc- 
~ t l r , t ~  p r l j ~ c l ~ > ~  ( I I ~ I I ~ I I \ ,  el(  .), they 'ire rc ld t tvcl~  
,,01,1 nitlog(*ri ,tnd ,ire not .I nutritious food 
sc,lll (. ('f'ctll)rc 1377). h1'1ny workers f'ccl t h , ~ t  
Otlly ,lftc-r r l l C  I , l ~ ~ i t  ~natcrr,tl has been culoni~ecl  

1,) lCri.l is tile I)lri~lt 's energy truly ,tvilGihlc t o  
clctriti\rcrrc.s .lrlcl higher level consumers in the  
i;,oti wc. l , ,  In other words, s'tlt ~n.trsh tlctritiis 
rllilst ftrdlrl.rllly 1)c rr,tnsfor~rrctl into I)actcri,~ be- 
# .*,. .... , . . . r L . ~ ~ - r r . *  ,. ~ r r  , I ,* ,  its<. b<.tlc-fit frrlrrl r-c)n- .. . .- . - 
\utnirlx it.  Sr1c.11 ,I ( o ~ v c t \ ~ o t l .  I)y the  secontl 1'1w 
o f  ~ l r c r ~ ~ l c , r i ) r ~ . u ~ ~ i c \ ,  i\ .~sroct ,~lctl  with ,I loss in 
vnrrg! .t\,ril,~l)ic. to tllr next trophic link. In con-  
t i . i \ i ,  . I I ~ ~ I V  . I I C  111gIlly n i t t r ~ t i o ~ t \  .III(I  ,ire orrIin,iril> 
c.ott\u~nctl tlitcctl). 1 ) )  \<t~.ic)\ts \l)ccics in thc  cjtit. 
.rrinc- \ystc.tn. I<s,tc rly Iiow tnur h o n r  must dcaprc- 
ti,irc- r l t v  .inrotlrlt of' 111.1rsh pl,uit ~)roduct iv i ty  to 
.I< c outrt for I I IC*  c t i(*~gy 10sb ~n\~olvr( I  in p;tssing I t  

I I I I I S L I ~ I I  I ) , ) (  t ~ t 1 . 1 1  i~itc-rnic(Ii~~tcs 1)cIotc i t  is con-  
\ L ~ I I T C  t i  I \  t t t t i  t :, .rr . t i t < !  t i c  , t f ,  1sr:hcr ,:\I<!).. 

h r ~ \ w c r ,  I c P I !lc\c ccolr )gic , I ]  clttcstiotis drc 
tlecet\s.rty I , v I I $ I c .  c.\tu,iritlc h.tl)it,~t+ c:iti he '1c.c.u- 
r . r lc*l \*  c c tl1l[~'~rc-~l. In ,Illy C\!CIlt, Is b<kc-llls (-l(.'lr 1 tI'it 

I l l l r ' l  ttd,tl s.111(1 .1ti(1 111l1d Il,tt\ r t + ~ ) ~ e s e ~ i t  .I very Im- 
~ ) t ~ ~ . ~ n ~ I ~ J r , ~ t t . t t  in ,111 c+sti~,tri~le e ~ o ~ y s ( c ~ t n .  Since 
t l ~ c  l , r t  k c r t  h.rrtl i.1~ ts tn.tkc\ i t  vi~*t~t,illy impossi- 
Id<+ t o  ~ ~ v , t I t i ~ i t ~ ~  t i ~ ~ a  ivort11 oi o n r  :~(*rc* 01 JI I I I [ I  fI:tt 
( olnp,klt-d k \ + l t l l  t l l l t*  'it rta 0 1  s.111 lil'irslr, I t  ~vollltl 
sct-rr.r ) ~ t t c t f r , r t i  to j)tc,lt*ct , ~ n d  Irrasurc Iloth types 
of c\Iu.irintb , r c%t r , lKc . .  I)tsl)os.~i oi circtige s l )o~i  
\ l~i)t~Ici  I cat t ,r~nIv 1101 l t i *  ,I( t o t~~~) I i shec l  l)y t l i~tnping 
I I  (in r~~rtc.gr*r,r~c.tl f l , t i \  simply I)ct,ittsc they 
'tj)pc,ir ittilnitclt~c tivc. ' l ' l~ey , I I ~  indcctl ~ ) r o d ~ t c t  ivc 
.trlci t l r c~r  ~ ,u t l )ur  15 rlircctly tts,il)lc I)y consumers. 
Ii~oit,il)ly, t h r  iisc 0 1  ciry I,tntl h.il)it,tt ,tl)ovc tl~c. 
lr~fill 11(1(+ Itne ltrr tli\l)os,tl of sl,oil shoulcl I)t* 

