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Summary

Following trandocations to the outer coast of Southeast Alaskain 1965, sea otters have
been expanding their range and increasing in abundance. We began conducting surveys
for seaottersin Cross Sound, Icy Strait and Glacier Bay, Alaskain 1994, following initial
reports of their presencein Glacier Bay in 1993. Since 1995, the number of sea ottersin
Glacier Bay proper hasincreased from about 5 to more than 500. Between 1993 and
1997 sea otters were gpparently only occasiond vistorsto Glacier Bay, but in 1998 long-
term residence was established as indicated by the presence of adult femaes and their
dependent pups. Sea otter digtribution islimited to the Lower Bay, south of Sandy Cove,
and is not continuous within that area. Concentrations occur in the vicinity of Sita Reef
and Boulder Idand and between Pt. Carolus and Rush Pt. on the west side of the Bay
(Figure l).

We describe the diet of seaottersin Glacier Bay and south Icy Strait through visud
observations of prey during > 4,000 successful foraging dives. In 2,399 successful
foraging dives observed in Glacier Bay proper, diet conssted of 40% clam, 21% urchins,
18% mussel, 4% crab, 5 % other and 12% unidentified. Most prey recovered by sea
otters are commercidly, socidly, or ecologica important species. Species of clam

indude Saxidomus gigantea, Protothaca staminea, and Serripes groenlandicus. Urchins

are primarily Strongylocentrotus droebachiensis while both mussals, Modiolus modiolus
and Mytilus trossulus, are taken. Crabsinclude species of Cancer, Chionoecetes,
Paralithodes, and Telmessus. Although we characterize diet at broad geographic scaes,
we found diet to vary between Sites separated by as little as several hundred meters.
Dietary variation among and within Sites can reflect differencesin prey availability and
individud choice.

We estimated species compostion, density, biomass, and szes of intertidal clams at 59
gtesin Glacier Bay, 14 Stesin Idaho Inlet, 12 stesin Port Althorp and 2 Stesin Dundas
Bay. Thereisno direct evidence of otter foraging at any of our clam sampling sites

except at Port Althorp where sea otters have been present for > 20 years and regularly
forage intertidally. Thereis some indication of intertidal foraging in Idaho Inlet, based

on reduced mean size of preferred clam species. Sea otters have been present in 1daho
Inlet for at least 12 years. We sampled 48 systematically selected Sitesto dlow inference
throughout Glacier Bay intertiddl areas and 12 preferred habitat intertidal Stesto estimate
maximum clam dengtiesin the Bay. We adso sampled 14 and 12 random sitesin Idaho
Inlet and Port Althorp, respectively, to provide contrast between sites with and without
seaotters. Densties and biomass of intertidal clams were grester in the Lower Bay than
aither the East or West Arms. Mean densities (#0.25 nf) of al species of clams> 10.0
mm tota length were 96.5 at preferred Sites, 32.8 in the Lower Bay, 12.2 in the East Arm,
6.6 in the West Arm, 11.32 at Port Althorp and 27.1 at Idaho Inlet. Clam dengities were
lower in the Upper Arms of Glacier Bay, compared to the Lower Bay and were smilar to
densties a Port Althorp. In the Lower Bay, clam dengties were nearly twice as high at
preferred clam sites compared to those systematicaly sampled. Species of Macoma were
the numerically dominant intertidd dam a most Stesin Glacier Bay, while



Protothaca staminea was dominant at 1daho Inlet and Port Althorp. Biomass (¢/0.25 n)
was higher in the Lower Bay (23.5) than either Arm (2.1 and .91) and higher at preferred
gtes (73.4) than systematicaly sdected Sitesin Glacier Bay. Biomass estimates a Port
Althorp were 5.2 and 9.7 at Idaho Inlet. Biomass estimates were dominated by species of
Saxidomus, Protothaca and Mya in Glacier Bay and by Protothaca and Saxidomus at
Idaho Inlet and Port Althorp. We suspect differences in dendity and biomass relate to
habitat differences between areas within Glacier Bay, particularly sediment sizes.
Differencesin gpecies compostion, dendties, and biomass between areas with and
without sea otters likely result from predation, but dso may reflect habitat differences as
well. Size classdigtributions of clam species varied among species and aress.
Saxidomus, Protothaca, and Mya were the largest clamsin Glacier Bay and their mean
gzeswere larger in Glacier Bay than at Idaho Inlet or Port Althorp, suggesting sea otters
may be foraging on these speciesin Idaho Inlet and Port Althorp. In Glacier Bay the size
digributions of Protothaca and Saxidomus were skewed to the right of the distribution of
these species at Idaho Inlet and Port Althorp while Sze distributions of Macoma were
gmilar. Thisfinding likely represents the relatively reduced biomass and energy content
inintertidd Macoma clams and thus their rdatively low value as afood item to sea

otters.

Sea otters are now well established in limited areas of the lower portions of Glacier Bay.
It islikely that distribution and numbers of sea otterswill continue to increase in Glacier
Bay in the near future. Sea otter diet condsts primarily of clams, mussdls, urchins and
crabs but varies on relatively small spatial scales. Glacier Bay supports large and diverse
populations of intertidal clams that are largely unexploited by sea otters presently. Itis
predictable that the dendity and sizes of intertidd clam populations will declinein
response to otter predation. Thiswill result in fewer opportunities for human harvest, but
will aso result in ecosystem level changes, as prey for other predators, such as octopus,
seadars, fishes, birds and mammals are modified. Seaotters will dso modify benthic
habitats through excavation of sediments required to extract burrowing infauna such as
clams. Effects of sediment disturbance by foraging sea otters are not understood. Glacier
Bay aso supports large populations of other preferred sea otter prey, such asking
(Paralithodes sp.), Tanner (Chionoecetes sp.) and Dungeness (Cancer magister) crabs,
green sea urchins (Strongyl ocentrotus droebachiensis) and several clam species
(Saxidomus gigantea. and Protothaca staminea) that are commercidly, culturdly, or
ecologically important. As the recolonization of the Bay by sea otters continues, it isaso
likely that dramatic changes will occur in the species composition, abundance and Sze
class compostion of many components of the nearshore marine ecosystem. Many of the
changes will occur as adirect result of predation by sea otters, other changes will result
from indirect or cascading effects of sea otter foraging, such asincreasing kelp
production and modified prey availability for other nearshore predators. Without
recognizing and quantifying the extent of change initiated by the recol onization of

Glacier Bay by sea otters, management of nearshore resources will be severely
constrained for many decades.



Introduction

Sea otters (Enhydra lutris) provide one of the best-documented examples of top-down
forcing effects on the structure and functioning of nearshore marine ecosysemsin the
north Pecific Ocean (Kenyon 1969, VanBlaricom and Estes 1988, Riedman and Estes
1990, Estes and Duggins 1995). Much of our knowledge of the role of seaottersasa
source of community variation resulted from the spatia/tempora pattern of sea otter
population recovery since their near extirpation nearly 100 years ago.  During most of
the early 20" century sea otters were absent from large portions of their habitat in the
north Pacific. During the absence of sea otters, many of their prey populations responded
to reduced predation. Typica prey population responses included increasng mean Sze,
dengity and biomass. In one well documented example (the seaurchin,
Strongylocentrotus spp), the remova of sea otters resulted in profound changesin
community organization with cascading effects throughout the nearshore ecosystem
(Estes and Palmisano, 1974).

Nearshore marine communities in the north Pacific are described as occurring in two
dternative stable states, one in the absence of sea otters, and the other in their presence.
When sea otters are present in the nearshore system, herbivorous sea urchin populations
are limited in dengity and size by sea otter predation. Grazing and the role of herbivory is
ardatively minor atribute of this syslem and primary production is dominated by
attached macroagae or kelps. This nearshore ecosystem, commonly referred to asa
kelp-dominated system, is characterized by high diversity and biomass of red and brown
kelps that provide Structure in the water column and habitat for invertebrates and fishes
that, in turn, support higher trophic levels, such as other fishes, birds and mammals.
Once sea otters are removed from the kelp dominated system, sea urchin populations
respond through increases in dendty, mean size and total biomass. Expanding urchin
populations exert increasing grazing pressure eventualy resulting in near complete
remova of kelps. This system is characterized by abundant and large seaurchin
populations, alack of attached kelps and the associated habitat structure and reduced
abundances of kelp-dependent invertebrates, fishes and some higher trophic level fishes,
birds and mammals. The urchin dominated community is commonly referred to as an
“urchin barren”.  Other factors can influence urchin abundance (e.g. disease) and kelp
forests can exist in the absence of sea otters. However, “urchin barrens’ are unknown in
the presence of equilibrium sea otter populations and the generality of the otter effect in
nearshore communitiesis widely recognized (Estes and Duggins 1995).

Other species of sea otter prey respond smilarly, a least in terms of density, Sze and
biomass, to reduced sea otter predation. In some instances humans eventualy devel oped
commercia extractions that would likely not have been possible had sea otters not been
eiminated. Examples of fisheriesthat exidt, at least in part, because of sea otter removal
include, abalone (Haliotis spp), sea urchin (Strongylocentrotus spp., clams (Tivela
sultorum, Saxidomus spp., Protothaca sp.), crab (Cancer spp, Chionoecetes spp,
Paralithoides spp), and spiny lobster (Panulirisinterruptus).



Since the middle of the 20™ century, sea otter populations have been rapidly reclaming
previous habitats, due to naturd dispersdl and trandocations. Following the recovery of
sea otters, scientists have continued to provide descriptions of nearshore marine
communities and therefore have been able to provide contrasts in those communities
observed before and after the sea otters return. At least three distinct approaches have
proven vauable in understanding the effects of sea otters (Estes and Duggins, 1995,
Kvitek et. d, 1992, Estes and Van Blaricom, 1988). One is contrasting communities over
time, before and after recolonization by sea otters. This gpproach, in concert with
appropriate controls, provides an experimentaly rigorous and powerful study design
dlowing inference to the cause of the observed changesin experimenta areas.  Another
gpproach consigts of contrasting different areas at the same time, those with, and those
without the experimenta trestment (in this case sea otters). A third approach entails
experimentaly manipulaing community aitributes (eg., urchin grazing) and observing
community response, usually in both trestment and control areas. All three approaches
currently present themsalvesin Southeast Alaska, including Glacier Bay Nationd Park
and Preserve.

Beginning in 1965, sea otters were reintroduced into southeast Alaska (Jameson et d.
1982). Although small numbers of sea otters have been present on the outer coast for at
least 30 years, only in the past few years could they be found in Icy Strait and Glacier Bay
proper (J. Bodkin unpub. data). It isareasonably safe prediction, based on data from other
gtesin the north Pecific, that profound changes in the abundance and species compostion
of the nearshore benthic invertebrate communities (including economicaly, ecologicaly

and culturaly vauable taxa such as urchins, clams, mussdals and crabs) can be anticipated.
Furthermore, it islikely that cascading changes in the vertebrate fauna such as fishes, sea
birds and possibly other mammals, of Glacier Bay can be expected over the next decade. It
is gpparent that those changes are beginning now. During 2000 nearly 500 sea otters were
observed in the Lower Bay (Figure 1 and Table 1). However, large areas of suitable sea
otter habitat remain unoccupied in Glacier Bay, providing suitable controls. The current
digtribution of seaottersin Icy Strait and Glacier Bay provides for the rigorous, before/after
control/trestment design that has proven so powerful esawhere, and will permit assgning
cause to changes observed in Glacier Bay as aresult of seaotter colonization.

Table 1. Counts or sea otter population Size estimates (*) for Lower Glacier Bay, AK.

Y ear Number of sea otters observed
1994 0

1995 5

1996 39

1997 21

1998 209

1999 384*

2000 554*
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Sea otters, a sgnificant source of ecologica change, are currently becoming established
in the nearshore marine ecosystem of Glacier Bay Nationd Park and Preserve. Impacts
of seaotters, if not quantified, will likely preclude, or at least severely limit the ability of
Park management to identify changes or cause of variation in coastal communities. At
worst, Park management could wrongly assign cause to observed changes. Infaund
bivaves, including intertidal clams, condtitute amgor proportion of the biomassin
benthic marine habitats of Glacier Bay and support large populations of both vertebrate
(fishes, birds and mammals) and invertebrate (octopus and sea stars) predators. Itis
likdly thet otter foraging will result in reduced infaund bivalve dengties that will
subsequently drive changes in species composition and abundance of other predator
populations (Kvitek et a. 1992, Kvitek et d. 1993). Understanding the effects of sea
otter predation will be critical to appropriately managing the Parks marine resources.

