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EXECUTIVE SUMMARY 

The San Francisco Bay estuary serv~s as a nursery area 

for many" marine and estuarine species, however, this 

productive environment also has been highly modified by 

humans. Because harbor seals' (Phoca vitulina) use bays~for 

foraging, resting, and reproduction, and because certain 

toxic pollutants bioaccumulate, this species is an excellent 

indicator of the health of estuarine systems. The ·number of 

harbor seals off California has steadily increased since 

1982, however, the numbers in San Francisco "Bay have not 

increased significantly. Our objectives were to 1) determine 

the population dynamics and movements of harbor seals within 

and near San Francisco Bay, 2) investigate-the concentration 

of pollutants within individuals of the population, and 3) 

assess the health of the population and potential sources of 

distress. 

counts of harbor seals on haul-out sites within San 

Francisco Bay were conducted from 1989 to 1992, mostly from 

various land-based vantage points. Numper of adult~, 

stibadults, pups, and red-pelaged harbor seals were counted, 

sex was determined when possible, and concurrent 
environmental information recorded. Ninety-eight harbor 

seals were captured during the study period (1989~1992) at 

five haul-out sites within San Francisco Bay. Most 

.individuals were'weighed, ~~asur~d (length and girth), 

plastic tags placed in the webbing of both hind flippers, 

and blood drawn from 55 individuals. Radio tags.w~re 

J attached to 59 harbor seals (33 females, 26 males). R~dio 

tags were glued to the ~air and detached .during the annual 

summer molt. The movements and use of haul-out sites were 

monitored (by .land or by aircraft) using portable receivers 

and antennas. These data were collected during the post-molt 



period (e.g. fall and winter), and before and during the 

pupping period (i.e. spring). An automatic monitoring 

station at Yerba Buena Island (December 1989 to February 

1990) and at Mowry Slough (February to May 1990, February to 

March 1992) provided nearly continuous data on use of these 

haul-out sites during their operation. 

From 1989 to 1992, numbers of harbor seals within San 

Francisco Bay did not increase significantly. Most harbor 

seals were observed using haul-out sites at Castro Rocks 

(mean=84.9, n=73 counts), Mowry Slough (mean=81.4, n=109 

counts), and Yerba Buena Island (m~an=76.4, n=146 counts). 

The greatest av~rage number of harbor seals occurred at 
Castro Rocks and Mowry Slough during the pupping and molting 

period (February July), whereas the greatest average 

number of seals at Yerba Buena Island was during winter 

(November-February). Females were more abundant than males 

at Castro Rocks throughout most the year, whereas males we 

were more abundant at Yerba Buena Island. During .199i and 
1992, there was a 50% decrease in numbers of seals using 

Mowry Slough, the primary haul-out site used for pupping. 

The reason(s) for this' decline were not determined. Between 

44 and 65% of the pups observed in. San Francisco Bay were 

recorded in Mowry Slough (annual mean=52.8, SE=10.3). Pups 

represented from 14.6 to 21.3% of the total count of harbor 

seals at Mowry Slough during the pupping season. These 

percentages are representative of other areas, however, 

available data does not permit an accurate comparison with 

past ratios of pup abundance in San Francisco Bay. 

Harbor seals with red pelage represented greater than 

20% of the population at seven of the primary haul-out 

sites. At two adjacent haul-out s~tes in south San Francisco 

Bay (Corkscrew Slough' and Bair Island), red-p~laged harbor 

seals' were nearly 50% of the individuals counted. The number 
- , 

of red-pelaged harbor seals increased throughout the year 

until the molt, indicating the color was not permanent. 

Vibrissae (whisker) length was significantly .less for harbor 
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seals with red pelage than those that appeared normal. 

Possibly the cause of red pelage affects hair stru~ture. 

Those harbor seals tagged after the molt (post

breeding) used more haul-out sites and travelled to more 

distant haul-out sites (some as far north. as Point Reyes) 

than individuals tagged before pupping. This reflects the 

nature of pr~gnant females to remain near the pupping~areas 

and for males to remain in the area as breeding approaches. 

After breeding and molt, females and males moved throughout 

San Francisco Bay, as represented by the increae in number 

of harbor seals on Yerba Buena Island during winter. 'Males 

and females did not differ in the number of haul-out sites 

used or the duration of tag attachment. Therefore, we 

believe our results represent the behavior of the population 

within San Francisco Bay. 
Data from the automatic monitoring stations ~ndicated 

·some tagged individuals remained in the area of specific 

haul~out sites for 80% of the days monitored, whereas other 

individuals were rarely in the area of the" haul-out site. 

.Some individuals would leave the area for an average of 5 

days and return near the haul-out site for an average of two 

days. Most of the movements of tagged individuals were 

within San Francisco Bay, and based -on another ~oncurrent 

stu~y, most foraging areas were either"near tne mouth of San 

Francisco Bay or in the south bay. ~ 

The c9ndition of harbor seals (weight/length) was 
dependent on-season, gender; and age.,Aqults·had a 

signficantly greater condition index than subadults and 

males greater condition index than females, but this 
" \

relationship was dependent on season. Adults were in bet~er 

condition than subadults during winter, but they were" 
similar during summer. Males had a greater condition index 
than females in summer, but they were sim~l~r during winter. 
Adults probably have greater body mass and more experienqe 

foraging, therefore, they usually are in better condition 
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J than subadults. During summer, males probably are in better 
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condition than females because females expend a great amount 

of energy during spring developing and feeding a pup. 

Harbor seal blood samples from seals sampled in San 

Francisco Bay (n=53') and in southern Puget Sound (n=6) were 

analyzed for standard health parameters (complete blood 

counts and serum chemistries) •. Reference range~ for these 

two regional popUlations of wild seals w~re generated for 

all parameters analyzed. Individual blood health parameters 

were compared among age, gender, se~son, and regional 

SUbgroups, as well as among values for juvenile and captive 

harbor seals reported in the literature. ' 

Erythrocyte ·parameters varied significantly.
 

Hemoglobin levels were lower in San Francisco Bay seals
 

'when compared to seals sampled in southern Puget Sound. Red 

blood cell and hematocrit levels were lower in seals sampled 

in the summer. Males had lowe~ red blood cell, hematocrit 
' 

and hemoglobin levels. Erythrocyte values in San Francisco 

Bay and southern Puget Sound seals were equivalent ·or 

significantly less than values reported in the literature 

for subadults or captive adult harbor seals. Theoreti~ally, 

free-diving, wild seals should have higher erythrocyte 

levels to support inqresed oxygen demands. Either 

erythrocyte values were depressed due to disease or 

environmental .contamination or ~he shallower feeding dives 

required in the SF~ did not stimu~ate an increased oxygen 
.~ 

capacity. 

Leukograms also vari~d significantly between subgroups. 

Neutrophils were greater in winter and lymphocytes were 

'greater in s~er. Males had greater neutrophil and monocyte 

counts and females had greater lymphocyte counts. 'San 

Francisco Bay and southern Puget Sound ~eals had 

significantly higher white blood cell counts than reported 

for captive adult and ~ubadult harbor seals. Although this 

could indicate an immune response in the wild seals, the 

proportional increase in WBC differentials suggests 

otherwis.e·. 
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Liver, muscle~and kidney enzymes were found to have 
significant Qut relatively inconsistent differences. 

Alkaline phosphatase" levels were greaer in summer, BUN was 

greater in females, creatinine was greater in adults, and no 

differences were found among regions· sampled.. As predicted, 

alkaline phosphatase levels were lower in our wild, adult 

seal~ than reported in the literatu~e for growing pups. 

Glucose and lipids did not vary among regions or 

sUbgroups. Pancreatic enzymes were different significaQtly 

among regions, yet the pattern was inconsistent. 

Protein and electrolyte levels varied significantly 

among subgroups. C02 EDIT levels were greater in San 

Francisco Bay and were greater in males, an interesting 

finding given the lesser hemoglobin levels in those two 

groups and the importance of hemoglobin to the blood 

~uffering system. Total protein and related globUlin values 

were greater in" winter. Chloride and phosphorus values were 

greater in summer. Globulin levels were higher in the wild 

seals sampled in this stu~y when compared with captive adult 

seals. 

Environmental contaminant residues were ~etermined in 

plasma and whole blood samp.les collected from harbor seals 

in San Francisco Bay (n=55, 1989-1992), southern Puget Sound 

(n=6, 1989), San Nicolas Island (n=3, 1990) a~d the Monterey 

~	 Coast (n=2, 1992). Analyses for ppDDE, PCB (Aroclor 1260) 

and chlordane residues were performed on samples co1lected 

in 1989 and 1990. ~PCB residues were determined in 1991 and 

'1992 samples and blood samples for .co-planar PCBs, dioxin, 

and furan analyses were collected during the same time 

period but have yet to be analyzed. Trace element residues 

were determined in all seal blood samples collected. 

J Blood lipid levels may be of critical importance when 

evaluating blood organochlorine residue levels. In 1989-1990 

samples, seal plaad plasma was extracted ~sing'petroleum 

e~her, yielding a mean lipid content of 0.15% for San 

Francisco Bay seals. Whole blood samples from seals sampled 
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in 1991-1992 were extracted using. both a chloroform-methanol 

extraction and a hexane extraction, yielding widely 

different lipid concentrations (mean = 0.50% and 0.06%, 

respectively) for Bay seals. 

ppDDE was quantified in 88% of the seals sampled in 

San Francisco Bay in 1989-1990 (mean =12.6ppb wet wtj" 14.3 

ppm lipid wt.). significantly higher levels were found in 

males (mean = 17 ppb wet wt.) compared with females (mean = 

8 ppb wet wt.). ppDDE residues from seals sampled at San 

Nicolas Island were equivalent to levels found in San 

Francisco Bay males. No ppDDE residues could be quantified 

in blood from seals sampled in southern puget Sound. 

No quantifiable levels of cis- or trans-chlordane were 

found in any seal blood samples collected in 1989-1990. 

PCB (Aroclor 1260) residues were found in roughly half 

of the seals sampled in San Francisco ~ay (mean = 47 ppb wet 

wt.; 58 ppm lipid wt.). San Francisco males (mean = 78 ppb 

wet wt.) had significantly higher levels than females (mean 

= 11 ppb wet wt.)~ No PCB (Aroclor 1260) residues were found 

in blood plasma samples from southern Puget Sou~d or San 

Nicolas Island. 

LPCB residues in harbor seal whole blood sampled in 

1991-1992 in San Francisco Bay averaged 51 ppb wet wt. and 

11 - 89 ppm lipid wt. 'depending on the lipid extraction 

method used. This LPCB value was the sum of 20 congeners 

identified out of a pool of 45. analyzed congeners. PCB 

congeners 153, 138, and 180 were found at the 9reate~t· 

level~. ~he PCB congener pattern analyzed as the ratio of 

congener to PCB 153 diffe~ed significantly among San 

Franc~sco ,Bay males and f~males for several cong~ners. 

The mean LPCB blood residue in San Francisco Bay seals 

was ~igher than LPCB blood residues in harbor'seals fed fish 

contaminated with a mixture of organochlorines from the 

Wadden and Baltic seas. A range of toxic effects have been 

documented in seals fed Wadden/Baltic Sea fish, including 

.reduced reproduction a~d immune suppression. Further 
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analyses of existing archived samples of blood and blubber 

from San Francisco Bay seals, for co-planar PC~s, dioxins 

and furans, are needed to confirm whether contaminant

induced immune suppression is likely occurring in San 

Francisco Bay seals. 

Trace element residues in whole blood were determined 

for harbor seals sampled in San Francisco Bay (n=55), 

southern Puget Sound (n=6), San Nicolas Island (n=3)" and 

the Monterey Coast (n=2). Cadmium residues were quantified 

in a percentage of seals from all regions sampled, except 

from the Monterey Coast. San Francisco Bay and San 'Nicoias 

Island had the greatest mean cadmium residue (0.02 ppm wet 

wt.) though there was no significant difference between 
I regions. A small percentage of San Francisco Bay seals hadJ 

cadmium residues exceeding the blood level associated with 

toxicity in humans. 

,Copper residues were found in all seals sampled, and 

there was no significant difference in copper residue level 

betweeen regions. Significantly higher copper levels were 

found in the summer when compared'to winter sample periods. 

All blood copper residues were below residue levels 

associated with acute copper toxicity in humans. 

Lead was quantified in less. than 33% of the se,als 

sampled in any region ~nd was not detected in samples from 

the Monterey Coast. Lead residues did not differ between 

regions or s~bgroups. One San Francisco Bay seal had lead 

residues above the ATSDR Biological Effect Level for humans. 

Mercury was detected in all seals sampled from all . 

regions. Male ha~bor seals ha~ significantly higher residues 

than females and San Nicolas Island seals had significantly 

lower mercury residues than found in.the other three 'regions 

sampled. ,All harbor seal blood mercury residu~s exceeded 

leyels associated with toxicity in humans. Mercury and 

selenium residues were not correlated in harbor seal blood. 

Nickel residues were quantified in a small percentage 

of harbor seal blood samples from San Francisco' Bay and San 



Nicolas Island and were not found in samples from Puget 

Sound and the Monterey Coast.- Quantifiable levels greatly 

exceeded blood residues in exposed human workers; the 

relatively high quantification limit used may have masked 

biologically meaningful residues. 

Selenium was detected in blood from all seals sampled. 

winter residue level~ were higher than summer residues and 

blood residues from San Francisco Bay and San Nicolas Island 

were significantly higher than found in the other two 

r'egions sampled. Given the greater selenium residues found 

in the'marine environment it is unclear whether a comparison 

between estuarine and marine regio~s is valid. Both San 

Franciso Bay and San Nicolas Island seals had some blood· 

residues exceeding the levels associated with chronic 

toxicity in humans and fifteen percent of the San Francisco 

Bay seals had selenium residues greater ·than found 

elsewhere. 

Silver was not quantifiable in harbor seal blood 

samples from San Francisco Bay, San Nicolas Island and' the 

Monterey Coast. Southern Puget Sound samples were not 

analyzed for-silver. 

certain PCB toxicity indicators in blood were 

determined in San Francisco Bay seals sampled in 1991-1992 
(n=14). Serum retinol levels were·· comparable to depressed 

~evels .found in seals fed fish from the contaminated Wad~en 

sea. Thyroxin: (T4) ·levels appeared to .be in the normal r.ange 

for harbor· seals, though the small sample size prevented 

seasonal comparisons. Circulating reproductive hormone 

level~ we~e determined, though the small sample size 

prevented a thorough analysis· of the findings. 
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~ODUCTION 

Estuaries are well chronicled as wetlands of great 

productivity. This productivity occurs because estuaries 

accumulate sediments and organic material from freshwater 

runoff, contain relatively saline and warm water that is 

well mixed, and the harsh environment (e.g. extreme 

variability of conditions) restricts species diversity so 

competition is reasonable low. Because of these 

characteristics, estuaries are used by many invertebrates 

and vertebrates as nursery areas. San Francisco Bay is one 

of ·the largest estuaries along the west coast of the united 

states, yet the quality and size of this environment has 

been diminished from filling, human disturbance of animals, 

exploitation, and input of pollutants. 

Substantial quantities of toxic pollutants enter San 

Francisco Bay from numerous sources (Gunther et ale 1987), 

however, the accumulation of these pollutants in the biota 

and the resulting consequences to' the bay's ecosystem have 

not been .studied thoroughly (Phillips 1988). This situation 

threatens the environmental health of San Francisco Bay 

because knowledge of the biological f~te and effects of 

toxic pollutants is inadequate for establishing discharge 

levels that ensure a healthy estuarine system. 

The input of pollutants to estuarine systems originates 

from local and distant human developments. Many coastal 

cities are located on estuaries because of th~ access to 

oceans and rivers. Local discharges of pollutants· originate 

from industry, municipal sewage treatment plants, and 

surfac~ water runoff. Pollutants also enter the estuary via 

associated freshwater input. All the accumulated input 

upst~eam enters the.estuary, and slowly pass,es through-or 

resides in the estuary. 

Biological monitoring of toxic pollutants in sensitive 

species provides a feasible method of assessing accumulation 

and effects of toxic pollution in a biological system 
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(Phillips 1988). Using the appropriate research methodology, 

marine mammals are excellent bioindicators of the fate and 

effects of 'toxic pollutants (Holden 1971, Tanabe et ale 

1983, Reijenders 1988, Addison 1989). Marine mammals are 

tertiary consumers, therefore, their prey have accumulated 

pollutants, which accumulated in the food chain. Organic 

pollutants are lipophilic, and marine mammals with thick 

layers of fat may store large amounts of these environmental 

contaminants. Marine mammals, because of their positio~ in 

the food chain and thick blubber layer, therefore, are 

excell'ent indicators of the toxic pollutant load of the 

system they inhabit. 

Estuaries and embayments offer critical habitat for the 

harbor seal (Phoca vitulina) throughout the northern 

hemisphere. Estuarine sand and mud flats and tidal marshes 

provide isolated, undisturbed areas for parturition and 

rearing pups (Newby 1973, Brown and Mate 1983, Allen et ale 

1984, Beach et ale 1985). Harbor seal pups, weaned in 3 to 6 

weeks, require abundant and small fishes and invertebrates 

as. ·pr.ey. Estuaries are ideal habitat for harbor seals, 

providing undisturbed, accessible areas for resting ashore r 

and small, abundant fishes for feeding. Using this habitat, 
" . 

however, exposes harbor seals to polluted environments
 
associated with coastal urban activity.
 

Harbor seal populations are increasing in many areas 

along the west coast of North America. Off Oregon, harbor 

seals increased 8.1%/yr between 1975 and 1983 (Harvey et ale 

1990). From 1958 to 1991, the numbers of har~or seais on San 

Miguel Island off southern California .increased 12% per year 

and on San Nicolas they increased 6.2% per year (stewart and 

Yochem 1994). At Double Point (south of Point Reyes, 
California), numbers of harbor seals increased by 7.6% per 
year between 1976 and 1987, and at the South Farallon Isl~nd 

they increased 17% per year between 1974 and ~986 (Allen et 

ale 1989). In contra~t, the number of harbor seals did not 
changed significantly in San Francisc9 Bay from 1972 to 1980 



(Fancher and Alcorn 1982) or off Point Reyes from 1976 to 

1984 (Allen and Huber 1984). Because numbers of harbor seals 

were increasing for most of California but not within San 

Francisco Bay (Fig. I), we were concerned that factors 

unique to SFB may be affecting the reproductive rate or 

health of harbor seals within the estuary. 

Because estuaries represent important areas for pupping 

and feeding, adverse changes in these environments may 

affect harbor seals. Increasing human disturbance may cause 

harbor seals to use alternate haul-out sites or completely 

abandon some areas. Harassment in es~uaries, therefore, may 

lessen reproductive rates and pup survival (Harvey et ale 

1990). A reduction or change in prey resources also may· 

decrease reproduction and survival. Increased pollutants in 

prey species .could accumulate in harbor seals causing 

reproductive and physiological problems. Harbor seal 

populations residing off Europe's north coast have heen 
reduced significantly by low birth rates, partially 

attributed to PCB contamination (Helle et ale 1976, 

Reijenders 1985, 1986) and viral infection (Kennedy et ale 

1988, Osterhaus and Vedder 1988, Harwood 1989). 

Because harbor seals are tertiary predators, accumulate 

and store pollutants, and are a conspicuous component o~ San 

,Francisco Bay, they provide a unique opportunity to examine 

the health of the estuarine system' by studyin9 one species. 

This report summarizes data collected regarding population 

dynamics, -movements, and pollution stUdies. Another 

associated stUdy (Harvey and Torok 1994, Appendix A) 

summarizes individual dive behaviors, movements, and feeding 

ecology of harbor· seals in San Francisco Bay. 

The objectives of this study wer~, to 1) determine the 

population dynamics, mov~ments, and critical habitats of 

harbor seals within San Francisco Bay and adjacent offshore 

areas, 2) determine the levels of pollutants in harbor seals 

residing in San Francisco Bay, and "3) assess the health of 

these harbor seals. 
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STUDY AREA 

San Francisco Bay is the largest estuary in California, 

with most ·freshwater entering the bay via the Sacramento and 

San Joaguin Rivers. In the south bay, a substantial amount 

of freshwater enters the bay from the Santa Clara County 

water Treatment Plant, and seasonally from small creeks. 

Much of the bay has been filled for development or diked 

creating evaporation ponds. Although there are many are~s 

that remain, somewhat natural, most of the bay.. is highly 

modified by humans. San Francisco Bay has the typical 

estuarine habitat: tidal creeks and channels, mudlflats 

exposed at low tide, and saltwater marshes. Because the area 

surrounding San Fr~ncisco Bay is greatly industrialized, 

pollutants enter the system via a number of pathways (e.g. 

municipal and industrial pollution, surface water runoff, 

and aerial deposition) and shoreline development has reduced 

the number of habitats suitable for marine bird and mammals. 

HAUL-OUT SITE DESCRIPTIONS 

Harbor seals typically rest ashore (haul out) on 

t~dally-inundate~ sand an~ mudflats, marshes, and rocky 

outcropping~ in nearshore areas (Fig. 2). Some haul-out 

s,ites are used only during .high tide, others only at. low 

tide, and others anytime. Because.the locations of haul-out 

sites are .relatively consistent and are important haboitats 

fC?r ha.rbor. seals,. we provide a detailed. description of the 

haul-out sites presently and historically use~ by harbor 

seals in San Francisco Bay., The haul-out sites are listed in 

each section with the most northerly site described. first, 

and progressin9 southward.
.
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ACTIVE OR PRIMARY HAUL-OUT SITES 

Corte Madera Ecological Reserve 

In the mid 1980's a relatively new haul-out area was 

established in Marin County, on the eastern edge of the 

marsh at Corte Madera Ecological Reserve. This haul-out area 

and pupping area, located on a small peninsula pointing 

north from the edge of the marsh, is midway between Corte 

Madera Creek and San Clemente Creek (Fig. 3). The land is 
owned by the state of California and administered by the 

California Department of Fish and Game office in Yountville. 

At low tide the penin~ula is surrounded by mudflats 
\ 

which extend two kilometers to the east of the marsh. This 

mudflat is fairly level and has no slough channels that 

. retain water at low tide. "'. ,

The marsh bank is eroding at the Corte Madera haul-out 

site. This is especially evident on the east side of the 

peninsula, which catches the full-force of waves coming in 

from the bay. On that. side, the marsh bank is cut by a 

series of parallel cracks creating rows of sediment plocks 

sloping down from the marsh surface to the mudflat. Isolated 

sediment blocks ring the north and west sides of the
iIt!,' 

~ 

peninsula, similar to those found arb~nd Greco Island, which 
is also surrounded by a wide, level mudflat. 

Corte Madera was used as a tagging site in the summer 

of 1989. The site was not ideal because the net snagged on 

sediment blocks adjacent to the ~arsh bank, allowing several 

seals to escape. Giv~n further deterioration of t~e marsh 

bank, the area was not used subsequently as a tagging' site. 

