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INTRODUCTION

The barber ssal, Phoea vitulina, 13 one of the most widsly

distributsd s8zls in the northern hemisphers. The world wide
distribuiion can be repressntad by a brokesa ¢ircls around the rim of
the Arctic ocean, with four arms sxtending southwsrd along tha
shores of RBuraszia and North America. The sast Pacific racs, Thoca

vitulina richardei {Gray 1864) ranges from Hersscel Island in ths

Alsutian chain of Alasks and Cedros Islsnd off ihs cosst of Bajs
California {Scheffsr 1958).

Rééent population estimates for harbor seals residing in Orsgen
waisrs ;aré gfeatly.;?earsan and Verts {1970) repori "prebably fewer
than %00 harbor ssals in Oregos coastal waters®. Mata (1977)
nstimatad 2500 seals batwsen latitudss 429% and 46°¥ plus 1000 seals
in the Columbia river, totalling 3500 seals in tha stats. It is the
avcthor's opinion that the latisr astimats is cslosest to the actusl
mmber,

Phoca viiulina is considersd non-migralory, howsver, sevsml

anthors havs obserysd ssaxens] changes in tha rmuaber of s3als at
various haul out sitss {Scheffer and Slipp 1944; Rosenthal 1968;
Panlbitski and Maguire 1972}. Pask num@ers haTa bsan assosiatasd with
pupping and brseding activities, yet fsw sxplanations havs bsen,
prssaniad to sxplain the dscline in mumbers of ssals st hanl outs
during tha nonbreeding ssason.

The authors citsd above wers obszsrving haul ocut siles in

inland waters or smbayments. One simple explanatioa for the observad
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change is that ths se9alz lsave the bays and uss nsar shers hanl outs
during the wintsr. In the Coos Bay arsa the bulk of the seals uss a
naar shorse haul out site {Paarson and Varts 1970) making this ares
an idesl location for documenting seasenal shifts in tha autilization
of various haul out sitas.

The diast of ths harbor ssal hag bsen z foniroversial: topic: sinss
the 1500's {Joenssn at al. 1976} In tha Pacific northwest thes rool of
the contraversy is ths contantion by some that ssals signilicanily
raducs the numbsrs of salmonid fish., Their highly visible habit of
eating large fish {such as salmon) at the surface iz no doubt
partially responsible for such heliefs {Spalding 1969). Although
fishermen havs leng contanded thai plnnipsds taks salmen {rom iheir
nets and linss= during commercial and spert fishinz opsrations, uﬁat
part of the dist thess fisk repressnt has not besen wsll documentad.
In apits of this laek of understanding bouniies have bssa offered, or
profsssionsl huntsrs have baen empleysd, by agenciss in Oragon,
Washington, British Columbiz and Alaska.singa the aarly 1900's in an
attempt to control the mumber of seals {Scheffar 1928). In 1972 ihe
Marine Mammal Protecition Act officially andsd any 3s8al conirol
programs that had pot already anded. Harbor ssals znd all othar
marine mammals2 in U.3. waters havas been fully protectsd sincs that
data.

Food habitz of tha harbor saal in ihe north easi Pacific havs
been examinsd in Alaska by Imler and S#ber (1947}, Ksnyoan {1965} -
and Pithchar (1980a}; in British Columbia by Fishsr {1952) and

Spalding (1964); in Washington by Scheffar aad Slipp:{(1944) and



Calambokidis at al. (1978); and in Oregonm by Brown (1981). Studies
have also bean conductad in ths westarn Atlantie by Griffin {1938)
and Boulva and MClarem {1979); and in tha ¥orth Sea by Havinga {1933).

Tntil recently the only method usad ts detsrmine pinnipsd
feading hsbitsz was gut contant analysis. This method n=cssgsilataes
shooting many animals %o obtain an adequats mmbar of feod z2amplss.
Imlar and Sarber {1947} found that on avsrage 40% of all barbor ssals
shot sunk oul of reach baforse they could 5@ racovarad,. and that over
half the stowmachs sxaminsd were smpty. Of approximately 050 seals shot:
in thsir study., 300 wars recovered and only 166 had sufficisnt
gatarial in their stomachs for ifabulaiion. Ths Oregon sasl population
would be significantly raducsd if an sxisusive diet szindy using the
gul analysis method wers conduciad.

In situations whars it is not dssirable to shoot seals, or whars
pepulatisns are too small fo suppori an sxismsive gut study. scat
analysis hsas bscome an accepltad msthod of studying pre2y utilization.
{ainley at al. 1978; Clambokidis st 2l. 1978; Brown 1981}, Harbor ssal
seats wers first noted to contain {ish otoliths and other undigssiad
fragments by Sceffar and Slipp {1944) though the valus of otoliths in
interprating feading habits wes not realisad until ths 1960%s
{Fiteh and Brownell 1963). Pitcher {1930b) showed thai aznalysis from

harbor ssal. scais can preovide accurats information om most kinds

of prey.
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SR RESFARCHE GOALS

The first goal of this rassarch was to detarmine if ths harbor
saals in Coos County, Oregen axhibitéd tha seasonal changs in hanl
out usage described by other authors. If such a seasonal change was
found, possibla canssa for it wers to b2 axamined,

Ths sacond goal of this research was to nse the scat analysis
mathod to establish a prsy speciss list for tha harbor sesls
fraquanting the Coos Bay haul outs. Dist information analysiz was io
atismpt to ostablisk poteniial {isheries conflictz, possibls pray

preferencss, and ssaszonal prey utilization of seals in the study arses..



DESCRIPTION OF STUDY 3TTES

Harbor ssals use five diffsrent haul out arsas in the Coos Bey
region. Two of the sites ars in ths sstuary whils the remeinder are
locatsd on rocks socuth of the harbor entrance. The arsas deseribed
below constitute all of thes haul outs usad by ssals at the tims of
this study {sss Fiz.1}. The nexi slossst haul oul to the south is
Soqqilla rocks, some 25km away. The closest sita to the north is ths

Umpqua river, some 45km away.

i, Pigeon Peoint.

The Pigson point haul sut consisis of twe dradgs spoil islats
on the sast side of Coos Bay, about Skwm from ths harbor sntrancas.
The islsts are a mixture of sand and cobblas that asrge with a
tidal flat at low tides. It is possible %o walk io ths Pigeen
point haul oub whem the tide drops balow about 1,5 fest on the local
tids charts. A channel on ths landward sids of the islsts provides
ths seals ac¢gess and escape rouitss to and from ihs haal outs. The
chammel is dsep enough for ssals to swim in during 211 but ihe
lowast spring tides, ai which tim= acesgss is limiisd to the southsrn
most islst.

Watar submaergess the southern islet when tidal heights exesad
sapproximataly 3.4 faet and the northern islet when it sxcsads
approximatsly 4.6 faef. Iocal tide heights typically rangs betwean
5 and 7 faet at high tide, msaning thai ne sitss ars availabls ta

saals at Pigeon point for savsral hours during hizh tids.



Figurs 1. Hap of the study arsa showing locations
of harbor seal haul out arsss and vantage

points used for censusss.
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2. North Spit.

On the west side of tha béy about 2km up the bay from Pigeson
point, is iths North Spit haul out sita, a sandy pesninsula on ths
north side of a small vsgitated island. Virtually 21l of this sitas
is coversd at high tids. At low tids ths weai side of ths peninsula
bhecomss contimuous with the shors. The sasit sids of ihs haul ont

adjoins waiar whenever it is axposed.