At least three e ements are necessary to understand the effects of seaottersin Glacier
Bay. Firg, describing the abundance and distribution of sea otters in the Bay, second,
describing food habits of sea ottersin Glacier Bay, and third, describing the structure and
function of the coasta marine communitiesin the Bay that will be affected by sea otters.
Thefirst and second components were origindly undertaken by the Alaska Biologica
Science Center (ABSC) in conjunction with the Multi-Agency Dungeness (MADs) study.
Currently, al three dements are being studied by ABSC with cooperation and support
from the National Park Service. The objective of this report is to describe studies specific
to understanding community level effects of sea otter colonization in Glacier Bay,
particularly trendsin sea otter population, diet, and intertidal clam populations. A
secondary aim of this report is to identify expected changes in benthic marine
communitiesin Glacier Bay that may result from sea otter colonization.

This annua report presents the result of work completed to date on surveys of sea otter
abundance and distribution, sea otter food habits, and intertidal clam surveys. This report
represents the cooperative efforts of the USGS, ABSC and the NPS, Glacier Bay
Nationa Park and Preserve.



Aerial Surveys




Sea Otter Surveys

We conduct two types of surveys of sea ottersin Glacier Bay and surrounding waters.
Thefirgt type, carried out Since 1994, is desgned to estimate the distribution and relative
abundance of seaotters, and is referred to as adidtribution survey. During distribution
surveys al otters observed are recorded on maps and search intengity is not controlled.
The results or counts of distribution surveys cannot be used as estimates of total sea otter
abundance, as detection rates are not estimated and observers, aircraft, and pilots change
between surveys. The other survey typeis a systematic sampling of standardized
transects within a specific area of interest and are referred to as abundance surveys.
Survey conditions are closely controlled and detection of sea ottersis estimated
independently for each abundance survey. The results of abundance surveys provide a
mesasure of digtribution, aswell as an estimate of abundance, and can be used to caculate
dengties and trends in population change. Abundance surveysin Glacier Bay were
completed in 1999 and 2000.

Methods

Distribution Surveys

All shordline habitats out to a least the 40 m bathymetric contour are surveyed. Flight
tracks parale to shore are flown when water < 20 m extends > 1 km from the shordline
(e.g. Dundas and Berg bays). Surveys are flown at the dowest speed safe for the
particular aircraft in use, and a the lowest safe dtitude (e.g. 65 mph and 300" in the
Bellanca Scout and 90 mph and 500’ in the Cessna 185). In May 1999 and 2000,
distribution surveys were flown at 65 mph and 300" in a Bdlanca Scout.

Abundance Surveys

Aerid survey methods follow those described in detail in Bodkin and Udevitz (1999) and
congst of two components: 1) strip transects, and 2) intensive search units to estimate the
probability of detecting otters along strips. Sea otter habitat is sampled in two strata, a
high and alow dengty, digtinguished by distance from shore and bathymetry. Survey
effort isdlocated proportiona to expected sea otter abundance by systematicaly
adjusting spacing of transects within each stratum. A single observer surveys transects
400 m wide at an airgpeed of 65 mph (29 m/sec) and an dtitude of 300 ft (91 m) (Figure
2). Strip transect dataincluded date, transect number, location, group Size and group
activity (diving or not diving). A group is defined as one or more otters separated by less
than 4 m. ). Seaotter pups are combined with adults for population estimation because
large pups are often indigtinguishable from adults and smal pups can be difficult to sght
from arcraft. All group locations are digitized by survey into ARC/INFO coverages
(Fig. 3). Transect end points are identified by |atitude/longitude coordinates in Arc Info
and displayed visudly in an aeronautica globa postioning system (GPS) in the aircraft.
Intensive searches are conducted systematically dong strip transects to estimate the
proportion of animals not detected during strip counts.
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Figure 2. One of four transect designs used during a sea otter
abundance aerial survey in Glacier Bay National Park, May 2000.



The survey design consisted of 18 strip transect scenarios congtructed in a GIS coverage
(ARC/INFO) comprised of 3 possible sets of high dendity transects and 6 sets of low
dengty transects. Transects are charted throughout Glacier Bay, but this survey focused
on the lower Bay (Fig. 1) Since sea otters do not yet occur in the upper bay. The 2000
lower bay survey areaincluded 272 knf of high density stratum and 278 kn of low
density stratum - 4 kn? more low density than 1999. These four knt were added to the
low dengity stratum to include an areaidentified last year as an exception to the origina
habitat classification scheme. Five replicates were randomly selected from the 18
possible combinations. Four replicates were surveyed by asingle observer from a
Bellanca Scout between 12 and 15 May 2000. This survey was conducted by the same
pilot and observer who flew the May 1999 Glacier Bay sea otter survey. See Appendix A
for adetailed description of the survey methods used.

Results

Distribution Surveys

On 10 May 2000 we surveyed the shorelines of Cross Sound and Icy Strait, and from 11-
16 May surveyed the shorelines of Glacier Bay (see abundance surveys) to estimate
current sea otter distribution (Table 2). No mgor changesin digtribution from prior
surveys are evident. However, some trends are apparent based on the numbers and
locations of otters observed. Firt, atrend toward increasing abundance in Glacier Bay
proper is clear (see Figure 1 for area of Glacier Bay proper), and is supported by the
abundance survey data (see below). Second, the numbers of sea ottersin northern Icy
Strait appear to be declining over time (Table 2). Thisfinding likdly reflects emigration

of animasfrom Icy Strait into Glacier Bay and is & least in part responsible for the rapid
increase in sea otter abundance in Glacier Bay in recent years.

Abundance Surveys

The four replicate surveys required 28 hours of flight time to complete, including transit
to and from Bartlett Cove. The mean of these four individua replicates yidded an
adjusted population size estimate of 554 (SE = 97). Sea otter pups are combined with
adults for population estimation because large pups are often indistinguishable from
adults (Table 2). All group locations were digitized into ARC/INFO coverages (Figure
3).

The estimate of 554 sea otters in 2000 represents an increase of 44% above the 1999
esimate. Thisrate of increaseis about twice the maximum rate of growth observed in
other recolonizing sea otter populations (Bodkin et d. 1999) and likely results from
production of sea otters within Glacier Bay and immigration of sea otters from outside
the Bay.



Table 2. Results of Cross Sound/Icy Strait sea otter distribution surveys and abundance
surveysin Glacier Bay proper in 1999 and 2000 (estimates bolded). Counts are
presented as # adults'# pups, while a period means ‘no data . Estimates adjusted by
abundance survey methods include pups (Bodkin and Udevitz 1999).

Date May May Mar Aug May Mar May May
1994 1995 1996 1996 1997 1998 1999 2000
Aircraft Scout Scout 172 172 Scout 185  Scout  Scout
Survey Area
Spencer-Pt Wimbledon 69/20 60/9 31/4 19/2 43/3 8 6 7
Pt Wimbledon-Pt Dundas 37/1 23 18 52 24 52 27 46
Pt Dundas-Pt Gustavus 0 12/1 41/1 178/4 10 1 17 0
Glacier Bay Proper . 5 39 0 21 209 384 554
Excursion Inlet . . . . . 7 1 0
Pt Couverdon . . . . . 2 . 0
Pt Gustavus-Porpoise Is 29/0 94/1 73 2/1 161 8 18 57
Cannery Pt-Crist Pt 0 0 0 0 0 0 0 .
Crist Pt-Gull Cove 55 15/3 30/1 17/1 92/15 23 97/3 2
Lemesurier Is 33/8 62/23 56/2 4718 143/32 10 67/17 11
Gull Pt-Pt Lavina 77 81 48 141 94 3 90 139
Inian Is 31/9 36/16 11/1 30/12 31/8 10 18/4 9
Pt Lavina-Column Pt 100/31  159/73 42/3 94/21 148/25 31 21/7 88/11
Total 431/69 547/126 389/12 580/49 767/83 364 746/31  913/11
Discussion

The results of the sea otter distribution and abundance surveys suggest alarge scae
pattern in population distribution and growth in the region of Icy Strait and Glacier Bay.
As recolonization of previoudy occupied habitat has occurred in Icy Strait over the past
severd years, seaotters had at least two choicesin their direction of immigration, either
north in Icy Strait, toward Lynn Cand, or west into Glacier Bay (Fig. 1). Our data
suggest they have eected to occupy Glacier Bay first. This has serious and immediate
consequences to managers of marine resourcesin the Park.

The 2000 estimate indicates a population increase of 170 sea otters over the 1999
estimate for Glacier Bay. Boulder Idand and Point Carolus continue to be sea otter
strongholds (Fig. 3) whereas large groups were not observed around Leland Idand asin
prior years. The increase in aundance near Boulder 1dand indicates the possbility of
movement of otters from Leland Idand. This shift in abundance was aso gpparent to
researchers doing other fieldwork during the summer 2000. Similar large scae
movements have been, and will continue to be, expected to occur as long as prey
resources are not limiting sea otter population growth.

Because lower Glacier Bay encompasses the forefront of an expanding sea otter
population, immigration and emigration are likely to be the major factors driving
abundance estimates. Previous aerid and boat surveys, covering Glacier Bay aswdl as
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Figure 3. Sea otter group locations from 4 replicate surveys in Glacier
Bay National park, May 2000.
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surrounding areasin Icy Strait and Cross Sound, have shown evidence of seasona
movements (Table 2). For example, from March to August 1996, the number of otters
increased at Pt. Dundas — Pt. Gustavus, Gull Pt. — Lavina Pt., and Lavina Pt. — Column
Pt.; while the number of otters decreased in Glacier Bay proper and at Pt. Gustavus —
Porpoise Idand.

The number of sea otters occupying Glacier Bay isincreasing rapidly, from acount of 5

in 1995 to 554 in 2000 (Table 1). Thisincreaseis undoubtedly due to both immigration
of adults and juveniles, as well as reproduction by femalesin the Bay, as evidenced by

the presence of dependent pups (Figure 3, green circles). One adult femae tagged in Port
Althorp in 1998 was observed near South Marble Idand in July 1999 with a dependant
pup. Predation by seaotters on avariety of invertebrates, including severd species of
crab, clams, mussals, and urchins will likely have profound effects on the benthic
community structure and function of the Glacier Bay ecosystem (see foraging
obsarvations). Continuing seaotter surveys and studies of benthic communities will
provide vauable information to those responsible for managing Park resources.
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Foraging Observations

Observations of sea otter foraging behavior were carried out to determine prey types,
numbers, and sizes utilized by sea otters. Foraging work conssted of shore and ship
based observations at sites within Glacier Bay, Icy Strait, and Dundas Bay in Southeast
Alaska (Figure 1). Observations of foraging sea otters provide information on food
habits, foraging success (proportion successful feeding dives), and efficiency (mean
kca/dive) based on prey numbers, types and sizes obtained by feeding animas. Dataon
sea otter food habits and foraging efficiency will prove ussful when examining

differences (if any) in prey dengties, and size- class digtributions between areas impacted
by sea otters and those not affected. This datawill dso aid park managersin identifying
resources and habitat crucia to the Park’ s sea otter population.

Methods

Sea otter diet was estimated during shore and ship based observations of foraging otters
following astandard protocol (Appendix B). Shore based observations limit data
collection to sea otters feeding within gpproximately 1 km of shore. Ottersfeeding
further than 1 km from shore are observed from a ship under calm sea conditions. High
power telescopes (Questar Corp., New Hope, PA) and 10X binoculars were used to
observe and record prey type, number, and size during foraging “bouts’ of foca animals.
A “bout” condsts of observations of aseries of dives by afoca anima whileit remains
in view and continuesto forage (Cakins 1978). We assumed that each foraging bout
records the feeding activity of a unique individua, therefore bouts were consdered
independent while dives within bouts were not.

Sea otters in the study area are generdly not individualy identifidble. In addition, some
foraging areas are used more than others by individuas and by ottersliving in the areain
generd. Therefore, individuas may have been observed more than once without our
knowledge. To minimize this potentid bias, foraging observations were made
throughout the mgor study areas, and attempts were made to record foraging
observations from as many Stes as possble.

Site and focal animal selection

Information regarding feeding locations for sea otters was gathered during travels
throughout the Park for other aspects of this study as well as from Park personnd and
other vistors. Foraging datawas collected from as many identified feeding locations as
possible. If more than one foraging anima was available for observation a any
particular observation ste, then the first animal observed was randomly sdlected, and
after completion of the bout the process repeated with the remaining animals,
Obsarvations continued & the Site until each available anima was observed for a
maximum of 30 dives, or otters had stopped foraging or left the area. Data was not
collected on dependent pups.
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Data collected

For each bout, the date, Site, observer, otter’ sidentification (if possible), estimated age
(adult, juvenile, pup), sex, and reproductive status (independent or with pup) was
recorded. Location of the focal otter was mapped. From the mapped location the
foraging depth was determined or estimated from available GIS bathymetric data

For each dive, observers recorded starting and ending foraging bout times, dive time
(time underwater), surface interva (time on the surface between dives), dive success
(prey captured or not), prey identification (lowest possible taxon), prey number, and prey
Sze category (see Appendix B). Individud dives within a bout were numbered
sequentialy, and individua bouts were uniquely numbered within the data st.