A dense pickleweed (Salicornia virginica) marsh covers 

portions of the haul-out area, whereas the north and east 

edge of the peninsula, used most extensively by the harbor' 

seals, is a-barren mud shelf. 

Four observation· points ring the haul-out area, three 

ot which are open to the pUblic but can offer only limited 
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views of the seals. The angle of the sun and the presence of 

heat waves off the marsh can limit observations. On both the 

north and south side of the haul-out area there are levee 

trails which end at the east side of the marsh. The trail on 

the north side is further from the haul-out site but offers 

a more complete view of the principle areas used by the 

seals. Prolonged observations ar~needed to identify seals 

in the interior of the site which can be hidden by 

vegetation. A full count cannot be made from the levee ~rail 

on the south side of the haul-out area unless the seals come 

to a full alert, raising their heads high into the air. 

General counts can be made from the third site, a ~mall 

parking area on the south side of Sir Francis Drake 

Boulevard, just west of the entrance to San Quentin state 

Prison. 

The most detailed obserxations are made from the fourth 

observation site, a clump of coyote bush (Grindelia sp.), 

which screens the observer from the seals, 25 m soUtheast of 

the haul-out. area. CDF&G prohibits pUblic access to this 

area, which can be re~ched only by crossing Corte Madera 

marsh at low tide. Access for research purposes must be 

requested from CDF&G Yountville. To prevent disturbance of 

the. seals, the observer must remain hidden at the 

observation site the entire time seals occupy the haul-out 

area, virtually one complete tidal cycle. 
~ 

Corte Madera is used primarily during the, spring 

breeding season and ~ummer molt. Counts decline during the 

fall and winter months. The site is used exclusively during 

high tides b~cause no slough channel provides safe access to 

op~n water. Harbor seals first begin to haul when the tide 

reaches about 1 m (3'),: which brings the water to the edge 

qf the marsh bank. As ~he water rises, more seals pull 

themselves atop the marsh. Seals generally remain at the 

site until the tide drop~ again to the critical 1 m (3') 

level, when they leave the marsh and swim back into the bay. 
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If the tide rises around 1.7 m (5.5 1 
) the haul-out area 

is parti~lly sUbmerged. Although harbor seals still lie in 

the-shallow water, grounding themselves on the marsh 

substrate, they can be washed off the marsh by large waves, 

which rollover the marsh bank, from a passing ferry. As the 

tide rises above 1.7 m (5.5'), progressively less haul-out 

area is available to the, seals. 

Nearby residents report that Corte Madera was first 

used by the seal's in the mid 1980 1 s. In 1988, the"maximum 

breeding sea·son count was 7 adults and subadults and 2, 'pups 

(Allen 1990; Table 1). 

Castro Rocks 

Castro Rocks encompass a chain of islands on the east 

side of the north Bay in Contra Costa County within the'

Richmond city limits. This area is a year-round haul-out 

site, and during the spring breeding season is the largest 

rookery in the north Bay. Castro Rocks are found at the east 

end of the Richmond San Rafael Bridge, immediately south of 

the roadway and' 0.5 km north o~ the Chevron Long Wharf (Fig. 

3). The first island at the eastern end of the chain is 

directly adjacent to the br'idge structure at Pier 55. From 

this point the chain stretches west parallel to the bridge 

.~ before ending in a dogleg to. the southwest. The islands 

themselves ·currently have no state or federal protection 

although as a s~al hau'l-out site and rookery the area is 

protected by the u.s. Marine Mammal Protection Act. 

Most islands in this chain are intertidal with the 

~~ception of the eastern most island, which has a large 

·guano covered r9ck rising from the center of an intertidal 

shelf. The intertidal portion of this eastern island is the 

first exposed on falling tides, and the only available haul

qut area at the high low tides~ .At extreme low tides, 

isthmuses between several island are visible, formi~g a 

continuous link through the middle of the chain. No I 
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terrestrial vegetation grows on the islands, although the 

rocks do support thick growths of kelp in the intertidal 

zone. 

Detailed observations of the harbor seals are possible 

from a platform on the south side of Pier 55, 4 m below the 

lower roadbed. Acce~s to this platform for research purposes 

~~t	 must be approved ·and supported by the Californi·a Department 

of Transportation (Caltrans). Extreme caution must be taken 

~hen descending to this platform to avoid disturbing seals 

h~uled immediately below. The potential for disturbance 

decreases once observers are settled on the platform, 

providing movements are subdued. A canvas cover on the 

platform railing, which Caltrans installed early in our 

study, effectively blocked most of ·our movements from the 

seals' sight, giving us more freedom to move without 

'- creating a disturbance. 

Observations cannot be made from the water, because the 

harbor seals are extremely wary of small boat traffic in the 

vicinity of the rocks and usually flush soon after an 

approaching boat is sighted. Also, from the water's surface, 

many seals. are hidden from view by the rough topography of 

the islands. This same problem limits land-based counts from 

the b·luff at the east end of the bridge; much of the haul

out area is .obscured by rock ridges. Observations are not 

possible from the lower deck of the bridge (east-bound 

direction) unless the area is coned off from traffic and 

other restrictions are met. 

The haul-out area is used ye~r-round ~ith peak numbers 

during the-spring breeding season and summer molt~ Harbor 

seals first come ashore when the tide drops below 1 m (3'), 

using smooth sand channels lined with rocky ridges on the 

eastern half of the eastern most island. As the tide· drops 

further, seals haul on every island in.the chain, draping 

themselves across the cobbled surface~ 

Daugherty (1964) gave the first account of seals at 

Castro Rocks, reporting regular use by 30 seals (Table 1). 
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Paulbitski (1976) reported year-round use of the area in the 

early 1970's. Maximum count in the spring was 38 adults and 

3 pups in 1972. winter counts were at similar levels with 

maximum counts of 35 seals. Risebrough et ale (1980) 

reported a maximum spring count in 1976 of 71 adults and 

subadults and 4 pups. In 1979, 1980, and 1984, Fancher 

(1987) reported a maximum count during winter ranging 

between 73 and 86 seals. Maximum spring counts t~e following 

years were similar or lower than winter counts, although 

these numbers are based on limited numbers of surveys. A 

count during one aerial survey flown in 1985 was lower than 

a later observation by CDF&G personnel (Table 1). 

Yerba Buena Island 

Yerba Buena Island is located in central San Francisco 

Bay, in the County Qf San Francisco, and is bisected by the 

Bay Bridge (Fig. 3). The harbor seal haul-out site, on the 

southern part of the island, is on land owned by the u.s. 
Coast Guard Group San Francisco. 

The-haul-out site is located immediately westJof the 

lighthouse on the southern tip of the island. The haul-out 

site is a cobble intertidal beach backed by a steep 15 - 25 

meter high cliff. The cliff is bisected by a steep ravine 

.' 

-with a seasonal creek which enters the bay at the haul-out 

site •. Within the haul-out site, several rocky outcroppings 

extend into the bay, and a large boulder s.its at the waters 

edge near the west end of the haul-out area. Two ~ooring 

piers stand in a parallel line roughly 15 meters offshore of 

the haul-out site. A shallow cobble shelf extends a short 

distance south from the shore before dropping abruptly to 
t

depth. The site is/not vegetated except -for scattered -scrub 

at the base of the cliff and kelp in the lower intertidal 

zone. 
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Observations can be made from the edge of the cliff 

immediately above the main haul-out area. This viewing area 

offers the most detailed observations of seals anywhere in 

San Francisco Bay. A conveniently located cypress tree at 

the cliff's edge provides cover and stability on the 

shifting sand. An alternative, more easily accessible, 

viewing spot on the hillside west of the haul-out site 

permits complete but less detailed observations. Both 

viewing spots are on u.s. Coast Guard property closed to the 

pUblic. Access for research purposes must be obtained from 

USCG Group San Francisco. The concrete deck west of the 

lighthouse does not afford a view of the entire haul-out 

area. Observations from the water are not feasible given the 

seals' extreme sensitivity to nearshore small boat traffic 

and the rough waters usually present in this part of the 

bay. 

The site is used year-round but is the only major haul

out sit~ in the bay which is not used for extensively for 

pupping (one pup/year observed). Peak numbers range one 

month either side of the winter solstice. In the early 

1990's, the site was used exclusively at low tide,_being 

partially or fully inundated at tides 1 m (3') or higher 

(although 20 harbor seals were observed in late May 1995 at 

the cliff's base at a 1.5 'm (5') ,t.ide). 

Paulbitski (1976) was in direct .~communication with 

Coast Guard personnel during his work in the early 1970's, 

but mentions no report ·of seals at Yerba Buena.Island. 

Upconfirmed reports of seals at YBI are mentioned in 

Risebrough at.al. (1980). In February 1980, USCG personnel 

counted 10 seals at the site during low tide (Fancher 1987; 

Table 1). An unspecified number of seals had been seen at 

the site before the February count~ No pups had ever been 

sighted (Fancher 1987). -~ 
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Corkscrew Slough 

Corkscrew Slough is located in San Mateo' County on the 

western side of the South Bay at Bair Island. ~he slough 

snakes west northwest from Redwood Cr~ek, bisecting Bair 

Island, before ending at Steinberger Slough on the north 

(Fig. 3). The slough is bordered by luxuriant tidal m~rsh 

vegetation, sections of which are virgin marsh, having never 

been diked or denuded. The south side of the eastern third 

of the slough, from the slough channel to the bordering 

levee, is part of the San Francisco B~y National wildlife 

Refuge. The marsh on the entire north side of the slough ~nd 

the south side west of Refuge property, is under the 

jurisdiction of the Cali(ornia Department of Fi~h and Game 

as part of the Bair Island Ecological Reserve. 

Access is by boat,' along Corkscrew Slough from Redwood 

Creek. It is possible to travel the slough without 

disturbing seals hauled-out along the banks, by keeping a 

steady, moderate speed, ~taying to the center of th~ channel 

and minimizing activity' within the boat and eye contact with 

the ~~als. Alternatively, the boat can be anchored along the 

shore opposite the first haul-out area or behind an inner 

levee for viewing the second haul-out site. 
,S; 

Harbor seals come ashore at three distinqt areas 
! 

-j! 
encountered sequentially when traveling from Redwood'Creek 
west to steinbe:r:ger.. Slough. The first haul-out site is along 

the west bank of the slough on the eastern half of the first 

nort~-south loop west of Redwood Creek~ Harbor se~ls 

generally concentrate in the n~rthern half of this section. 

The-bordering marsh in this. area ends at a steep one meter 

high bank, crumbl~d in numerous places or cut by small 

slough channels. A sloped mudflat extends from the bank down 
to the slough channel which retains water at all tide 
levels. 

The second haul-out area is on the east· side of the 

slough, opposite and slightly south of the first site. In 
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this area, harbor seals haul along the northern bank of a 

tributary slough draining the tidal marsh east of Corkscrew. 

This side channel of the main slough is of moderate size, 

about 12 meters across, and has sloping mudflats from the 

steep marsh bank down to the channel. Significant numbers of 

seals were first sighted in this area in the spring of 1992. 

The third area is found near the middle of Corkscrew 

Slough, along the west. bank of the eastern side of the 

middle southern loop. Thick pickleweed marsh borders a ,steep 

bank at the edge of the mudflat. The slough channel through 

this area runs dry at low tide. 

Harbor seals haul at Corkscrew Slough year-round, using 

the area as a pupping site. Similar to certain other sites, 

peak numbers occur during the spring breeding season and 

summer molt. 

Harbor seals use the first s~e at all tides, moving 

down the mudflat at low tides, thereby gaining easier access 

to the water channel. The second site is used primarily at 

hig~ tides when, water borders the marsh banks. The third 

site is used exclusively at high tide; the slough channel 

drains completely at'low water eliminating an escape route 

for harbor seals. 

An early account of seals at Corkscrew is given by 

Paulbitski (i976), who reported a maximum of 25 adults and 

pups during the sprin9 breeding ·';;easo;n in the late 1950 I s 

'(Table 1). Alcorn and Fancher (1980) sighted between 0 and 

12 harbor seals during three surveys in the winter of 1975 

and spring of 1976. No harbor seals were seen in one survey 

in 1979. Fancher (1987) reported one pup in 1980, but no 

,count of adults, and no harbor seals were sighted during two 

aerial -overflight~ in the winter qf 1985 and spr~ng of 1986. 

These early accounts of harbor seals at Corkscrew 

Slough were of the haul-out site at the third site described 

above, which now has minimal use.
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Bair Island 

Bair Island is located immediately north of Redwood 

Creek and Greco Island, on the west ,side of the South Bay 

(Fig. 3). In early 1980s, some of the salt evaporation ponds 

that covered the island were taken out of production, their 

levees breached, and tiqal action restored in an effort to 

reestablish the tidal marsh which h.istorically covered the 

island. These ponds, located in the northwest' corner o{ 

outer Bair Island, north of Corkscrew Slough, gradually 

revegetated creating a vibrant tidal marsh. These inner 

marshes of outer Bair Island, in San Mateo County, are owned 

by the California Department of Fish and Game and designated 

a state of California Ecological Pres~rve. 

In the .spring of 1991, .harbor seals were first sighted 

within the restored~marsh, hauling on a series of small 

islands adjacent to the main borrow pit ch~nnel bordering 

the northeast tip of the island. These ~mall islands, some 

no larger than 3 meters across, are intersected by numerous 

deep channels leading to the main borrow-pit slough which 

routes tida-l water through the marsh. The channels through 

the islands are cut by deep pockets carved out by swift 

tidal currents while bordering mudflats are littered with 

sUbmerged clumps.,foof mud. Dense growths o~ pickleweed 

(Salicornia virqiriica) and cordgrass (Spartina foliosa)
J 

cover the islands except where frequent use by the seals has 

worn away the vegetation, creating a hard-packed mud shelf. 

The marsh is~ands are inundated at extreme high tides and 

available haul-out areas are limited when tides approach 1.7 

m (5.5'). 

Boat access to the-site is possible through either of 

two levee breaks in the dike bordering the northeastern edge 

~f the island (the levee breaks are southeast'of the haul

qut site) or by meandering east from ~orkscrew Slough 

through small channels crossing the marsh. Landfall can be 

made on the outer ~evee south of the haul-out area, 30 



meters across the main channel from the haul-out site, 

allowing detailed land-based observations. Observers must 

remain hidden from the seals to prevent disturbance. Unless 

observers are willing to remain at the site through an 

entire tide cycle, all observations must be made above a 1.2 

m (4') tide, below which sloping mudflats surrounding the 

levee restrict access to the main channel. 

Bair Island is used year-round as a haul-out site and 

spring pupping area. The borders of the area used remain 

fairly constant throughout the year. Peak use occurs during 

the spring breeding season and summer molt. 
Harbor seals come ashore on the marsh islands as the 

tide rises above 1.2 m (4'), and can haul on the sloping 

mudflats at lower tides. Inundation of the inner islands 

used by the seals occurs at 1.6-1.8 m (5.5'-6') tides. 

The~e are no written accounts of the Bair Island 

rookery before our study. The general haul-out area was 

.identified in February 1991 by a sport fisherman (E. Deeney, 

pers. comm.), and limited counts were made that spring, 

beginning in late March. 

Greco Island 

:~reco Island is located in San Mateo County along the 
. . 

~ester~ shoreline of the South Bay, immediately south of the 

mouth of Redwood Creek (Fig. 3). The island is included in 

the San Francisco Bay National Wildlife Refuge. The low

lying island is covered by a dense pickleweed marsh which is 

complete.ly inundated at extreme high tides. Harbor seals 

haul on the eastern side of the island at the tip of a short 

peninsula jutting into the Bay. Throughout the year, harbor 

seals may be found in one to two distinct groups on the 

island tip. During'the spring breeding season, parturi~nt 

femaies isolate themselves from the main herds by hauling on 

the island's eastern shoreline south of the peninsula. 

14 



t 

· , 
~ 

Individuals have been sighted as far as 2 km south of the 

tip of the peninsula. 

Harbor seals have worn away all vegetation from the 

island's two principle haul-out sites. The topography of the 

haul-out site is similar to other marsh edges around the 

bay. At the haul-out site, the island ends in an abrupt 1 to 

~.5-m high mud bank. The mudflat adjacent to this bank and 

extending out for 20m is strewn with sediment blocks which 

have sloughed off the bank. These blocks range in size'from 

0.5 to 1.0 m across, and make the approach to the island 

treacherous below a 1 m tide. The island is surrounded by 

extensive mudflats which are first exposed below a 1 m tide. 

Along the island's eastern edge these mudflats extend into 

the bay for more than 1 km. 

The site is accessible only by boat and reliably only 

at a 1 m tide or greater. Wind-driven waves in this area of 

the bay, especially rough in the afternoon during the summer 

fog season or during storms, can limit boat-based 

·observations. Disturbance is best prevent~d by slowly 

approaching the area at a right angle from the middle of the 

bay, and anchoring or trolling in one spot for observations. 

Lateral movements along the shoreline are most likely to 

disturb the herd. 

The island is a year-round haul-out site and a pupping 

site during ~he spring breeding season. Breeding begins in 

mid March and extends thro~gh the end of "May. The summer 

molt, another period of high use of the area, occurs in June 

and JUly. 

The site is used exclusively at high/tide because the 

extensive mudflats exposed at low tide offer no escape from 

predators. Harbor seals begin to come ashore at 1 m tides, 

moving up several small slough channels onto the steeply 

sloped. marsh bank. Unless disturbed, the herd remains on 

land until the tide drops below 1 m. At this point, the 

harbor seals become noticeably agitated and soon enter tpe 
wate.~. 
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The first accounts of the haul-out ~ite on Greco Island 

are from the 19605 (Table 1). Paulbitski (1971) cites a 

conversation with Bob Rodriguez, Audubon Society, who 

reported a maximum count of ~8 seals on Greco Island in the 

late 1960s. Fancher and Alcorn (1982) reported maximum 

winter counts of 5 to 15 seals on the island between 1972 

and 1977. The ~aximum winter count increased dramatically to 

40 seals in 1979 (Alcorn and Fancher 1980), then decreased 

to 20-25 seals between 1980 and 1985 (Fancher 1987). 

Limited counts specifically during the breeding season 

are reported for Greco Island. Five harbor seals were 

counted in April of 1974, there were no pups (Fancher and 

Alcorn 1980). The maximum count in the spring of 1976, based 

on th~ee aerial overflights, was 38 adults/subadults and 3 

pups (Risebrough et ale 1J80). The greatest count of adults 

and supadults during the breeding season remained around 40 

in 1980 and 1985, although the number of pups. observed at 

the site tripled in 1985 to 1~ (Fancher 1987; Table'1). 

The haul-out site location has shif~ed to the north 

since Fancher's (1979) initial study in the early 19705. 

During that period, harbor seals came ashore at the base of 

the south side of the pen~nsula rather than at the tip. 

Newark Slough 

The Newark Slough haul-out site is located in Alameda 

County, south of the Dumbarton. Bridge on the east side of 

the Bay. The site borders the eastern edge of Dumbarton 

Marsh at- the combined mouth of Newark Slough an~ Plummer 

Creek (Fig. 3). The site is part of the San Francisco Bay 

National wildlife Refuge. 

A rich, diverse tidal marsh dominated by pickleweed 

covers the "haul-out site, except for areas of concentrated 

use where the seals have worn away all vegetation. The marsh 

ends abruptly at a steep ban~ roughly one meter h~gh, and 

broke~ at int~rvals by small slough channels draining the 
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marsh. A smooth mudflat slopes to the east, scoured by the 

tidal currents of Newark Slough, which retains water at all 

tides. The mudflat extending south from the point gently 

slopes to the bay. 

Land-based observations can be made from the levee 

opposite the haul-out area on the east side of the mouth of 

Newark Slough and Plummer Creek. This levee is at the 

western tip of salt pond M12, is part of the San Francisco 

Bay National wildlife Refuge but motorized access can only 

be gained by crossing land privately owned by the Cargill 

Salt Company. The Refuge levee is closed to the pUblic but 

accessible for research purposes. The levee is clay and is 

impassable by car when wet. The site can be approached by 

boat at tides above 1.2 m (4') but ~nly minimal observations 

are possible at the distance required to prevent 

disturbance. Refuge po~icy prohibits access across Dumbarton 

-Marsh to protect the endangered California Clapper Rail 

(Rallus longirostris). A boardwalk, which crosses the marsh 

north of the haul-out site, gives access to Newark Slough 

but does not permit observation of the seal haul-out. 

The site is used year-round, and is a pupping site· 

during spring. Numbers of harbor seals' peak in the spring 

and during the summer molt. The· site i~ used at ~ll tides. ,~ 

When high tides flood the mUdflats, harbor seals come ashor~ 

near the edge of the marsh bank on vegetation or hard-packed'~ 

mUd. At 10w tides, harbor seals generally move down the 

mUdflat, often concentrating on the mudflat .southwest of 

where the Newark Slough channel joins the bay. 

Histor~cal accounts of harbor seal use of the area are 

given in Paulbitski (1971): Personnel from CDF&G and The 

Nature Conservancy report ~hat harbor seals regularly used 

Newark Slough near the Southern Pacific Railroad bridge in 

the 1960's. Fancher (pers. comm.) was told by a fisherman in 
the area tha~ harbor seals hauled at the site in the 1950's 

(Table '1). Fancher speculate~ that,disturbance created by 

regular use of the Southern Pacific 'Railroad bridge, '" 

J 
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northeast of the site, led to abandonment of the area in the 

late 1960' sand 1970' s (Fancher and Alcorn 1982) •. Up to one 

train per hour crossed the bridge until 1982 when service on 

the track was suspended. 

In the spring of 1989, staff from the SFBNWR reported 

60 seals ashore at the slough mouth (Kevin Foerester, pers. 

camm.). Regular surveys began in February 1990 as p~rt of 
',oJ 

the present study. 

Mowry Slough 

The Mowry Slough haul-out site in Alameda County is on 

the east side of the South Bay, south of the Dumbarton 

Bridge~ Harbor seals haul primarily at three distinct. sites 

along the sloug~ on both the north and south sides (Fig. 3). 

The site is included in the San Franciscq Bay National 
,

wildlife Refuge. 

The tidal marsh, which borders the slough, is cut in 

numerous places by small- and moderate-sized tributary 

slough channels (1-4 meters across at the mouth) that flood 

and· drain the marsh•. The salt marsh veg~tation is dominated 

by pickleweed (Salicornia virginica) and cordgrass (Spartina 

agrifolia); the marsh surface has standing water above a 1.7 
m (5.5') tide and is completely inundated a~ extreme high 

tides. On the north side of the slough the edge of the marsh . . '.,)

fades 1nto a smooth mudflat wh1ch slopes steeply down to the 

slough channel. On ~he slough's south side, the marsh ends 

in a short bank roughly 0.5 meters high and the adjacent 

mudflat is broader and less sloped than on the north side. 