3. Simpsons Rasf.

This complsx of rocks lies on the north side of Cape Arage
approximately 7km south of tha Coos Bay harbor satrance. It is
the largest harbor ssal-haul out sits in iha arsa {Fesrson and Veris
1970). 1In addition io the harber seal, %the rsaf is used by

Californian ssa lions {Zalochus califerniamms), Stallsds =zsz lions

(fumatopias jubata), and northsrn slaphant seals {(Miroungz

anguistirostra).

A largs outsr reef servesz as a breakwater, shslisring ths more
shorsward rocks from ths dirsct force of the seas. Many of ths rocks
are awash during rough ocean conditions, bul a small sandy beach,
known locally as Shell island asarly slways ramains sccessible to

sesals.

L, South Covs.

In ths South Cove of Cape Arags {2km south of Simpsons Reef)
two rocks are ussd by harbor sezls. High tides cover thsm and
they ars ofisn awash particularly during ths wintsr, 2 tims of

southwestarn swells.
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5. 3Sguaw Island.

Approximately midway betwesn Simpsons Reaf and the harbor
entrance is a rocky complax known as Squaw Island. During periods
of mild weather and =zsas, sitss are available at all tidal heights

but during storms this area is frequenily awash.
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CENSUS TECHNIQUE

Monthly daylighi censusss of harbor ssal hanl ouis in ths
Coos Bay, Oragon ragion were conductad from April 1980 to April 1981,
On the cansus day hourly counts of 32als at the haul outs wers mads
from shors vantags points {Fig.!} using 20-45x spoiting scopes, teo
determine the maximum numbers of seals haulad out that day.

Becauss the purpos2 of the census was Lo dosument possible
saasonal vériation in haul aui utilization, psak numbsrs from sach
mcnthly-caunt weTe usad for sessonmal comparisons. Census datss
wers chosan on the basis of their being most likely ite producs the
nighest counts for that peried. The principal factors that sst ths
dats of sach census wsars tides and weathsr, a; thass have bsan shown
to influaﬁce seal haul out bshavior {Fisher 1952, Cilambokidis 1978).

Bscause rough ssas have a negative offset on ssal haul out
bshavior { Schaffar and Slipp 1944), census dates wers limilsd to
days havipg relatively mild ocsan and weathsr conditions. Ocean
conditiané aré genarally roughsr during winter moniths tul ceasus datss
wers chosen so thai sll major sitss wecre availabls to the seals at
someiima during the day.

Sines high tides complstaly submergsd a mumbsr of impertant
hauling areas, {making them unavailable to s=alsz), peak numbers
wera axpectad at soms iime other than the time of high tide.

Cansus dates were chossn, weather permiiiing, so that counts could be

-
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mads seversl hours prior %o and after the dayiime low tids, the time

when these sites were exposed and svailsable te ssals,

-

Haul out sites were monitorsd throughout ihe study and spot
check censuses made during each month confirmed that the all day
counts were indicative of the census peried. Records were kaptl

of zeals use of individual rocks within & haul cui ares to simplify

Fa

counting and {o detecl possible site preferences. Notes on seal

activity psatisrns and behaviorzl intersciions were kept. Human

ectivitiss on and near the hauling sites were alsc recordsd.
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DIET STUDY METHODS

Harbor sesl scats ware collscted from the Pigeon Point and
North Spit haul outs to obtain fish otoliths and other food remains.
Scat collections were limited to days whers the daylight low tides
wore lower that +1.0 feet, sincs shors access to ihe Pigeon Point
haul oul was cut off by water levels higher than this. The lower
low tides in Orsgon are in the morning hours during spring and summer,
and in the afterncon and evening hours during fall and winter. The
shorter winter day length meant a number of satisfactory low tides
came after dark and wers thus unsuitable for scat collection. There
were daylight low tides low snough. to permit scat collectisns sach
month and scals were sought at Pigeon Point during all months.

Individual scais were often presssd into the rocks and some

subsirate was usually collectad with ths scats. Secatis wers scraped

from the substirate with a small shovel and thsn transporisd to ths

#
2
i
¥,
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laboratory in sealad plastic bags. Secats wers collsctad opportunistically

Ny st
s

from July 1978 through March 1981, Seat procsssing was accomplishad
in the following manner:

1. The bag with its contanis was weighed.

2. Bach sample was put into a %in can and coversd with 2% 5uffered
formalin. The can was vigerously shaken to emulsify the centents.
3. The "secat shake™ slurry was washad through two sisvse scrsens with

pore sizes of Smm and 0.5mm. The larger size sereen allowed nsarly all

!Eﬁi otoliths and food items to pass through, but rstained rocks and
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petbles that wesre pickad up when the scal was collectisd. The

small screen retainsd food remains but allowed sand to pass throngh.
4, The material on ths small screen was washsd into a nsutral gray
colored pan. The large pore sievs was inspscted for remains which,
when prssent, were also transfarrsd to the gray pan. Against ths

gray background otoliths, lamprey jaw parts and cephalopod beaks

were rsadily discerned with the unaided aye. HNumbers of othar
iﬁ: remains {vertabrae, scales, lenses, worms, and crustacean and
schinoderm parts) were astimatad and representative samples of

each were collectsad.

5. To obtain a2 weight estimate for the scat ths weight of ths
empty bag and ths matsrial that remainsd on the large sieve was
subtracted from the original weight of the sampls.

6. Material from each scat collected was sortad and stored in
individual plastic vials. Fish otoliths were identifiad by J.E.

Fitch, an authority in this field, Other rsmains were identifisd by

the autbor.
All otoliths were sorted into lefts and rights for sach speciss

and the side having the largssi mumbsr of otoliths was used to

i s e
T g Ay |

%E. repressnt the minimum mmber of fish saten. Similarly cephalopod

; beaks were grouped intc innsr and outer halves {Ingrid st al. 1971)
and the sids having the largest mmber was taken to reprsesent ths

§r7 quantity satan. It was not possibls to accurately determine ths
number of iamprays or crustaceans eaten. An occurrence of their parts

i in 2 scat was regarded as reprsssnting only one individual, thus the

mumbers for thesa jtsms may be low.
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Seals havs haulsd out and presumasbly dsficatad on the Pigean
Point site for a number of years. Sincs substrats was picked up when
the scats wers collecied, the presencs of persisieni accumulations
of seal food remains in it could poisntially bias the seasomal dist
analysis. The subsiraie was examinsd to detsrmins how much residual
material it contained.

Three one squars mstar substrats "eontrol plots™ were laysd out
at the Pigeon Point scat collection site on May 26 1981, The top 2-3
om of theses plots was scraped up using the sams technique used to
eollect scats, and sxamined for fish otoliihs and other remains
typically found in the scats. Substrats desper that the top thres

centimeisrs was not sampled bscauss it was never picked up with scats.
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RESULTS

The highsast counts from each monthly census of individual sites
wers combined teo obtain 2 monthly maximum haul out attandance
figure for the study area. The largest monthly maximum haul out
atisndance figﬁre was from ths July census when 344 seals were
observsd. The smallest was from the Jamuary census when 326 ssals
wara oﬁserved. Thea transitions beatwesen the largest and ths smallest
figures were:émcoth and are summarizsd in Figurs 2.

Peak numbers of sseals ait haul ocuts in the study arsa were
clossly relatad to the time of low tide (Table 1 ). Due to the tidal
lag asscciated with Coos Bay, low tide at the Pigeon Point snd North
Spit sites came approximaiely half an honr later than the othsr sitss.