Analysis

For each ste where foraging data were collected, we calculated (1) prey composition as
the proportion of dives that resulted in the recovery of at least one of eight different prey
types (clam, crab, mussd, snall, seagtar, urchin, other, or unidentified); (2) mean number
of prey items captured per dive; (3) mean Size of prey captured per dive; (4) successrate;
and (5) mean biomass captured per dive. We contrast diet among three sampling aress,
Glacier Bay, south Icy Strait (including 1daho Inlet and Port Althorp), and Dundas Bay.
We aso contrast diet among Siteswithin Glacier Bay. Because individuas are not
marked, we cannot identify individua dietary differences.

Results

To date, we have collected data from three areas in southeast Alaska: Dundas Bay, south
Icy Strait, and Glacier Bay proper. Within each area, observations have been collected
from severd dtes. Information from 4975 dives, comprising 570 bouts, was recorded.
Of those dives, 780 were observed at Dundas Bay, 1284 in south Icy Strait, and 2911 at
gteswithin the Park. Numbers of dives with successful prey captures are lower. Sea
otters were observed feeding on at least 30 different prey items including bivalves,
decapod crustaceans, gastropods, and echinoderms (Table 3).

Prey Composition

To address the composition of seaotters' diets we looked for the presence of each prey
type in each successful dive per sampling Site aswell as per area (Table 4). Overdl, in
aress of southeast Alaska sampled, clams are the prime prey choice by otters (Figure 4.).
Sea otters recovered clams on 40 to 60% of the successful dives observed. Crabswere an
important prey item for ottersin Dundas (recovered on 20% of dives), urchinsin S. Icy
and Glacier Bay (recovered on 17% and 21% of dives), as were mussals (Modiolus
modiolus) in Glacier Bay (recovered on 18% of dives). There was dietary variation a
individua steswithin an area. For example, recovery of clams ranged from 13 to 84%,
mussels from 0 to 47%, and urchins from 0 to 68% at stes within Glacier Bay (Table 4,
Figure5). Variation among Stesis obvious and it isinteresting to note that even at Stes
in close proximity, otters are utilizing different prey resources. For example, at three Stes
separated by less than 1 km (Boulder 1, Boulder 2, Sita Reef), sea otters recovered
different proportions of clams, mussals, and urchins (Table 4 and Figure 6).
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Table 3. Ligt of prey itemsthat sea otters were observed consuming in southeast Alaska,

1993-2000.
Phylum Class Prey Item
(Subphylum) (Order)
Porifera sponge
Mollusca
Polyplacaphora Cryptochiton stelleri
Gastropod Fusitriton oregonensis,
Neptunea spp., limpet
Bivdvia Entodesma navicula, Gari californica,
Macoma spp., Mya truncata, Mya spp.,
Protothaca staminea, Saxidomus gigantea,
Clinocardium nuttallii, Serripes
groenlandicus, Modiolus modiolus, Mytilus
trossulus, Pododesmus macroschisma,
scdlop
Cephalopoda Octopus dofleini
Echiura Echiurus spp.
Arthropoda
(Crustacea)
Cirripedia
(Decapoda)  Cancer magister, Chionoecetes bairdi,
Oregonia gracilis, Paralithodes
camtschatica, Telmessus cheiragonus
Echinodermata
Adteroidea Pycnopodia helianthoides, Solaster spp.
Ophiuroidea Ophiuroid spp., Gorgonocephal us caryi
Echinoidea Strongylocentrotus droebachiensis, S
franciscanus
Holothuroidea Cucumaria fallax
Chordata
Ogeichthyes fish
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Table 4. Percentage of diveswith each prey type present. ‘Other’ category consists of
worms, octopus, fish, sponges, sea cucumbers, chitons, non-clam/musse bivalves,
barnacles, and sea peaches. ‘Unid’ category represents prey that could not be identified
dueto visud obgtruction. Vauesfor individua sStes are given below the three main
areas (Dundas, S. Icy, GLBA). Unsuccessful dives and those with unknown success
were not included in #dive values.

Are%t(zd"’ﬁ) Clam| Crab | Mussel | Snail | Star | Urchin | Other | Unid
Dundas (621) 59 20 0 0 0.2 6 1 14
Site 1 (168) 17 58 0 0 0 0 0 26
Site 2 (226) 93 2 0 0 0 0 2 3
Site 3(227) 57 9 0 0 0.4 17 0 17
Slcy (1101) 57 3 3 3 2 17 2 13
Pt Althorp (237) 49 3 13 4 2 19 4 8
Dad (125) 79 0 1 6 0 1 0 13
Inian Cove (246) 85 1 0 2 1 4 0 8
Lemesurier (267) 3 10 0.4 2 0 438 5 31
N Inian (226) 89 1 0 3 4 0.4 0 2
GLBA (2399) 40 4 18 2 1 21 2 12
Berg Bay (71) 42 3 3 6 3 3 4 37
Boulder 1 (49) 84 2 8 2 0 4 0 0
Boulder 2 (307) 40 0.3 23 2 1 21 2 11
Fingers Bay (10) 30 10 0 0 30 0 0 30
Flapjack (22) 95 0 5 0 0 0 0 0
Hutchins B (206) 72 12 9 1 0 2 1 3
Kidney Is (67) 72 9 0 3 0 0 13 3
Lester Is(73) 66 4 4 0 0 16 0 10
Marble s (31) 90 0 0 0 6 0 3 0
N Beardslee (15) 60 7 0 13 0 0 0 20
Netland Is (22) 41 9 9 0 5 5 5 27
N Marble s (28) 71 0 0 7 0 0 7 14
NW Beards. (406) 31 2 47 3 0 8 1 8
Pt Carolus (284) 21 4 27 0.4 1 15 1 30
Pt Gustavus (440) 13 4 0 2 0.5 68 4 8
Ripple Cove (39) 90 0 0 0 0 0 0 10
Rush Pt (75) 53 1 12 0 0 15 0 19
S. Fingers (43) 63 2 2 5 2 0 7 19
Sita Reef (88) 16 0 47 0 0 24 2 11
S. Marblels (19) 26 63 0 5 0 0 5 0
Strawberry Is (37) 87 5 0 0 0 0 0 8
Young Is (67) 42 6 3 0 3 33 0 13
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Figure 4. Prey composition of sea otter foraging dives in Dundas Bay, Glacier Bay proper (GLBA), and
south Icy Strait (Slcy). This figure shows the percentage of all dives of known outcome that include each
prey item. For example, sea otters retrieved at least one clam on 59% of their dives in Dundas Bay. N =
number of dives with known outcome. ‘Other’ consists of worms, octopus, fish, sponges, sea cucumbers,
shitons, non-clam/mussel bivalves, barnacles, and sea peaches. ‘UNID’ represents prey items not
identified due to visual obstruction.
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URCHIN MUSSEL

Figure 5. Percentage of prey typesin successful sea otter foraging dives at various sites in Glacier Bay.
Thisfigure shows that prey utilization at sites within one study area can vary. Thisvariation is due to
differencesin prey composition at individual sites aswell as otter prey selection preferences.
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Figure 6. Percentage of each prey type in dives at the Boulder area and then individual sites within the
Boulder area showing how variation in prey utilization occurs even on small geographic scales. See
Figure 5 for prey composition of foraging dives at other areas within Glacier Bay.
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Prey Number and Size

On dives when specific prey types were recovered, we averaged the number of
individuds of that prey type and the sizes of those individuds, by sampling areaand prey
type (Figure 7). In south Icy Strait we consistently observed the highest average number
of prey per dive across al prey types. We aso observed mean prey sizeto be
consstently smallest in south Icy Strait over dl prey types, compared to either Dundas or
Glacier Bay (Figure 7). In Glacier Bay seaottersretrieved an average of 2 clams, 1.1
crabs, 2.5 mussels or 3.7 urchins per dive. In Glacier Bay the mean size of clams
recovered was 58 mm, crabs 73 mm, mussels 85 mm, and urchins 45 mm. Mean clam
gzes were uniform among areas (40 to 55 mm), crabs were largest in Dundas, averagng
85 mm, mussals were smdlest in south Iy, averaging 20 mm. Mussdls consumed in
south Icy were Mytilus trossulus, and in Glacier Bay were Modiolus modiolus.

Discussion

Although differencesin diet composition were detected among sampling aress, the diet of
seaottersin and around Glacier Bay consgts largdly of invertebrates that resdein
unconsolidated sediments such as mud, sand, gravel or cobble (Tables 3, 4). Bivave
clams dominate the diet in dl three areas (Figure 4). In Dundas Bay crabs were
important, in Glacier Bay mussdls were important, and in South Icy Strait and Glacier
Bay, urchins were important (Figure 4). These differences likely reflect habitat
differences among aress.

Within the Glacier Bay sampling area, we found high variation in the species

composition of the sea otters diet (Figure 5, Table 3). For example, the green seaurchin
was present in 68% of the foraging dives a Pt. Gustavus, 15% at Pt. Carolus, and 0% at
Marble, Hutchins and Fingers. While clams were predominarnt at most sites, their
proportion varied from between 10 to 20 % to 90% depending on location. Crab were
present in the diet & mogt Sites, but in rdatively smal proportions, usudly < 10% but at
S. Marble were recovered in 63% of the dives (Figure 5, Table 4). We also detected
griking differencesin diet within sampling Stes. At the Boulder Ste we collected
foraging data a three locations that were separated by < 1 km. We found clams present
from 16 to 84%, mussels from 8 to 47% and urchin from 4 to 24% of the observed dives
(Table 4, Figure 6).

The pattern of increasing average number of prey while the average prey sze declines
suggests afunctiona predation response to the reduction in average prey sze. This
finding is congstent with the premise that sea otters select the largest, most energetically
vauable prey fird, eventudly switching to the smaler but more numerous prey, asthe
larger Szes are removed (Kvitek et d. 1992).

The observed differencesin diet likely reflect differencesin the abundance and

availability of different prey types. For example, urchins generdly occur in highest
dengties over rocky bottoms and their preponderance in the diet at certain Sites probably
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Figure 7. Mean number (top graph) and size (bottom graph) of clams, crabs, mussels, and urchins retrieve
by sea otters foraging in Dundas Bay, Glacier Bay proper (GLBA), and south Icy Strait (Slcy). In general,
the larger the prey item, the fewer an otter retrieved. For example, mussels retrieved in GLBA are large
Modiolus therefore only a few are retrieved per dive, whereas snéiilus are retrieved at Slcy sites,

thus the number retrieved per dive is higher.
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indicates rocky habitats. Conversaly, most clams reside in soft sediment habitats and
their preponderance in the diet likely indicates soft sediment habitats. If the differences
we observed in diet reflect differences in prey populations, rather than dietary differences
among individua sea otters, it suggests sea otter effects may occur initidly on rether

smdl scdes, and may be dependent on habitat types. An example of asmdl scde
potential sea otter effect is depletion of Modiolus modiolus bedsin the Bearddee Idands
and Pt. Carolus.

Mapping observed foraging locations, characterizing habitat type, and describing the
types of prey recovered will dlow definition of ecologically important areas and prey
Species.
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Intertidal Clam Sampling

Study of prey populations will alow documentation of Species compaosition, abundance,
and Sze digributionsin Glacier Bay. Proper documentation will alow description of
changes resulting from sea otter foraging, will provide discrimination among other
potentid factors affecting intertida communities, and will dlow inferenceto dl of
Glacier Bay. Inthisannud report, we describe clam species compaosition, species
divergty, sze didtribution, abundance, and biomass from our intertidal soft sediment
sampling of Glacier Bay, Idaho Inlet, and Port Althorp.