Observations of harbor seals at this site can be made 

from levees bordering both sides of the slough. Bo~h levees 

are par~ of the SFBNWR, entrance to the south levee, which 
borders Pond M1, is made through the Tricities sanitary 

waste and Recycling Facility. Di~ect motorized access to the 

nort~ side of Mowry Slough, borderi~g Ponds M8, M9, M11, 

must be made on connecting levee roads privately owned by 
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Cargill Salt Company. Refuge levees are closed to the
 

pUblici arrangements must be made with Refuge staff for
 

research access to the area.
 

Sensitivity to disturbance varies with the season and 

the occurrence of recent threatening events. While 

incidental observations have been made of machinery working 

steadily on the~south levee without noticeable seal 

disturbance, at other times it also has been noted that 

activities on the south levee, inclUding walking, driving 

slowly, driving quickly, or stopping a vehicle can alert and 

flush seals hauled on the north side o~ the slough. Of all 

activities visible to the seals, car ~ovement along the 

.south levee at a steady, moderate speed has the least chance 

of disturbing hauled seals. Driving or walking on the north 

levee near the slough mouth, which is farther from the 

slough tha~_the ~outh levee, has caused minimal disturb~nce. 

Activities further east on the north levee, around and near 

th~ Cargill Co. salt dump, can disturb seals hauled on the 

south side of the slough. In this area a thin strip' of marsh 

separates the slough from the levee and the slough itself is 

much narrower than it is closer to the mouth. 

Boat travel within the slough is likely to disturb
 

·hauled seals, although keeping a steady, moderate speed,
 

minimizihg movements within the boat, and avoiding all
 

recogniti'op .. of the seals presence may reduce the chance of
 

disturbance. Boat travel is prohibited within Mowry Slough
 

during the spring pupping season.
 

Haul-out locations vary with sea~on at Mowry Slough. 

During the ~on-breeding season most seals haul at one.of 

three sites within Mowry Slough, described below as they are 

- encountered moving east from the slough's mouth. The first 

haul-out area is found on the north side of the channel 

beginning 10 to 100 meters east of the slough mouth. The 

second site ·is also on the slough' s north side, midway 

between the mouth and where the slough takes a sharp bend to 

the south. This area is immediately east of an abandoned 
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wooden ~hack (Lyman's blind) grounded on the north shore of 

the slough-. The third site is on the southwest shore of the 

slough, beyond the first bend to the south and opposite the 

cargill salt dump. All three sites are used at all tides 

below 1.8 m (6.0'). At the higher end of this 'tidal range, 

harbor seals haul on the marsh, generally moving down the 

mud~lat as slough waters recede with the falling tide. Above 

this range the marsh is inundated and haul-out areas are 

virtually absent. 

During the pupping season the harbor seals-, especially 

parturient females, spread out along both sides of the 

slough from the mouth to at least 200 meters southeast of 

~he cargill sait dump. within the s~ough the seals haul at 

all tides unless, as described above, the marsh is 

inundated. In addition, during the pupping season, at low 

~	 tide harbor seals have regularly been seen on the mudflat 

bordering the Mowry slough channel as far out as one 

kilometer west of the slough mouth. 

The oldest records' of harbor seals in San Francisco Bay 

come from the extreme South Bay, in the area around Mowry 

Slough (Table 1). Bonnot (1928) reported the observations of 

a CDF&G field agent who in the·-1890· s participated in seal 

hunts at "extensive rook~ries in the South San Francisco Bay,. 
near Alviso". In ~927 and 1928, field engineers surveying 

~ the marsh and installing equipment along Mowry Slough for 

the Alden Salt Company reported 75 and 100. seals, 

respectively, at Calaveras Point, though it was noted that 

Mowry Slough was also a p~ace of refuge: ~~r the seals. -In 

Bo~not's report, the ~rea was described only;as a hauling 

ground, tho~gh the season in which counts w~re made is not 

indicated in the repor~. ,In the early 1960's, Alpin (1967) 

reported year-round use of Mowry Slough by 50-60 seals. 

Anderson (1969) reported ~ maximum count during spring of 

400 ~dults and pups in Mowry Slough in 1968 (Table 1). 
Paulbitski (1971) cited a personal communication w.ith 
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.. Anderson that 275 adults and pups were counted during one 
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aerial overflight of Mowry Slough in April of 1970. 

Fancher began extensive studies of the area in 1971. 

Throughout much of the 1970's and early 1980's, Fancher 

reported between 209 and 266 adults and as many as 107 pups 

during the summer (Fancher 1987, Fancher and Alpin 1982; 

Table 1). During winter, maximum counts of 23 to 57 harbor 

seals were observed. 

SMALL OR ABANDONED HARBOR SEAL HAUL~OUT SITES 

Tubbs Island 

A small peninsula at Midshipman's Point at the southern 

end of Tubbs Island in Sonoma County. is the northern most 

known haul-out site in the San Francisco Bay estuary (Fig. 

2). The area is part of the San Francisco Bay National 

wildlife Refuge. The haul-out site is located along the bay 

shoreline, roughly 1 km west of the Troll ~ouse parking 

area. 

The harbor seals come ashore on a small patch of 

pickleweed marsh extending south from an old levee. The site 

is used only at high tide, at low tides an extensive mudflat 

isolates the area from open water. 

Paulbitski (1971) cites Bruce Wolfe, Western Field 

Representative of the Nature C9nservancy (Which had 

purchased the propert~), who identified Lower Tubbs Island 

as a haul-out site during th~ 1960's. Fancher (1987) 

reported a maximum of eight seals at the site in three 

counts made in the early 1980's (Table 1). During the. 

present study, the site was visited four times in 1989 and 

1990. No seals were observed. 

Just before the counts in 1989, public access to the 

.area was expanded; a walking Itrail along the outer levee 

passes within 10 m of the haul-out area. Disturbance from 
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pedestrians may have led to partial or complete abandonment 

of this site. 

Two sisters 

Historical records identified the Two sisters rocks, 

east of Point San Pedro in Marin County, as a regular haul

out site during and before the 1920's. Bonnot (1928) 

reported the site was used regularly by 40 seals (Tabl~ 1). 

The presence or absence of pups was not noted. ' 

Risebrough .et ale .(1980) noted that no. seals were 

sighted at the rocks during aerial overflights in 1976. The 

area was not surveyed during the present study. 

Brooks Island 

Brooks Island, lqcated on the south side of the 

Richmond Harbor in Contra Costa County, is a small, seasonal 

haul~out area. Allen (1991) reported that personnel from 

East Bay Regional Parks have observed up to 12 seals in the 

spring at a rocky intertidal area near Bird Rock. Harbor 

se~ls were sighted infrequently during the _fa~l and winter. 

The area was not surveyed during the pres~nt study. 

strawberry Spit 

The first reports of seals in the area near Strawberry 

spit, in Richardson Bay·, Marin County, are during the. late 

1950's. Paulbitski (1975) reported an unspecified ~umber of 

harbor seals using the area before construction of 

Strawberry spit in the mid 1960's. By the early 1970's, 

Strawberry spit was one of three major seal haul-out sites 

in San Franci~co Bay. Maximum winter counts ranged between 

80 and 94 s~als (Paulbitski 1976, Allen 1991; Table 1). The 

area was used during the night and early morning hours, 
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primarily during the winter months, although small numbers 

of seals were sighted throughout the year. 

The actual haul-out site was accessible on foot, and 

disturbance was observed on several occasions (Paulbitski 

and McGuire 1972). A decline in seal use of the area began 

in 1977, possibly due in part to human disturbance (Allen 

and Fa~cher 1982). winter counts remained low through 1981, 

after which a channel was dug separating the haul-out site 

from the mainland in an attempt to reduce seal disturbance. 

Between 1984 and 1989, no more than three seals have been 

sight~d using the area (Allen 1991). 

-"...a 

; ! 

Sausalito Boatworks 

Floating breakwaters and an abandoned pier on th~ east 

side of the Sausalito boat docks, in Marin County, have b~en 

used as a haul-out area since the mid 1970's. Allen (1991) 

~ited an unpublished observation by Fancher of 30 seals at 

the site on 4 November 1980. Allen monitored the area during 

the winter months from 1985 to 1990, observing a maximum of 

five seals (Table 1). The area was not monitored during the 

present study. 

Point Campbell 
Ii: 

.~ 

Point Campbell, on the Tiburon Peninsula in Marin 

County, was used irregularly by a maximum ~f eight harbor 

seals during the 1970's (Paulbitski 1976). 

Angel Island 

In'the early 1970's, Paulbitski(1976) reported harbor 

seals hauling at several locations on Angel Island, 

including rocks off Spring Beach, Pt. rone, and Pt. Blunt. 

Harbor seals were obs~~ved primarily during the winter 
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months, a maximum count of 14, but seen on occasion 

throughout the year. 

In the early 1980's, a maximum of 15 seals were 

reported hauling on rocks adjacent to the southeast 

shoreline of Angel Island, in Marin County (Fancher 1987; 

Table 1. 

Two counts of the isla'nd were made in 1989. ~tpix harbor 

seals were sighted on one day, 10 March 1989,"- at the same 

location noted by Fancher. No seals were observed on 7 April 

1989. The area was not regularly surveyed after that, dat~. 

Bay Bridge sandspit 

Bartholomew (1949) regularly observed seals on a 

sandspit at the eastern end of the San Francisco-Oakland Bay 

Bridge between April and November 194.4. Obse~ved numbers 

were quite variable, possibly due to disturbance from the 

nearby Navy base. Peak counts of 70 seals were reported 

from June through Novembe~, with lower numbers observed 

during the .spring breedin9" season (Table 1) •. 

Paulbitski (1976) cited a personal communication from 

AIda Leopold (U.C. Berkeley) of several harbor seals using 

the spit in 1970. Risebrough et ale (1980) reported no 

harbor seals in the area between 1975 an~ 1976. No seals 

were ,observed at that site during the pres~nt stuqy. 
~ 

Coyote Point 

In 1991, a maximum of three seals were sighted on the
 

eastern side of the outer breakwater at the Coyote Point
 

Marina. in San Mateo County. The area was identif1ed when a
 

radio-tagged seal hauled at the site. The area was not
 

regularly monitored.
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... Belmont Slough 

Historical reports indicated the mouth of Belmont 

Slough was used as a haul-out site during the 1940's. 

Paulbitski (1976) cited a conversation with Warden Russ lId, 

CDF&G, who reported a maximum of 40 seals regularly using 
the area. ~~l 

Ravenswood Point 

In the mid 1930's, incidental sightings of harbor seals 

during the spring breeding season were reported in 

Applegarth (1938). Up to 33 seals were observed at 
j

Ravenswood Point, Santa Clara County, during this period 
". ~ 

(Table 1). Paulbitski (1971) observed seals hauled out from 

the ~astern~tip of Greco Island south to Ravenswood Point. 

No seals were seen on Ravenswood Point during this study. 

Oumbarton Point 

Oumbarton Point, now part of the San Francisco Bay' 

National wildlife Refuge, formerly owned by the Nature 

Conservancy as the Morse Baylands Refuge, was a former haul
,S: 

out site., Paulbitski (1971) cited Brian Wolfe, staff member 
. . 

of The ~ature Conservancy, who identified the site but did 
not report an estimate of seal numbers. 

1
.J Calaveras Point 

'} 

J Early reports of seals in San ~rancisco Bay identify 

Calaveras Point'as the area's primary haul-out site (Bonnot

j 192a). Reports indicated that harbor seals continued to use 

the area in the 1~60's (Paulbitski 1971). Although 

Paulbitski did not observe seals there in 1971, Fancher 

(1987) regularly observed harbor seals from Mowry Slough 

J. 2,5 



south to Calaveras Point during the pupping season during 

spring. 

Guadalupe Slough 

A small haul-out site on Guadalupe Slough in Santa 

Clara Co~ty is located on the west side of the slough 2.5 

km south of the mouth. Anderson (1969) reported a maximum 

count during the breeding season of 20 seals at this 

location, based on four aerial overflights in the spring of 

1968. Alcorn and Fancher (1980) reported 2 to 4 seals 

sighted during surveys in late 1975 through the spring of 

1976. In 1984,. Fancher (1987) regularly sighted. five seals 

during surveys in August and September. The site was. not 

monitored during this study. 

'
Drawbridge 

During the present study, up to four seals were sighted 

infrequently on the north bank of Coyote Creek on Drawbridge 

Island, opposite the mouth of Mallard (Artesian) Slough, in. 

Santa Clara County. 
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METHODS
 

COUNTS
 

Number of harbor seals on haul-out sites was determined 

using binoculars or spotting scopes from nearby vantage 

points. counts were conducted aperiodically, however, we 
attempted counts at most of the major haul-out ~ites 

throughout the year (Fig. 4). Access to some sites. and' 

weather often restricted the number and details of counts. 

When seals were counted at a haul-out site, the following 

data were recorded when possible: date, time, tidal height, 

maximum number of harbor seals ashore, number of adults and 

sUbadults, number of individuals with red pelage, number of 

females and males, and any observed disturbances. A linear 

regression of In of counts was used to determine changes in 

numbers at the primary haul-out sites through time. 

Red-pelaged harbor seals 

From October 1993 throug~ June 1994, specific data 

regarding red-pelaged h~rbor seals was collected "at Yerba 

Buena Island. When possible, the following data were 

recorded for ~ach harbor seal observed on' the haul-out site: 

d~te, gender, juvenile or adult, percentage of body with red 
pelage, and whether vibrissae were normal .length.or 
shortened (based on a SUbjective index). Chi-square or 10g

likel~hood tests were used to determine 1) differences 

between males and females in percentag~ of individuals with 
red pelage and 2) differences between red-pelaged and normal 

individuals regarding the percentage of individuals\ with 

normal or shortened vibrissae. 
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TAGGING AND TRACKING 

Harbor seals were captured near five haul-out sites 

(Corte Madera, Corkscrew Slough, Greco Island, Newark 

Slough, and Mowry Slough) in San Francisco Bay (Fig. -2). 

Harbor seals were ca~tured using a modified beach seine se~ 

and retrieved using two outboard-powered boats (Harvey 1987, 

Jeffries et ale 1993). Nets were quickly deployeq offshore 

of haul-out sites where seals rested ashore. After the 'net 

was retrieved to shore, seals were removed from the net and 

placed individually in smaller hoop nets. Each harbor seal 

was observed and kept ~et during its captivity to monitor 

for stress and maintain its normal body temperature. Harbor 

se~ls were physically restrained during sampling. 

Plastic cattle ear tags (Dalton jumbo rota tags), were 

attached through-the webbing of the rear flippers between 

the second and third digits. All flipper tags were blue with 

black numerals. After the pelage was cleaned and dried uSlng 

acetone and compressed air, a radio transmitter (Advanced 

Telemetry Systems, Minnesota) was glued (using five-minute 

epoxy; Devcon Corp.·) to the dorsal pelage of the head of 

some harbor seals (Jeffries et ale 1993). 

Location and movements of radio tagged harbor seals were 

determined by tracking radio transmitters using a two or 

five-element antenna and an Advanced Telemetry Systems CATS) 

receiver (Harvey 1987). Most tracking was acc~mplished by 

land, with location of ~nimal determined by triangulation or 

range estimated by moving the antenna until we found the 

direction of the greqtest signal strength. Bearing from the 

receiver could" be determined but distance was· often 

estimated by the apparent amplitUde of the signal. Radio

tagged harbor seals were ~onsidered on haul-out sites when 

the signal was consistent 'for more than 10 minutes. When 

tagged seals were i~ the w~ter the signal was intermittent 

as the transmitter became submerged (signal inaUdible) 
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during a. dive and emerged (signal audible) when the seal 

came to the surface to breath. 

Aperiodic aerial surveys. were conducted during 1989-1990 

when surveys of harbor seals on the San Mateo and Marin 

coasts were conducted by land. Radio-tagged harbor seals 

also were located (weather permitting)· during monthly aerial 

surveys in 1991-1992 using two 4-element antennas mounted t& 

the wing struts of an L-5 or Cessna 152. Flights originated 

from Half Moon Bay, and the airplane flew north along the 

coast to the Russian River then south to Ano Nuevo Island, 

before returning to Half Moon Bay. Surveys were generally 

flown at 350 m altitude, at an airspeed of 80 km/hr. The 

receiver was programmed to monitor each radio tag frequency 

for a 1-2 second duration every 30 seconds. Whenever a radio 

tag was located we recorded the date, ~ime,. approximate 

location, whether the seal was ashore or waterborne, and

strength of the signal. Using a switching box, either or 

both antenna{s) could be activated, enabling us to determine 

direction of the tag from the plane. 

Presence of radio-tagged har~or seals, also was monitored 
j 

at specific haul-out sites using an Esterline-Angus s~rip-

recorder and ATS receiver. This automatic recording station 

was placed near Yerba Buena Island (6 December 1989 to 1 
,f; 

February 1990). and Mowry Slough (10 February to 1~ Ma~ 1990 
and 21 Feb~ary to 28 April 1992). A four-~lement Yagi"'~ 

antenna was connected to the receiver, and the system was 

powered by a 12-volt battery. Every four to seven days, the 

receiving station was examined to ensure proper functioning. 

Records from the strip recorder were examined for 

intermitt~nt (indicating the ha~bor seal was in" the water) 

or continuous (indicating th~ harbor seal was on the haul

J out site) sign~ls. The proportion of time radio-tagged 

harbor seals were in the water or on the haul-out site each 

24-hr period was recorded for each tagged individual. 

J. 
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MEASUREMENTS AND CONDITION 

For most harbor seals captured, weight was determined to 

the nearest kg using a spring scale hung from a tripod, and 

standard length (straight-line distance from tip of snout to 

end of tail with seal on ventrum) and axillary girth were 

measured to the nearest em. Sex was determined ~y examining 

genital openings, and the pelage pattern (dark spots on 

light background, light spots on dark background, or red 

pelage) was recorded. Females were examined for evidence of 

pregnancy by noting a dilated vaginal opening and enlarged 

abdomen. Harbor seals captured in 1991 and 1992 were 

administered an inject~on of 8 mg of oxytetracycline 

(Liquamycin LA-200) per kg body weight of seal~ The 

tetracycline injections were-to mark" the teeth with a 

fluorescent material that could be used as verification of 

annual ring deposition if the seals were recovered after 

death. 

The condition of captured harbor seals was assessed 

quantitatively using a variety of measurements (weight, 

length, and blubber thickness) that were incorporated into 

indices. One condition index commonly used in the past is 

girth/length (McLaren 1958, Scheffer 1967, Boulva and 
,f; 

McLaren 1979). This condition index is o~~en positively 

correlated with blubber thickness and mas'~ (Pi~cher 198~, 

Ren~uf et .al. 1993.). ,Another condition index, 

weight/length, is commonly used by fisheries biologists 

(Ricker 1975). This index is less commonly used by marine 

-mammalogists because weighing animals can be ~ifficult in 

the field. Blubber t~ickness also is used to ass~ss 

condition of marine mammals (Pitcher 1986). Blubber 

thickness was determined u~ing a Scanprobe 'ultrasound meter, 

where the transducer was moistened and placed midbody on the 

dorsum, side, and ventrum•. The average of these three 

sonogram measurements were used for analyses. We also ~sed a 

caliper to measure the thickness-(± lmm) of skin and blubber 
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pinched near the axila, as a indirect measure of blubber 

thickness. T~e average of three pinches was used in 

analyses. Relationships among the various indices were 

determined using correlation. We tested differences in 

condition (weight/length) of harbor seals among seasons 

(winter vs. spring), regions (Puget Sound vs. San Francisco 

Bay), gender, ana age (subadult vs. adult) using a 4-way 

ANOVA. Females that appeared pregnant were not included in 

the condition analyses because their weight and girth was 

affected by the fetus. 

HEALTH AND CONTAMINANT ANALYSES 

Blood samples were collected from wild seals .captured in 

San FrancisCQ Bay, southern Puget Sound, San Nicolas Island, 

-and the Monterey coast. Samples from San Francisco Bay were 

collected under NMFS Permit No. 677, and other samples were 

collected under appropriate research permits. Residue 

analyses for trace elements and chlorinated organic 

compounds were performed on all samples collected. Standard 

~ealth parameters were examined for harbor seals caught in 

San Francisco Bay and southern Puget Sound, additional 

hormone analyses were performed on 1991/1992 samples from 

harbor sealp caught in San Francisco Bay. 

Sampling methodology remained constant throughout the 

study except for minor'adjustments needed to improve sampl~ 

storage or to acco~~odate additional analyses. Most harbor 

seals were sampled and released in fifte~n minutes to two 

hours following t~e initiai capture. On one sample date, 35 

seals were caught- in one set of the net and five hours were 

needed to process all the animals. 

Blood was drawn from the seals' intervertebral 

extradural vein using sterile 18 gauge, 3.5 in. spinal 

needles with a metal base and 30cc or 60cc-plastic syringes. 

Between 30ml and- 60ml of whole blood was drawn from each 
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seal sampled. The bl~od remained in the syringe for one to 

four minutes before dividing the volume amongst storage 

vials and placing on ice. Blood sample handling and storage 

conformed to the various analytical requirements. 

Up to 20 ml of blood were subdivided into appropriate 

storage vials for health analyses. Following the initial 

blood ~ransfer in the field, samples were stored in coolers 

on blue ice for transport back to the lab for processing. 

Complete blood counts (CBCs; erythrograms and 

leukograms) were conducted on 5ml of whole blood mixed in 

EDTA Vacutainers, chilled throughout transport, and analyzed 

within 12 to 24 hours following sampling. Serum chemistries 

(U.C. Davis VMTH General Chemistry Panel #2) required 10 ml 

of whole blood chilled in a clot Vacutainer during 

transport, and spun down at the lab within six hours after 

collection. Serum was drawn off, frozen at -20°C and 

analyzed within 2 to 21 days. In 1991 and 1992, Thyroxin and 

vitamin A analyses were included in the panel. 

'Reproductive hormones were determined from a 5~ml sample 

of whole blood agitated in the field in a heparin 

Vacutainer. At the lab, the sample was spun down and the 

heparin plasma frozen up to 20 days before analysis. 

cortisol levels were determined from 3ml of blood mixed in a 
,Ii. 

.heparin.Vacutainer. The heparin plasma was frozen and 

analyzed within 16 days of sampling. Aldosterone analyses 

were done on EDTA plasma from 3ml of whole blood collecte~ 

in an EDTA Vacutainer. The EDTA plasma was frozen and 

analyzed within- 22 days of sampling. 

All serum chemistries, hormone, and corticosteroid 

analyses were done at or through U.C. Davis Veterinary 

Medical Teaching ~ospital (VMTH). Complete blood counts were 

done using standard methodol9gies at three different labs; 

Phoenix Central Laboratory, Woodinville, WA; California 

Veterinary Diagnostics (CVD), West Sacramento, CAi and U.C. 