Ssasonal'smmigratian of seals from hanl ouis within thes bay
to 1océi.near shore sités could net be discernsd. Monthly maximum
haul out aﬁténdance figures for the bay siie; Pigeon Point and North
Spit; a#hibited the same seasonal pattarn as the nearshors sitass;
South Covs, Simpsons Reef and Squaw Island; (Figure 3).

The pupping s=ason in Coos Bay begins in lats April and peaks
sometims in Hay. On May 17 1980 a total of 95 harbor seal pups warse
countad, and on May 30 1980 73 pups were seen. Yery young pups were
obsarved on North Spit, at Pigson Point and at the Simpsons Raef
haul out.

Sea lions hanled out only at the Simpsons Reaf sits. California

sea llons were prssent in all months sxcept Juna and July. Their
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Figure 2. Monthly maximum hanl out attandance
figures for harbor seals determined from
all day censusas of Coos Bay arsa haul

outs from April 1980 - March 1931,

16
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800 — Monthly maximum numbers of
harbor seals counted at haul outs
near Coos Bay, Oregon
April 1980 -March 1981
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Table 1. The relationship bestween monthly maximum haul cul atiendancs
and the time of low tide.

Dats of Time of daylight Tidal Time in hours befors{-) and

census low tide(s) ta selsvation after(+) low tide that maz.
nearest hour {fest) no. of ssals wers observed
Nearshors  Bay
sites sitss
11 Jan 1931 1006 2.7 8] -2.5
14 Feb 1981 130Q ~0.1 4] -2.5%
20 Mar 1981 1800 0.5 ~2 -1.5*
25 Apr 1980 1500 0.8 +1 -3. 5%
17 ¥May 1980 0900 -1.4 +1 +5, 5%
29 June 1980 0800 -1.3 +1 -, 5%
2000 2.7
13 July 1980 0806 -1.2 0 R
2000 2.6
3 Aug 1980 1200 1.4 +2 +1.5%
28 Sept 1980 1000 ' 1.7 0 +0.5*
19 Oct 1980 1500 2.3 +2 -1.5
15 Nev 1980 1200 3.2 -3 -2.5
16 Dec 1980 1400 1.6 -3 -3.0

* indicates human disturbance occursd at these sitas on
tha census day.



Figurs'B. Monthly maximum haul out attendance
figures for harbor seals at bay haul outs
(Pigson Point, North Spit) and nsarshors
haul outs {South Covs, Simpsons Rsef,
Squaw Island) determinasd from all
day censuses of tha Coos Bay
area harbor seal population

from April 1980-March 198t.
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numbers psaked in October when 279 individnals were counted. This
obsarvation agreas with the migration patterns for this speciss
described by Mate (1977). Stellsr's sea lions wers present in sll
months but Dscember, Jamuary, Fabruary and March. The population
‘built to a maximum of 113 individuals during the August count. A
monthly account of s=2a llon numbers at Simpsons Reef is givsn in
Appendix 1. Juvenils Northsrn elephant sezls were observed at
Simpsons Resf during ths months of April through Septambar. The
maximum count was four during the July and Sepismber censuses.

A total of 296 harbor seal scats wera collsctsd from the North
Spit and Pigson Point haul out sites. The grsatesi mumber of scatis
collscted for anr¥ one month was for July, when a total of 100 scats
were gathsrad. No scats wers found whan fthese sites wsre visitad
during October, Novamber, Decamber and Jamary. Tha numbar of scats
collactad sach month is shown in Figure 4.

Seventasn scats (6%) contained no idsntifiable remains. 279
scats (94%) contained fish remains and 230 (78%) contained fish
otoliths. 2663 fish otoliths representing a minimum of 1695 fish.
of 45 speciss were axamined. Prey itsms other than fish includsd

two species of cephalopod, {Octopus bimaculatus and Loligo opalescens),

and the lamprey, Lampeire spp. Crustacean paris wsre also presant
to a much lesser axtent. Tabls 2 summarizes the dist study resulta.

880 {52%4) of the fish identifiasd were bottom dwallers. 799 |
(47%) were mid water typss. 18 (14) of otoliths were not identifiabls.

A summary of fish spsclss by family is presentad in Table 3.
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Figurs %, Numbsr of harbor seal scats collsctsd
from the Pigeon Point and North Spit haul out

arsas by month, from July 1978 - March 1981,
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70 = Total harbor seal scats cglle cted
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Table Z. Prey species of Coos Bay harbor seals identified from fish otoliths
and skeletzl remains found in scats. Prey items are ranked by
frequency of occurencs; percsnt frequency of oscursnce; total mumber
of individuals for sach speciss and the % of the total prey items
that each spscies represants.

Species

Common name

Ne. of ¢ of
individuals total

Leptocottus armatus

Parophrys vetulus

Cymatogzaster aggregata

Clupea harengis

Cithérichthys stigmseus

Glyptocephalus zachirus

lampeﬁra tridentata

Microgadus proximus

Isopsatta isclepis

Psetiichthys melanostictus

Hypomesus prestiosus

Sebastas spp.

Ammodytes hexapterus

Allosmerus 2longatus

Platichthys stellatus

Lyopsetta exilis

Damaliichthys vacca

Microstomus pagificus

Citharichthys sordidus

Phanerodon furcatus

Artedius spp.

Thaleichthys pacificus

Enophyrs bison

Staghorn sculpin
English sols
Shiner surfperch

Pacifie herring

"Cephalopod besks

Speckled sand dab
Rex sole

Pacifie Lamprey
Pacific tomcod
Butter sclas

Sand sole
Crustacsan parts
Surf smealt
Rockfish

Pacific sand lance
Whitebait smelt
Starry flounder
Slendsr sols
Pile perch

Dovar sols
Pacific sanddab
Whita surfperch
Sculpins
Enlachon

Buffalo seculpin

F;:?ue;cy
87 29
67 22
59 20
5719
45 14
® 13
30 10
26 9
25 3
26 8
21 7
16 6
15 5
12 I
12 4
11
10
E

8
6
6
6 2
B
3 t
3 1

323 19
220 . 12
353" 20
125 7
107 6
80 5
103 6
b1 2
3 2
26 1
b7 3
2k 1
43 2
4o 2
15 1
12 *
11 *
10 *
10 *
9 *
I *
18 1
? x®



Table 2 cont. Frequsncy No. of % of 25
Species Common name No. % individusls total
Anoplopoma fimbria Sable fish 3 1 b *
Ophiodon slongatus Ling cod 3 1 3 *
Atherssthes stomias Arrow toothed flounder 3 1 3 *
Embiotoca lataralis Striped surfperch 3 1 3 *
/ Chitonotus pugetensis Rough back sculpin 3 1 3 *
? Salmo gairdneri Steslhsad 2 * 13 1
; Gadus macrocephalus Pacific cod 2 = L *
; Pholis spp. Gunnel 2 x 4 *
;i Clevlandias ios Arrow goby 2 * 3 *
Trtchodon trichoden Pacific sand fish 2 = 2 .
5 ? Lepidogobius lepidus Bay goby 2 * 2 *
gé- Hsmilepidotus spE: Irish lord 1 = 7 *
: Eopsatta jordani : Petrale sole LI 2 *
Hippoglossoides alassodon Flat hsad sole LI 2 *
Engraulis mordax Northern anchovy i o* 2 *
Coryphoptarus nicholsii Blackeys zoby 1 * 1 *
Scorpaenichthys marmoratus Cabazon 1 = i *
{ Poroclimus rothrocki Whitebarred pricklaback 1 * 1 *
;; Oncorhynchus kisutch Silver salmon 1 * 1 *
: | Hyperprosopon 2llipticum Silver surfperch 1 * 1 *
'? Trachurus symmsiricus Jack mackeral 1 * 1 *
%g} Merluccius productus Pacific hake T 1 *
éj unidantifiad osmerid Smelt ' 1 * 1 *
1 unidentifiesd fish 16 5 13 1
%/ * indicates lass than 1%
- indicates that the number of individuals could not be determined