Methods

Site Selection

For ste sdlection, this study utilized the results of the aeria portion of the Glacier Bay
Inventory and Monitoring Protocol (Irvine 1998). In that protocol 241 sites were
sampled viafixed-wing arcraft for coverage by mussdls, barnacles, and fucus, substrate
category, and dope estimation. We eliminated any Stes that were too steep or were part
of the monitoring protocol development study and then using arandom dart,
sysematicaly chose sitesto sample for intertidd cdlams. Ultimatdy we sampled 48 sites
throughout Glacier Bay proper (Figure 8), severa selected sites were diminated due to
snow avaanche danger, consolidated substrate, or excessve mud. In addition to the
systematicaly chosen sites, we sampled 12 sitesin preferred clam habitats (PCH) within
the Park (Figure 8). These sites were chosen based on the prevaence of shell litter and/or
sphon squirts observed at low tides. One of the primary focuses of this project isto
examine the impacts of sea otters on the nearshore environment. To better understand the
potential impacts we expanded our sampling efforts to include areas where sea otter
populations are dready established. Sea otters have been observed in Idaho Inlet and

Port Althorp for 12 and > 20 years, respectively (Pitcher 1989). We divided the coastline

of each areainto 200m segments, estimated the number of sites we could sample during a
minus-tide cycle, and beginning from arandom gart, sysematically chose sitesto

sample. We sampled 14 sitesin Idaho Inlet and 12 in Port Althorp (Fig. 9). Throughout
this section of the report we differentiate among Glacier Bay systematicaly chosen stes
(GLBA Random, including Lower Bay, Upper East and Upper West Arms), preferred
habitat stes (GLBA PCH), Idaho Inlet sites (Idaho), and Port Althorp sites (Althorp).

Sampling Protocol

The sampling protocol was amilar to that detailed in the 1999 Annua Report (Bodkin
and Kloecker 1999) and was adapted from an intertidal clam sampling protocol we used
in Prince William Sound, Alaska (Appendix C). A handheld GPS was used to navigate
to the segment. At each Site a 200m transect was positioned horizontally aong the beach
at the OMLLW tidelevel. A random starting meter was chosen and ten 0.25n7 quadrats
placed 20m apart were excavated to a depth of 25cm (Figure 10). All sediments were
seved through a 10mm mesh screen and al clams (as well as crabs and urchins at most
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Figure 8. Map of Glacier Bay National Park and Preserve showing intertidal sampling sites. Yellow
symbols represent sites chosen with a random start and systematic sampling thereafter. Pink symbols
represent sites chosen for the likliechood of high clam abundance (e.g. shell litter or squirts observed).
Black symbols represent two sites sampled as part of a baseline data set in response to ship grounding. The
background map shows the bathymetry of Glacier Bay, lighter colors = shallower waters.




il ) H\ o o T i Eé;h"ﬁﬂh AP R i B b LI
*, \ wh " : gk i8 AR 't‘ ip ) T | 4 - A 5e g
o, L g EL--\f"Fr‘?'-*' o L S i [ 4 1553{ Gy B M\
e P WA B o SN P RN ) } g o2 s
- B S T 4l #aghl LT ER ) L [}
W e s e 5 R § el i ot S -
1o et P e L SO PR T N 7 L a4 P (i i 1) e SN
i e 4 7l "'- iz = k] B o i Pl o
E3 i 5 Ta '\-,E .‘-I @‘" ¥ £ 7 u. &:3“_.‘ ¥ :.z o = _:L‘:’-’—.f\_:‘
sl '\é‘-l & i g,'.__ll fa ! r m 26 : T M Iﬁ:{‘ 222 :'%Fa’p,'
L i L Y sk 1z o w " Ep i ‘\@.“"{EP : F‘ﬁ
g g L L S ";"?3_.3:}
F'E: Er l-" I d h s i LA 2 L _ﬁ\r:\ﬁl' @ L " :g.; ¢ 211 %&ﬁ
24 - i a B T
rge Ta anho Sites SRR 0 a0 i il B
ot ! [3‘1 = “ﬁﬁLt@a?ﬁ'?g’{‘%%ﬁ
%R Althorp S 013 (A Jra ot
; thorp Sites | ["5.&" S
2 e i e, W : e R e
L : e SIS 'ﬁ{%
e N & o 1 B i g
! =3 2 ) 2 89 [ :
Fa TEF‘ T - 3:} ", ?"E:- “-'\ '%\ ‘1 o 5 i N \: 4
B ;r ':_EE_ @ ‘_EH]; /_.__} e £ {
e Ty N O e : i
R B ey 34/ ‘x_e & - * /-
I g - i G
X e : Z
ko — e R SR
¥ L{ﬁ\—p—:i 6 R ’ ¢
o by — . r L)
SR A.I'f'm Fm_m:' SRR
; 13_‘ ':-h %" 3§ (BT B i 035 ]
L a1 f i
: e @Y g L e
Wl el S
LZ otk kg i I.;{.aabf R S i
E*T_—_Id-_ .." i w‘{:}l é\\ g AR | -v Sl
b
"
) 5{" _\ 55 i G [ 414 082
T Sy 5

] , ] E
Y ? : Pt 1 2
~ z”- b I:.- r. :
T 004 fS) B e
A L S 7 s m R 7 «.r:v:--'-'—r'?*-‘%-‘_
= N R 'ﬁ/.%“.' e
£ e -%{n-. ]t_{'f &
= 4 010 % G
i o S . A
o 016 [~ M N ﬁ_{?
(}_{(::.z'_ %‘-::- e St ;:.:1 T —— e B ] ‘\a'._%
oA N oo | A 06|

s

T ANAD O e 040 15

%-,IJ"&\ ‘t,:.-.-‘\'. gl SEAd 5 i \{;H}*}-?F_'F, . -ﬁ_. } __ "‘-r\%{"‘}'
e TOREK NN SR R
SoRaCE o ?&%‘5*&‘%{\@\ T

G e A
R e
ST

& <\l‘<§-" -
o Wipre. - 08 Sl S AN S
Ch A e riﬁt %ﬁfggg?f?ﬁ.mﬁ: R

e x e, L
e Ry WA e A il

R STl e
=N

Figure 9. Map showing intertidal sampling sitesin Idaho Inlet and Port Althorp. Sites were chosen
systematically with arandom start point. Some chosen sites were dropped from the sampling after visiting
the site and finding the slope to be too steep or the substrate unsuitable for digging.
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Figure 10. An excavated quadrat. Clams found in the sediments from this quadrat are on the
ziploc bag behind the transect tape.
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Stes) were identified to the lowest possible taxa, counted, and measured to the nearest
millimeter using did cdipers. Sediments were returned to the quadrat during the Seving
process, while biota was returned following measurements.

Analysis

For each site sampled we cdculated the following: 1) Shannon Weiner diversity index
(H'), 2) mean density of clams/ 0.25 n by species and in aggregate, 3) mean biomass
(9/0.25 nf) by species and in aggregate, and 4) the size class distribution of cdlams
collected from each area by species. Because the data set collected to date is intended to
be compared against identical data collected from the same Sites after occupation by sea
otters, we do not perform or report Satistica tests of sgnificance in this report.

Results

Clam Species Diversity

The Shannon-Wiener diversity index (H') was calculated for each Site. Thisindex
accounts for species richness (total number of species present) as well asther reative
proportions, so rare individuals do not have undue influence on H'. The theoretical
maximum for H’ equas log (total number of species), in our study H’ max equals 3.60.
Mean, minimum, and maximum diversty vaues for sampling regions (East Arm, West
Arm, Lower Bay, Idaho Inlet, and Pt. Althorp) are presented in Table 5. Generdly,
intertida clam diversity was gregter in the lower Bay than in @ther Arm and higher in
Idaho and Althorp than in ether Arm (Table 5). Maximum species diversity vaues were
generdly smilar among al areas sampled ranging from 1.54 at Glacier Bay West Arm to
2.19 & Lower Bay.

Table5. Shannon-Weiner diversity index vaues (H’) for intertidal clam sampling aress.
H =0 when only 1 speciesis present, H' max = 3.60.

Area N Mean H’ (sd) | Minimum | Maximum
GB PCH 12 1.59 (0.40) 0.80 2.07
L ower Bay 19* | 1.47 (0.66) 0.00 2.19
West Arm 12* | 0.47 (0.61) 0.00 1.54
East Arm 14 0.56 (0.68) 0.00 1.92
IdahoInlet | 14 1.37 (0.47) 0.38 2.11
Port Althorp | 10* | 1.39(0.41) 0.57 1.93

*N isless than tota number of Stes in an area because some sites had no clams and
therefore the diversity index was null.
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In our 1999 sampling we found 8 different intertida clam species: Clinocardium nuttallii
(CLN), Gari californica (GAC), Hiatella arcticus (HIA, now HIS for Hiatella spp.),
Macoma spp. (MAS), Mya spp.(MY S), Protothaca staminea (PRS), Pseudopythina
compressa (PSC), and Saxidomus gigantea (SAG). We dso found afew unidentifiable
clams that were lumped under the category other clam (CLA). In 2000 we again found

al the specieslisted in 1999 as well as Entodesma navicula (ENN), Humilaria kennerleyi
(HUK), and Panomya ampla (PAA). We lumped Mya arenaria and M. truncata because
therewere so few M. arenaria. We lumped dl Macoma species because many are
unidentifiable without dissection of the dam. However, we were ableto identify M.

balthica and M. nasuta in our samples and M. inquinata, M. Macoma cf. calcarea, and M.
obliqua were found in core samples sieved through a 500 um screen.

Clam Density

The number of clams per quadrat varied extensvely within Stes aswell as among Stes

and areas. Mean dengities of dl clams per quadrat ranged between 0 — 137, 39 — 161, 2
— 120, and 0 — 30 for GLBA Random, GLBA PCH, Idaho Inlet, and Pt. Althorp,
respectively (Figures 11 and 12). For each species, the minimum number per quadrat

was zero in at least one quadrat per area. At GLBA Random sites, the maximum number
per quadrat was 149 Macoma, 102 Protothaca, 114 Hiatella, 18 Saxidomus, 45 Mya, 18
Pseudopythina, and 12 Clinocardium. At GLBA PCH stes the maximum numbers were
161 Macoma, 50 Protothaca, 143 Hiatella, 46 Saxidomus, 33 Mya, 14 Pseudopythina,
and 1 Clinocardium. In Port Althorp the maximum numbers were 24 Macoma , 53
Protothaca , 5 Hiatella, 29 Saxidomus, 11 Mya, and 2 Clinocardium. In ldaho Inet the
maximum numbers were 217 Macoma , 178 Protothaca, 36 Hiatella , 33 Saxidomus, 7
Mya, and 6 Clinocardium. Figures 11 and 12 show the mean numbers per quadrat of
each clam species a every sSte. The presence of Entodesma, Gari, Humilaria, Panomya,
unidentified clam was rare; therefore summary datistics were not caculated for these
Species.

In analyzing clam dengties, Macoma was the predominant clam, followed by Protothaca,
a most sites, both random and PCH, within Glacier Bay. A few exceptions were the
prevaence of Hiatella at site 170 on Seabree Idand, 211 on Garforth Idand, and 77 and
PCH230 in Fingers Bay; the incidence of Protothaca at site 43 in the Bearddee Idands,
and the even didtribution of several clam species at Stes 221 on Leland Idand, 229 in the
Bearddee Idands, and the preferred habitat site at Rush Point. At Idaho Inlet and Port
Althorp, Protothaca was the predominant species, followed by Macoma, and Saxidomus
(only &t Pt. Althorp).

Mean clam dendtiesin lower GLBA were 2.5 - 5 times greater than in the upper Arms
and were about 3 times less than the preferred clam habitat (PCH) sites (Table 6 and
Figure 15). Dengtiesat PCH sites were 8 — 14 times higher than random Stesin the
upper Arms. Clam dendities at 1daho Inlet were Smilar to lower Bay Sites, and a Port
Althorp were smilar to dengities in the upper Arms of Glacier Bay (Figures 11, 12, and
15).
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Figure 11a. Mean number of clams per 0.25 m? for randomly selected sites in Glacier Bay. Note the scale
ranges from 0 - 160 clams per 0.25 m? at the lower bay sites while at the upper bay sites it ranges from 0 -
60 clams per 0.25 m?. See Figure 8 for locations of the sites. Species abbreviation key: CLA = unknown
and other clam species, CLN = Clinocardium nuttallii, PSC = Pseudopythina compressa, HIS = Hiatella
species, MYS = Mya species, SAG = Saxidomus gigantea, PRS = Protothaca staminea, and MAS =
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Figure 11b. Mean number of clams per 0.25 m? at preferred habitat (PCH) sites in Glacier Bay. See Figure
8 for locations of the sites. Species abbreviation key: CLA = unknown and other clam species, CLN =

Clinocardium nuttallii, PSC = Pseudopythina compressa, HIS = Hiatella species, MYS = Mya species,
SAG = Saxidomus gigantea, PRS = Protothaca staminea, and MAS = Macoma species.



Figure 11c. Number of clams (all species combined) per 0.25 m?* at all sites in GLBA. This figure
summarizes data found in Figures 11a and 11b.
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Clam Biomass

The biomass of clams per quadrat varied extensvey within Sites as well as among Stes

and areas (Figures 13, 14, 15, Table 6). Mean biomass of all clams per quadrat ranged
between 0- 101.7, 10.1 - 201.2, 1.8 - 37.9, and 0 - 14.8 for GLBA Random, GLBA PCH,
Idaho Inlet, and Pt. Althorp, respectively (Figures 13 and 14).