Davis VMTH. 
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Sample storage vials for pollutant res~due analyses were 

prepared either at the lab conducting the analyses or, in 

1989 and 1990, following protocol established by the 

California Department of Fish and Game Pesticide 

Inyestigation unit. The Fish and Game protocol involved 

sequential rinses in deionized water, nitric acid. solution 

(380mi HN03 (Nitric Acid, 70.0-71.0%, 'BAKER INSTRA

ANALYZED'):lL deionized water), three deionized water 

rinses, solvent (1:1 mixture of hexane (Omnisolv, glass 
; 

distilled for residue analysis) and acetone (Omnisolv, glass 

distilled for residue analysis», then air dried in a hood 

and teflon capped or wrapped in alumi~um foil. 

Residue analyses required up to 30 ml of blood from each 

individual. Immediately following' sample collection the 

bloo4 was split into glass storage vials and chilled during 

transport to the lab for further processing. 

In 1989 and 1990, organochlorine residue analyses were 

done on heparin plasma samples. Whole blood was not used to 

avoid possible loss of DDE residues during s~orage of frozen 

samples (Henny, 1981; Henny and Meeker, 1981). In the field, 

8-10 ml of whole -blood were stored in rinsed, glass, 10 ml 

centrifuge tubes and covered with an aluminum foil lined 

stopper. ~bes were placed upright in.a cooler chilled 1;lith 

blue ice .for transport back to th~ l~b. within six ·hours of 

collection, the samples were spun down and plasma drawn off 

using 2.5 ml tUbercu1in syringes and placed in acid and 

solvent rinsed glass vials with te~lon-lined screw caps. 

Samples were frozen for 2-8 months at -20°C. Organochlorine 

analyses in 1989 and 1990 were ~onducted at the CDF&G WPCL 

in Rancho Cordova, CA. , 

Whole blood samples were collected in 1991 and 1992 for 

analyses of PCB congeners, dioxin, and furan. For PCB 

congener analyses, 10 ml of whole blood were placed in glass 
- J 

sample vials prepared at the EPA Environmental Rese~rch 

Laboratory (ERL) in Newport; Oregon. Additional 10 ml 

samples were reserved for dioxin and furan analyses in glass 
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sample vials supplied by the California Department of Health 

Services Hazardous Materials Lab" in Berkeley, California. 

All samples were stored at -20°C until analysis. PC~ 

congener analyses were done within 20 months of sample 

collection. Dioxin and furan analyses remain pending. 

Organochlorine residues were determined for seal blood 

collected in 1989 and 1990 by CDF&G WPCL in Rancho Cordova, 

CA. Five grams of heparin blood plasma were dried and 

macerated with anhydrous granular sodium sulfate, blended 

with two 150 ml portions of petroleum ether, vacuum 

filtered, and adjusted to 250 mI. A 200ml aliquot was 

evaporated to determine lipid content. Fifty milliliters of 

the aliquot was passed through a sta~dard four inch' florisil 

column, and eluted with 200 ml of pet ether and 200 ml of 6% 

ether/pet ether. The -elutants were concentrated to 10 ml and 

analyzed for chlorinated hydrocarbons (PCBs, DDE and 

chlordanes) with a Varian Model 3700 gas chromatograph 

equipped with an electron capture detector. Wet weight 

quantifiable detection limits were as follows; pp'DDE - 5 

ppb, PCB Aroclor 1260 - 50 ppb, cis- and tra~s- chlordane 

5 ppb. 

PCB congener residues were determined at the EPA ERL in 

Newport, Oregon for whole blood samples collected in 1991 

and 1992. Whole· blood samples were extracted with 

acetonitrile using a sonicator to disrupt cell membranes. 

Water was added and the PCBs then were extracted into 

isooctane/hexane' f~llowed by solvent reduction and clean-up. 

on -a column incorporating neutral; acidic, and basic silica 

gel. PCBs were eluted with isooctane/hexane and then solvent 

reduced under a nitrogen stream. The concentrated extracts 

were analyzed by GC/MS using an HP 5890 GC equ~pped with a 

6773 autosampler and a 5970 MS operated ~n tne 81M'mode. 

Reproducible recoveries of 'congeners from whole 'seal blood 

spiked before extraction were"demonstrated at 0.5, 5.0, and 

10 ppb; recoveries of the three standards were near 100% 

(Becerra et ale 1993). 
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Whole blood lipids were determined using a chloroform

methanol extraction (Bligh and Dyer, 1959). Non-lipid"'1 
I 
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i
 contaminants were not removed from the total extract 

(Siakotos and Rouser, 1965). A subset of the full sample set 

also was extracted with the non-polar solvent hexane.- Heavy metal and selenium residues were determined using 

10 ml of heparinized whole blood. Samples were frozen ~ 

without any further processing and stored between 2 and 24 

months before analysis. All trace element analyses were 

conducted at the Fish and Game Water Pollution Control 

Laboratory (WPCL) in Rancho Cordova, California. 

Analyses for cadmium, silver, lead,. nickel, and copper 

were conducted first by graphite furna~e atomic absorption 

spectrophotometry (GFAAS) on a Perkin-Elmer model 3030 with 
Ze,eman background correction. The samples were then analyzed 

using flame atomic absorption spectrophotometry ort a Varian 

Spectra 300 with deuterium arc background correction for 

copper and any trace elements analyzed by GFAAS and present 

in the sample at a high enough concentration to be detected 

by flame AAS. GFAAS wet weight detection limits w~re as 

follows; Cd- - 0.01 ppm, Ag - 0.01 ppm, Ph -.,0.1 ppm, Ni 

0.1	 ppm, Cu - 0.4 ppm (USEPA, 1987, Crane, 1,993>'. 

Total mercury residues were determined using AAS. 
,~ 

Following sample digestion, all mercury' compounds wer~ 

converted to mercury (II) ions then reduced to elementaa 
mercury. The mercury vapor was swept through a quartz cell 

. where its concentration was measured. The detection limit 

was 0.02 ppm wet weight (Uthe, et al., 1970, Crane, 1993) 

Selenium analyses used a dry ashing technique followed
1 

by generation of hydride vapor and residue determinationr-J 
using AAS. The wet weight detection limit was 0.05 ppm. (May,' 
1982; Crane, 1993). 
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RESULTS AND DISCUSSION
 

COUNTS
 

During the study (1989-1992), mean number (combined) of 

harbor seals on four haul-out sites (Corte Madera, Castro 

Rocks, Mowry Slough, and Yerba Buena Island) surveyed most 

frequently during the pupping season (March - July) did not 

change significantly (P=O.388). The maximum number of seals 

counted and t~e average count during molt at these sites 

also di.d not change significantly during the study period. 

Because all sites within SFB were not counted 

simultaneously, using sites that were surveyed consistently 

provided the best index of population change. 

From 1989 to 1992, during the reproductive/molting 

period (March-July), mean numbers of 'seals ~t Corte Madera, 

Castro Roc~s, and Yerba Buena Island increased slightly, 

whereas, mean number at Mowry Slough declined dramatically 

(Fig. 5). The maximum number of seals counted at Mowry 

Slough during 1991 and 1992 was approximately half that 

counted during 1989 a~d 1990. 

The greatest average number of harbor seals per count 

(not ,including pups) were observed at Castro Rocks 

(mean=84.9, SE=4.4, n=73 counts), Mowry:Slough (mean=81.4, 

SE=7.8, n=109 counts), and Yerba Buena Isl~nd (mean=76.4, 

SE=5.5, n=146 counts). The largest concentrations of harbor 

seals were 356 individuals (not including pups) at.Mowry and 

Newark·Sloug~s in April 1990, and 344 individuals counted at 

Yerba Buena Island in January 1992 (Table 2). 

Numbers of harbor seals ashore varied seasonally, 

depending on the location (Fig. 6). At Mowry Slough and 

Castro Rocks, harbor seals were most abundant from February 

through July (pupping and breeding period), whereas at Yerba 

Buena Island the greatest number of seals were on the haul

out site from November through February (Table 2). Greatest 

average number of harbor s~als on the Corte Madera haul-out 
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site occurred from June through August, which corresponded 

with the molting period (Fig. 6). 

-

Greatest number of pups was observed in Mowry Slough 

(annual mean = 52.8, SE =. 10.3). From 1989 to 1992, between 

43.8% and ,65.1% of pups recorded annually in San Francisco 

Bay were seen in Mowry Slough (Table 3), the greatest number 

recorded was 8~ observed on 28 April 1990. The second 

greatest concentration of pups was on Castro Rocks (mean=24% 

from 1989-1992). Number of pups observed throughout San 

Francisco Bay increased from 63 counted in 1989 to 131 

observed in 1992. These data may be an overestimate of the 

number of pups bec~use they are the ~um of the maximum count 

at each location during each year. Females may move among 

haul-out sites within a season, thereby inflating the value. 

Unfortunately,· we did not obtain instantaneous counts of 

pupS at a~r locations, which would have alleviated this 

problem. Most (mea~=73%) pups were counted in south San 

Francisco Bay. 

The proportion of pups was calculated as maximum number 

of pups recorded during pupping divided by the maximum 

number of non-pups counted during pupping (as calculated by 

Fancher 1987). The proportion of pups in Mowry Slough was 

14.1% in 1989, 18.5% .in 1990 (included counts from Mowry and 
; 

Newark:Sloughs), 22.5% in 1991, and 30.6% in 1992. To 

compare ~th other studies, we also calculated the 

proportion of pups as number of pups divided by total count 

(i.e. pups plus non-pups) averaged for each pupping season. 

The percentage of pups (relative to the total count) in 

Mowry Slo~gh in 1989 was 14.6% (SO=6.2, n=6), in 1990 it was 

15.5 «80=4.4, n=7; Mowry and Newark Sloughs combined), in 

1991 ~t was 21·.'3 (80=9.1, n=4), and in 1992 the perc_entage 

of pups was 16.7 (SO=9.2, n=4). 
. , 

Numbers of harbor 's'eals o~f the west coast of North 

Ame~ica generally have been .increasing. From 1975 to 1983, 

counts of harbor seals' off Oregon have increa~ed 8.1% 

annually (Harvey et ale 1990). Counts of harbor seals off 
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California have increased 4.1% annually (r 2 =O.693, P=O.006) 

from 1983 to 1994 (Fig. 1; analyzed using data from Hanan 

and Beeson ~994, Beeson and Hanan 1994). In the Channel 

Islands, numbers of harbor seals have increased 6-12% from 

1955 to 1986, but without any significant increase since 

1987 (stewart et ale 1988, 1993; ,stewart and Yochem 1994). 

Harbor seals within the Gulf of the Farallones also have 

incr'eased numerically' from 1974 to 1987 (Allen et ale 1989). 

In some areas, San Luis Obispo County (1972-1976; Wade, 

1~81), Point Reyes (1976-1984; Allen and Huber 1984), and 

~~quina Bay, Oregon (197?-1983; Bayer 1985), however, 

numbers of harbor seals have not increased. Fancher and 

Alcorn (~982) also found little increase in numbers of 

ha~bor seals in San Francisco Bay from 1972 to 1977 and from 

1979' to 1980. There also was no significant increase in 

,numbers of harbor seals counted (r2 =O.302, P=0.076) during 

aerial surveys of San Francisco Bay between 1982 and 1994 

(Fig. 1;- Hanan and Beeson 1994, Beeson and Hanan 1994). Our 

recent data and those data collected previously indicate 

that throughout most of their range, harbQr seal numbers are 

increasing. In some areas, such as San Francisco Bay, the 

numbers have not increased significantly. 

Past surveys of harbor seals in San Francisco Bay,
 

however, often have been limited in spatia~ and temporal
 
~,	 ~.. 

.~	 coverage. For instance, Hanan and Beeson (1994) conducted an 

~~rial survey of harbor seal along the, entire coast of 

California, therefore, they could only make one count per" 

year' in San Francisco Bay. Also because of logistical 

constraints, the time of the survey often did not coincide 

with greatest number of harbor seals ashore (e.g. low tide 

or molt). Previous researchers counting harbor seals i~ the 

San Francisco Bay area often surveyed a limited number of 

haul-out sites (Table 1). Consequently, there are few 

historical estimates of harbor seal abundance' that are 

useful for comparison (e.g. including replication necessary 

to calculate variability). Also, it is often difficult to 
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assess trends in abundance because confounding factors, such 

as tide, time of day, and disturbance, are not held 

constant. To alleviate or compensate for these factors, 

mUltiple counts should be conducted. 

Other researchers have disbussed the importance of 

replicating counts at haul-out sites to determine 

variability in number ashore and to provide more reliable 

counts. B~cause a variety of abiotic and biotic factors can 

affect the number of harbor seals on haul-out sites (Harvey 

1987), it is important that mUltiple counts be conducted. 

Counting harbor seals at remote, often inaccessible 

locations in San Francisco Bay was problematic. Although 

there were problems, this study provided the most complete 

anq thorough counts of harbor seals 'in San Francisco Bay 

-(Fig. 4). 

Numbers of harbor seals on haul-out sites usually change 

throughout the year (Sullivan 1980, Allen et ale 1989). 

Harbor seals often use isolatea, undisturbed sites (e.g. 

estuaries, embayments) . for pupping ~nd molting. The timing 

of pupping occurs progressively later in ·the spring with 

increasing latitude (Bigg 1969b), and may be controlled by 

day length (Temte 1993) or genetics (Lamont et ale in 
, . 

press). Generally, the greatest number of harbor seals 

ashore occurs during the period of pupping and molt.- In San 

Francisco Bay, pupping occurs from March to May, and molt in 

June. This corresponds with the greatest number of harbor 

seals counted in Mowry and Newark Sloughs and Castro Rocks. 

The reason for the dramatic decline in numbers of harbor 

seals using Mowry Slough in 1991 and 1992 was unknown. 

possible factors that mi9ht decrease the nu~bers of harbor 

seals using Mowry Slough include: increased disturbance, 

decreased food availability, and increased mortality. The 

,haul-out sites in south San Francisco Bay (such as Mowry 

Slough) are used by the greatest number of harbor seals 

during the puppi~g and moltin? period, when harbor seals 

seek isolated, undisturbed sites to care for their pups or 
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r.est ashore during molt. Harbor seals traditionally have 

used Mowry Slough as a pupping area (Fancher 1987; Table 1)'. 

Harbor seals will abandon a haul-out site if disturbance 

becomes excessive. Harbor seals are especially susceptible 

to disturbance during the pupping period because females are 

protecting pups (Allen et ale 1984). 

Although our tagging activities certainly disturbed the 

harbor seals during capture, the dramatic decrease in Mowry 
I • 

Slough occurred after we had been tagging there for two. 

years. The dramatic decline at Mowry Slough was apparent as 

of March 1991, however, our most previous tagging effort was 

February 1990. In other areas, occasional (2-3 times a year) 

tagging efforts have not caused a reduction in numbers of 

seals using an area (Harvey 1987). It is highly unlikely 

that our tagging efforts caused a reduction in numbers of 

harbor seals using Mowry Slough beginning in March 1991. 

Possibly some other form of disturbance in Mowry Slough 

'caused the reduction in numb~rs, -however; there is no direct 

evidence of any such problem. Other sources of disturbance 

near Mowry Slough were: 1) tagging of clapper rails by the 

San Francisco Bay National Wildlife Refuge; 2) dredging the 

south levee o~ Mowry Slough by cargill Salt Company; 3) 

sampling of water quality by San Jose Water Pollution 

Control, using a helicopter for tr~nsport during the pupping 

s~asoni and 4) boaters and fishermen. 

Prey availability in south San Francisco Bay probably 

did not change in. 1991 and 1992, therefore, decreased prey 

abundance probably did not cause the decline in numbers of 

harbor seals i~ the south bay. Catches of fishes in San 
. 

Francisco Bay appar~ntly did not decline during this period, 

as indicated by mid-water and otter trawls conducted by the 

California Department of Fish and Game (Harvey and Torok 

1994, Appendix A). There is some evidence that some species 

of fishes eaten by harbor seals (e.g. Lepidogobius lepidus 

and Genyonemus lineatus) actually were more abundant in 1991 

and 1992 (Harvey and Torok 1994). These data were compiled 
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for the entire San Francisco Bay area, therefore, there may 

have been local decreases in fish abundance. Some of the 

radio-tagged harbor seals, however, would travel daily from 

the south bay to the north bay to forage at night (Torok 

1994). Because harbor seals can travel these distances 

easily within a· day, it seems unreasonable that changes in 

distribution of fishes-within San Francisco Bay alone would 

·account for the decline of harbor seals in the south bay. 

Increased mortality, as a factor that may have affected 

numbers, does not seem likely. There was no apparent 

increase in dead harbor seals within San Francisco Bay. In 

early 1992, we did recover five dead harbor seals during the 

pupping season, but we were sampling scats more frequently 

then so the chances of finding dead animals was increpsed. 

If mortaiity Were the cause, is seems unlikely that such a 

factor would be confined to the south bay. Because harbor 

seals are so mobile, increased mortality should have been 

evident throughout San Francisco Bay. 

Because the decrease in numbers of harbor seals in Mowry 

Slough coincided with an increase on Yerba Buena Island, 

possibly harbor seals simply redistribute~ themselves during 

1991 and 1992. The greatest count at YBI in March and April 

of 1989 and 1990 was 70 individuals, whereas during March 

and April of 1991 and 1992 the greatest count at YBI was 

127.' The. reason for the redistribution may be a combination 

of ~actors such as increased disturbance in Mowry Slough and 

increased fish availability in-the north bay. 

Since the early work of Paulbitski (1976), Rlseborough 

et ~l. (1980), Fancher and Alcorn (19~2), and Fancher 

(1987), the importance of Mowry Slough for harbor seals 

inhabiting San Francisco Bay has been known. Moderate 

numbers of harbor seals were counted on Castro Rocks,. 'but 
until this stUdy, the importance of Yerba Buena Island has 

not been recorded._ The protected haul-out sites in the south 

bay (Mowry and Newark Sloughs) probably are one of the mqst 
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important habitats for harbor seals in San Francisco Bay 

because they are used during pupping and molt. 

Differences .in seasonal use of a haul-out site are 

dependent on the characteristics of the site. Isolated 

locations (e.g. Mowry Slough and Newark Sloughs) often are 

used during pupping and molt, whereas, more exposed sites 

(e.g. Yerba Buena Island) are used during the remainder of 

the year when foraging is the primary activity. Castro Rocks 

is an exception because this location is somewhat exposed 

but harbor seals used it .for ~upping (approximately 24% of 

pups observed in SFB from 1989 to 1992). Castro Rocks may be 

used for pupping because it is one of the few locations in 

the north bay that is surrounded by water, much of the 

shoreline in the north is more developed than the south bay. 

Counts of -harbor seals ashore were conducted from March 

1989 through August 1992, however, effort was not consistent 
'

throughout time or for all haul-out.sites (Fig. 4). Some 

areas were observed more frequently (Corte Madera, Castro 

Rocks, Yerba Buena Island, and Mowry Slough), and more 

counts were'conducted ~uring spring when pupping occurred 

(March-May). Also, some areas (e.g. Bair Island, Corkscrew 

Slough) were only surveyed in 1991 and 1992 (Fig. 4). Much 

of this. inconsistency in counts occurred because some areas 

could not be accessed during poor weather and soine. haul-out: lo 

sites were found only later in the project (e.g. Bair . 

Island). 

San Francisco Bay is important for harbor seal 

reproduction, because some isolated haul-out sites can be 

used for pupping. Numbers of ·harbor seals increased in many 

areas off the United· St~tes after the enactment of the 

Marine Mammal Protection Act of 1972. Decreased disturbance 

at pupping areas and reduced human-induced mortality· 

probably allowed these populations to increase (Harvey-et 

ale 1990) •., Poss.ibly the absence of a pop.ulation i~.crease 

within San Francisco Bay is because ar~as used for pupping 

are more disturbed than before (although we observed an 
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increases number of pups through the study period), or as we 

proposed before this proj~ct, that pollutants may have 

reduced the reproductive rate or incr~ased pup mortality. 

It is apparent that harbor seals use certain haul-out 

sites at specific times' and for specific reasons besides 

common use for resting. During pupping, females seek 

isolated areas to give birth and tend their pup. At these 

times, females may dominate certain areas, whereas males are 

more abundant in other areas. During molt, all harbor seals 

seek land to rest ashore. By increasing their temperature, 

development rate of the new hair may be increased. During 

other times of the year·, ,harbor seals may use specific haul

out sites that are near foraging areas or are free from' 

disturbance. We would expect differences in the sex ratio at 

certain locations based on these patterns of haul-out'use. 

Sex of harbor seals on h9ul-out 'sites could only be 

determined at Corte Madera, Castro Rocks, and Yerba Buena 

Island. At the other locations the seals were mUddy or there 

was no close and hidden vantage point that allowed remote 

identification of sexes ashore. At Corte Madera, females 

were more .abundant than males from February through June, 

there~fter, the proportion of each sex was similar (Fig. 7). 

At Castro Rocks, females were more abundant than males for 

all months except July, when they were approximately equal. 

Males were mor.e abundant .{inpan=S7 .2%, SE=9.1) than females 

throughout the year at Yerba Buena Island (Fig. 7) •. only 

from May through July, did the proportion of males at this 

haul-out decrease below 80%. 

J 

. These results' inc:Iicate that, as expected, ·certain haul

out sites are used preferentially by certain genders of 

harbor seals. Haul-out sites used for pupping are dominated 

by females during pup rearing. During molt, haul-out sites 

may have an equal' proportion of males and females (e.g. 

Castro Rocks during July). Females may avoid certain haul

out areas that have large.a~ounts of males (e.g. Yerba Buena 
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Island) because males can be more aggressive during portions 

of the year. 

The percentage of pups we observed in 1989 and 1990 was 

less than the 19.9-47.5% reported by Fancher (1987) for the 

pupping periods between 1972 and 1985. The percentage of 

pups in 1991 and 1992, ~owever, were within the range 

reported in previous years (Fancher 1987). The percentages 

of pups to total count at Mowry Slough from 1991 to 1992 

were consistent with pup counts elsewhere, although the 

proportion of pups in 1989 and 1990 were somewhat less. 

Brown and Mate (19a3) reported between 14.2 and 21.4% 

pups/total count at two bays in Oregon. The percentage of 

pups off British Columbia was 20%" (Bigg 1969), in northern 

Puget Sound it was 13-19% (Calambokidis et ale 197.8), there 

were 20% pups in ·the Columbia River (Everitt et al·. 1981). 

These observations are somewhat unusual because we 

observed an obvious decline in number' of adults in Mowry 

.Slough in 1991 and 1992 during the pupping season, but the 

percentage of pups was greater. Whatever the reasons for 

this decline in use of Mowry Slough, it appe~rs similar 

numbers of pups were born in 1991 and 1992 than were born in 

1989 and 1990, therefore, the. percentage of pups increased 

(Table 3). Because Mowry Slough is the principle pupping 

area, it seems·'reasonable that females -WOUld continue to use 

this area,· althol.\gh some factor was af.fecting other 

i,ndividuals. 