Table 3. The frequency and number of oioliths from harbor ssal 26
gcats by family.
Frequency  No. of % of

- Family No. % individuals total fish
Pleuronectidas 171 3 431 27
Cottidas 33 18 345 21
Embiotocidas 77 14 377 23
Clupeida= 57 10 125 8
Bothidas by 8 30 Y
Osmeridas 30 35 106 7
Gadidae 27 5 k5 3
Ammodytidae 12 2 43 3
Scorpasnidae 12 2 2k 1
Gobiidas 5 1 & *
Salmonidae 3 = 14 *

3 3;} Anoplopomatidaa 3 * 3 *

; Hexagrmmidae 3 ox 3 *

% Pholidida=a 2 * L *

e Trichodontidas 2 = 2 *

1e Engraulididas 1 = 2 *

§ : Merluceciidas 1 * 1 *

,,3 Carangidae 1 = i *

g; ) Stichasidase T 1 *

5t * indicates less than 1%

gh

i

k]
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Algae, small mollusc shells, and sand dollar tasts were found
in tha scats but their presence was disrsgarded du2 io the likelyhood
of them coming from the subsitrate that was picked up when the scatis
wers coilected, Plastic was preseni in two scatls ;ﬂd a2 sub fossil
graat whits shark tooth (Carcharodon sp.) was apparently pickad
up off the bottom coincidently with a boitom fish (J.E. Fiteh pers.
comm. ).

The subsirate "control ploi" samples coliectad at the Pigeson
Point site had a combined weight of 52 Xg and contained a total of
33 fish otoliths, one lens, ons vertebrae, and three cephalopod beaks.
The top 2 -~ 3 cm of Pigaon Point substrats contained an avsrage of
0.63 fish otoliths per kilogram, (range 0.35 - 0.38), or an average
of 11 otoliths per square meter, {range 6 - 16).

The largest amount of substrate collsctsd with any scat was 2Kg,
and in the majority of cases much less than this was collected.
With many scats, especially those collscted at the Nerth Spit haul out,
a sandy surface, virtually no substrate was collsctsd with the scat.
Thus a maximum of two otoliths could have been contributsd to the

scat from the substrats collected with it.
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DISCUSSION

The population of harbor ssals near Coos Bay sxhibits 2 distinet
seasonal variation in day itims haul out useaga. Thars wss a differsnce
of 518 seals batwsen the high {(July 844) and low {January 326) haul
out atiendance figurss. To sliminate ths possibility that any
single monthly count did not repressant ths cansus period, the monthly
csnsus resulis were lumped into seasonal blocks, and the mean of the
counts within the blocks was comparsd. The mean maximum numbsr of
ssals haulad cut during spring (March - May) was 499 ssals; summer
(June - August) ?33; fall‘(Saptamber'- Novamber} 465; and winter |
(Decembar - January} 396. The diffarence betwsen the high and the
low ssasonszl figures was 337 seals. ,

It should be restated that this spseiss is regarded as being
non migratory and if 34% ssals wers hauled cﬁt at ones time during the
year, thers shquld be some way of accounting for them during ths rast
of the ysar. Factors that influencs pinniped hauling activities are
tidss, weather and time of day,(Clambokidis st al 1978), human
disturbance {Millias 1904, Brown 1981}, molt {Johnson and Johnson 1979),
copulation, pupping, esnergy conservation and food availability
{Bartholomew 1970). Each of these factors will be axamined for its
potential to explain the seasonal pattsrn of haul out usage found iﬁ

the Coos Bary arss.
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Tidal Height, Weather and Time of Day.

The disl and tidal related haul out patterns of the harbor saal
are variable. Boulva and MCClarem (1979) found "... almost no seals

stay ashore in the dark® and " on Sable Island seals haul out

indepsndently of the tides". The sams authors found the haul out
behavior alsewhsre in Atlantic Canads to ba clossly related to the

tides. Clambokidis st al. (1979) found tidal rslated inflnesnces

e

varisd from site to site. Paulbitski and Maguire {1972) found sesls
to haul out primarily at night.
This study did nat invastigate night time use of Coos Bay haul

outs. Mark Webbar (pars. comm.) saw seals at night at ths Simpsone

Reaf haul out in July 1976. No othar information on night ussags of
the other sitez could be found.

" Tidal height diﬁ affgct‘tha haul ont scheduls of geals in this
study. Watar ca#afs-haul outs at South Cove, North Spit and Pigsqn

Point almost svery high tide, and individual rocks at Simpsons Rsef

ars awnsh,dqring high tide, meaninz fewer ailas are availabls io ssals

at this tima. Day time peak mumbars did coincide with low tides,
Boulva and M°Claren (1979) observed that harbor ssals in Neva

Scotia do not haul out whsen wind chill correctad temperaturss dropped

below -15°C. However wind chill corrscted iemperatures in Coqs

Bay naver rsachad this temperature during the study peried, and neo-

wind or air tempsrature related behaviorai changes wars discsrned.

The negative effects of rough seas on haul out attendancs have

already besn discussed in the census techniqus section. The census
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tschnique was devsloped to minimize ths influence of weather and it
is felt that the methods ussd ruled out weather as a cause of seasomal

pattern of haul out useags.

Humah Disﬁurbance.

The harbor ssal is by nature a very shy animal, and haulsd out
seals are very difficult to approach either by boat or on foot. The
simpls presence of‘humans near a haul out sits is oftsn all that is
neadsd to causz svery animal to flaee into the watar. Becauss all

harbor seal haul out sites in ths Coos Bay area ars prons to humsn

disturbance, this was examined as an elesment influencing haul out

goetivities.

The intartidal arsas of Coos Bay and Caps Arage ars fraquentsd
by humans year round, with use being most intense during the summer/

vacation ssason. Seals at the North Spit and Pigeon Point haul outs

are most frequently disturbed. These areas are popular racreational

elamming bads and at tides below +1 feei it was not nmususl to count

several hundred pscple in the vicinity of the haul outs. Seals' lafi
ths haul ocuts when clammers wers n2arby and typically did neot haul out
again that day (North Spit), or haulsd out shortly aftsr all ths

¢lammers had laft (Pigson Point)}.

A B O BN T B A N e BRI S T AT s

Coos Bay is an important wintering arsa for waterfowl and
gunshots wers heard regularly during the duck huniing sesason. Gun shotis

slicitad various responses from the seals. Distant shots resultad

AR RS

in no response at all, or caused resting ssals to raise thair heads
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and look about. Closer, louder shots caused sither some, or zall

the seals t; flss into the water. Ssals would noit haunl back out
again if shooting continusd and waitad tens of minutes aftsr quiet
was restorsd ta haul back out, if they were %o haul out at all again
that tida.

Small recreational boats are very abundant in the area of the
Coos Bay haul outs. Pecpls fishing near the hsul ouls, or small boats
passing closs bj oftsan caussd the zsals Lo leaave tha haunl outs.