Table 6. Mean total density (#/0.25 nf) and total biomass (grams dry wt./0.25 ) of
intertida clams by areain Glacier Bay and Icy Strait, Southeast Alaska

Area Density dl clams (#/0.25 nt) Biomass al dams (¢/0.25 nr)
GB PCH 96.7 73.4
Lower Bay 32.8 23.6
West Arm 6.7 0.91
East Arm 12.2 2.2
All GB Random 195 11.3
Idaho Inlet 27.1 9.7
Port Althorp 11.3 5.2

For each species, the minimum biomass was zero in at least one quadrat per area.
Maximum biomass estimates by species and areaare 22, 26, 28, and 7 for MAS at
GLBA-Random, GLBA-PCH, Idaho Inlet, and Pt. Althorp, respectively. For Protothaca,
keeping the order of areas the same, maximum biomass was 65, 57, 54, and 20, for
Saxidomus, maximum biomass was 119, 265, 35, and 20, for Mya; 95, 87, 9, and 22, for
Hiatella; 44, 24, 5, and 0.5 for Pseudopythina ; 0.6, 0.4, 0, and 0 and for Clinocardium;
65, 5, 4, and 4.

Although Macoma dominated intertida clam dendties, biomass estimates are influenced

by the sze of the different species of clams. In GLBA-Random lower Bay, GLBA-PCH,
Idaho Inlet, and Pt. Althorp, mean biomass per quad of Protothaca was 1.3 — 3 timesthe
biomass of Macoma. Saxidomus biomass was 2.5 — 5.6 times that of Macoma, with the
exception of Idaho Inlet where Saxidomus O Macoma. In GLBA Random lower Bay and
PCH gites, Mya biomass was 1.3 — 1.6 times that of Macoma; whilein Pt. Althorp, Mya
and Macoma biomass were gpproximately equd; and in Idaho Inlet, Mya biomass was 5
timeslessthan Macoma biomass. In GLBA upper East Arm, Macoma [J Hiatella; was
3.5 times greater than Protothaca, and 1.4 timesless than Mya biomass. In the upper
West Arm, Macoma was 3 — 3.8 times greater than Protothaca, Saxidomus, and Hiatella.
Mya biomass in the upper West Arm was zero.

Tota mean biomass per quad in lower GLBA was 11 — 26 times greater than in the upper
Arms (Table 6 and Figure 15). PCH biomass was 2.4 times greater than the lower Bay
and 34 — 81 times greater than the upper Arms. GLBA lower Bay biomass was 2.4 and
4.5 times greater than Idaho Inlet and Pt. Althorp. Biomass estimated for the upper Arms
was 5 — 11 timesless than in Idaho Inlet and 2 — 6 times lower than Pt. Althorp. PCH
biomass was 7.5 and 14 times greater than in 1daho Inlet and Pt. Althorp (Table 6 and
Figure 15).

35



200
N
£ mCLA
Q 160 MCN Y
PR PSC
= HIS
4] |
2 120 s
-
3 SAG
> 80 EmPRS
©
7 MAS
g 40
| o
G N I | - 1 g B I __1

0 T T T T T T T T T T T l_l'-l T T T T T—

37 40 43 46 52 55 58 64 67 71 74 77 221 229 233 236 240 243 246 249

GLBA: lower bay sites

oE 40
Te) mCLA
N
S 3 ECLN
o PSC
<1
- HIS
3 20
> MYS
§=] SAG
€ 10
S EPRS
©
[ MAS
0 0 T T T T T T T l- T T T T T

5 8 10 14 18 21 24 27 30 170 176 179 206 211

GLBA: upper east sites

e 40
n ECLA
S 30 mCLN
b PSC
o
- HIS
; 20 MYS
g SAG
g 10 EPRS
® [ | MAS
0 O L) L) L) L) L) l_ L) L) L) L) L) L) L)

83 8 91 95 101 104 107 117 120 138 141 142 159 167

GLBA: upper west sites
Figure 13a. Mean biomass in grams dry weight per 0.25 m? at randomly selected sites in Glacier Bay.
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Clinocardium nuttallii, PSC = Pseudopythina compressa, HIS = Hiatella species, MYS = Mya species,
SAG = Saxidomus gigantea, PRS = Protothaca staminea, and MAS = Macoma species.
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Figure 13b. Mean biomass per 0.25 m?* at preferred habitat (PCH) sites in Glacier Bay. Note the scale on
this figure ranges from 0 to 200 grams per 0.25 m?. See Figure 8 for site locations. Species abbreviation
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compressa, HIS = Hiatella species, MYS = Mya species, SAG = Saxidomus gigantea, PRS = Protothaca
staminea, and MAS = Macoma species.
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Figure 13c. Biomass (grams dry weight) of clams per 0.25 m? at sites in GLBA. This figure summarizes
data from Figures 13a and 13b.
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Figure 14a. Mean biomass in grams dry weight per 0.25 m?at sites in Idaho Inlet and Port Althorp. See
Figure 9 for site locations. Species abbreviation key: CLA = unknown and other clam species, CLN =
Clinocardium nuttallii, PSC = Pseudopythina compressa, HIS = Hiatella species, MYS = Mya species,
SAG = Saxidomus gigantea, PRS = Protothaca staminea, and MAS = Macoma species.
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species, MYS = Mya species, SAG = Saxidomus gigantea, PRS = Protothaca staminea, and MAS =
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Size Distributions

Mean clam sizes and number of clams measured by species are presented in Figure 16.
Mean sze of Macoma, Mya, and Hiatella were Smilar anong areas. Mean Sizes of
Protothaca, Saxidomus and Clinocardium were apparently larger in both Glacier Bay
random and preferred, compared to Idaho Inlet and Port Althorp (Figure 16). Mean size
from GLBA steswas 1.5, 2, and 1.5 — 2 timeslarger for Protothaca, Saxidomus and
Clinocardium. Size class digtributions of Macoma were smilar among aress (Figure 17)
while sze class digributions of Protothaca and Saxidomus were skewed toward larger
szesa GLBA steswhen compared to Idaho or Althorp (Figure 17).

Discussion

Species diversity of intertidd clamswas 2.5 to 3 timeslessin the upper ams of Glacier
Bay compared to the lower Bay and PCH sites. Mogt (71%) of the dtes in the upper
Arms had 2 or fewer species present. In thelower Bay 17 of 20 sites had four or more
different species present. Eight of 12 Stesin Pt. Althorp, 12 of 14 stesin Idaho Inlet,
and all PCH stes had 4 or more species present. Causes of observed differencesin
Species diversity between the upper Arms and lower Bay are unknown; but may be
related to Sze structure of the sediments, primary productivity, circulation, or may be an
artifact of time since lagt glaciation and distance from glaciers as well as potentid parent
populations.

Intertidal clam dengties were greatest at preferred sampling stes, followed by the lower
Bay, Idaho the upper East Arm, Althorp, and were lowest in the upper West Arm. The
gpatia pattern observed in declining species diversity as one goes up Bay issmilar for
dam density. Clam densitiesin Althorp are about /10" those at preferred sites and
about 1/3 the densitiesin Lower GLBA. It islikely the reduced densities of intertidal
clamsat Althorp results from prolonged and persistent predation by sea otters. Clam
dendtiesin Althorp may be a reasonable gpproximation of th expected futurein Glacier
Bay. Densitiesin Idaho Inlet are Smilar to the lower Bay, each approximately /3% the
denstiesfound at PCH sites.

Petterns of differencesin clam biomass were smilar to the patterns observed in clam
dendties. Biomass estimates were 10 to 20 times lower in the upper Bay compared to the
lower Bay and 30 to 80 times lower than PCH stes. Upper Arm Stes have low biomass
estimates due to low densties and a species composition of naturdly smdl dams. At Pt
Althorp, biomass was 1/12'" that of PCH sites and /5™ the random lower Bay sites. It is
likely that the reduced biomass estimates at Pt. Althorp are aresult of sea otter predation,
particularly on those species such as Saxidomus and Protothaca, which &tain the largest
szes of the species commonly sampled and are thus the most energeticaly vauableto a
large predator such asa seaotter. Biomass at Idaho Inlet Steswas 7.5 times lower than
PCH sitesand 2.5 times lower than GLBA Lower Bay Stes. The dengty smilar to lower
Bay stes with lower biomass estimates from Idaho suggest some degree of foraging may
have reduced the larger size classes of clams during the 12 years of sea otter occupation.
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Mean clam sizes and the distribution of clam sizes by species provide some of our best
evidence of apossible sea otter foraging effect a Althorp and Idaho. At Idaho and
Althorp mean szes of Protothaca and Saxidomus are about 25 mm and 30 mm,
respectively. In Glacier Bay, at random and PCH sites, respective mean sizes of
Protothaca and Saxidomus are about 40 and 70 mm. Saxidomus and Protothaca are
preferred clam prey of seaottersin Southeast Alaska (Kvitek and Oliver 1992, JLB
unpub. data) and larger clams are preferentidly selected by foraging sea otters (Kvitek
and Oliver 1992, Kvitek et.d. 1993). The clam populationsthat persst in areas with
prolonged sea otter foraging are characterized by reduced densities and size distributions
that are truncated near the minimum size clamsthat are regularly consumed. Clam
populations at Althorp, where otters have been present for > 20 years, and to alesser
degree, those at 1daho where otters have been present for about 12 years appear to
demondtrate the expected reductionsin dengty and average Size resulting from prolonged
sea otter predation. The clam populations a Althorp provide a reasonable expectation of
how Glacier Bay intertidd clam populations may change in the future as sea otters
continue to colonize the area.
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Conclusions

Sea otter populaionsin the vicinity of Glacier Bay continue to increase following the
successful trandocation of seas otters to Southeast Alaskanearly 35 yearsago. The
growth increment of 44% observed in Glacier Bay between 1999 and 2000 likely
represents the combined contributions of pup production from within the Bay and
immigration of individuas from outsde the Bay. The rgpid rate of growth of the Glacier
Bay sea otter population requires an intensified effort to acquire pre-trestment dataif we
are to understand the range of effects sea otters will eventudly have on the Glacier Bay
marine ecosystem.

Sea otters are known to consume in excess of 100 species of prey (Riedman and Estes
1990), predominantly invertebrates, but also including fishes and birds. In most studies
of diet, seaotter prey typicaly reflect the habitat characteritics of the study area (e.g.,
burrowing infaunaiin soft sediment habitats). In this study we observed more than 4,000
successful foraging dives and clams represent from about 40 to 60 % of the dit,
depending on area (up to 95% at a specific Ste). It islikey that the dendty and average
gze of clamswill decline asaresult of sea otter predation. The effects of these changes
on other predators that consume clams, or in the recruitment of invertebrates that may be
limited by filter feeders such as dams, are unknown. In Glacier Bay, mussdls, (Mytilus
trossulus, and Modiolus modiolus) are aso important prey for seaotters, aswell as sea
ducks, shore birds and sea stars. As sea otters reduce dengities and sizes of mussels,
populations of other predators that rely on mussels may be affected. Green seaurchins
(S droebachiensis) are dso an important prey itemin Glacier Bay. If the patterns of
reduced urchin populations and increased adga production observed e sewhere are
observed in Glacier Bay, it islikely we will seelarge increases in the extent of under-
gtory and canopy forming kelpsin Glacier Bay. Itislikdy that effects on kelpswill be
most pronounced in areas of consolidated substrate that are capable of supporting kelps.
A variety of crab species were consumed by sea ottersin this study, many which support
commercid and subsistence fisheries. It isunlikdy these fisherieswill be able to persst
coincident with an increasing sea otter population. An exception may be to those crab
speciesthat exist beyond the foraging depths of sea otters that may attain arefuge from
predation (e.g. Chionecetes and Paralithoides). However, if verticd movement is
exhibited that brings the prey within the otter’ s maximum foraging depth (about 100m,
JBodkin unpub. data) adverse effects of sea otter predation may till occur.

Glacier Bay currently supports a diverse and abundant assemblage of intertidd clams.
Differencesin species diversity, density, and biomass are gpparent, with more diverse
and abundant populationsin the Lower Bay. Little evidence currently existsto identify
effects of sea otter foraging on intertidal clams. This probably results from too few otters
foraging over too large an area over too short atime period. However, given the rapid
rate of increase in sea otter density in recent years, changes in the nearshore ecosystem of
Glacier Bay can be expected in the near future. The ability of marine resource managers
to detect change and implement gppropriate management actions in Glacier Bay will be
severely congtrained unless the effects of sea otter colonization and foraging are well
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documented and understood. The window of opportunity to acquire the needed
information will close at arate positively related to the rate of sea otter increase.
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APPENDIX A. SAMPLING PROTOCOL FOR SEA OTTER AERIAL
SURVEYS

Overview of survey design

The survey design consists of 2 components: (1) strip transect counts and (2)
intengve search units.