Red-pelaged harbor seals 

Harbor seals with red pelage (redcoats) comprised 

greater than an average 20% of the seals on the seven 

primary haul-out sites in San Francisco Bay (Fig. 8). At 

Bair Island and Corkscrew Slough, two adjacent haul-out 

sites in south San Francisco Bay, the percentage of redcoats 

was nearly 50%. 'Only Yerba Buena Island had relatively few 

redcoats (mean=10%, SE=O.l). The percentage of redcoats at· 
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Corte Madera, Yerb~ Buena Island, and Mowry Slough generally 

increased until June, when molting began (Fig. 9). There 

were significantly fewer redcoats (percentages transformed 

using arcsine) ~t these three haul-out sites during JUly 

compared with June (Corte Madera: t=2.83; Yerba Buena 

Island, t=3.52; Mowry Slough, t=2.26i' P<O.05). 

The first known observation of redcoats was reported in 

Paulbitski (1971) where "rust-colored" seals were observed 

in the South Bay during a count in spring, 1968. The 

occurrence of red-pelaged seals has been noted in other 

parts of their range, but not in the high numbers found in 

SFB. King (1983) noted the presence of an "unusual rusty or 

reddish orange color" in grey seals from the Inner Hebrides 

and Scilly Isles off the west coast of England. Allen et ale 

(1993) defined and expanded redcoat observations, based on 

counts made during nine aerial overflights between 1979 and 

1985. ~llen reported a greater percentage of redcoat seals 

at Castro Rocks in the North Bay when compared with Mowry 

Slough, although the aerial ob~ervations may have be~n 

biased because harbor seals are often covered with mud, 

masking the red pelage, when hauled at Mowry Slough. 

·As Allen et ale (1993) described, red-pelaged harbor" 

seals are· more common in San Francisco Bay than any other 

location in the northern hemisphere. We observed a greater 

number of red-pelaged harbor seals on haul-out sites in the 

south bay, contrary with that observed by Allen et ale 

(1993). The percentage' of harbor seals with red pelage 

declined at the time of molt (July), which is expected 

because .ost of the hair is shed and replaced with ~ew hair 

at this time. Pelage on the head is the-first to become red 

after molt, and the color 'progresses posteriorly throughout 

J the remainder of the year. Some harbor seals -are completely 

red by June. 

The red pelage- is not ·a natural color variation in 

harbor seals, for the pelage does not emerge red, but 

changes color at some point after the molt is complete. 
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Algal growth is also not responsible for the red color. 

Scheffer (1961), identified a red algae (Erythrocladia sp.), 

conunonly found on northern fur seals., which gives a rusty, 

reddish brown tint to the guard hair. However, microscopic 

examination of samples of redcoat fur found no evidence of 

Erythrocladia sp. or any other algae on the hair shaf~ (P. 

Silva, U.C.B. Herbarium, pers. comm.) 

Allen et ale (1993) postulated that because the head 

most frequently appears above the water during diving, , 

oxidation pf precipitated iron on the hair may begin first 

on the head. Allen et ale (1993) found iron deposits on 

harbor seal hair of red-pelaged individuals. They proposed 

that either by flocculation or precipitation, hair of harbor 

seals was covered with iron that oxidized when the harbor 

seals surfaced to breath or came ashore. Recent studies have 

indicated harbor seals with and without· red pelage have 

similar amounts of iron externally, although red-pelaged 

harbor seals have a gr~ater accumulation of unknown deposits 

on the hair (Moser, unpubl. data). In both studies (i.e. 

Allen et ale 1993, Moser unpubl. data), the sample size is 

small, less than four individuals ~otal. Whatever the 

mechanism, probably iron of some form is accumulating on 

hair of harbor seals in San Francisco Bay, and the results 

is a large proportion of the animals becoming red during the 

year. 

We hypothesized.that because females may spend. a greater 

time in the south bay during the pupping season, where the 

greatest percentage of red~pelaged seals were observed, a 

greater percentage of females may have r~d p~lage. At Yerba 

Buena Island, this was not true. At Yerba Buena Island, the 

gender was determined for 120 individuals/with red pelage. 

The frequency of males with red pelage (n=58) was not 

significant~y different than the number of females with red 

pelage '(n=62; 'X,2=0.075, P>O.9.5). Our preliminary results 

indicated that females and males are exposed equally to iron 

and its effects on pelage color. 
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One observable consequence of red pelage, is a loss in 

vibrissae length (28% of red pelaged harbor seals wit~ 

shortened vibrissae). Vibrissae length was determined for 

387 individuals of red and normal pelage. Shorter vibrissae 

were observed only on red-pelaged individuals, therefore, 

the presence of shorter vibrissae was dependent on whether 

the individual was of red or normal pelage (X 2 =69.74, 

P<O.OOl). Some red-palaged harbor seals also had noticeable 

hair loss around the eyes, some across the entire face and 

throat, and occasionally patchy hair loss over the entire 

body. It seems obvious that some change in the integrity of 

the hair of redcoat harbor seals occurs because they are the 

only individuals observed with hair loss on the head and 

elsewhere. 

Vibrissae loss 'may adversely effect harbor seals 

ability to forage. Vibrissae are' believed to perform a 

sensory function (Dykes 1972, Poulter 1972), detecting 

vibrations in the water, including those generated by' nearby 

p~ey. This function may be especially impqrtant to night

feeding harbor seals foraging in the silty waters of the Bay 

(Hobson 1966, Hyvarinen 1989). Renouf (1979) and Mills and 

Renouf (1986) reported that experimentally shortened 

vibrissae reduced the ability of effected seals to capture 

fish darting away in escape. 

We are uncertain Why one harbor seal develops a 'redcoat 

and another does not, but it is possible some degradation of 

the hair -is responsible for iron deposition. Degradation of 

the hair shaft may provide a greater surface area and easier 

a~herence for iron deposition. Some pollutant may cause the~ 

degradation, but once initiated, iron depo~ition ··can occur 

and hair may become more susceptible to breakage. 

J If physical or chemical changes to the hair shaft 

itself· ar~ responsible for the red color, the cirCUlating 

blood parameters or environmental contaminant residues -at
~) 

the time of hair formation may be of influence.' In the San 

~ Francisco Bay region, harbor seal·s undergo a catastrophic. 
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(complete) molt in June and July. The molt lasts from three 

to five weeks in each individual. Hair formation coincides 

with the actual shedding (Scheffer and Slipp 1944, stutz 

1967, King 1983). Trace element residues are incorporated 

into the hair shaft at the time of hair formation (Subramian 

1991). 

Samples from 11 redcoat seals were included in blood 

analyses, for toxic pollutant and health parameters, 

collected between 1989 and 1992. All redcoats sampled were 

from San Francisco Bay~ The majority of redcoats were 

sampled during winter, reflecting the cyclical occurrence of 

redcoat seals, with the greatest number found in the winter 

and spring at the end of the annual molt cycle. All redcoats 

sampled were females, this does not reflect a gender-bias in 

the population but is an artifact of random sampling. 

H9weyer, an evaluation of differences in ~ea~t~ 
'

parameters and environmental contaminant residues between 

redcoats and normal pelaged harbor seals is complicated by 

these and othe~ factors: the sample of redcoats had a gender 

and s'easonal bias; blood samples were qollected 1 to 8 

months following hair formation; an unknown percentage of 

seals sampled in the summer later ,developed a red pelage. 

In consideration of these complicating factors, only a 

preliminary assessment was made of differences in blood .~ 

values between redcoats and normal pelaged seals. Several .... 
. ~ 

health factors were found to be significantly different but 

no clear 'pattern was evident. WBC counts were higher in 

redcoat seals (mean=15.5, SE~5.6) than in normal pelage 

seals (mean=2.3, SE=3.6i P=O.019), yet the WBC differential 

counts were not significantly different between the two 

groups. Chloride levels were lower in redcoat seals 

(P=O.016)i influencing the anion. gap which was highe~ in 

redcoats (P=O.049), yet seasonal differences.in chloride 

levels may have artificial~y influenced. this finding., winter 

chloride.levels were lower in the entire'sa~ple popUlation 
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and the redcoat sample group was dominated by seals sampled 

in the winter. 

statistical differences in certain environmental 

contaminant ~evels also were found between redcoats and 

normal pelaged seals. Lipid weight DDE residues were lower 

in redcoat seals (P=O.026). However, gender was previously 

found to have a significant influence on DDE residues and 

the gender bias in the redcoat sample group (all females) is 

the likely cause of this finding. Selenium residues were 

significantly higher in redcoat seals (P=O.016), yet the 

observed increase i~ selenium residues during the winter, 

when most redcoats were sampled, likely influenced this 

result. When winter samples.only were examined, redcoat 

seals did not have significantly higher selenium levels when 

compared to normal pelaged seals (t-test, P>O.05), but the 

power of the statistic wa~ very low (Power=O.13). 

The potential association between selenium residues and 

. redcoat seals requires further study. Symptoms indicating 

·~elenium toxicity suggest a possible involvement of this 

trace element in the development of red~oat fur. Indicators 

of selenium toxicity include a red pigmentation of hair, 

nailS, and teeth, hair loss in mammals (Wilbur 1980, Ruta 

and Haider 1989) and feather loss in birds (Ohlendorf et ale 

1988). In addition, selenium adsorption on iron oxides has 

been documented for several forms' of the element. 

(Balistrieri and Chao 1990). 

TAGGING AND TRACKING 

Ninety-eight harbor seals·(46 females, 52 males) were 

J captured in "San Francisco Bay from July 1989 to September 

1992 (Table 4). Eighty-three were.caught in Mowry Slough, 

-five in Corte Madera, six'in Newark Slough, 'three on Greco 

I,sland, a~d one in Corkscrew Slough. Sixty-nine (70%) of 

harbor seals were considered adults and 28 subadults (29%), 
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based on criteria established by Bigg (1969a), which 

included all females ~ 45 kg weight or 136 em length and all 

males ~ 64 kg or 144 cm. The age class of one individual 

could not be determined. The number of males and females 

captured was independent of season (i.e. summer and winter; 

X2 =1.11, P>0.05), as was the number of subadults and adults 

(X 2 =O.75, P>O.Og~. Samples were also obtained from six males 

harbor seals· captured in Puget Sound, two males captured off 

the Monterey coast, and three males caught on San Nicolas 

~sland (Table 5). 

Radio tags were attached to 59 harbor seals (33 females" 

26 males). One individual (Flipper Tag #120) was never 

located after release, and the last two individuals tagged 
~ 

in September 1992 (FT #225 and #226) were not located after 

one month (Table 6). The radio tags on harbor seals tagged
- ~ 

in Atigust/S~ptember generally remained attached for a 

greater duration (mean=171.3 days, SE=25.1) than individuals 

tagged before pupping (mean=92.1"days, SE=4.9), probably 

because tags in the later group detached just before molt. 

Most tags detached in April and May, as the new hair began 

to form during molt. As the new hair develops, the hair that 

is attached to the radio tag may weaken or is pulled' out 

because of the drag from the transmitter. The greatest 

duratiori~of tag attachment was 246 days. 

Radio~~agg~d harbor se~ls were located off the outer 

coast as far north as Point Reyes and as far south as.-Pillar 

Point (Figs. 9 and. 10). Most harbor seals radio tagged in 

February (pre-pupping; 10 males, 18 females) generally did 

not travel great distances from the tagging location in 

south San ,Francisco Bay. Only one individual (4%) traveled 

to Point Reyes and one was found at. pillar Point, both were 

males. The remaining harbor seals tagged pre-pupping (n=26) 

remained in San Francisco Bay, 93% of individuals used the 

haul~out site at Mowry Slouga and less than 25% used other 

haul-out sites in the bay (Fig. 9). The second most 

frequented haul-out site within San Franci~co Bay by seals 
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tagged before pupping, used by 21% of tagged individuals, 

was Yerba Buena Island. 

Twenty-six (14 males, 12 females) harbor seals were 

radio tagged after the molt (August and September). Harbor 

seals that were radio-tagged post-pupping were found more 

frequently using coastal haul-out sites than harbor seals 

radio tagged during the pre-pupping period (Figs. 9 and 10). 

Fifteen percent o~ these individuals used the haul-out site 

at Point Reyes, a lesser percentage used other haul-out 

sites along the outer coast. within San Francisc~ Bay, 42% 

of the 26 tagged post pupping used,the haul-out at Yerba 

Buena Island and 42% used Corte Madera (Fig. 10). 

Individuals tagged PQstmolt used a greater number of haul

out sites than those tagged pre-molt. 

The mean number of haul-out sites used by males was not 

di~ferent than the number used by females in winter (t=O.S8, 

P>O.05i Power=O.13) or in summer (t=O.20, P>O.05i 

Power~0.06). Also the mean number of days tracked was not 

different between males and females in winter (t=O.48, 

P>O.05j Power=O.10) or summer (t=O.18, P>O.05i Power=O.06). 

These movements of t~gged harbor seals were probably 

representative of most harbor seals in San Francisco Bay 

because the sex and age ratio tagged was representative of 

the population. Also, although we radio-tagged more females 

in the pre-pupping period, females and males were tracked 

for the same period of time and used the same number of 

.haul-out sites. The comparisons between gepders of number of 

haul-out sites used and number of days tracked, however, 

lacked sufficient power (power was less .than 13%) to be 

definitive. 

Off Oregon, radiq-tagged harbor seals were located 

within 8 km 'of the haul~out site where they were captured an 

average 92% of the time (Harvey 1987). Although some 

traveled as far as 280 km, 13 of 24 radio-tagged individuals 

never were located farther than 8 km from the haul-out site 

wh~re they were captured. Off Oregon, some harbor seals 
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moved away from the capture location and apparently became 

residents elsewhere, others were considered residents 

(always found within 8 km of the haul-out site where 

captured) but entered the ocean presumably for.feeding, and 

46% never were located outside the estuary where they were 

tagged (Harvey 1987). 

Movements of radio-tagged harbor seals in San Francisco 

Bay were similar to those tracked elsewhere. Typically 

pregnant females and those with pups become residents in 

isolated areas and remain there for most of the reproductive 

'and molting period. This was evident from the lack of long

range move~ents by harbor seals radio-tagged pre-pupping. 

Although more females were tagged during the pre-pupping 

period (18 females:10 males), even the males generally 

remained in the south bay. Because molt requires time spent 

on haul-out areas and can be energetically costly, harbor 

seals probably dissipate more freely after the molt. The use 

of more distant and a greater number of haul-out sites is 

indicative of individuals that were more mobile than 

individuals tagged pre~pupping. 

Torok (1994) and Harvey and Torok (1994) monitored the 

movements of 39 of the 59 harbor seals radio-tagged in this 

project. Their detailed observations of dive patterns and 

local movements (a portion of the tagged seals were 

monitored during various 24-hr periods) complement the 

l·arger scale data collected_ during our studies. ·During 24-hr 

periods, these tagged harbor seals traveled a mean 5 km 

(maximum = 18 km), and generally used one to two specific 

areas f~r feeding (Torok 1994). 

Movements of radio-tagged harbor seals probably were in 

response to local changes in prey availability. In San 

Francisco Bay, the most important prey of harbor seals by 

number are (in order): yellowfin goby (Acanthogobius 

flavimanus), northern anchovy (Engraulis mordax), Pacific' 

staghorn SCUlpin (Leptocottus armatus),Plainfin midshipmen 

(Porichthys notatus),· and white croaker (Genyonemus 
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lineatus; Harvey and Torok 1994, Appendix A). The importance 

of these fish prey are slightly different if ordered by 

mass: Plainfin midshipmen, yellowfin goby, white croaker,-
-

Pacific staghorn sculpin, and northern anchovy. By mass, 

Pacific staghorn sculpin and yellowfin goby were more 

important during the non-pupping, whereas, plainfin 

midshipmen, white croaker, and northern anchovy were more 

important during the pupping season (Harvey and Torok 1994, 

Appendix A). The yellowfin goby is a recently introduced 

species to San Francisco'Bay (Kukowski 1974). It is possible -
after molt that harbor seals moved out of the south bay, 

where most were tagged, to new areas and used new haul-out 

sites because these haui~out sites were closer to prey .. re~ources. Food habits information was collected using 

scats, which "may be biased because the number, size, and. 

species can be underestimated (Treacy-and Crawford 1981, 

Murie and Lavigne 1985, Harvey 1989). 

Brown and Mate (1983) reported harbor seals off Oregon 

moved in response to food resources, mostly the infiux of 

salmonids into rivers. Roffe and Mate (1987) found harbor 

seals were more abundant ~n the Rogue River, Oregon during 

runs of salmonids. Radio-tagged harbor seals moved· into the .- Columbia River during winter, presumably in response to runs 

of eulachon (~~aleichthYs pacificus), which comprise. greater 
'~than 90% of the diet of harbor seals at this time (Jeffries 

].986, -Brown et ale unpubl. data). In areas where food 

r~sources are within ~ days travel of ~ haul-out site, 

harbor seals may remain residents throughout the year (Oxman 

1994). In Elkhorn Slough, California, harbor seals eat. 

mostly benthic prey, and may switch prey species depending 

on availability (Oxman 1995, Harvey et ale in press).,Radio

j tagged harbor seals entered the ocean during night and I 

f:oraged on the' shelf 'or in the Monterey submarine canyon· 

j (oxman 1995). These harbor seals also dive into the Mon~erey 
. . 

Submarine Canyon, diving below 500 m (Eguchi and Harvey, 

J
 unpubl. data).
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Tagged ~arbor seals apparently remained mostly within 

San Francisco Bay, using the local food resources and haul

out sites. Although some harbor seals were found off the 

outer coast, most foraging of harbor seals apparently 

occurred within San Francisco Bay. During 24-hr tracking 

periods, radio-tagged harbor seals usually foraged within 

restricted areas within the bay (Torok 1994, Harvey and 

Torok, Appendix A). Also few prey commonly found offshore 

(e.g. flatfish, market squid, and octopus) that are eaten by 

harbor seals elsewhere in California (Hanson 1993, Oxman 

1994, Harvey et ale in press, Trumble unpubl. data), were 

found in the diet of' seals in SFB (Harvey and Torok 1994, 

~ppendix A). Occasionally, an individual may depart SFB, but 

they often return within a few days. These data may be 

slightly biased if tagged harbor seals that depart SFB are 

more difficult to track. 

An automatic monitoring station operated on Yerba Buena 

Island from 6 December 1989 to 1 February 1990 (Fig. 12). 

Eighteen harbor seals were tagged'during this period, the 

presenge of five individuals (#012-mal~, #215-male; #240

female, # 359-male, and #3~2-female) was never detected near 

YBI (Table 7)". Two harbor seals were frequel)tly, ,located- near 

YBI, harbor seal #132-male was in the vicinity'on 39 of 49 

.	 days, #270-male present 34 days (Fig. 12). When these two 

individuals were near YBI they spent approximately hal~ the 

time in the water (mean of 7.7 hrs and 11.8 hrs per day) and 
.	 , 

half the time ashore (me~n of 7~3 hrs and 8.6 hrs per day; 

Table 7). During ~hi~ monitoring ~eriod, the 13 radio-tagged 

,individuals located at least once in the vicinity of YBI, 

were present an average of 13.8% (SE=4.• 3) of days monitored. 

In 1990, the automatic recordi~g station near Mowry
 

Slough operated for 89 days, from 10 Feb~uary to 19 May
 
,	 

(Fig. 12). During this period, 19 radio-tagged harbor seals 

were monitored, approximately 16 remained in the area until 

monitoring was terminated. T~gged individuals were present 

near the haul-o~t site (i.e~ onshore or in the water) an 
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average 52.3 days (SE=3.3) of the 89 days of monitoring 

(Table 7). Two individuals; #780 (a subadult male) and #790 

(an adult female) were present greater than 80% of the days 

moni'tored, whereas, two others (#640-subadult female and 

#750-subadult female) occurred near the haul-out site less 

than 30% of the days. Those harbor seals that were near 

~owry Slough infrequently (e.g. #6;O-subadult female and 

#750), were often away from Mowry Slough for extended 

periods. Harbor seal #640 ,(subadult female) was absent· from 

the vicinity of Mowry ,Slough for an average of 5.4 

consecutive days (SE=1.1, maximum = 13 days) during 11 

periods, and was present an average 2.5 consecutive days 

,(SE=O. 8; maximum = 12 days)-. Harbor seal #750 was absent 

from the area near Mowry Slough for 10 periods that averaged 

5.3 days (SE=1.3; maximum=14- days), and was near the area on 

11, occasions that averaged 1.9~successive days (SE~0.4, 

maximum=5 days). 

There was an automatic monitoring system again operating 

in Mowry Slough from 21 February to 28 March 1992 (Fig. 12). 

Unfortunately, b~cause weather limited access to the 

e9uipment, there were periods of -time, some as long as 12 

days, that certain frequencies were not monitored because 

the recording pens were nonfunctional. Eleven tagged harbor 

seals were monitored period'lcally during this time period. 

Three harbor seals (#806-adui~ fe~ale, #647-subadult female, 

and # 626-adult femal·e) consistently ·were within the area of 

Mowry Slough. Seal #626 was near Mowry Slough on 41 (72%) of 

57 days monitored. other harbor seals were infrequently near 

Mowry Slough, such as #418 '(subadult female), which was 

present four days of the 55 days this frequency was 

m0nitpred (Fig. 12). During this period of monitoring, 

tagged harbor seals were near Mowry Slough an average 31.4% 

(SD '= 21.9) of d~ys monitored. 

Prbportion of time tagged harbor seals were near haul

out sites, as recorded .by the auto~atic monitoring stations, 

may be underestimated if radio tags became detached or 
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inoperable before the monitoring stations were dismantled. 

If tags were not detected during the period we assumed they 

were operable and the harbor seal was elsewhere. Therefore, 

estimates of days near the haul-out site are conservative 

estimates. 

Data collected using the automatic monitoring st~tions 

indicated that some individqals consistently used the haul

out site. These harbor seals could be considered resident 

harbor seals, which use a certain haul-out site consistently 

and do not travel much distance from this location. These 

areas of consistent use may change throughout the year. We . 

could not detect yearly changes because radio tags and 

monitoring stations did not function for 12 months. 

Other 'tagged harbor seals rarely used the haul-out site 

monitored automatically. Our survey data provided .some 

information on the.wher~abouts of these tagged individuals 

away from the automatic recording stations. For instance, 

the three harbor seals located most frequently near YBI 

during surveys (# 132, #172, and #042) were often indicated 

as present by the automatic recorder. Those individuals that 

were rarely if ever located at YBI by the automatic 

recorder, were located either in the south bay (#012, #022, 

#Q32, and #111) or in Corte Madera (#198, ##260, and #362; 

Fig. 12). ,~ 

We know some h~rboF seals will go on foraging trips for 

qays, returning to specif,ic haul-out sit~s (Thompson 1987, 

1989, Thompson and Miller 1990). There are numerous feeding 

areas within San Francisco Bay that are within hours of 

haul-out sites (Torok. and Harvey 1994), therefore, we 

expected that foraging trips may be of short duration. (e.g. 