Large boats and ships did not appsar to affsct the haul out behavior,
probably because these ¥osssls stayed within thse deep channel and did
noi approach close snough to cause a disturbance.

Ths rocky intertidal area of Caps Arage {Simpsons Rsef) is visited
by many peopls, although human disturbance heré is not soc noticeabls
as most of the seals haul out on ths outer most inaccassibls rsef.
Seals do uss the inner rocks during all months but use is heaviest
when seas wash the outer reef. They alsc use the inner rocks of
Simpsons Reef more during ths pupping ssason, a itime when school fisld
trips appsar to be the most frequent. The affects of human disturbancs
on pup survival are not known.

The Squaw Island site was the lsast accessible of the haul outs,
and huﬁan disturbance here was minimal. The South Cove ﬁaul out is
close ioyihe baach scesss area, and although human disturbance was
not obssrvad hesre the potantizl for it sxists.

The seals in the Coos Bay area seem capable of tolsrating the

presant level of disturbance, howaver humans havs the potsntial to reducs

the mumber of seals at the hsul outs through out the ysar, although it
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was most often observed during the spring and summer months,
Disturbance is lowest in the winter months and does not appear to

be ths cause of the winter decline of hanl out attandancs.

Molt.

The hauling oﬁt activities of thé Northerﬁ 2lsphant seal ars
greatly influsnecad by molt (Scammon 1874). Fur rsplacsement for this
species is very dramaﬁic, hair is slcughéd‘off in great shesis and 2
sizeabls measuie of the animals fait reserves ars ussad to complete ths
process {Harrison and King 1965). Elephant ssals stay on the
hauling out grounds the sntire time that it takes ito molt, a period
of saveral wesks.

In contrast molt in the harbor seal is a sequential process. A
captive animal in Washington state began molting in lats August and
was nearly finisha&»by the and of September. Hair replacsmsnt begins
in tha.hind paits and progrssses anteriorly {inishing around the hsad
(Scheffé; and Slipp 194%4), The same authors saw wild seals in
Washington state in various stages of molt on October 7 1942, Fisher
(1952} observed an sarly stage of molt in British Columbia on
August 8 1946, Molt was not obssrvad during this study, but the itime
of molt.given by others does not coincide with the July paak in haul
out atténdanée; It ssems unliksly then that molt is responsible for

the summeriime inersase of harbor sesls at the haunl outs.
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Copulation.

Copulation in some pinnipeds occurs almost sxclusively on land
(Bartholomew 1970}. Because many pinnipeds have a highly synchronized
brseding season, large concentrations are found at the haul outs at
the time of copulation. Copulation has rarely béen observed in the
harbor seal {Venables and Venables 1956) becauss it occurs most often
in the water {Nswby 1973). Seal copulation was not sesn during this
study, but other authors havs observed it during Sepiember and
Octobar (Scheffer and 3lipp 1944, Fisher 1952}. Thus copulation
is net likely to be responsibls for the observed ssasonal difference

of harbor ss3al haul out use.

Demographic Changes: Pupping and Mortality.

Some pinnipeds pup almost exclusively on land {Bartholomew 1370),
rasulting in incrsased mumbers of individuals at the haul outs during
the pupping season. The extent to which harbor sesls pup on land is
not clear. Veﬁables and Vensbles {1556) stats that pupping occurs
both on land and in the watsr. Newby (1973) found placentas well
above the high tids water mark, indicating that biriths do occur on
land. All authors agree that wherever ithey are born, pups are
capable of swimming and diving from the moment of birth. Newby {1966)
made similar obsarvations on ths swimming ability of a presmaturs
fetal harbcrvseal cut from the placents of its mother. Although it is
not clear how often pupping occurs in the water it is considered a

very likely possibility. .
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That some harbor seal femslas give birth on land opens the
possibility that an incrsase in seal haul out aitendanes may be due
to the presencs of pups and nursing mothers, In the Coos Bay arsea
ths pupping season rangss from mid April to sarly June, with the psak
of pupping occuring in May. Although the prssence of new borm pups
may be partly responsibla for an increass, it is difficult {6 account
for the seasonal diffarence of 337 seals by the pressncs of pups alens.
(The 17 May census of newborn pups showad 95 wsres pressnt at 2ll haul
outs). Females with pups may inereass their haul out attendance
during the nursing psriod meaning thai if sach pup in the area wers
accompaniad bt its mother 190 pups and mursing mothers could be
axpaciad. This figurs still doss not account for the ssasonal
differesncs and it is fait that the presence of pups and nursing mothers
is not the sole sxplaination for the winter/summer differsnce in haul
out atiendancs; seals other than pups or nursing femalés must be
involvad.

Since all ags classes of seals were countad in the censusss a
ssasonal peak in mortality could account for the lower numbars of ssals
during the winter months. Published mortality data do not support
this conisntion. Bigg (1969) estimatad an average annuzl mortality
rate for hafbor seals in British Columbia. From birth to five yaars
annual mortality was 20% for femzles and 21% for malass, and the‘
average annual mortality for all ags classes was 20%.

A reliabls formula for detsrmining the actual population size

based on the number of harbor seals counted at the haul outs has not
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been published. Becauss of this uncertainty the high count of 3i4
5e3ls was the only figurs that could be safely usad to caleulata the
annual mortality of harber seals in the Coos Bay areé. Using Biggs
20% anmual mortality rate it is calculated that 168 harbor seals

die from the Coos Bay population sach year. This figurs is approxim-
-ately half of the 337 seals that maks up the differsnce betwesn the
summsr and the winter counts. Using availabls information mortality
cannot fully account for the wintar declinsvin haul out usaage.
Improvad tachniques for sstimating total paopulation size may show
mortality to be a more importani slement in ths explaination of

seasonal haul ont astitsndance diffarences.

Energy Conservation and Feod Availability.

Oeaaﬁ surfgce and air temperature= 2long the Orsgon coast vary
1ittle throughout tha year. The mean annnal ocsan surface temparaturss
is 12 - 13°C, and the monthly average air temperatures rangs betwssn
5 and 15°C throughout the ysar {U.3. Geological Survasy 1970).

Hart and Irving (1959) destermined the ressting metabolic rats
for harbor seals and the lowes% air and waltar temperatures in which
the resting rats could be maintained. Theay found this ¥oritical
temperature® to be 20°C in water and 2°C in air. Bslow thase
temperatures it was necessary for the animal %o axpend energy to
maintain 2 normal body ismperature. They state ... oxygen censumption
began to increase in water fempsratures balow 20°C and inersasa to

nearly twice the thermoneutral (resting) rata at 0°C®,
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Using Hart and Irvings findings and local water tasmperaturse data,
the expectad metabolic rate for harbor seals {loating in Oregon waters
can be calculated. In water 14°C a seals oxygen consumption will
incresase from the resting rate of 18.3 ml Oz/min/KgB/a to approximately
29.3 ml Oz/min/ng/h. an increass of 60%. In contrast, a seal
rassting on a haul out never has to expend exira snergy te stay warm.
,;E From the stand point of snergy comssrvation it is advantageous
51; for the harbor seal to maximize the tims spent on land, for whenever
it enters the watar in Oregon it will use more esnergy fo stay warm
than it doss while on land.

Harbor seals conduct two important activities in ths water;
foeding and copulation. Only feeding will be discusssd hers as the

extznt to which copulation influences hauling behavior has alrsady

been discussed. Also copulation is not felt to be as important a
factor as fseding,since the time that a seal spends sngaged in
copulatory behavior is brief compared to the time ithat it spends

ssarching for food.