1) Strip Transect Counts

Sea otter habitat is sampled in two drata, high density and low density,
distinguished by distance from shore and depth contour. The high dengity stratum
extends from shore to 400 m seaward or to the 40 m depth contour, whichever is greater.
The low dengty stratum extends from the high density lineto aline 2 km offshore or to
the 100 m depth contour, whichever is greeter. Bays and inlets less than 6 km wide are
sampled entirdly, regardless of depth. Transects are spaced systematically within each
stratum. Survey effort is alocated proportional to expected otter abundance in the

respective strata.

Prior to surveying a geographic area (e.g. College Fjord, Prince William Sound),
the observer will determine which side of the transect lines (N, S, E, or W) haslessglare.
The sde with less glare will be surveyed by a single observer in afixed-wing arcraft.
Transects with a400 meter strip width are flown at an airgpeed of 65 mph (29 m/s) and
an dtitude of 300 feet (91 m). The observer searches forward as far as conditions alow
and out 400 m, indicated by marks on the aircraft struts, and records otter group Size and
location on atransect map. A group is defined as 1 or more otters spaced less than 3 otter
lengths apart. Any group greater than 20 ottersis circled until acomplete count is made.
A camera should be used to photograph any groups too large and concentrated to count
accurately. The number of pupsin agroup is noted behind adash (eg. 6/4 = 6 adults and
4 pups). Observation conditions are noted for each transect and the pilot does not assist
in 9ghting sea otters.

2) Intensive Search Units

Intensive search units (1ISU's) are flown at intervals dependant on sampling
intengty*, throughout the survey period. An ISU isinitiated by the Sghting of a group
and isfollowed by 5 concentric circdes flown within the 400 m strip perpendicular to the
group which initiated the ISU. The pilot uses a stopwatch to time the minimum 1 minute
gpacing between consecutive 1SU's and guide the circumference of each circle. With a
circle circumference of 1,256 m and an airspeed of 65 mph (29 m/s), it takes 43 seconds
to complete acircle (e.g. 11 seconds/quarter turn). With 5 circles, each ISU takes about
3.6 minutes to complete. 1SU circle locations are drawn on the transect map and group
Sze and behavior is recorded on a separate form for each ISU. For each group, record
number observed on the strip count and number observed during the circle counts. Otters
that swim into an 1SU post factum are not included and groups grester than 20 otters
cannot initiste an 1SU.
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Behavior is defined as "whatever the otter was doing before the plane got there”
and recorded for each group as ether diving (d) or nondiving (n). Diving ottersinclude
any individuas that swim below the surface and out of view, whether traveing or
foraging. If any individud(s) in agroup are diving, the whole group is classfied as
diving. Nondiving otters are animas seen resting, interacting, swvimming (but not
diving), or hauled-out on land or ice.

* The targeted number of 1SU's per hour should be adjusted according to sea otter
dendgty. For example, say we have an areathat is estimated to take 25 hoursto survey
and the god isto have each observer fly 40 "usable’ ISU's; an 1SU must have more than
one group to be considered usable. Because previous data show that only 40 to 55% of
the ISU's end up being usable, surveyors should average at least 4 1SU's per hour.
Congdering the fact that, one does not always get 4 opportunities per hour - especidly a
lower seaotter dengties, this actudly means taking something like the first 6
opportunities per hour. However, two circumstances may jugtify deviation from the 6
ISU's per hour plan:

1) If the survey is not progressing rapidly enough because flying ISU'sistoo
time intengive, reduce the minimum number of 1SU's per hour
dightly

2) If arunning tally beginsto show that, on average, lessthan 4 1SU's per
hour are being flown, increase the targeted minimum number of 1SU's per
hour accordingly.

The bottom lineisthis. each observer needs to obtain a preset number of 1SU's for
adequate gatistical power in caculation of the correction factor. To arive at thisgod in
an unbiased manner, observers must pace themsalves so |SU's are evenly distributed
throughout the survey area.

Preflight
Survey equipment:
binder: random map set sdlections
map sets (observer, pilot, & spare copies)
grip forms (30)
ISU forms (60)
survey protocol
Trimble GPS procedures
data entry formats
laptop computer for data entry
floppy disk with transect waypoints
Solidgtate data drive with power adaptor & interface cable
RAM cards with transect waypoints
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RAM card spare batteries
low power, wide angle binoculars (e.g. 4 X 12)
clipboards (2)
pencils
highlighter pen
stopwatch for timing 1SU circles
35 mm camerawith wide angle lens
hight gpeed film
survivd suits
Airplane windows must be cleaned each day prior to surveying.

Globa Pogtioning System (GPS) coordinates used to locate transect sarting and
end points, must be entered as waypoints by hand or downloaded from an externa
source viaamemory card.

Electricd tape markings on wing struts indicate the viewing angle and 400 m gtrip
width when the arcraft wings are level at 300 feet (91.5 m) and the insde
boundary isin-line with the outsde edge of the arplane floats.

The following information is recorded at the top of each transect data form:
Date - Recorded inthe DDMMMY'Y format.
Observer - Firg initid and up to 7 letters of last name.
Sart time - Military format.

Aircraft - Should dways be atandem seet fixed wing that can safely
survey at 65-70 mph.

Rilot - Frg initid and up to 7 letters of last name.
Area- Generd areabeing surveyed.

Observation conditions

Factors affecting observation conditions include wind velocity, seas, swell, cloud
cover, glare, and precipitation. Wind strong enough to form whitecaps creates
unacceptable observation conditions. Occasionally, when there is a short fetch, the water
may be cam, but the wind istoo strong to dlow the pilot to fly concentric circles. Swell
isonly aproblem whenit is coupled with choppy seas. Cloud cover is desirable because
it inhibits extreme sun-glade. Glare is a problem that can usually be moderated by
observing from the Sde of the aircraft opposite the sun. Precipitation is usualy not a
problem unlessit is extremely heavy.

Chop (C) and glare (G) are probably the most common and important factors
effecting observation conditions. Chop is defined as any deviation from flat calm water
up to whitecaps. Glareis defined as any amount of reflected light which may interfere
with sightability. After each transect is surveyed, presence is noted as C, G, or C/G and



modified by aquartile (eg. if 25% of the transect had chop and 100% had glare,
observation conditions would be recorded as 1C/4G). Nothing is recorded in the
conditions category if seas are flat calm and with no glare.

Observer fatigue

To ensure survey integrity, landing the plane and taking a break after every 1to 2
hours of survey time is essentia for both observer and pilot. Survey quality will be
compromised unless both are given a chance to exercise their legs, edt, go to the
bathroom, and give their eyes a break so they can remain dert.

Vessel activity
Areas with fishing or recreationa vessd activity should till be surveyed.

Special rules regarding ISU’s

1 Migtaken identity - When an ISU is mistakenly initiated by anything other
than a sea otter (e.g. bird, rock, or floating debris), the flight path should continue for one
full circle until back on transect. At this point the 1SU isto be abandoned asiif it was
never initiated and the normd fight path is resumed.

2. Otterssighted outside an ISU - Otters sighted outside an 1SU which are
noticed during 1SU circles are counted only when the I1SU is completed, norma flight
path has been resumed, and they are observed on the strip.

Unique habitat features

Loca knowledge of unique habitat festures may warrant modification of survey
protocol:

1 Extengve shoding or shdlow water (i.e. mud flats) may present the opportunity
for extremely high sea otter dengities with groups much too large to count with the same
precision atainable in other survey areas. Photograph only otters within the strip or
conduct complete counts, typicadly made in groups of five or ten otters a atime.
Remember, groups >20 cannot initiate an |SU.

Example: Orcalnlet, PNVS. Bring a camera, agood lens, and plenty of film.
Timing isimportant when surveying Orca Inlet; the survey period should center around a
positive high tide - plan on amorning high tide due to the high probability of afternoon
winds and heavy glare. Survey the entire area from Hawkin's cutoff to Nelson Bay on the
same high tide because sea otter didtribution can shift dramatically with tidal ebb and
flow in thisregion.

2. Cliffs- How transects near cliffs are flown depends on the pilot's capabilities and
prevailing weeather conditions. For transects which intersect with dliff areas, including
tidewater glaciers, discuss the following options with the pilot prior to surveying.

In some circumstances, Smply increasing airgpeed for turning power near diffs
may be acceptable. However, in steep/cliff-walled narrow passages and inlets, it may be
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deemed too dangerousto fly perpendicular to the shoreline. In this case, as with large
groups of sea otters, obtain complete counts of the area when possible.

In larger steep-walled bays, whereit istoo difficult or cogtly to obtain a complete
count, first survey the entire bay shoreline 400 m out. Then survey the offshore transect
sections, using the 400 m shoreline strip just surveyed as an approach. Becausethisisa
survey design modification, these data will be analyzed separately.

Example: Herring Bay, PWS. Severd high dliffs border thisarea.

Exanple: Barry Glacier, PWS. Winds coming off this and other tidewater
glaciers may create a downdraft acrossthe face. The pilot should be aware of such
unsafe flying conditions and abort a transect if necessary.

3. Seabird colonies - Transects which intersect with seabird colonies should be
shortened accordingly. These areas can be buffered for a certain distancein ARC
dependant on factors such as colony size, species composition, and breeding status.

Example: Kodiak Idand. Colonieslocated within 500 m of atransect AND
Black-legged Kittiwakes > 100 OR total murres > 100 OR total birds > 1,000 were
selected from the seabird colony catalog as being important to avoid.

5. Drifters- During cam seas, for whatever reason - possibly acombination of
ocean current patterns and geography - large numbers of sea otters can be found resting
relatively far offshore, over extremely deep water, miles (up to 4 milesis not uncommon)
from the nearest possible foraging area.

Example: Port Wells, PWS. Hundreds of sea otters were found scattered
throughout this area with flat calm seas on 2 consecutive survey years. Asaresult, Port
Wellswas reclassfied and as high density stratum.

4, Glacid moraine- Similar to the drifter Situation, sea otters may be found over
deep water on either de of this glacid feature.

Example: Unakwik, PWS. Like Port Wells, Upper Unakwik was reclassified
as high dengty stratum.

Planning an aerial survey
Severd key points should be considered when planning an aerid survey:

1) Unless current sea otter distribution is dready well known, it iswel worth
the effort to do some reconnaissance. Thiswill help define the survey area
and determine the number of observers needed, spacing of ISU's, etc.

2) Pan on using 1 observer per 5,000 otters.

3) Having an experienced technicd pilot is extremely important. Low leve
flying is, by nature, a hazardous proposition with little room for error;
many biologigts are killed this way. While safety is the foremost
congderation, apilot must dso be skilled & highly technical flying.
Survey methodology not only involves low-leve flying, but dso requires
intimate familiarity with aGPS and the ability to fly inagraght linea a
fixed heading with afixed dtitude, fixed speed, levd wings, from and to
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fixed pointsin the sky. Congder the added chalenge of flying concentric
400 meter aircles, spotting other air traffic, managing fuel, dedling with
wind and glare, traveling around fog banks, listening to radio treffic,
looking at asurvey map, and other digtractions aswell. Choose the best
pilot avalable.
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Data sheet for aerid survey gtrip transects

Date: Observer: Start Time:

Aircraft: Pilot: Area:
Transect Side Strip Count Chop|] Glare ISU
Number |(N,S,E, or W (Adults/Pups) (1-4) ] (1-4) | Number(s)
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Intensive Search Unit (ISU) data collection form

Date: Observer:
Transect #: ISU #:
Group # Strip Count Circle Count
1
2
3
4
5
Transect #: ISU #:
Group # Strip Count Circle Count
1
2
3
4
5
Transect #: ISU#:
Group # Strip Count Circle Count
1
2
3
4
5
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APPENDIXB. PROTOCOL FOR DETERMINING SEA OTTER DIET
BASED ON VISUAL OBSERVATIONS.

Sea Otter foraging success and diet — standard operating procedure

General Description

Sea otter foraging success and intensity will be measured using foca anima foraging
observations, and activity scan sampling techniques (Altmann, 1974) adapted for sea
otter work in past studies (Calkins 1978, Estes et al. 1981, Doroff and Bodkin 1994).
Both will consist of shore based, near shore observations at selected sites within major
sudy areas. One areawill be within Glacier Bay proper, one in South Icy Strait, onein
Althorp. Site sdlection will be based on the presence of seas otters and our ability to
observe foraging animas. Observationd effort will be allocated approximately
proportiona to the dendity and distribution of sea ottersin each area.