12-24 hours). We observed, however, foraging trips that were 

sometimes three to five days duration. Perhaps when harbor 

seals were absent from the haul-out site for this duration 

they had ventured outside SFB. These patterns ·of haul-out 

site use, variability in use and duration of time at and 
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away from haul-out sites, is consistent with observations 

elsewhere (stewart 1984, Yochem et ale 1987, Miller 1988). 

MEASUREMENTS AND CONDITION 

The 'mean value for the conventional condition index 

(girth X lOO/length) was 73.5 (SE=2.1, n=42). This condition 

index was not significantly different between ages (subadult 

vs. adult), genders (male vs. female), or seasons (winter 

vs. summer). The mean fat pinch for thirteen harbor seals 

was 34 mm (SE~2 mm, ~ange: 24-50 mm). There was a positive 

correlation between the fat pinch values and sonogram 

readings (r=O.858, P=O.003), however, one paired value 

anchored the upper limits of this relationship. The 

conventional condition index also was positively correlated 

with fat pinch values (r=O.669, P=O.012) and sonogram 

readings (r=O.792, P=O.Oll). If evaluated separately for 

males and females, however, the correlations 'were only 

significant for females. C~ndition indices probably were not 

correlated with fat pinch for-males because of the small 

sample size (n=3 or n=4) compared with females-(n=8 or 

n=10). The condition index (weight X 'lOO/length) was 

positively correlated with fat pinch vales (r=O.• 885, 

P<O.OOl) and the conventional conditi~n index (r=O.722, 

P=O.004), however, it was not correlated with sonogram 

readings (r=O.643, P=O.062). Because all these condition 

indices were generally correlated positively, we used the 

condition index of weight X lOO/length for statistical 

comparisons b~cause weight in the field is measured with 

less error than gi·rth. 

Condition of harbor seals, as measured by the 

traditional index, was not affected by season, gender, or / 

age probably because girth is an imprecise measurement. It 
is difficult to'precisely and accurately measure girth while 

physically restraining harbor sea~s, especially large 
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individuals. Weight, however, can me measured more precisely 

and accurately, hence our use of weight/length as an index 

of condition. 

Condition index (weight X lOO/length) of captured harbor 

seals was dependent on season, gender, an~ age. There was an 

insufficient sample size from Puget Sound (e.g. no females 

or sUbadults) to conduct an orthogonal 4-way ANOVA, 

therefore, a t test was used to test for regional 

dif~erences. Condition of adult, male harbor seals during 

winter was not significantly different between Puget Sound 

(n=6) and San Francisco Bay (n=3i t=O. 73, p>O. 48) .• The 

average condition of adults (mean=56.5, SE=1.7) was 

significantly greater than subadults (mean=37.8, SE=1.8), 

but was dependent on season (i.e. age*season interaction was 

significant; P<O.OOl). During winter, adults averaged 1.75 

times the condition index of subadults, whereas during 

summer, condition of adults was ~nly 1.15 times that of 

subadults (Fig. 13). Condition of male harbor seals 

(mean=52.8, SE=2.2) in San Francisco Bay was significantly 

greater than females (mean=44. 8, SE=2. 7), but this. a'lso was 

dependent on season (i.e. sex*season interaction 

significant; P=O.028). Males and, females were of similar 

condition during winter, but during summer adult female 
I ' 

condition decreased dramatically (Fig. 13). 

Differences in condition of harbor seals in San 

Francisco Bay and other areas are ,difficult to assess 

because there is a lack of comparative data. Renouf et ale 

(1993) reported a condition index (girth X 100/length) of 

74.7 to 102.3 for eight harp seals (Phoca groenlandica) in . . . 

captivity in Newfoundland. Pitcher (1986) reported a correlation between condition index (girth X lOOt-length) and 

blubber thickne~s for 545 harbor seals killed in Alaska, but 

did not present the values of the condition index. 

The factors affecting condition of ha~bQr seals in San 

Francisco Bay, as indicated using a weight/length index, are 

consistent with -previous data. Adults are in better 

58 



I

-
condition than su~adults probably because they have acquired-
foraging skills, local knowledge, and sufficient size that 

they can maintain a greater relative weight than subadults.- Subadults, however, are less affected by seasonal changes. 

In Alaska, blubber thickness of harbor seals of 1.0-3.9 

years-of-age was not different among the winter, 

reproductive season, and molt (Pitcher 1986). Larger males 
,. 

(~4 years) had a greater blubber thickness in winter than 

during reproduction and molt, and adult females lost the 

greatest blubber thickness between winter and molt (Pitcher - .	 1986). Male harbor seals in San Francisco Bay ~ad a greater 

condition index than females, however, the opposite was true 

for harbor seals off Alaska (P~tcher 1986). 

Adult females may lose a larger proportion of their 

energy reserves during reproduction and molt than males 

b~cause they provide energy to their pups. Adult males, 
~.	 however, also lose mass (11-30% of initial body mass) during 

reproductive periods (Harkonen and Heide-J0rgensen 1990, 

Walker and Bowen 1"993) presumably because of increased 

activity and reduced food intake. Captive harbor seals 

change their food intake periodically throughout the year, 

with reduced intake during periods of social interaction and 

reproductive periods (R~nouf et ale 1988) •.. 
HEALTH AND CONTAMINANT ANALYSES 

Blood samples for pollutant and health analyses were 

collected~in ~an Francisco Bay in 1989 to 1992 (n=22; Table 

4) and southern Puget Sound in 1989 (n=6; Table 5). 

Pollutant analyses were"performed on harbor seal blood 

samples collected at San Nicolas Island in 1990 (n=3), andj 
along the M~nterey coast in 1992 (n=2; Table 5) • 

•1 
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Blood Reference Values 

Complete blood counts and serum chemistries provide 

evidence of health, disease, or injury in animals. These 

variables exhibit a range of values in healthy animals~ 

indicating variation within individuals through time and 

among individuals in a population or species. Values within 

this reference range generally indicate normal health, 

though false normal readings do occur. 

Reference values are statistically derived from the 

observed range of values from a sample population of 

clinically healthy individuals. Establishing reference 

values for a wild population is compromised by the animal's 

unknown health history. When sampling wild animals, only 

superficial health observations are possible during the 
; 

brief capture period. In many instances, the blood "'. 

parameters are the'only true indication of health or disease 

yet they cannot be evaluated without reference values for 

comparison. There is a significant potential for including 

values indicative of illness or disease in the range of 

values of presumably healthy ~ndividuals, skewing the 

reference range towards that of diseased'individuals. 

Given these limitations, the values generated in this 

study cannot define levels for healthy, wild harbor seals • 

.Instead, they provide reference ranges for wild seals in the 

r.egions sampled. 

Using the standard method, reference ranges are 

calculated as the mean of a given parameter in the sample 

p~pulation plus or minus two standard deviations. 

Theore~ically this method defines 95%'of the values found in 

clinically healthy individuals, yet the non-normal 

distribution ._observed for' many parameters invalidates the 

statistic (Duncan and Prasse.1986). 

Skewed distributions along with other characteristics 

of th~ sampl~ population may contribute to calculated 

reference ranges which exceed the 6bserved range of values 
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and the 95% confidence interval. While some workers (Minoia 

et ale 1990) choose to use the limits of the observed range 

as the reference range boundary, this technique destroys the 

basic statistical assumptions defining a 95% confidence 

interval. 

This problem was evident in the San Francisco Bay (SFB) 

sample, where greater than 60% o~ the blood parameters were 

non-normally distributed, as defined by the Kolmogorov

Smirnov test (p<. 05). Additional factors were a.lso 

influential since over 70% of the calculated reference 

ranges exceeded observed values (Table 8). A smaller 

proport~on of the Southern Puget Sound CPS) parameters were 

non-normally distributed, yet within that sample population, 

the calculated reference range for virtually all parameters 

exceeded at least one end of the observed range (Table 9). 

The PS seals had a much smaller'" observed range for the 

parameters tested than found in the SFB seals, possibly due 

to the small sample size (n=6). 

In response to the problems noted above, resampling 

statistics were used to define regional reference ranges 

without the assumption of a normal distribution. 

Blood Conditions 
,S; 

Blood parameter'values may be a~tificially altered by 

recent digestion or by physical changes to the blood between 

sampling .and analysis (Duncan and Prasse 1986). Appropriate 

statistical tests were used to determine whether differences 

'in the condition of· the blood sample influenced individual 

parameter values. 

'Lipemic blood, produced by postprandial triglyceride 

pulses, may influence reported values of SGOT, SGPT, total 

bi'lirubin, total glucose, cholesterol, amylase, total 

prate,in, calcium, and 'MeHe (Duncan and Prasse 1986, Bossart 
. . . 

and nierauf 1990). Fo~r lipemic samples were found in our 

J data set, although certain parameters, which were not 
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analyzed for in all individuals, had fewer lipe~ic samples. 

A ~tudent's t-test was used. to identify differences between 

lipemic and non-lipemic samples. Because significantly 

lower amylase levels were found in lipemic samples (P<<<05) 

the amylase values from lipemic individuals were eliminated 

from the data set. 

Hemolysis, the rupture of red Plood cells and 

associated release of hemoglobin into the blood serum, can 

art"ificially alter a number of blood parameters including 

MCH, MCHC, .SGOT, SGPT, total bilirubin, chole~terol, lipase, 

total protein, albumin, potassium, chloride, calcium and 

phosphorus (Duncan and Prasse 1986, Bossart and Oierauf 

1990). Hemolysis may be present in vivo or may occur during 

bl~od sampling or storage prior to analysis. An ANOVA was 

used to identify differences in blood parameters between 

non-hemolyzed sample~ and thos~ showing slight, moderate or 

marked hemolysis. One parameter, albumin, was found to have 

significantly higher levels (p<.05) associated with moderate 

and marked hemolysis. Albumin values from those individuals 

with artificially elevated albumin levels wer~ eliminated 

from the data set. 

Blood clots in the sample can artificially depress 

blood counts, i.e. RBC, WBC, and hemoglobin levels. No 

significant differences wer~ found in these parameters 

between clotted and no~al b~ood samples (t-test, p<.05). 

Blood Parameters 

The following discussion of individual blood parameters 

briefly reviews parameter characteristics unique to marine 

mammals in general or phocids in particular. Most research 

has focused on the adaptive meq~anisms in erythrocyte 

parameters associated with apneic diving behavior. 

statistical comparisons of subgroups wi~hin our SFB and PS 

sample set reveal differences based on region, season, age, 

or gender. Finally, comparison of parameter means between 
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the wild seals sampled in this study with captive harbor 

seals or harbor seal pups reported in the literature support 

or challenge several theories on blood parameters. 

Erythrograms 

~ Erythrograms indicate the blood's oxygen-carrying 

capacity through a series of red blood cell and hemoglobin 

counts and observations. Pinn~ped erythrograms differ in 

several ways from those of terrestrial mammals, 'reflecting a 

greater pinniped oxygen carrying capacity. Wickham et ale 

(1989) found elephant seals had six times greater oxygen 

storage capacity than pigs. 

Pinniped red blood cell counts are in the range of, or 

less, than terrestrial mammals. H9wever, the red cell volume 

(Mev, mean corpuscular volume) is greatly increased,
' 

especially in phocids, as are hemoglobin levels and 

hematocrit (the percentage of blood volume composed of red 

blood cells). Mean corpuscular hemoglobin (MCH; 

hemoglobin/red blood cell count), also is greater in 

pinnipeds when compared with terrestrial mammals, while the 

hemoglobin concentration within the cells, (MCHC, mean 

corpuscular hemoglobin concentration) is comparable to that 
,t of other mammals (Lenfant 1969, Geraci 1971, Ridgway 1972, 

.~ 
Ronald and Healey 1981, Wickham et ale 1989). Oxygen storage 

and t~ansport capacity is further enhanced ~y the greater 

blood volume relative to body weight found in pinnipeds 

(Ridgway 1972, Kodama et al 1977, Wickham et ale 1989). 

Several significant differences in erythrocyte 

parameters. were found among seals sampled in San Francisco 

Bay and Southern Puget Sound (4-way ANOVA, p~.05). 

Hemoglobin levels were significantly less in San Francisqo 

Bay seals than in seals sampled in southern Puget' Sound 

(Table 10). Seasonal differences were found, red blood cell 

count and hematocrit were significantly less in seals 
I • 

sampled during the summer. In the harp seal, Ronald and 
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Healey (1982) noted decreases in the red blood cell count, 

hematocrit and hemoglobin levels during the summer molt. 

Gender differences were evident in three parameters, 

males had significantly lower red blood ~ell counts, 

hematocrit and hemoglobin levels. Age did not significantly 

influence erythrocyte parameters except when the San 

FranciSco Bay samples were analyzed independently. In SFB 

seals, hemoglobin levels were less in adults (3-way ANOVA, 

p:<.05). 

There is speculation that erythrocyte' parameters 

increase in phocids as pups mature, to later accommodate the 

oxygen demands of diving. Kodama et ale (1977) measured 

harbor seal erythrocyte values in pups for a ten-month 

period, finding a steady increase in red cell volume, 

hematocrit, and hemoglobi~ levels. The authors concluded 

that the age-related increase in erythrocyte parameters is 

phylogenetically determined, rather than due to increased 

oxygen demands related to diving. 

Similarly, captive phocids which do not dive deeply for 

food are reported to have lower erythrocyte counts than 

their wild counterparts. Alternatively, nutritional 

deficiencies in the diet of captive seals also may influence 

RBC values. Published evidence supporting higher erythrocyte 

levels in wild phocids is .limited. McConnell and Vaughan 

(~983) reported significantly greate~ erythrocyte levels in 

w'ild harbor seal juveniles and pups when compared with 

captive seals in the same age class. 

Erythrograms from the wild SFB and PS seals do not 

support the theory of increased erythrocyte values in wild 

populations when compared with data from captive ha~bor 

seals reported in the literature. The mean RBC value for SFB 

subadult and adult seals was. equivalent to Roletto's (1993) 

RBC values from healthy harbor seal pups following 

rehabilitatio~ at The Marine Mammal Center (Table 11). TMMC 

pups were collected soon after birth, with limited, if any, 

diving experience. Similarly, the mean RBC value for 
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·.	 subadult and adult harbor seals in captivity at Seaworld in 

Ohio (Odell, unpublished data) was statistically equivalent 

to SFB seals. RBC levels' reported by Wickham et ale (1989) 

and Ridgway	 (1972) for captive harbor seals were actually 

higher than	 SFB RBC values, and in the later case the 

difference was significant (Ounn-Sidak, a=O.05). 

Hemoglobin,	 hematocrit and MCV apparently did not differ 

between captive and wild harbor seals (Ridgway 1972, Wickham 

et ale 1989, Roletto 1993, Odell, u~published data) • 

•	 Theoretically, the absence of higher erythrocyte values 

in wild harbor seals from SFB and PS may indicate 

disruptions in the blood's oxygen transport system due to 

disease or environmental contaminants. Further work in this 

area is needed to discern whether toxicity from 

environmental contaminants is depressing erythrocyte values. 

Alternatively, because these harbor seals forage mostly 

within shallow bays, a need for a more developed oxygen

caring capacity may not exist. The average dive duration (an 

indicator of dive depth) of harbo~ seals within SFB was 

between 0.5 to 3.3 min (Torok 1994), Whereas, mean duration 

for harbor seals in Monterey Bay was 2.8 to 8.2 min (Oxman 

1995). The maximum duration of dives' in Monterey Bay (max. = 
16.4 min) also was greater than for harbor seals in SFB 

(max. = 11.2).·The deeper and greater duration dives. of 

seals ~long the outer ~oast may af~ect their blood values, 

thus' increasing their ability to carry oxygen. 

Leukograms. 

Leukograms indicate the general health of the mammalian 

immune system. Increase~ in white blood cell counts (WBC)

J indicate an immun~ response to bacterial infection, 

inflammation, stress, or leukemia whereas a decrease in this 

parameter may indicate a viral or overwhelming bacterial 

infection or immune suppression .(Bossart and Oierauf 1990). 

Immune suppression in response to PCB and related toxic 
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contaminants has been implicated in the devastating phocine 

distemper virus which killed over 18,000 harbor seals in the' 

North Sea in 1988 (de Swart et ale 1994, Ross et ale 1995). 

The range in marine mammal leukograms is similar to 

that found in terrestrial mammals'. Although Wickham et ale 

(1989) reported greater WBC counts in marine mammals, based 

on his qwn data from phocids and pigs, a review of reference 

ranges for domestic mammals (Duncan and Prasse 1986) and 

marine mammals (Bossart and Oierauf 1990) finds broad 

overlaps in the two groups. 

Several authors report that WBC counts greater than 

~o.o or 12.0/ul (Hubbard 1968, Ronald and Healey 1981) 

indicate an infectious response. Hubbard (1968) reports that 

WBC counts in marine mammals rarely exceed 20.0/ul in 

response. to infection whereas Ridgway (1972) found 

neutrophil levels alone rising as high as 4S.0/ul in 

pinnipeds. Ridgway also reports this response is dampened in 

marine mammals during the adjustment period following recent 

capture, possibly indicating immune suppression due to 

stress. Eosinophils also are elevated in marine mammals 

recently brought into captivity. Eosinophils may increase in 

response to parasites and decrease in response to stress. 

statistical analysis of the SFB and PS leukograms 

revealed several significant differences (4-way ANOVA, 

p<.05i Table 10). Season influenced WBC differentials; 

neutrophils were greater during winter and lymphocytes 

-greater in summer. 

Gender influenced several parameters. Males had 

si9nificantly greater neutrophil and monocyte levels whereas 

females had greater levels of lymphocytes than males. 

Concentrations of neutrophi~s anq monocytes were dependent 

on gender and season (i.e., interaction term was significant 

I ANOVA). Region sampled and age class had no significant 

influence on le~kogram parameters. 

WBC counts in ou~ two sample populations (SFB and PS) 

were comparable with levels found in healthy orphaned pups 
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in rehabilitation (Roletto 1993; Table 11). Whether the pups 

reported by Roletto had normally elevated wac counts due to 

immaturity is unclear. Bossart and Dierauf (1990) report 

harbor seal wac counts rise to normal levels (>7.0/ul) 

within 10 days of birth but do not discuss elevated levels 

while Hubbard (1968) implies that WBC counts above lO.O/ul 

are normal in pinnipeds under 6 months of ~ge. 

Conversely, our wild seals had significantly higher WBC 

counts than the range in mean WBG values, 8.0 - 9.6 lul 
reported for three sets of data from captive adult and 

subadult harbor seals (Ridgway 1972, Wickham et ale 1989, 

Odell, unpUblished data). No significant differences were 

found in WBC differential counts between SFB and PS levels 

and those published in the literature. Whether the 

difference between WBC counts in captive and wild 

popUlations indicates an immune "response in SFB and PS wild 

seals, despite the 'apparently proportional increase in 

differential values, or immune suppression in captive seals 

requ~res further study. 

,Liver, Muscle, and Kidney Enzymes 

The following Serum enzymes are useful diagnostic 
,; 

indicators of muscle health and orga~ function. Differences 

in certain marine mammal parameters relative to those found 

in terrestrial mammals may ref1ect differences in prey 

composition (Bossart and Dierauf 1990). 

Abnormal SGOT (AST; aspartate aminotransferase) levels 

indiqate liver disease or muscle damage. Levels increase 

·with age and muscle mass in harp seals Worthy and Lavigne• 

J 

(1982) report SGOT levels in pups as 50% of the SGOT' levels 

found in adult harp seals and the pups' SGOT levels declined 

during a prolonged, forced fast. Ridgway (1972) reports 

increased "levels '. in marine mammals due to skeletal and/or 

liver damage. Harbor seal pups have exhibited elevated 

levels before death attributed to liver necrosis (Bossart 
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and Dierauf 1990). The same authors cite Medway and Geraci 

(1986) who caution against using SGOT levels to dia9nose 

liver damage since values can be artific~ally increased due 

to handling stress at time of capture. 

Bossart and Dierauf (1990) indicate that SGPT (ALT, 

alanine aminotransferase) levels are specific liver function 

indicators in cetaceans. Worthy and~Lavigne (1982) report 

SGPT levels in fasting harp seal pups below the range found 

in captive adult harp seals; feeding harp s~al pups had 

levels in the adult range. Harp seal neonate levels were 

round to be 30% lower than adults. 

Total bilirubin levels were ,elevated in neonatal harbor 

seals, >2mg/ml, similar to "increased levels found in human 

neonates (Bossart and Dierauf 1990). Aside from age re~ated 

changes, increased bilirubin levels indicate increased red 

cell breakdown, liver dysfunctiQn, and several other health 

problems. 

Blood urea nitrogen (BUN) levels increase with renal 

dysfunction and decrease with liver disease. Levels are not 

influenced by feeding or fasting (Worthy and Lavigne 1982). 

'Reports indicated that levels in marine mammals are' elevated 

in comparison to terrestrial mammals. Hubbard (1968) reports 

that healthy marine mammal levels are twice that of humans. 

:Bossart and Oierauf (1990) ~ttribute this difference to the 

rhigh fat and protein levels. fqund ;in fish eaten by m~rine 

mammals. Ridgway (1972) reports higher levels in cetaceans 

than in pinnipeds and speculates this may both aid in water 

retention by concentrating urine and by prolonging blood 

clotting time (impo~tant to blood chemistry changes during 

dives). Worthy and Lavigne (1982-) report no changes in BUN 

levels due to fasting or .~eeding in harp seal pups, although 

depressed values are indicative of starvation (Bossart and 

Dierauf 1990). 

creatinine levels are not influenced by die~, and,
 

values increase pr?portionally with the severity of kidney
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disease. Levels in marine mammals are similar to those 

reported for terres~rial mammals (Bossart and Dierauf 1990). 

Alkaline phosphatase levels are highest in young, 

growing mammals due to enzymes released during bone 

formation. Levels decrease with ~aturity or with extended 

fasting in pups, indicating bone demineralization (Worthy -, and~Lavigne 1982). Medway and Geraci (1986) reported 

elevated values of this enzyme in adult pinnipeds were liver 

specific. Depressed levels can indicate hypothyroidism 'or 

anemia. 

statistical analysis of the serum enzyme levels found 

in SFB and PS seals found several significant differences 

between certain subgroups (4-way ANOVA, p<.05i Table 10). 

Season influenced alkaline phosphatase (AP) values, with a 

sha~p decline found during winter sampling periods. The 

~possible link between winter declines in alkaline 

phosphatase levels and ~enouf et al.'s (1990) finding of a 

depressed metabolic rate in phocids during the winter months 

needs to be explored further, since decreased AP levels is 

linked to hypothyroidism. Mean SGPT levels were 60% lower 

dur·ing summer sample periods but the difference was not 

significant (P=~.06). 