The conflicting demands of energy conservation and fseeding lead
one to expect ths numbers of ssals at ths haul outs to be high when
food availability is high. Conversasly, when food availability is
lower, the mumbers of seals at the haul outs would be expected to be
lowsr also bscause individual seals aﬁll be spending proportionally
more time in ths water ssarching for food.

Seasonal food availability then, has the potsntial te influsnce

harbor sesl haul out attendancs. A discussion of food abundance in

the Coos Bay area may help explain the ssascnal variation of local
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haul out usesage.

In 1980 Cregon Departmsnt of Fish and Wildlife {ODFW) conductad
a fish abundance survey based upon extensivse beach seining done in
tha Coos Bay sstuary. Their findings confirm the widely held
contention that summer {(June, July) is ths time of greatest fish
abundance in Coos Bay (R. Bender pars. comm.).

The time of greatest fish abundance can be inferred using
another method; given that selectlon pressure influences ths timing
of reproduction so as to maximize the survival of ithe offspring, the
birthing, and particularly the weaning of sesl pups should be closaly
associataed with the time of maximum food availability. The harbor
seal mursss for a relatively short pericd of time, and weaning occurs
5 ~ & wseks after birth (Bigg 1969). Sinece the Coos Bay pupping peak
occurs in the first part of May, the weaning time (ths tims of
maximum food availability) should fall at the beginning of July.

It is noteworthy that the time of greatest food abundance, as
notsd by the ODFW beach seining program, and as inferred by the
time of weaning, coineides with the time of grsatesti haul out attsndancs
{July). The abundant supply of fish during ths summsr months could
help to explain the summer tims psak of haul out ussage.

Many species of fish come to the sstuarins and coastal zone, use
it as a spawning area in the spring and summer months, then lsave to
spend the rest of ths year in the offshore zone. This study shows that
when thsss fish are present, seals use them as food {s2s Table 2).

The absence of thess fish suéports the idea that a seal must spend a
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greater portion of its time searching for food during the winter

o '

months. Thus lower winter food availability could explain why
fewer seals ware counted on the haul outs during the wintsr months.
%
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Diet Studiss.

It was the original intent of this study to collact dist
information from all seasons, as a dial study using large comparabls
ssasonal samplses had not bsen conductad for the harbor seal,
Unfortunatsly this study was anabla to fulfill this intant. The supply
of scatz at the Pigeon Point haul out dwindlsd 1o all most nothing
during the winter months {see Fig. 4). The pauciity of scats in the
wintsr is 1likely the rasull of individual seals having to spend more
time off the haul cuts searching for food. It should be kepi in mind
that the faeding study data reprassnts the digt of the harbor seal
during the five months of May to September only.

Because the harbor seal dist includes spawning fish, such as
harfing {se=s Tabls 2); that oceur in the nsarshers and estuarine sones
only briefly each ysar, caution should be ussd when intarpreting the
rasulis of any diet study. Some authors have prassnted swesping
statsmantz about the harbor seals annual intaks of seasonally availabls
fish {such as salmon) based on gut samplss écllactad largely when the’
zpsciss in question were pressnt in the coastal zons {Spalding 1964,
Havinga 1933). Othsrs, such as.Fishsr"(1952) were awars of this
problem and were hasitant tc make statements about the annual harber
s2al intake of any particular fish species.

The results of the 193G Orsgon Department of Fish and Wildlife
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seining program are not at this date fully tabulatad, but staghorn
sculpins, shinsr surf perch and young Znglish scls appear to havs been
among the most abundant spaecliss of fish in the Coos Bay sstuary.

Pacific herring and smelis inhabit tha bay for shorter time periods,

but are abundant fish during thsir spawning runs.{R. Bandsr pers. comm. ),

Tha sxtent to which ssals hauling out ai Pigson Point and North
Spit faed in the bay cannot ba quaniitativsely deisrminsd f{rom this
study, but it is noteworthy that the abovs named fish compriss 67%
of all the prey items found in the seal scats. Seals wers obssrvad
fsading on staghorn sculpins on several ocecasions within the bay,
though thess observations do nothing more than confirm that some
fish are aaten thesre,

Tabla 2 indicates a wids variely of prey species wers =2aten, but
of 45 fish speciss involvad, 33 speciss made very small individual
contributions to the dist. Each speciss in this group coniributsd
only one parcent or less to ths total mumber of prey items.

There is no svidenss at this time to indicats whether the harbﬁr
seals of Coos Bay preferentially selact any spaciss of prey. As
further fish abundances data from the 1980 seining studies becomss
available, analysis may show otherwise. Prasently the wide varietiy
of fish, and the dominance of the most abundant available spacies,

indicates that the sa;ls are opportunistic feeders; as ithey swim

about in ssarch of food they %ake any {ish they ancounter, rsgaédless

of its type. Further tha seals in Coos Bay have no apparent

prefsersance for mid water spsciss over bottom dwelling fish. Sevsral
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authors havs suggestad that the harbor seal is an opporiunistic fesder
{Imler and Sarber 1944, Fisher 1952, Pitcher 195C).

Cephalopods were ths fifth most frequently sncountesred prey
in the scats. Pitcher (1980b) found that beaks in scats probably
undsr represent the importance of cephalopods in ths dist of the
harbor seal. He was unable to quantify these findings bui they
suggest that this prey group is aven more important than the resulis
show (se2a Tabls 2).

It should be notsd that the items occurring most frequanitly in the
scats are small fish speciss. Fish oteliths and verisbras from
animals substantially larger than thess speciss made up & vsry small
part of the food rsmains. Csritainly it takes fewsr larger fish to
satisfy the esaloric nesasds of a seal, and unless largs fish were
preferentially selscted, their remains would not be expascted to bs ths
most numerically abundant. Ths frequancy that large fish occur in the
scats can on the other hand provide some index of their importancs in
ths diat.

Pitcher (1980b)} observsd that harbor ssals often fragment large
fish while sating them, usually discarding ths hesad. He states, "Thus
studiss of fesding habits based on scat analysis‘(which requirss the
presenca of otoliths) probably under represent larga fighss...". Even
if large fish hsads. and hencs the otoliths, ars not saten, whols
vartsbras are likely to bs consumesd. Fish veritsbras wers typically
mora abundant in the scats than otoliths. Vartasbrae with centra as

small as tmm often passed virtually undigesisd, many with ths
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dalicate nsural and hemal archss still intact. Large vertebras wers
also found in a well preserved state though the neural and hemal
spines had been broksn off, przsumably to allow passage ihrough the
gut.

Pit{chsr only briefly msnitions fish vsrisbraa, as his principls
concarn was the speeciss of fish invoelved, and oioliths servs to
identify species much bettsr than vsrtabras. Sincs the concern here
is more whather any largse fish, regardlass of speciss, are eAtan. tha
pressnce of a large verisbrae in a scat is an adsquaie indicaiion that
a largs fish was saten (Wise 1930).

After considering the discussion above, the occurrance of otpliths
or verisbras from large {ish wzs so low that they could not be
considered a prefsrential item. Their oceurrence in the scais is mors
likesly the result of the ssals having a fortuitous ancountsr with a
large fish, than the result of a selectiva search for them.

Opportunism is compatible with the energetic modsl outlined esarlisr
in the discussion. if a2 seal disrsgards cartain prey items in
profarsence to others it will have to spend more time in the water
searching for food. Given that a prasferrsd itsm is not much largar,
prefarential prey saleciion can bs regarded as raquiring greaisr snergy
output than coppeortunistic feeding.