Observations of foraging sea otters will provide information on food habits, foraging
success (proportion successful feeding dives) and efficiency (convertible to mean
kcd/dive) based on prey numbers, types and sizes obtained by feeding animals.

Data on sea otter food habits, foraging efficiency, and intengty should prove useful when
examining differences (if any) in prey densties, and Sze-class distributions between
study aress. Ultimatdy they will be used to ducidate questions regarding the difference
in sea otter dengities between study areas, and whether or not these differences are due
primarily to differencesin prey or habitat availability/quality or whether other factors
may be involved (e.g. the length of occupation by sea otters).

Forage observation protocol

Food habits, foraging success and efficiency will be measured during shore or ship based
observations of sdected foraging otters. Shore based observations limit data collection to
sea otters feeding within gpproximately 1 km of shore, while ship based observations
extend data collection throughout the range of possble foraging depths. High power
telescopes (Questar Corp., New Hope, PA) and 10X binoculars will be used to record
prey type, number, and size during foraging bouts of foca animas. A bout will consst

of observations of repeated dives for afocd animd whileit remansin view and
continues to forage (Cakins 1978). Assuming each foraging bout records the feeding
activity of auniqueindividua, bouts will be considered independent while dives within
bouts will not. Thusthe length of any one foraging bout will be limited to one hour after
which anew focd anima will be chosen.

Sea ottersin the sudy area are generdly not individudly identifiable. In addition, some

foraging areas may be used more than others by individuas and by ottersliving in the
areain generd. Therefore individuals may be observed more than once without our
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knowledge. To minimize this potentia bias foraging observations will be made
throughout the study aress, attempts will be made to record foraging observations from as
many Stes as possible.

Site and Focal Animal Selection

Site and focd animd sdlection will be relative to sea otter dendity. Because the areas of
interest are recently re-occupied by sea otters, densities can be low and foraging animals
difficult to locate. Additiondly, because of their socid organization they frequently are
agoregated in ther digtribution at resting areas and disperse individudly to foraging
locations. We will concentrate of foraging observationsin areas of, and adjacent to
recognized resting areas as identified in the distribution and abundance surveys.

If more than one foraging animd is available for observation at any particular

observation site then the first one will be randomly sdlected (coin toss between pairs),
and after completion of the bout the process repeated with the remaining animals.
Observations will continue a the Site until each available animd is observed or they have
stopped foraging/left the area. 1f recognizable (tagged) individuas are available for
observation their identification will be recorded and observations will be limited to no
more than 3 bouts/individua for the length of the study period. Datawill not be collected

on dependent pups.

Data Collected

For each bout the otter’ sidentification (if possible) estimated age (juvenile or adult) sex,
and reproductive status (independent or with pup) will be recorded. Estimated distance
from shore will be recorded and foraging location will be mapped. From the mapped
location the foraging depth and habitat type will be determined or estimated from
available GIS bathymetric and sonar data.

For each feeding dive observers will record dive times (time underwater searching for
prey) and surface intervas (time on the surface between dives) aong with dive success
(prey captured or not). In addition, prey identification (lowest possible taxon), prey
number, and prey size (smdl <4.5 cm, medium 4.5-9 cm, and large >9 cm) will be
recorded. The mean success rate, mean prey number, mean prey size, and most common
prey type will be determined for each bout, and an estimate of mean kca/dive derived for
prey items using reported caloric vaues and weight/length relationships (see Kvitek et dl.
1992).

The god for forage observations will be to collect data from at least 750 foraging dives
over a least 45 foraging bouts collected over dl daylight hours and tide levels. A bout
will contain aminimum of 10 dives. Because the bout is the sample unit there is no need
to limit the maximum number of divesin any given bout. However, in order to maximize
the number of bouts observed, anew focal anima will be selected following one hour of
observation or 30 dives from an individua otter.

61



Sea otter foraging data form

Sea Otter Foraging Data

Otter #
Date | Region | Site |Latitude Longitude
Observer |Time Beain |Time End |Ac1e Sex |Puo
Bout Dive Dive Surf Prey Prey Prey
# # time time Success item # size Give| Take
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Foraging data variables and codes

Data Variahles

OTTER. # atter idertification number
DATE MRDD™ "05A09,/95"
REGIOH up to 5 letters indicating a large geographic
area or festure "GLACIER"
SITE up to § letters indicating clozest chart
description "FLAPJACK"
LATITUDE =zeq otters' position in decimal degees
"SE22 53"
.=no data
LONGITUDE sea otters' position in decimal degees
" 3602.21"
.= no data
OBSERVER first initial + up to 7 letters of last name
"JEODKIN"
TIME BEGIN military time "15:45"
.= no data
TIME END military time "20:30"
.= no data
AGE P = pup A = adult
J = juvenille U = unknowen
SEX F = female LI = unknosn
M = male
PUP Y o= yes U = unknoewn
M =na
BOUT # number changes every time there iz
a break in the dive sequence
DIVE # numbered by bout
DIVE TIME in geconds
.= no data
SURFACE TIME in seconds
.= no data
SUCCESS Y= yes U = unknowen
M=no
PREY HUMBER. number of prey tems
.= no data
PREY ITEM uze prey codes on right side of page
.=no data
* go to next line if more than 1 item
PREY SIZE use appropriste code from table below
.= no data
* go to next line if more than 1 size
SIZE CLASS
{mm}) CODE MID SIZE
0-20 148 10
0-40 1B 20
20-40 1C 30
40 - B 28 a0
40 - 50 2B G0
B0 - 50 2C 7
80 - 100 348 EN
80 -120 3B 100
100-120 3C 110
=120 47 120 +
GIVE number of prey given aveay, stolen or lost
TAKE number of prevy this otter took from ancther

Alaska Sea Otter Prey Data Codes

CLAMS AHD COCKLES

CLM Clinocardiom pakalii Muttall cockle
GAC Garl califarnica California sunset clam
ERM Entodesma pavicala Ugly clam

HIUK Humilaria kenperigyl

[P Macoma sp.

&P Mactromeris polvayvia (Spisnla) Arctic surf clam
[ RS Mya arenaria

YT Mya truncata

WS Mya =p.

PRS FPrototheca staminea Pacific ittleneck clam
SAG Saxidomis gigantens Butter clam
SEG Serripes groepiandicns Greenland cockle
TRC Tresns capax Gaper clam
CLA clam

URCHINS

STD Shongylocentrotis droebachiznsis (Green

STF Shrongylocentrolns franciscanis Red

LRC urchin

CRABS

CAaM Cancer magister Dungeness
CAP Cancer pradictis Fed rock

CHE Chiohoecetes baivdl Tanner

QORG Cregonia graciiis Decorator

HY'L Hygs lwratis Pacific lyre
PAC Faralithodes camitschatica Red king

PLIG Fugetha sp. Kelp

TEC Telmessus CReraganns Helmet

CR& crak
MUSSELS

hACIRA Modiolus modiols Harze

MTR Mdins trossnins Blue

= muszel
SHAILS

FLIC Fusitritoh oregonensis Hairy triton

MES MNeptunea sp.

ShA =nail

STARS

GOC Gargonocephalls canyd Baszket

OPs Ophiuroid sp. Brittle

PYH Fycnopodia helianthoides Sunflovwer
S0 Siolaster sp. Sun

STA star

QTHER

AP Apbocyelns venbricosis Smocth lumpsucker
Bl hivalve

BAS Balanus sp. barnacle

CHI chitan

CRS Crgitochiton stellert Gumboot chiton
CUF Cocumaria faifax Sea cucumber
ECS Echiuris sp. Fat inkeeper
FIZ fish

Ham, Halocynthla aurantivm Sea peach

LIk limpet

QD Octopus dofieini Octopus

PHA Fhascolosoma a0assizil Peanut warm
PO Fadodesmus macroschisma Rock jingle
SCA scallop

SPO Sponge

LIMI unidertified
WWOR WYOF

MOTE: ultimately, bouts will be numbered by day, across observers
MOTE: =save ravy data as filename csv (comma delimited) for 545
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Appendix C. Protocol for estimating intertidal clam species,
density and sizes (adapted from Prince William Sound, Exxon
Valdez oil spill restoration project 96025-00025)

SOPIC-1-2
Estimation of the Abundance and Size Structure of Intertidal
Littleneck Clamsas Food for Sea Otters
4/24/97

1.0 Introduction

Among the intertidd dams littleneck clams (Protothaca staminea) are the dominant
ones taken by seaotters. The purpose of this sampling effort isto determine the relative
abundance and size didribution of intertidd littleneck clamsin each of two regionsin
western Prince William Sound (PWS): dong 50 km of unoiled coastline off western
Montague Idand between Moosdlips Bay and Stockdale Harbor, and 50 km of oiled
coadtline around Knight Idand, in Herring Bay (25 km) and Bay of 1des (25 km). This
information is required to determine the availability of this clam asfood for sea otters

2.0 Background

Sampling was conducted in summer 1996 to estimate the abundance and size ditribution
of intertidal clams. We sampled at a series of systematicaly selected sitesand at Sites
that were systematicdly sdected from preferred clam habitat. Results indicate that
littleneck clams (Protothaca) were more abundant and larger at Knight Idand stes. The
datafor Macoma were less conclusve. Clams appeared larger a Knight, but Macoma
were more abundant & Montague. This year, we will concentrate on sampling
Protothaca and Macoma at new random (systematically selected with arandom sart
point) Sites, and resampling some preferred habitats where there were high densities of
clamsin 1996.

3.0 Methods

3.1 Initid sage dtratified random sampling

Thirty sampling sites were selected from within each of two areas (Montague and Knight
Idand). The siteswere 200 m long stretches of coastline. The following steps were used
in sdlecting sampling Stesthat are systematically placed aong the shordline, with a
randomly selected start point.
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Divide the coastline within each area (Montague or Knight) into segments of 200 m
inlength. Include the shordlines of maor idand which are included within exising
GIS shoreline coverages.

Note that a segment may include shordlines from severd adjacent idands.
Label each 200-m long segment with a number.

Divide the total number of segments (xx) by the number of segments to be surveyed
(30). Multiply arandom proportion by the product (x) to indicate the first ssgment to
be sampled. Sdlect the remaining sampling segments by sdecting every xth segment
from thefirg.

Note that these are the same segments that are being sampled for sea urchins, and are a
subset of those sampled for mussels.

We will sample dong arandomly placed 50-m long transect at each Site between + 0.5
and - 0.5m. Transectswill run roughly paralel to shore, dong a selected depth contour
(Fig. 5). The garting points for transects will be sdlected asfollows:

Start a arandomly sdected location dong the shore. Find the Site using differentia

(or P-code) GPS. We know that the coordinates selected are not particularly accurate,
and that some may be as much as 50 to 100 inshore of the waters edge, or offshore of
land. Do not get hung up on finding the “exact” location. Get to the location as best

as possible and sdect the start point with aslittle bias as possible. Actud GPS
locations of the beginnings and endings of al clam beaches will be recorded.

Drop buoys at randomly selected depths within each depth stratum.  Determine the
tiddlly adjusted depths by noting the tidal height a a specific time and location using
TIDEL software. (ALT F2 alows one to obtain a pecific tidd height for agiven
time and location.) Use Stockdale Harbor as the software location for determining
tides at Montague Sites, Knight Idand Passage as the location for determining tidal
heightsin Herring Bay, and Snug Harbor for determining tidal heightsin Bay of Ides

In some cases it may be necessary to et the intertida station on foot. 1n these cases,
place a2 m gtick (marked in 10 cm increments) at the waters edge and hold vertically.
Place ahand ste leve at the appropriate height above the water. For example, if the
tiddl height is-0.4 m, and the desired station location is+0.4 m, hold the Ste level at
the 0.8 m mark on the meter stick. Point & the Site perpendicular to shore. Have a
second person place abuoy at the place where the line- of-Site meets the substrate.

Distances between the +0.5, 0, -0.5, -5 and -10 m depths will be noted in urchin surveys.
At each buoy, a 50 m tape will be stretched from the buoy along a given depth contour.

The tape will be connected to the buoy and stretched to the right of the buoy, while facing
shore. On each transect, we collect a sediment sample from 5 randomly sdlected 0.25 n?
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quadrats. The quadrat position will be at arandom point between 0 and 0.95 m dong the
tape, and a 10 m intervas thereafter. The quadrats will be placed on the offshore side of
the tape, and will be placed so that the right hand leg of the quadrat, while facing

offshore, isto the randomly sdlected distance on the tepe. In cases where the subgtrate is
too coarse to collect a sample, no sample will be collected and we will note that the
quadrat was unsuitable clam habitat.