1,tvc~rcci. I11c.r~ t l~c  spcbil is r%ti)icily c o l o ~ i i ~ e t l  1)s 
I,iritf l ) I , t ~ i t \ ,  w h ~ c  h i~nticrgo ,I nornral pro(-css of' 
\ t i (  i t - \ \ ~ o n  ( S c ~ t t s  , I INI  1',1rnrlI 1975) .  Such s l~oi l  
tftittil)s I ~ I I  I .~ t t t l  .crc in~tnc.tli,~ccly t~ret'trl .is nctstrrtg 
t r , t i ) ~ r . ~ t  I c ~ r  m,ttiy ~ I ~ i ~ ~ c . l ) t t t l s ,  iric.ltrtling rcver,t1 
gtrll\ + t r l c i  rcrrts tvliic h ~r rc lc r  to r~cs t  on  rc*I~li\rc1y 
t c  I ( I  I l ; r e I l  1975). 
(:I r,it icw 01 r j lo~l  ,irc*,~s tllercl)y helps to t , ~ k c  the 
1)1.1<c. 01 1)c c.111 I)r,~c-llr\, In'in): o f  whtch ,\re now 
t o o  cli5ti1rt)rcl to  ,tct ,is l)rcctii~ig sites lor t l~esc  
y r o t t t ~ c i - ~ ~ c ~ \ t ~ n ( :  I,ilcis. 

Btxciustu infc)rm,itic)~l o n  the  func-tion of inter- 
tiri,il fl~lth is s~~i t tcr<*ci  throughcttlt the earlier chap- 

tcrs, :I c,otlcisc sutnrnitry is I ~ r . ; ~ ~ t u l  licrc. 'I'll<. 
l ) r o l ) o r ~ i o ~ ~  of' : ~ I I  c s t ~ ~ i ~ r y ' s  t o t ; t I  l ) r i~~it iry.  pro(i11~- 
tion tll:it occ:irrs in rhc seii imc~lts  { I S  intrr- t id,~l  
~ 1 . ~ .  'I s IS ' .  small relative to the  cc,ritrii~utiorls f're)lii 
salt marshrs and frotn t11c watcr t.oI~rrnn. 1V;iter 
column product ion is ctlhancctl 1)). the 1trescnc.c 
o f  intertidal flitts t h r o l ~ g h  i~Ic-re;tsi~lg thC rt t j)hotic 
zone i ~ n d  ~ h r o u g h  rapit1 rrc).cIi~.rg o f  ~nincrirl n u -  
trients. 'l'his cnh;rncc~nt+nt is s~~t)st,lnti;tl in ;in!. 
~"itll:~ry where intcrtid;tl I'liits (.over a larec propor-  

. ~ 

tion o f  the estuarine area. I)csl)itc the rcl;itivcly 
low tot;il ~)rit:iar); ~)ro(lttc.tion St-om intc~-tid;ll 
flats, the  algae prodttced there arc c1irc.c-tly utiliz. 
able by consumers. 