Gender affected BUN ievels, females had significantly 
,f; 

greater levels than ·males. Age class significantly 

~	 influenced creatinine levels which were greater in adults. 

Region sampled had no significant infl~ence on these 

enzymes. 

A comparison of our values of wild seals sampled in SFB 

and PS with those reported in the literature reveals several 
'PJ

1
interesting relationships (Table 11). SGOT levels in the 

wild seals sampled in our study bracketed those reported by

J Roletto (1993) for orphaned pups completing rehabilitation 

at TMMC. SFB and the Roletto sample sets were signi"ficantly 

J , greater (Games and Howell test) than reported by Odell 

(unpublished data) on captive harbor seals at Seaworld of 

J	 Ohio. since methodologie~ for this enzyme test may dif~er 
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, between labs, generating widely different results (Duncan. 

and Prasse '1986), the diagnostic significance of these 

findings is unclear. 

SFB and PS alkaline phosphatase levels supported 

earlier findings of age related differences' in this 

parameter. Levels reported in pups (Rolettq 1993, McConnell 

and Vaugh~n 1983) were all significantly greater than those 

found in SFB and PS seals. No significant difference was 

found between SFB and PS wild seals and levels for captive 

harbor seals reported by Odell (unpublish~d data). Different 

lab methodologies for this enzyme test may have contributed 

to the difference in reported values (Duncan and Prasse 

1986). Further study is needed to discern the health 

significance of these findings. All other parameters, where 

comparisons were possible, were found to be statis~ically 

equivalent in ~oth wild and captive individuals. 

Glucose, Lipid~ and Pancreatic Enzymes 

Glucose and lipid metabolism are regulated by hormones 

secreted by the pancreas. Extreme values indicate pancreatic 

dysfunction along with numerous other heal~h factors. 

Serum glucose levels increase with feeding and decrease 

during fasting periods (Bossart and Dierauf 1990). Yet 

~orthy and Lavigne (1982) found no difference in glucose 

levels between ~asting and feeding harp seal pups. The 

authors speculated that recently weaned pups had a different 

metabolic energy source for the transition p~ase to 

independent feeding. An adrenaline response to stress can 

quickly elevate glucose levels, and several studies theorize 

that sampling stress artificially increases glucose levels 

(Worthy and Lavigne 1982, Bossart and Dierauf 1990). Ridgway 

(1972) reports 10-30% greater glucose values i~ animals that 

struggle or become excited during sampling compared with 

docile animals. 
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The low, fasting glucose levels in marine mammals are 

higher than feeding levels .found in terrestrial mammals.~~r 
.\	 -Several explanations for the normally high glucose levels in 

marine mammals have been offered, but it is unclear whether 

glucose levels are higher in response to the diving needs of 

the brain or of the muscles, or as a consequence of the high 

protein and fat levels found in fish (Bossart and Oierauf 

.1 

- 1990). 

Cholesterol levels are a useful supplement to other 

indices of thyroid disease, increasing with hypothyroidism. 

Relatively high cholesterol -levels are reported in elephant 

seals and Weddell seals, with no associated degradation of 

arteries (Ridgway 1972, Bossart and Oierauf 1990). 

Amylase and lipase are pancreatic enzymes released into 

the serum during- disease. As diagnostic indicators of 

pancreatic disease these enzymes show dramatic increases in 

tandem. High levels in one parameter- is not a positive 

indicator. The usefulness of these enzymes as a diagnostic 

indicator in marine mammals is in question. They are 

uncommon in ani~als othe~ than the dog. Bossart and Oierauf 

(1990). report no in~rease in levels in cetaceans which 

subsequently died of acute pancreatitis. 

Relative to terrestrial mammals, amylase levels are 

higher and lipase levels lower in marine mammals. Ronald and 
Healey (1981) speculate that lower ~ipase levels indicate 

that fat is not the preferred metabolite for musc.ular 

energy. 

Amylase and lipase were the only parameters that 

differed signif1cantly in the statistical analy~is of 

supgroups within the SFB and PS sample (Table 10). Regional 

differences were inconsistent, amylase levels were greater 

in SFB and lipase levels were higher in PS seals. Lipase was 

also found significantly higher during winter sampling 

J periods and in females. 

.J 
These parameters were statistical~y equivalent where 

values for the wild SFB and PS seals could be compared with 

j	 71 



captive pups (Roletto 1993) and subadults and adult harbor 

seals (Odell, unpublisheQ data; Table 11). 

Proteins and Electrolytes 

Total serum protein values in marine mammals are at the 

high end or exceed the range of values for terrestrial 

mammals. However, in contrast with man, albumin levels 

generally comprise less than 50% of total serum protei~ 

values and the compensatory rise in serum globulin values 

often reduce the albumin/globulin ratio below one (Duncan 

and Prasse 1986, Bossart and Dierauf 1990).' 

Ridgway (1972). reported an increase in globUlin and 

decrease in albumin val~es in cetaceans responding to sev~re 

infection. Globulin levels may be depressed in harbor seal 

neonates which did not ingest colostrum (Bossart and Dierauf 

1990). 

Comparable electrolyte levels are found in terrestrial 

and marine mammals (Duncan and Prasse 1986, Bossart and 

Cierauf 1990). Worthy and Lavigne (1982) reported 

electrolyte levels in- feeding and/fasting harp seal pups. 

While sodium, potassium and phosphorus levels were generally 

lower in fasting pups, the differences were not significant. 

Calcium was significantly lower in fasting pups and evidence 

qf bone demineralization was obtained at necropsy. 

Whereas background C02 levels in marine. mammals are in 

the range reported for terrestrial mammals (Duncan and 

·Prasse 1986, Bossart and Dierau~ 1990), restrictions on 

blood circulation increase C02 levels during dives thereby 
. . 

increasing blood acidity (Ridgway 1972). To compensate for 

this higher blood acidity, anticoagulant activity is 

increased,to prevent clotting and the blood's bUffering 

capacity is enhanced (Lenfant 1969). 

Regional influences were found in this group of blood 

parameters (Table 10). Chloride levels were greater in PS 

seals and C02 levels were greater in SFB seals. The C02 
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was found for hemoglobin levels (lower'~n SFB) and 

hemoglobin is heavily involved in the blood's bUffering 

system. 

Season influenced four parameters. Total protein and 

related globulin levels were greater in winter. Chloride and 

phosphorus levels were greater in summer samples. When SFB 

seals were analyzed independently, C02 levels were higher 

during the winter. 

C02 levels were also found to' be greater in males. 

Males, it should be noted, had significantly l~wer 

hemoglobin levels. 

Both SFB ·and PS seals had comparable total serum 

protein levels when compared to reported levels in captive 

and wild harbor seals of all ages (McConnell and Vaughan 

1983, Roletto 1993, Odell unpublished data; Table 11) •.~ ~ 

However, globulin levels were significantly greater in SFB 

and PS seals than reported by Odell. Globulin test methods 

may differ between labs and may be the source of the 

4ifference between reported values (Duncan' and Prasse 1986). 

More detailed globulin assays are needed to determine 

whether the wild seals are responding to low-grade p~rasitic 

infections, liv~r dysfunction or whether the differences are 
,I:: 

.of no diagnostic significance. 

The limited electrolyte values available for comparison~ 

show no significant difference between wild and captive 

seals, except for C02 levels which were. significantly higher 

in captive pups at TMMC '(t=4.71, P<O.Olj Roletto 1993). 

Those same ·captive pups had relatively lower hemoglobin 

levels when compared with SFB and PS. 

BLOOD LIPIDS 

Lipid normalization of organochlorine concentrations in 

blood permits a broader comparison of the analytical result 
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among tissues in a given organism an~ among species than 

possible on a wet weight basis. Since organochlorines are 

highly lipophilic, their concentration within a given tissue 

is directly linked to the volume and type of" lipid material 

found in the tissue being" analyzed. Lipid weight 

concentrations also provide a ,more realistic indicator of 

organochlorine levels in blood since organochlor1ne 
"\t 

concentrations on a wet weight basis are extremely low due 

to the small volume of lipid material circulating in t~e 

blood system. Finally, residue concentrations are more 

readily compared on a lipid weight basis when there is 

concern that different lipid volumes between tissues may be 

artificially influencing wet weight results. 

Despite these advantages, lipid normalization of 

organochlorin~ concentrations in blood has numerous 

opportunities for misinterpretation. The follow~ng summary 
. .. 

of blood lipids is intended to fr~me the discussion of-

factors that can influence reported lipid levels and, as a 

result, influence lipid weight organochlorine 

concentrations." . 

Blood contains three general -classes of lipids, 

triglycerides, cholesterols and phospholipids. Relative 

polarity varies among the three classes. Triglyceride lipids 

are the least polar fraction though triglycerides ~nd 

cholesterol~ may be grouped together as neutral lip~~s. 

Phospholipids have the greatest relative polarity an~ are 

referred to as polar lipi~s. 

In mammals, these-three lipid classes are present in 

dissimilar amounts in the plasma and erythrocyte blood 

fractions. Plasma lipids contain four dist~nct lipo~roteins 

and free fatty acids (Lehninger 1972), all of which 

transport lipids between various organs. The smallest are 

.chylomicra, pUlses of exogenous lipids, generated by 

digestion, which are primarily triglycerides with smaller 

amounts of p6ospholipids, cholesterol esters~ and proteins 
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(Duncan and Prasse 1977). chylomicra circulate in the 

bloodstream until removal by the liver or peripheral 

tissues. Very low density lipoproteins (VLDL), produced in 

the liver, are primarily triglycerides with some 

cholesterols and protein, and are involved in the transfer 

of triglycerides from the liver to muscle and adipose 

tissue. Low density lipoprqteins (LOL), also produced in 

the liver, are· mostly cholesterol with a small amount of 

triglycerides and protein, and transport cholesterol from 

the liver to other tissues. High density lipop~oteins (HDL) 

are primarily protein with smaller amounts of cholesterol 

and triglycerides. HDL is involved in transport of 

cholesterol from extrahepatic (non-liver) tissue to the 

liver for excretion. Note that circulating triglycerides 

have two origins, recently ingested material and lipids that 

were in the liver befor~ incorporation into certain plasma 

lipoproteins (Lehninger 1972). 

Free fatty acids are ~ydrolyzed triglycerides removed 

from fat storage depots and transported via the blood to 

peripheral tissues to be used for cellular energy. In the 

plasm~, the free fatty acids are combined with the protein 

albumin for transport. 

The red blood cell fraction contains primarily 

phospholipids, the major lipid class in all cell membranes, 

with smaller amounts 'Qf cholesterol (Duncan and Prasse 
" ~ 

1977). 

The lipid composition in the blood plasma is altered 

immediately following digestion when chylomicra dramatically 

increase the plasma triglyceride levels, producing lipemic 

blood, though not necessarily generating an increase in 

total blood lipids. In a study of blood lipid composition in 

elephant seals and harp seals, Nelson (1970) found the 

lowest total blood li~id concentration in the one elephant 

seal tested with lipemic blood. The seal had been sampled 

one hour after eating. In. the present study, four of the 

harbor 'seals sampled in San Francisco Bay had lipem~c blood 
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yet this condition created no significant change in t9ta1 

blood lipids. 

During limited fasting chylomicra pulses are no longer 

generated by digestion, yet plasma lipoproteins are 

regulated to maintain constant levels appropriate for the 

current metabolic needs (Guyton 1982). Lipid composition in 

the red blood c~ll fraction is unaffected by recent 

digestion or limited fasting .(Nelson 1970, Puppione 1978). 

Nelson (1970) reported lipid volume and compositio~ in 

plasma and erythrocytes of the harp seal (Pagophilus 

groenlandiclls) and elephant seal (Mirounga angustirostris). 

In the harp seal, plasma lipid concentrations were four 

times higher than found in t~e packed red blood cells. Polar 

lipids dominated the red blood cell fraction; neutral lipids 

comprised less than 25% of the total lipids in this fraction 

and no sig~~ficant levels of triglycerides were found. 

Plasma had equal parts polar phospholipids and neutral 

lipids (triglycerides and cholesterols). Levels of .plasma 

triglycerides were reported to be 15-20% of the total 

neutral lipids. 

Lipid Extraction Methods 

The results of lipid determination methods vary with 

the extra~tion solvent(s) used and t~e analytical "technique. 

Individual solvents are selective in t~e class of lipids 

they extract from blood-, based l-argely on the interaction of 

solvent and lipid polarity. 

The two-solvent chloroform-methanol extraction 

technique described by Folch et al. (1957) and Bligh and 

Dyer (1959) extracts all lipid classes in addition to a 

range of non-lipid contaminants (Nelson 1975). The initial 

chloroform-methanol extract may contain 25-75% non-lipid 

contaminants. An additional clean-up .step using a Sephadex 

column is required to produce a pure lipid extract (Nelson 

1975). 
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The lipid volume extracted from a given tissue using 

standard single solvent extraction methods vary with the 

relative polarity of the solvents. Whereas relatively non

polar solvents, such as petroleum ether, hexane, and 

pentane, extract relatively non-polar lipids they routinely·'	 miss a portion of the neutral lipids which are bound inside 

a more polar shell (Nelson 1975). As a result, non-polar 

solvent~ alone do not extract the total volume of neutral 

lipids, because of relatively polar shells shielding the 

neutral lipids from the solvent (Nelson 1975).I 

Randall et ale (1992) compared the lipid volume 

generated by both hexane extraction and chloroform-methanol 

extractions in edible tissue of White Croaker (Genyonemus 

lineatus). Roughly four times more lipid extract was 

produced using the chloroform-methanol extraction (1.25% 

+O.01S'lipid, mean + SO) than the hexane extraction (0.312% 

+0.009 lipid). Non-lipid contaminants may have inflated the 

reported lipid concentration using the chloroform-methanol 

extraction because a Sephadex column cl~an-up was not u~ed. 

In the present study, lipid determinations in whole 

blood samples collected in 1991-1992 were extracted 

initially with chloroform-methanol following Bligh and Dyer 

(1959). To facili~ate comparison between our findings and 

other studies which had used a single non-polar solvent, a 

subset of the 1991-1992 samples were extracted. with hexane 

(Randall et ale 1992). The lipid volume extracted by hexa~e 

~as roughly an order of magnitUde less than produced by the 

method of Bligh and Dyer (1959). It is uncertain whether 

this difference reflects' the relative amounts· of neutral and 

total lipids, as would be extracted by the different solvent 

systems. 'As previously discussed, the chloroform-methanol 

extract may'contain a large per~entage of non-lipid 

contaminants, such as heme proteins. 

Addison and	 Brodie (1987) 'reported chloroform-methanol 
j 

. (Folch) extractable "(Addison and Brodie 1977) lipid 

concentrations in mother and pup grey seals sampled in Nova 
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scotia. The average maternal lipid levels for whole blood
 

were 0.77% lipid, in the range of v~lues for whole blood
 

samples of San Francisco Bay extracted using similar
 

methods.
 

Using a single-solvent pentane extraction, Boon et al. 

(1987) reported markedly less lipid levels in the coagulated 

erythrocyte fractions of harbor seals. Mean lipid 

concentrations ranged between 0.05% in the experimental 

group and 0.07% in the control group receiving fish wit~ a 

higher lipid content. Both sample groups were fasted 20-30 

hours before sampling, but as discussed previously, fasting 

is not expected to influence lipid levels in the red blood 

cell fraction. 

Hexane extractable lipid concentrations in whole blood 

. samples from San Francisco Bay seals were equivalent to the 

concentration of pentane extractable lipids found in the 

coagulated erythrocyte fraction by Boon et al. (1987). This 

finding was unexpected. The red-cell fraction analyzed by 

Boon et al. would be expected to contain a smaller 

percentage of neutral lipids than the whole blood samples 

analyzed from San Francisco Bay. This would lead us to 

anticipate a larger concentration of lipids in the San 

Francisco Bay samples, yet the lipid levels were essentially 

the same in the two stUdies. Perhaps this finding reflects 

regional or subspecies differences. 

From the above discussion it is clear that any . 

comparison of blood organochlorine concentrations on a lipid 

weight basis must discuss the blood fra9tion analyzed and 

the lipid extraction method. 

Lipid Extractions 

Blood lipid levels were determined in 1989-1990 samples 

using a single-solvent petroleum ether extraction. 

Extractable lipids in blood plasma collected from ~an 

Francisco Bay seal~ ayeraged 0.19% ±O~35. Mean percentage 
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lipids in biood plasma of harbor seals from Southern Puget 

Sound was 0.04 ±0.04 and 0.22 ±O.22 for San Nicholas Island 

(Table 12). Variability was great, even in the San Francisco 
,. . Bay sample of 41 seals. There were no demonstrable 

differences in plasma lipid levels among gender, age, 

season, or the three regions sampled (San Francisco Bay, 

- Southern Puget Sound, or San Nicolas Island; 4-way ANOVA, 

P>O.05). 

Whole blood samples collected in 1991 and 1992 were 

extracted using a two solvent chloroform-methanol system. 

Lipid levels determined using this method were more t~an two 

times greater than those found using the petroleum ether 

extraction, despite the change in blood fraction analyzed. 

Sample variability was reduced using the chloroform-~ethanol 

,. t, 
extraction. "The 1991-1992 San Francisco Bay seals (n=14) had 

a mean percentage lipid in whole blood of 0.50% ±0.-11, '

similar to 0.56% ±0.06 found in harbor seals off the 
r: 

Monterey Coast. 

A lipid extract~on using the single solvent hexane also 

was conducted on a subset of the 1991-1992 whole blood 

samples. In the six samples analyzed, mean .. lipid 

concentration was 0.057% ±O.Ol, roughly an order of 

magnitude less than found using the chloroform-methanol 

ext.raction. 

In the 1989-1990 and the 1991-1992 samples, no .~ 

s~gnificant difference in extractable lipid levels was found 

between the lipemic and non-lipemic subgroups (t-test, 

P>O.05). The influence of stored lipids (blubber volume) on 

blood lipid concentrations was examin~d. A weak but 

significant correlation was foun¢! between the" ,calculated 

J 
condition index 

levels (r=O •. 41, 

(seal weight/length) and blood plasma lipid 

P=O.Ol) in, San Fra~cis9d Bay seals collected 

in 1989-1990. Harbor seals sampled in Southern Puget Sound 

showed a stronger relationship, but ~t was not significant 

(r=O.78, P=O.07) perhaps due to small sample size (n=6). 
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ORGANOCHLORINES 

1989-1990 Organochlorine Analyses 

A general scan for organochlorine residues was 

performed on heparin plasma samples from blood collected in 

1989 and 1990. PCB Aroclar 1260 (in this report PCB Aroc~or.. 
1260 refers only to the PCB quantification method used n~t 

to a specific congener pattern) and pplDDE residues were 

detected in the majority of San Francisco Bay samples (Fig. 

14). No detectable residues (pp'DDE<5ppb, PCB<50ppb) were 

found in seals sampled in Southern Puget Sound (n=6) in 

1989. Whereas pp'DDE residues were present in samples 

collected from San Nicolas Island in 1990, no PCBs were 

detected in that sample. No detectable residues of cis- or 

trans-chlordane «5ppb) were found fr~m any r~gion sampled. 
,

Mean ODE concentration from harbor seals from San 

Francisco Bay was 12.6±9.4 ppb ODE (Table 13). Lipid 

normalization increased this figure to 14. '3±12. 2 .ppm lipid 

wt. DOE (petroleum-ether extractable). Males had 

significantly greater (P=O.Ol) DDE residues than females, 

residues did not vary with age class. 

Subadult male harbor seals at San Nicolas Island had 

mean DDE residues of 21.7±26.1 ppm lipid wt. Wh~D compared 

with residues found in San Francisco Bay, no sign~ficant 

~ifference was found among regions. (P>O.05). ~ 
The age and gender pattern for PCB Aroclor 1260 

residues was simi~ar to the DOE pattern described above 

(Table 14). The average PCB Aroclor 1260 residues for harbor 

seals in San Fran~isco Bay were 46.7±~7;6.ppb wet wt. and 

57.9±92.7 ppm lipid wt.(petroleum-ether extractable). 

Females had significantly lower PCB residues than males 

(P=0.048). Con~entrations of PCB Aroclar 1260 residues did 

not differ among age classes. 

A 3-way ANOVA comparing season, age class, and gender 

in the 1989-1990 San Francisco Bay samples indicated gender 
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was the only significant influence on organochlorine levels. 

Males had significantly greater levels of DOE residues 

(p=O.Ol) and PCB Aroclor 1260 'residues (p=0.048) than 

females. This gender-based difference was found regardless 

of age class, and age class within gender had no infl~ence 

on organochlorine levels. 

Non-pregnant adult ~emales had significantly greater 

PCB residues than pregnant females (t-test, P<0.05), 

although this finding was due to a relatively high PCB, 

residue detected in one non-pregnant adult female. PCB 

Aroclor 1260 residue~ were below the detection limit in all 

other winter adult females, i.e. potentially pregnant 

females • 

. 1991-1992 LPCB Analyses 

' 
Detailed congener analyses of PCB residues were 

performed on whole blood samples of harbor seals collected 

in 1991 and 1992 (Young et ale in prep). The detection 

limits for individual congeners ranged between 0.3 and 0.7 

ppb wet wt.; all seals sampled had detectable PCB residues. 

Twenty-one PCB congeners were detected, and their values 

added to calculate LPCB levels. 

Mean LPCB cohcentrations in whole blood samples 

collected in San Frpnci~co Bay in 1991 and 1992 was 50.5 ± 
9.6 ppb wet wt. (Table 15). Expressed on a lipid-weight 

basis, PCB concentrations ~ere 10.6 ± 2.0 ppm c~loroform

methanol extractable lipids and 89.3 ± 16.~ ppm hexane 

extractable 'lipids. The wide difference in lipid weight 

values" has been discussed in th~ preceding se9tion. 

Season, gender and age were not related significantly 

.to	 LPCB residue levels in the 1991-1992 sa~ples from San 

Francisco Bay. Whereas the average LPCB residue level for 

San Francisco Bay (50.5 ± 9.6 ppb wet wt.) is three times 

less than the average level found along the Monterey coast 

(175.0 ± 161.0 wet wt.) the difference is not significant 
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given the large variability in the sample from the Monterey
 

coast. One of the two seals sampled off the Monterey coast
 

had an extremely high LPCB blood residue level (336 ppb wet
 

wt.), more than two times greater than ·the highest residue
 

leve'l found in harbor seals of San Francisco Bay, whereas
 

the LPCB residue in the other harbor seal from Monterey was
 

among the lowe~t found.
 

As reported in Becerra et ale 1993, analyses for up to
 

45 PCB congeners were done on the 1991 and 1992 San
 

FranciscoiBay harbor seal whole blood samples. Twenty one of
 

t~ose congeners were quantifiable. All but one of the
 

quantifiable congeners had five to eight chlorine atoms,.
 