All sediment samples collected from transects will be returned to the boat and seved
through a series of 3 nested screens. Mesh size for these screensare 2.5, 1.25 and 1.0 cm.
Remove and measure dl clamsto the nearest mm using avernier caiper. After being
measured, clamswill be frozen in labeled bags for further analyss.

This sampling will be conducted during the period May 19 through June 26, 1997, using
3 teams of two to three persons. On each day, each team will mark out 3 to 4 stesto be
sampled during that or the following day. During the low tide, the team will sample over
a 50-m dretch of intertidal areaand collect sediments.

3.2  Sampling of preferred habitat

Sampling will be conducted at 12 sites (6 at Montague and 6 a Knight Idand) where we
observed relatively high densties of clamsin 1996. These are ICMI006, ICMI1007,
ICMI008, ICMI011, ICMI1012, ICMI1013, ICBI002, ICBI003, ICBI005, ICBI007,
ICHBO001, and ICHBO0O02.

Sampling will occur during alow-tide series between May 19 and June 26. Sampling
will be conducted by two, two- person crews.

The gtarting points for transects will be the same as used in 1996. Find the site using
differentid (or P-code) GPS. We know that the coordinates selected are not particularly
accurate, and that some may be as much as 50 to 100 m inshore or offshore. Do not get
hung up on finding the exact location. Get to the location as best as possible and select
the start point with aslittle bias as possible. Record on Intertidd Clam Sampling Sites
Preferred Habitats form 1C-97-FD-01.

At each Site measure arandom distance (the same as used in 1996) from the left hand site
boundary. Find the O mtide level (MLLW) at thislocation. Thisistheleft or the
beginning end (facing shore) of the 100 m Site transect & O m MLLW. A surveyors
measuring stick, pop level, locd tide table and watch will be needed to obtain the O m
tidal height. Stretch a 100-m tape aong the 0 m contour to the right of the Start point.
Randomly select the first quadrat between 0 and 13.8 m and place 20.25 nf sampling
frame down there. (These are different random numbers than used in 1996). Quadrats 2-
7 are sequentidly and equally spaced at 14.3 m intervasto the right dong the transect
linea O mtida height.

The quadrat should be positioned so that the prescribed random distanceis a the lower
left corner of the frame. Excavate the substrate within the frame to a depth of 10 cm and
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placeinalabeled 19 L bucket. Collect acore for sediment grain Size analys's one meter
to the left of the quadrat. Insert acorewith a5 cm insde diameter 10 cm deep into the
subgtrate. Place the contentsinto alabeled 1 gdlon zip-loc bag. Fill out the Intertidal
Clam Sediment/HC Callection form (IC-97-FD-02). Repesat the sampling procedures
from quadrat 1 for quadrats 2-7.

Later in the day, after dl samples have been collected the samples are to be Seved to
remove clams. Wash sediment through a series of three nested screens and measure dll
clams. Record dataon alab dataform 1C-97-LD-01.

In the laboratory, sdect 60 clams from the two study areas (Montague vs. Knight) for
andyss. Measure shdl length to the nearest 0.1 mm using vernier calipers. Blot eech

clam dry with a paper towd. Open the clam and remove tissue from the shell using

forceps or ascalpd. Placetissuein apreweighed auminum weigh boat and weigh to the
nearest 0.001 g on aMettler PM200 balance. Determinet wet weights of both the tissue
and shell and record these on the |aboratory data sheet (IC-97-LD-02). Placethe clamsin
an 80° C oven for 48 hours, cool in adessicator and weigh to determine dry weight. Ash
the dlamsin a500° C muffle furnace for 4 hours, cool in a dessicator and weigh to
determine ash weight. Ash-free dry weight is caculated by subtracting the ash weight

from dry weight.

4.0 Equipment and supplies

The sampling equipment and supplies needed by each field crew for each sampling site
areasfollows
Differentid GPS
Intertidal Clam Sampling Sites- Preferred Habitats form (1C-97-FD-01)
Intertidal Clam Sediment/HC Collection form (1C-97-FD-02)
meter stick, pop leve, tide table, watch
0.25 n? PVC frames
shoves
19 L (5 gd) plastic buckets
set of nested screens and washstand
portable water pump w/2 hoses & nozzles
0 1 gd zip-loc bags wiplagtic labds
sediment corers

NERRPRONNRRRRE

5.0 Dataanalysis

6.1  Theaverage densty of intertidd littleneck and Macoma clams on random
transects
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We will compute the average dendty of each clam species within each Site and areg, as
sampled from randomly selected Site transects. We will test for differences between
areassusng al-way ANOVA.

6.2 The extent of habitat within each area

The extent of areawithin each area will be determined by multiplying the average
distances between boundaries (measures by tape between -0.5 to +0.5 m) within an areg,
times the extent of shordine with the area. We will test for differences between areas
usng al-way ANOVA.

6.3 Thetota abundance of intertidd littleneck clams within each area based
on random sampling

Thetota abundance of littleneck clams within each areawill be determined as the sum of
the quantities (average densities x extent of area) within each area. We may also want to

consder computing this value for specified sze classes (e.g., 510 mm long). Wewill
test for differences between areas usng a1-way ANOVA.

6.0 Training

Thetraining for those conducting the fidld sampling is as follows:

Read and comprehend the SOP prior to the time of the field cruise.

Attend a briefing and review session to discuss the SOP just after mobilization for the
cruise.

Take part in theinitid sampling of one designated ste.

7.0 Quality Assurance

The cruise leeder, or hisher designee, will conduct dl training sessons, and will approve
or disapprove aperson for use of this SOP.

It isimperative that dl data sheets are completed in full the day the work is done. All data
sheets will be reviewed by the cruise leeder, or hisher designee, dally.

The cruise leader will complete alog of dl activitiesdaly.
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Intertidal Clam Sampling Sites - Preferred Habitats

1C-97-FD-01
Samplers: Date:
Area: Site Number: 0 m Tidal Height:
Time:
Tide:
Target UTME: UTMN:
Start Pt. UTME: UTMN:
Quadrat Positions: (RN) *13.8m= Q
Q]_ —+ 14.3m= QZ
Q, +14.3m= Qs
Qs +14.3m = Qs
Qs +14.3m= Qs
Qs +14.3m= Qs
Qs +14.3m= Q;
Comments:
Distance between-0.5mto+0.5m Method
Q
Q
Qs
Qs
Qs
Qs
Q&
Comments:
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INTERTIDAL CLAM SEDIMENT/HY DROCARBON COLLECTION SHEET
Form IC-97-FD-02

Samplers: Date:

Area.: Start: UTME: UTMN:

Positioning Method:

Site # Transect Quad # SampleID # Actual Sed Gsz HC Tissue
# Depth Collected Collected
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INTERTIDAL CLAM DENSITIES ON TRANSECTS LAB SHEET
Form 1C-97-LD-01

Observer: Date:

Site# Quad# Taxa Shell Length Site# Quad Taxa Shell Length
(mm) # (mm)
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INTERTIDAL CLAM WEIGHTS LAB SHEET
Form 1C-97-LD-02

Observer: Date:
Site# Sample |D# Taxa Wet Wgt Shell Wgt | Tissue Shell Lnth | Weight Weight Dr
(9 Wgt (mm) Boat Boat + Wi
DW
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INTERTIDAL CLAM SEDIMENT GRAIN SIZE LAB SHEET
Form 1C-97-LD-03

Observer: Date:
Site Date Quad Sedgsz # Replicate  Depth % % %
# Collected # Gravel Sand Mud
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APPENDIX D. INTERTIDAL CLAM SPECIES IN GLACIER BAY
NATIONAL PARK AND PRESERVE
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Following arebrief descriptionsof theclam species found during 1999-2000 intertidal sampling. This
isnot intended to be acompletelisting of the speciesfound in Glacier Bay National Park and
Preserve.

Clinocardiumnuttallii (CLN), heart cockle. Thisclam can grow
to 140 mmandisfoundintertidally to 30 min sand/gravel
substrates (One source states 200 m). The heart cocklecanlive
15 yearsathough someestimatesareashighas 19 years. Itis
foundin sheltered watersfrom the southern Bering Seato San
Diego, Cdifornia

Entodesma navicula (ENN), ugly clam. Thisclam cangrow to lengths
over 100 mm. Itisfoundin crevicesor under rocksintertidally to depths of
20m. Itsrangeisfrom the southern Bering Seato Point Conception,
Cdifornia. Theugly clam cannot completely retract itssphon therefore
thereisagapeintheshdll.

Gari californica (GAC), Californiasunset clam. Thisclam cangrow to
149 mmandisfoundintertidally to 170 min gravel substrates. G.
californicaisrareintheintertidal zoneof Glacier Bay. Itsrangeextends
fromthenorthern Gulf of Alaskato BgaCaliforniaSur.

Hiatdlaarctica(HIA) Arctichiatellaclam. TheArctic hiatellacan
grow to 33mmandisfound intertidally to 800 m. Thisclam attaches
itself with abyssusto rocks, mussels, shell litter, andevenaga. Itis
oftenfoundin areasof unconsolidated rocky substratesfrom Point
Barrow, Alaskato Chile. Hiatella pholadisgrowsto 50 mmandis
found intertidally to 10 m, from the Bering Seato Puget Sound. It
attachesitsalf with byssusthreadsto kelp hol dfasts, mussel mats, and
pholad (piddock) burrows. H. arcticaand H. pholadiswere grouped
asHiatellaspecies(HIS) inthisstudy.
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Humilaria kennerleyi (HUK), Kennerley’svenus. Thisclamis
found intertidally to 40 min sand/gravel substrates. 1t growsto 100
mm and itsrangeisfrom Cook Inlet, Alaskato SantaRosaldand,
Cdifornia. Humilariawasrarein our intertidal samplingin Glacier

Bay.

Numerically, Macomaisthe predominateintertidal claminGlacier
Bay. Severd specieshavebeenidentified during our sampling:
Macoma nasuta (MAN), M. balthica (MAB), M. calcarea
(MAC), M. inquinata (MALI), and M. obliqua (MAO). M. nasuta
isreferred to asthe bent-nosed macomaand isfound intertidaly to
50minsandy or silty substrates. It can grow to 110 mmand ranges
from Cook Inlet, Alaskato BgjaCaliforniaSur. M. balthicaisfound
intertidally to 40 m. and only growsto 38 mm. Itsrangeisfromthe
Beaufort Seato San Diego, Cdifornia. M. balthicaisoftenfoundin
baysand estuariesinfine sediments, occasionally at high densities.
The other species of Macoma have not beenidentifiedinthefield,
but in core samples sent to abivalvetaxonomic speciaist.

Myatruncata (MY T) and Myaarenaria (MYA), softshell clams;
grouped asMya species (MY S). M. truncata growsto 80 mm
whileM. arenariagrowsto 100mm. MY T isfoundintertidally to
100 m, ranging from the Beaufort Seato Neah
Bay, Washington. MYA isfoundintertidally
(subtidal depthswerenot givenfor MYA) fromIcy
Cape, Alaskato central California. They arefound
insubstrateswith sand/mud (e.g. intheinterdtitial
sedimentsat an unconsolidated rocky site).

Panomya ampla (PAA), ampleroughmya. Thisclamissometimes
mistaken for ajuvenilegeoduck. Itisfoundintertidally to 100 mfrom
Point Barrow, Alaskato Puget Sound in mud/sand/gravel substrates.
It can grow to 70 mm. Wefound these clamsnear the entranceto
Secret Bay inGlacier Bay.
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Protothaca staminea (PRS), littleneck clam. Thisclamisfound
intertidally to 10 m and growsto 75 mm. Protothaca areusually
found within thetop 10 cm of rock/coarse gravel /sand/mud
substrates. It occursintertidally to 10 mfromthe Aleutian 1dands
toBagaCaliforniaSur. Protothacacanlive8to 14 years.
Growthratescanbe38 mmin 3-4 years.

Pseudopythina compressa (PSC), fuzzy clam. Thisclamisfoundintertidally
to 100 m and growsto 20 mm. Itisfound from Point Barrow to Baja,
Cdifornia, usudly in mud substrates.

Saxidomusgigantea (SAG), butterclam. Thebutterclamisfound
intertidally to40m. It can grow to 136 mm andisfoundinmixed
substrates (sand/mud/gravel) from the southern Bering Seato centra
California. Theseclamsdominatethebiomassof intertidal clamsin
Glacier Bay. Saxidomuscanlivefor 20 years. Growth ratesvary
withinitsrange. Inthenorthern part of therange, SAG can grow 63
mmin 8-9years, whileinthe southern areas, smilar szesarereached
after only 4-5years.
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