'f'he product ion o f  utili~;it)Ic pliint tnatc.ri;~l is 
only one  funct ion of the  intorritliil fli~t h;ll)itat. I\ 

major role of' the  intertidal fl;rt h;tt)itat is to scnJc. 
:IS the  strt)stritte whc*re primary pl.odtlction is con-  
sumed and there1)y transfortnc.ti i n to  iunin~;tl hie- 
mass. Stuciics o f  s ; t l~  mars i~cs  arlci ( I T  X - ; I K I , ~ ~ S  / )r-d> 

eti1ph;tsizc: a cclmtnon char;tctc~-istic,: tilost of' thc 
p r i ~ a a r y  prod~tc. t ion o f  t ~ o t h  of tlrosc 11;lI)itats is 
no t  utilizeti itt silu hut  is instracl carric-ti a\v;iy I ) ) .  
water c:urrcnts. 'l'his is not true o f  intcrti(Ia1 f'liit 
alg;tc, wliicf~ arc t1irc.c~ tlj. consutnccl I)!, clcl)c)si t - 
fccclir~g i~nci. susl)cnsion.fccrlitig henrllic invt,rtc- 
Iw;t~es on I llc f'l;~ t . More importantly,  the inter- 
t.itlal Slat 11;ditat scrvcs ;IS t h c  sitc \vIiere much o f  
the esportct l  ~)rc)tiucrion from salt rn;~rshcs a n d  
seagrass k>c-ci> is c Ic I ) t ) s~~cd  ,ttid > u i j ~ ~ ~ i i ~ ~ ~ ~ t i y  C C H I -  

s~tniccl I)y a n d  tr;tnsformctl into Itcnthic itivcrtr- 
I)ratcs. Intcrtitlal sand and  mud flats thus  func- 
tion no t  on ly  iis impor tant  protluc,ers of  plant 
tn;ttter, hut even more  s i ~ n i f i c ~ t n t l y  as a major sitc 
of cunversiorl of plant mat ter  from ;\I1 esuarinc 
h;tl)itats in to  animal tissuc. 

'I'he t)enthic invcrtcl~ratcs Ilving on intcrt~a,t t  
I'l,tts dnd utilizing t)oth t h e  loc,illy ~)rotluceti  'tnd 
the  impor ted  j)l,~nt m,ttcri.il t r c  t h c t n s c l \ ~ ~  .i 

ll1,lJO'. Fooci sourt e tor  highcr level consulners. 
'I'licsc high(.r Icvel consumer5 inclirde l)luc crabs,  
slrort.bit.rts, some  shrinrp, ancl 1'1rger bo t tom-  
t'ccding fishes. I'rct1,~tion from thcse sources is 
ttst~ally s t t f f i c i e~~ t  tu keep the  ~ ~ o p ~ t l . ~ t i o r i  tier~sitics 
of' I)entliic it-rvcrtcl)r,ites ,it low le\tels on interticla1 
fieits. Such low clctrsi t ic's belie t tie importance of' 
thr benthos  in t he  transfer o f  cncrgy to  higher 
IcvcJ cotlsumers. illost s1ir)rebird~ 'ire totally 
dcpmdcnt upon  thr tntcrrrddl, fiat as a firding 
ground. 

Intert idal  flats serve n o t  only as a prima? site 



for conversion of plant matter t o  benthic inverte- 
brates but also as a major location for feeding by 
the baitfishes, which are planktivorous, herbivo- 
rous, or detritivorous. 'These baitfishes then con- 
tribute to another set of very important estuarine 
food chains.'They arc major prey for wading birds, 
aerial-searching birds, piscivorous ducks, and 
many predatory fishes. Many marine fishes are 
also dependent upon intertidal flats in critical 
postlarval stages because they need the shallows 
for protection from their predators. 

Intertidal flats are important in their own 
right as producers of utilizable plant matter. But 
perhaps even more significant is their function as 
the primary estuarine habitat where plant produc- 
tion from other habitats of the estuary is con- 

verted into animal biomass. Some of this animal 
biomass is commercially important and directly 
harvested (oysters, hard clams), but most of  it 
fuels food chains that lead to important piscivo- 
rous vertebrates (wading birds, some diving ducks, 
several important sport and commercial fishes), or 
t o  bottom-feeding vertebrate and invertebrate 
predators (blue crabs, shorebirds, and several im- 
portant benthic-feeding fishes). In other words, 
intertidal flats are most important for what consis- 
tently happens on them rather than what is per- 
manently found on them. They are tremendously 
important to the functioning of the entire estu- 
arine system. Without them, many of the valu- 
able aspects of the estuarine system would be 
threatened, and the value of the estuary would be 
diminished. 
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