Many fishermen ares concernsd that s=als eat the small down siream
migrants of salmon known as smelts. Coos Bay does not have an
2xcepiionaily large native population of salmon but it is the location

of twe of Oregons recently developed salmor ranching opsrations. Bothk



Oregon Agua Food Inc. and Anadromous Inc. were on line in 1980, both
releasing bundreds of thousand salmon smolts into Caos Bay. The
releise site of Oregon Agua Foods is on the North Spit and is less
than 1:K$ ffom the North Spit seal haul out. Smolt salmon oteliths
Were measureq hefors the study began and seive sizes were selected to
ensure that otoliths of these fish would be retained. Although
salmon smolis were being releassé during the time of the diet study
surprisingly few salmon cioliths were found.

The density of persistant food remains in the Pigeon Point haul
out substrate was low and it appsars that material from the substrate
influenced the diet study findings very 1ittie. Therefore it is
felt that the scat samples collected at Pigeon Foint represented ihe

diet of the sezls 2t the time of their collection.



SUMMARY

So far the resultis ofvthe diet study and the censuses have been
discussed as sepzrate topics. In an atiempl to synthesize these
findings 3 model thet accounis for observations of thess and other
harbor seals is presented. The model (Figure 5) was inspired by a mogdel
presented by Barthclomew (1970) to explain the evolution of pinniped
polygyny. Bartholomews model is based on the conisntion that pelagic
dispersal and terrestrisl copulstion are the two key dsterminants
lsading to polysgyny and sexual dimorphism in some pinnipeds, noteably
California sea lions, Steller sea lions, Northern Fur seals {Csllorhinus
ursioes} and Northern elephent seals.

It is interesting to note that the harbor sszl is unigue among
pinniped species frequenting the Oregon coast, in that it does not
frequently copulate on land (Venables and Venables 1956, Newby 1973).
énd it is not kmown to have z pelagic dispersal phase (Fisher 1952,

Bigg 1969). If the zbove behavioral observations are compzred to the
fundamental elements of Bartholomews model, it is apparent that his model
does not apply to the svolution of harbor seal behavior. The model

, presented here is an attempt to explain the evolution of the biology,
scology and social behavior of harbor seals.

One 6f the unique features just mentioned is that the harbor seal
is & rather sedentary species; it spsnds its 1ife in the nearshore,
coastal and estuarine zomes. This element is felt tc be the key evolutionary

determinant responsible for the adaptive features of the harbor sezl.
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Figure 5. A model for the evolution of

behavior in harbor seals.
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Year round residency in the coasial 2zone appears to have influenced

most aspecis of the harbor seals life,

The itemperate coastal zone has been discussed earlisr as being =
ssasonally varizble food resource. The harbor seals modsrate size and

lack of sexual dimorphism appear to be a consequence of its dependence

A PR R Sl A K1

on this seasonsl supply of foed. Boulva and EcClaren (1979) state
that harbor seals feed throughout the year, and there does not appear
to be anytime of fasting in this species as is ofien seen in other

pinniped species. They further state that harbpr seals maintain a

relatively constant blubber reserve suggesting that the seals do not
regularly depend on their fat reserves to get them through a time of
low food sbundance.

That harbor seals were present on Coos Bay area haul outs

throughout the year implicitly states that st least some seals are
capable of satisfying their caloric needs regardless of the season.

This statement is substantiated by the sarlier discussion of oxygen

consumption of seazls in air and water. This suggests that seals should

haul out when not feeding or breeding because they will sxpend less

o b 8, R i

energy doing sc. That some sesls are capable of satisfying their
caloric needs during the time of least food abundance also indieates that
the caloric needs of the seal can be met more quickly during the times
gf greater food abundance. Ssasonal variations in the food supply
stands as an explaination for the seasonal variations in haul out
attan&ance.

Barthplomew (1970) and Harrison and King (1965) state that cold

water temperatures have served as a selective forece leading to a large
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size in marinpe mammals. The complete dissociation of whales from the
gravitatioenal forces of the terrestrial environment has enabled this
selective force to generate animals of the greatest size. Pinnipeds,
on the other hand, have retained a terrestrial phase and are still
subject to the constrsints of terrestrial locomotion and gravity. The
necessity of tarrestrigl locomotion is given as the reason why pinnipeds
have not been able to zttain the size of whsales.

If cold water promotes large size inmarine mammals soms opposing
seleciive factor must be respensible for the fact that not all
pinnipeds are the same size. A1l pinnipéds{ sven the 7m Southern

elephant seal, Miroungs leoninz are capable of terrestrial locomotion,

¥et some speciss, likg the harbor seal, are much smaller than this.
Terrestrial locomoiion cannot be the hajor salective force limiting
the size of these smaller pinnipeds.

In winter largser pinniped spscies such as the Cgi;orniaiand_
Steller sea lions leave the Coos Bay haul outs {(Appendix 1}. The
pelagic gdisperszl of thess species in search of food suggesis that the
winter coastal food resource in Oregon cannot sustain their calorie
needs {see Bartholomew 1970).

This study and cthers, (Scheffer and Slipp 1944, Pitcher 1980a)
indicate that the harbor sezl is an opportunistic feeder whose diet
consists primarily of the most locally sbundant fish spscies. In
temperste coastal zones individual prey items become more widely
spaced during the winter months. In situations wers search time is long

a predators yield of energy per prey.item will be an inverse function



1

of its size. The energy used vhile searching for prey is a direct
function of the predators size. A large predator will have a larger
nat céloric comsumption per unit of time thanp & smaller one, and if prey
size is constant the net cazloric gain will be greater for & smaller
animal.

Ir light of the previous discussions regarding seasonal prey
availability a2nd thermsl conservation, the diminished winter food
supply is proposed as the major selective foree acting to counter cold
water sslection for larger size. The size of the barbor seazl can be
viewed as the product of the conflicting selective forces presented by
the sezls cold water enviromment, and its diminished winter food supply.
Through time these interazcting factors have established an "optimum®
size for the harbor sa;l. Because the sesl is nonmigratory and because
the selective forces for determining size are not linked to the
reproductive cycle, sexusl dimorphism has never developed in the harbor
seal.

Once the faclors responsible for determining the size of the seal
are understeod the unique aspects of the harbor seals reproductive
biclegy can be explained. A small animsl ecannot siors energy to sustain
& prolonged period of fasﬁing as well as a large one can {see Bartholomew
1970), and assuming that ths harbor seal is approaching or has attained
the "optimum" size, it does not appear that it will ever be able to
sustain prolonged periods of fasting. Becazuse of its year round feeding
habits, reproductive activitiss such as copulation and pupping have

beceme more water orientated than the polyzynous pinniped spescies.
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Appendix 1. & monihly account of Cslifornis sez lions

{Zalophus californianus) and Steller sez lions

(Fumstopiss jubata) st Simpsons Reef, Coos

County, Oregon from April 1980-March 1981,




51

Maximum numbers of sea lions
' counted at Cape Arago, Oregon
250 g ~ Aprit1980 - March 1981
200 - o ‘
o [ California sea lions
R S B [[]steller sea lions
150 = f."'.' '_:-'.
100 | B0
so-f] [ e R
0 edbinzt e m S w5 xS
™ = O T O o w0 '
P N - b e o ﬁ (o E.'Q (- N QO

Set i SRABIIEAY RN P e iy e e




Bt g f CLE A S Rt it iy

52
BIBLIOGRAPHY

Linley, D.G., E.R. Buber, R.R. I1eVzlley, and S.E. Forell. 1978.
Studies of Marine Mammals 2t the Farallon Islands, California,
1976-77. Finsl report for Marine Mammsl Commission Contract
MMOAC027. NTIS pub. PB.286603. LBpp.

Bartholomew, G.A. '1970. &4 model for the evolution of pinmniped polygyny.
Evolution, 2&: 546.559.

Bigg. ¥.A. 1969. The harbour ssal in British Columbia. J. Fish. Res.
Board. Can., Bull. 172. 33pp.

Boulva, J., and I.A. M®Claren. 197%. Biology of the Barber Sesl,

Phoece vitulipa, in Ezstern {anads. Bull. Fish. Hes. Board Can.

200. 24pp.
Brown, R.F. 1981, Abundance, movements and feeding habits of the

harbor seel, Phocz vitulins, at Netarts Bay, Oregon. Unpub. MS

thesis, Oregon Siste University, Oregon. 59pp.

Calambokidis, J.. K. Bowman, 5. Carter, J. Cubbags, P. Dewson, T.
Fleischner, J. Schuett-Esines, and B. Taylor. 1978. Chlorinzted
hydrocarbon concentrations and the scology and behavior of harbor
seals in Washington Stste wsiers. Unpub. ms., NS¥F, Evergreen State
College, Olympia, Washington. 121 pp.

Calsmbokidis, J.A., R.D. Everitt, J.C. Cubbage, and 8.D. Carter. 1979.
Barbor seszl census for the inland weters of Washington, 1977-1978.
Murrelet : 110-111. .

Fiscus, C.HE. 1978. Marine Mammal - Szlmonid Interactions : & Review.
Urpub. ms. prepared for U.S. - 0.8.5.R. Symposium on Salmonid
-Ecosystems of the North Paecific Ocean, 5-10 May 1978, Newport,

Oregon. 31 pp.



23

Fisher, H.D., 1952, The staius of the barbor seal in British Columbie
§ with particular reference to the Skeens River. Fish, Res. Bosrd

Can., Bull. 93. 58 pp.

Fiteh, J.E., and R.L. Brownell, Jr. 1968, Figh otoliths in cetacean

stomachs and their importance in interpreting feeding habits.

e o g e A B e e et

J. Fish. Res. Board Can. 25: 25612574,

Gray. J.E. 1854, Notes on seals (FPhocidse), including the deseription

of & pew seal (Halicvon richardii) from the west coast of North

hkmerica. Proc. Zoecl. Soc. Iond. 27-34.

Griffin, D.R. 1936. Stomsch contents of Atlantic harbor sesls.
J. Mammal. 17: 65-66.

Hsrrison, R.J., and J.E. King. 1965. Marine Mzmmals. london.

Q;?) Butchinson Univesity Library. 192pp.

R Bert, J.S., and L. Irving. 1959. The energetics of harbor seale in
air end in weter with specizl considerstion of seasonsl changes.
Can. J. Zool. 37 (4): Bh7_458,

Havingz, B. 1933. Der Seehund (Phoca vitulina L.} in den Hollandischen

Gowzssern. Tijdschr. Ned. Dierk. Ver. 3: 79111,
Imler, K.B., and HE.R. Szrber. 1947. Harbor seals and ses lions in
$lsska. U.S, Fisgh Wildl. Serv., Spsc. Sci. Rep. 28. 23pp.
Iverson, I.L.E., and L. Pinkas. 1971. & Pictorial Guide to Bezks of
Certain Easterrn Pacific Cephalopods. In Food Habits of Albacore,
Bluefin Tuna and Bonito in Californisz Waters. Cal. Dept. Fish and
{ Game Fish. Bull. 152. 105pp.
Joensen, A.H., N. Sondergazrd, and E.B. Bansen. 1976. Occurrence of

seals 2nd seal hunting ip Demmark. Dan. Rev. Game Bie. 10(1):1-21.




sk

Jobnson, B.W., and P.A. Johnson. 197%. Population pesks during the
molt in hsrbor ssals. Abstr. only, in Proceedings of the Third
Biennial Conference on the Blology of Marine Mammals, Oct. 7-11,
1979, Seattle, Washington. pp.31.

Kenyon, K.W. 1965. Food of harbor seals at Amchitks Jeland, Alaska.
J. Mammal. 86 {1): 103-104.

Mate, B.R. 1977. Aerizl censusing of pinnipeds in the ezstern
Pacific for assessment of the populstion numbers, migratory

distributions, rookery stability, breeding effort, and recruitment.

Final rep. for Marine Mammal Commission eontrset KMS5A0025. NTIS
pub. PB-265859. 67pp.
s§ Miliais, J.G. 1904. The Mammals of Grest Britein andéd Northern

Ireland. longmans, Green and Co., london, New York. 297pp.

Newby, T.C. 1966. Viability of premature fetal harbor seal.

Murrelet 47 (2): 46.
Newby, T.C. 1973. Observations on the breeding behavior of the

harber sea} in the state of Washington. J. Mammel. 54: BU0-3543.
Pasulbitski, P.A.. and T.D. Maguire. 1972. Tagging harbor sesls in

Ssn Frencisco Bay. In Proc. 9th. Ann. Conf. Bicl. Senar snd Diving

~ Mammels. p.53-72. Marine Mammsl Study Center, Fremont, Cslif.

Pezrson, J.D., and B.J. Verts. 1970. Abundance and distribution of

harbor seazls and northern sez lions in Oregon. Murrslet 51: 1.5,

Fitcher, EK.W. 1980 (s). Food of the harbor sesl, Phoce vitulins

richardsi, in the Gulf of Alaska. Fish. Buil. 78 (2): sik.549,
§ Pitcher, XK.W. 1980 (b). Stomach content and feces as indicztion of
hsrbor sesl, Phocza vitulins, feods in the Gulf of Alsska. Fish.

Bull. 78 (3): 797-~780.




55
Rosenthal, R.J. 1968. Barbor sesl censuses in Humbelt Bay during

1966-1967. Calif. Fish and Game. 54: 304.305,

Scarmon, C.M. 1874, The Marine Mammele of the Northwestern Coast
of North Americz. Together with an Aeccount of the American
¥Whale Fishery. Dover ?ublics. New York. 319pp.

Scheffer, T.H. 1928. Precazrious status of tbe seal and the sea lion
in our porthwest coast. J. ¥ammal. 9{1): 10-16.

Sceffer, T.H., and C.C. Sperry. 1931. Food habite of the Pacific

harbor seal, Phoez richardii. J. Msmmel. 12: 214.226.

Scheffer. V.B., and J.¥W. Slipp. 1944, The barbor ssal in Washington

Stete. hmer. Midl. Nat. 32: 373-416.
Scheffer, V.B. 1958, Seazls, Ses licns and Walruses: A Review of the
. Pinnipediz. Stanford Univ. Press. pp.i78.

Spalding, D.J. 1964. Comparative Feeding Habits of the Fur Seal,

Sez Lien, znd Barbour Ssal on the British Colambis Cozst. Bull.

Fish. Res, Board Can. 146: 47pp.

Vensbles, U.M., snd L.S. Venzbles. 1956. Mating behzvior of the segl

Phoca vitulins in Shetland. Proc. Zoc. Scc. Lend. 128: 387-396.

Wise, M.E. 19530. The use of fish vertebrze in scstis for estimsting

prey sige of eotiers and mink, J. Zocl., Iondom. 192: 25-31.




O
L3}

Janet Hodder

igt:

; &

bR