Tne mean values of the quantifiable PCB congeners are
 

given in Table 16. The residue level 'of' PCB 153 was gr~ater
 

than any other congener in all individuals sampled. Three
 

congeners,,- PCB 153, 138, and 180, accounted for over 60% of
 

the detected ,PCB residues.
 

The ratio of detected congeners to PCB 153
 

(congener/PCB 153) was used to assess the relative congener
 

pattern between regions and among different age and gender
 

groups within San Francisco Bay (Fig. 15). Using this ratio
 

eliminates the influence of actual residue levels from the
 

pattern of the individual congeners. Arcsine transformation
 

of th~~congener ratios permitted the use of t-tests to
 

distingu~sh differences in t~e congener patterns.
 
. ~ 

Wi:thin the San Francisco Bay sample ,._ gender had the
 

gr~atest influence on the congener- pattern~ Females had
 

significantly higher levels of three congeners at P<.05 (PCB
 

138, 187, and 180), and two congeners, PCB 087, and 105 were
 

found only. in females. Of these five congeners, two were
 

- pentachlorobiphenyls, one was a hexachlorobiphenyl and twp 

were heptachlorobiphenyls. 

Few differences were found between adults and subadults ~ 

in the San Francisco Bay sample. Two congeners were 

identified only in subadults, PCB 087 and 10?, (only in 

subadult females, see above). 
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Given the influence of gender on the congener pattern, 

the Monterey coast samples, both males, were compared only 

to San Francisco Bay males to assess regional differences. 

All 21 congeners were present in comparable ratios in both 

regions, yet the small sample size of the MC sample (n=2) 

may have influenced this finding. 

Annual Comparisons of San-Francisco Bay PCB Residues 

Differences in the sample tissue and analytical methods 

between the first and second half of the San Francis~o Bay 

study prevent a direct comparison of annual changes in PCB 

residue levels. As stated previously, PCB residue levels in 

1989-1990 plasma samples were reported as Aroclor 1260. 

Individual PCB congeners and LPCB residue levels were 

generated from 1991-1992 whole blood samples. 

For a rough comparison between the two sample periods, 

Aroclor 1260 concentrations were generated for the 1991-1992 

samples by averaging the calculated Aroclor 1260 residue 

from three individual congeners, PCB 153, 138 and 180 (J. 

Newman, pers. comm.). Using this method, the estimated 

average Aroclor 1260 residue level for the 1991-1992 Bay 

samples was 122 ppb wet wt., greater than twice the average 

Aroolor 1260 residue found in the 1989-1990 plasma samples. 

Given the differences in analytical technique, no 

conclusions can be made regarding annual changes in PCB 

residue levels in the seals. Yet the large increase in 

reported PCB residues between the 1989-1990 and 1991-1992 

sample periods should be noted. 

Factors Affecting Organochlorine Residue Levels 

Several factors reported to influence organochlorine 

levels in marine 'mammals were examined in the two San 

Francisco Bay data sets. Past studies have found signif~cant 

differenc~s in residue levels based on age class and gender. 
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In addition, the total lipid reserves of mammals influence 

organochlorine residues. 

For a given contaminant load, organochlorine residue 

concentrations in mammals are inversely related to the size 

of the lipid storage pool (Osweiller et ale 1980, Phillips 

1980, Britt and Howard 1983). Seasonal variation in blubber 

thickness, reflecting the size of lipid reserves, has been 

noted by several authors (Pitcher 1986, Renouf and 

Noseworthy 1990); Decreased blubber thickness has been 

attributed to increased metabolic activity during the 

breeding season and subsequent annual molt (Renouf et 

ale 1992). 

As previously described, the condition index, the ratio 

of weight/length, was used as a relative indicator of harbor 

seal fat reserves. G~eater fat reserves, as indicated by a 

higher c~ndition index, was found to negatively correlate 

with the 1989 and 1990 DOE and PCB Aroclor 1260 residues 

(r=0.44, P=O.005 and r=O.649, P=O.023, respectively). 

Condition indices also were correlated with 

organochlor-ine residues when samples were ,divided by age and 

gender, eliminating those factors as partial influences on 

, the condition index alone. In adult males (n=12), moderate 

-negative correlations were found between the condition index 

and DDE (r=O.64, p=O.025) .and PCB Aroclor 1260 (r=O.65, 

p=O.023) residues on a lipid weight basis. In adult femaies, 

DDE residues were negatively correlated with condition index 

(r=O.752, p=O.008). 

No significant correlations were found between the 

condition index and LPCB residues in the 1991-1992 San 

Francisco Bay samples. The small size of this data set 

(n=14) may have masked'a significant finding. 

Gender differences in residue levels in reproductively 

active marine mammals has been attributed to the loss in 

females of stored fat and .associated toxic organics during 

pregnancy and lactation (Tanabe et ale 1982, Bacon et ale · 

1992). Following ~his reason~ng, subadult males and females 
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accumulate equal amounts of toxic organics until 
reproductive activity begins, when females lose 15-30% of 

stored residues annually (Addison and Brodie 1977). This 

annual loss in females could either slow their rate of 

residue accumulation or actually decrease stored reserves 

below pre-reproduction levels. 

- Analysis of San Francisco Bay organochlorine residue 

levels do not support this scenario. Whereas gender 

differences were found in only the first half of the study, 

age class had no influence on residue levels. 

In the 1989-1990 San Francisco Bay samples, male harbor 

seals had. significantly greater residue levels of pp'DDE and 

PCB Aroclor 1260 than females. (3-way ANOVA, p=O.01 and 

p=O.048, respectively). others have reported similar 

findings (Addison and Smith 1974, Reijenders 1980), and have 

attributed the gender differences to reproduction in '

females. Age had no influence, however, on organochlorine 

levels in either gender. 

LPCB residues determined in the 1991-1992 samples were 

not significantly greater in males (all adults) nor did age 

class influence LPCB residues in 'females. The small sample 

size of the 199,1-1992 data set (n=14), one third the number 

sampled in 1989-1990, may have precluded a gender based 

difference in residue levels. 

Given these conflicting results, evidence from San 

Francisco Bay seals does not support residue dumping during 

lactation in females. These findings suggest a different 

mechanism is responsible for higher accumulation levels in 

males. One possible explanation involves gender bas~d 

preferences in foraging areas leading to differential 

J !.' 
exposure to organochlorines. The influence of fat reserves 

and gender-based differences in fat storag~ amounts may be 

another factor. 
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organochlorine Residues in Blubber 

Although the present study did not include blubber 

residue analys~s, the following discussion of report~d 

blubber residues from harbor seals, sampled in San Francisco 

Bay and other regions worldwide, provides background for 

interpretation of the blood residue levels. 

Regional comparisons of organochlorine residues using 

historica~ reports in the literature are confounded by ~he 

variety of PCB determination methods used. Determinations 

made using Aroclor standards may over- or under-estimate the 

actual PCB concentration two to three fold, depending on the 

standard used, which congener(s) the calculations are based 

on, and how the congener pattern changed through 

environmental or metabolic degradation (Calambokidis et ale 

1991, Becerra et ale 1993). It is also unc'lear to -.what 
,

extent PCB quantifications made by converting all identified 

congeners to DCB (decachlorobiphenyl) 'compa~e to Aroclor and 

LPCB quantifications. Given these limitations, a direct 

regional comparison .is not valid. 

ResidQe analyses on beach-cast seals found within San 

Francisco Bay in the mid 1970's was reported by Risebrough 

et ale (1980). Mean blubber PCB residues, determined using 

an Aroclor 1260 standard, in the three adults collect~d 

between 1975 and 1977 were 257 ppm wet wt. and 297 ppm·. lipid 
. ~ 

weight (hexane extractable. lipids). 

Calambokidis et ale (1984) used a precursor to current 

LPCB determinations to generate blubber residues for 13 

Southern Puget Sound harbor seals. collected between 1972· and 

1982. Mean wet wt. residues ranged wi~ely; 310 ppm in 

sub~dult females (n=5), 21 ppm in the ~ne adult female 

sampled, 72 pp~ in subadult males (n=4), and 240 ppm in 

adult males (n=3). 

PCB levels in blubber of harbor seals along Europe's 

northern ~oast also have been reported. Helle et ale (1976), 

using an unspecified PCB determination method, reported mean 
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residues of 73 ppm lipid wt. in pregnant females and 110 ppm 

lipid wt. in non-pregnant adult females collected in the 

Baltic Sea. Drescher et ale (1977) reported a mean PCB 

Aroclor 1254 residue in four adult seals collected along the 

German North Sea as 165 ppm wet wt. Reijenders (1980) 

reported mean PCB blubber residues in harbor seals from the 

Dutch Wadden Sea of 134 ppm ~nd 701 ppm lipid wt. for 

subadults and adults, respectively. PCB residues were 

quantified following conversion to DCB. 

The Wadden S~a, Southern Puget Sound and San Francisco 

Bay appear to have the highest PCB levels, but given that 

samples from the three regions were- analyzed using three 

different quantification methods it is impossible to make a 

direct comparison. 

Organochlorine Resiuues in Blood vs. Blubber 

Several researchers have explored the relationship 

between o~ganochlorine residue"concentrations in blood and 

other tissues including blubber (Findlay and deFreitas 1971, 

Tanabe et el. 1982, Hidaka et ai. 1983, Addiso~ and Brodie 

1987, Storr-Hansen and Spliid 1993). Because pinniped blood 

contains a considerably smaller concentration of ~ipids than 
,lo 

I blubber tissue, associated organochlorine residues are also 

lower in blood. .~ 

Whether blood residue levels reflect whole body 

burdens, as represented by residue concentrations in the 

blubber, is central to interpretation of blood residue 

analyses. The limited data available supports this theory. 

'A plot ~f the blood and blubber PCB residue levels given in 

the papers-cited above generates a strong linear[,	 relationship between PCB residues in the two tissue types 

(r2=.977, P=.0001). A s~milar trend was found fo~ both 

pp'DDE and DPT levels. However, Findlay and deFreitas (1971) 

reported no change in blood DDT levels following starvation, 

lipid loss and increased DDT residues in pigeon depot fats. 
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More direct evidence 'is found in. deSwart (1995). Following a 

forced fast of harbor seals exposed to environmentally 

contaminated fish form the" Wadden Sea, blood LPCB residues 

increased over 50% in response to a loss in weight. 

The ratio of blood to blubber levels, however, can vary 

for different organochlorines. Reports indicated that during 

lipid mobilizatiQn from blubber, such as occurs during 

lactation, the more lipophilic organochlorines are 

preferentially retained in the blubber (Tanabe et al. 1982, 

Addison and Brodie 1987). In these studies, blood, when 

compared with blubber, had relatively lower levels of DDTs 

and PCBs when compared with less lipophilic organochlorines 

such as HCH and HCB and the more highly chlorinated, m~re 

lipophilic PCB' congeners were found in relatively smaller 

amounts in the blood. 

'
Review of Organochlorine Residues in Blood 

A limited comparison can be made between blood 

organochlorine resid~es reported in the literature and those 

generated in the present stUdy. Few researchers have 

examined organochlorine levels in blood, and available 

reports have extremely small sample sizes. 

The.'~resent stUdy determined PCB residues using both an 

Aroclor 12-60 standard and LPCB. The PCB determination method 
~ 

was specified in just one of the following papers. Only the 

results in storr-Hansen and Spliid (1993) and in the Wadden 

Sea stUdy (discussed in the following section), which 

specified PCB residues ·as the sum of the congeners, can be 

reliably compared with the 1991-1992 LPCB residues found in 

the present stUdy. The other papers discussed below can be 

used for reference but not comparison. 

~idaka et al •. (1983) reported 0.03 ng PCB/g whole blood 

collected in Antarctiqa from one apparently healthy, male 

Weddell seal (Leptonychotes weddelli). Tanabe et al (1982) 

found 7.2 ng PCB/g whole blood in one pregnant striped 
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dolphin (Stenella coeruleoalba) collected off the coast of 

Japan. Addison and Brodie (1987) reported a mean of 46.8 ppb 

PCB/g whole blood (n=6) and 102 ppb PCB/g heparin plasma 

(n=9) in apparently healthy adult female grey seals 

collected off Nova scotia. Two moribund harbor seals, 

collected in the Wadden Sea during the morbilli virus 

epidemic in 1988 had whole blood LPCB residues of 150 and 

242 ng/g while an apparently healthy harbor seal collected 

in a less contaminated area to the north had a blood residue 

level of 11 ng/g (storr-Hansen and Spliid 1993). 

Storr-Hansen and Spliid (1993') reported LPCB numbers 3 

to 5 times greater in seals dying from the morbillivirus 

than reported for San Francisco Bay seals. Whether the 

Wadden Sea numbers reflect normal exposure levels for that 

area is unclear. Quick death after onset of the 

morbillivirus was thought to limit the depletion:of blubber 

reserves. However, the lipid concentration in the blubber of 

the diseased animals was 30% lower than in the control 

animal sampled in the same study, possibly indicating fat 

mobilization .which may "have concentrated organic residues in 

the remaining lipid pool. The apparently healthy, control 

seal had LPCB residue levels five times less than the mean L 
PCB residue found in harbor seals of San Francisco Bay. 

Blood residues for DDE and LOOT in wild marine mammals 

have also been reported. The lowest reported levels were in 

one adult Weddell -seal, 0.13 ng LDDT/g whole blood (Hidaka 

et ale 1983). Tanabe et ale (1982) found 8.6 ng pp'DDE /g 
whole blood in a pregnant striped dolphin from the east 

coast of Japan, and Addison and Brodie (1987) reported mean 

pp'DDE levels of 5.85 ppb and 8.2 ppb in whole blood and 

plasma, respectively (separate sample years), in female grey 

seals sampled off Nova scotia. storr-Hansen and Spliid 

(1993) reported pp'DDE residues of 8 ng/g and 10 ng/g in 

. whole blood collected from diseased harbo~ seals in the 

Wadden Sea and 3.2 ng pp'DDE/g in whole blood in a wi"ld, 
\ 

.1' 
control seal. Mean ppDDE residues were 4.52 ppb wet wt • 

J 
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(using a 0.22% lipid reported by deSwart 1995) in whole 

blood from harbor seals fed contaminated herring from the 

Baltic Sea (deSwart pers. comm.). 

The pp'DDE levels given above are generally less but in 

the range of the mean residue found~in harbor seals of San 

Francisco Bay (mean = 12.6 ppb). This difference could be 

partially attributed to the gender sampled and the blood 

fraction analyzed. Several researchers reported residues for 

female seals only, ~n the .present study females had 

s.ignificantly lower p~' DDE residues than males. Also, whole 

blood, analyzed in all but one of the above studies, 

generally has a lower percent lipid than plasma, potentially 

reducing the wet weight residue concentration of 

organochlorines. 

LPCB Residues in San Francisco Bay vs. Wadden Sea 

A comparison of the LPCB numbers with those reported 

from a study of PCB contamination in the Dutch Wadden Sea 

(Boon et ale 1987) is useful for interpreting the 

significance of LPCB levels found in San Francisco Bay. In 

the Wadden Sea study, Reijenders (1988) reporte~ significant 

~eclines in reproduction among captive harbor seals fed fish 

qontaminated with PCBs and related organochlorines caught in 

,the near-shore waters of,the Wadden Sea. In 9ddition, 

Brouwer et ale (1989) reported a significant reduction in 

plasma retinol (Vitamin A) and thyroid hormone levels in the 

Wadden Sea group. Furth~r, recent studies by de Swart et ale 

(1994) and Ross et ale (19~5) reported impaired immune 

function in harbor seals from the Wadden Sea studied under 

an iqentical experimental design. 

Harbor seals eating fish from the Wadden Sea had ' 

significantly greater LPCB concentrations in the blood 

erythrocyte fraction (14-16 ng/g wet wt., 25-27 ug/g lipid 

wt.- pentane extractable) than found in the seal control 

group fed less contaminated',fish from the Atlantic (Boon et. 
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ale 1987). Differences in methodology between the two 

studies are examined below. 

In the present study, PCB congener analyses were 

performed on whole blood, whereas the Wadden Sea study 

utilized only the high density coagulated red cell fraction 

for the experimental comparison. A critical question is 

whether it is valid to directly compare LPCB concentrations- in whole blood to the conqentrations found in the red blood 

cell fraction? A theoretical discussion of this question 
. must encompass a complex interaction of variables including -

the total volume of lipid material in whole blood vs. the 

red blood cell fraction, the lipid composition in the two 

fractions, especially the concentration of neutral lipids, 

the source 9f the lipids, (i.e., whether of exogenous or of 

endogenous hepatic or adipose storage origin) and PCB 

congener partitioning attributed to the sum of the above ~ 

factors. Individual authors have explored portions of this 

question, but ,numerous information gaps prevent a definitive 

synthesis of all aspects of the discussion. 

Boon et ale (1987), however, also reported the ~PCB 

residue in a composite sample of whole blood, which was 

subsequently fractionate~ for a comparison of LPCB res·idues. 

In the 23.14 9 composite sample of whole blood from three 
t~ 

seals (Boon 1995, pers. comm.), Boon reported a LPCB residu~ 

of 112 ng or 4.84 ng/g (ppb). Wit~in this composite sample ~ 

the LPCB'residue in the 15.33 g red blood cell fraction was 

6i.2 ng, or 4.0 ppb. Using the ratio of LPCB' found in the 

red blood cell fraction versus the whole blood residue 

conce?tration, the whole blood contains 1.21 times the 

residue 'concentration present in the red blood cell 

fraction. Using this estimated ratio, Boon's reported LPCB 

residue concentration 'in the experimental group fed PCB' 
,. 

contaminated Wadden Sea fish, would average 18 ppb in whole 

blood. 

While this number can only be viewed as an estimate, it 

is useful for 'a rough comparison of LPCB residues between 
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harbor seals of the Wadden Sea (Boon et ale 1987) and those 

sampled in San Francisco Bay. LPCB residues in San Francisco 

Bay seal blood is greater than twice (2.7x's) as high as 

residue levels associated with reproductive and 

immunological disorders in Wadden Sea harbor seals. 

A more direct comparison can be made between LPCB 

residues in whole blood in the Baltic Sea vs. San FraQcisco 

Bay. deSwart (1995) reported LPCB residues in harbor seals 

fed contaminated fish form the Baltic Sea was 33.1 ppb .wet 

wt. (values are not directly comparable on a lipid basis 

because of different'lipid extraction methods), 35% less 

than the mean for harbor seals in SFB. In addition, 

individual congener residues were compared for PCB 153 and 

seven other stable congeners (052, 099, 105, 118, 138, 153, 

180, 194) among the Wadden Sea experimental group and wild 

SFB seals. six of the eight congeners compared w~~e greater 

in harbor seals of SFB, and the sum of those eight congeners 

were 2.3 ,times greater in harbor seals of SFB (de~wart pers •. 

comm.). 

Comparison of San Francisco Bay LPCB values with those 

reported in the Wadden Sea study (Boon et ale 1987) is valid 

on bpth ,a wet weight and pentane/hexane e~tractable lipid 

basis. The captive seals reported by Boon et ale fasted for 

2~-30 hours before sampling, ~nlike the wild seals sampled 

in San Francisco Bay, four of which had lipemicor blood. ~ 

ipdicative of recent digestion. However, blood is a 

transport medium rather than a storage tissue for lipids 

(Borlakoglu et ale 1990), and blood lipid levels are fairly 

constant except for pulses of exogenous triglycerides in the 

serum immediately following digestion (Nelson 1970, Puppione 

1978, Guyton 1980). Lipid comp~sition and concentration in 

the red bl~od cell fraction is unaffected by recent· 

digestion (Nelson 1970, Guy~on 1980). 

Mathews et ale (1984) reported changes in relative PCB 

levels associated. with different plasma protein peaks 
. . 

following digestion and fasting in rats. This is consistent 
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with blood as a lipid transport tissue. Following digestion, . 

lipids and associated PCBs move from the liver to peripheral

.I• "j	 
tissues via lipoproteins. In the absence of digestion, 

lipids- in the form of free fatty acids, which adhere to the 

plasma protein'albumin, move from adipose storage to 

metabolizing tissues for use as an energy source (Guyton 

1980) • ~ 

•	 Short-term fasting, as reported by Boo~ et ale (1987), 

does not result in a profound change in blood lipid levels, 

especially in the red blood cell fraction. The effects of 

'-, long-term fasting on blood lipids was explored by Findlay 
I

and .deFreitas (1971) in pigeons starved following DDT'.i exposure. In the pigeon, no significant changes in blood 

lipid concentrations were found despite a significant . 

decrease in	 stored lipid levels. 

PCBs as a ~lass of compounds are considered nonpolar, 

but the relative polarity of individual congeners is 

primaFily related to the degree of chlorination of the 

molecule (Dunnivant et ale 1992). PCBs partition to the 

lipid fraction, but individual congeners may associate to 

some degree with different lipid classes. Blood fractions 

differ in t~e composition and concentration of lipids 

(Nelson 1~75, Puppione 1978, Guyton 1980). 
~, 

Boon e~~al. (1987) found no difference in" PCB congener 

pattern among "91oo~ fractions using pentane as the PCB 

extraction solvent. In contrast, Mes et ale (1992) found 

human blood fractions differed in their PCB congener 

t"	 pattern, with the more highly chlorinated homologues 

concentrated in the lipid-rich serum fraction. A partial 

explanation for the conflicting results may be that Mes et 

ale used benzene, an aromatic extraction solvent, which may 

have extracted a wider range of PCB-laden lipid' material, 

more 'accurate~y reflecting lipid composition differences 
"	 , 

between blood fractions, than the non-polar pentane used as 

a solvent by Boon et al. (198?). 

J..	 
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TRACE ELEMENTS 

Trace element r~sidue levels in whole blood were 

determined for all harbor seals sampled between 1989 and 

1992. The total sample included 66 seals, w~th the largest 

number (n=55) from San Francisco Bay (SFB). Detectable 

residues were~identified for all analyzed trace elements, 

except silver. 

Wet weight trace element residues are reported b~low, 

permitting direct comparisons with blood residues reported 

in the literature. Dry-weight values also are given (Table 

17), but the relationships between sUbgroups on a dry weight 

basis, t~ough examined, are not reported. In several 

instances, these relationships ditfer between a dry weight 

and wet weight basis. Given this finding, aQd the fact that 

sample s~orage times before analysis varied between 2.5 and 

22 months, we were concerned that differential dehydration 

of the samples had altered the wet weight residue 

concentration. However, no correlation was found 

between sample storage time and percent moisture in the 

sample. 

A significant correlation was found between blood 

hematocrit levels .(the percentage of blood volume occupied 

by rea blood cells) and the reported percent moisture in the 

trace eJement samples (r=O.715, P=O.OO~). Because the 

hematocrit was determined within 24 hours of sampling, the 

variation in water content in the. blood samples was due to 

individual variation in the volume of cellular material in 

the blood, not from differential dehydration during storage. 

A Pearson correlation matrix was used to examine the 

relationships between trace element residues. Whereas three 

significant correlations were found .between· Cd-Pb, CU-Pb, 

and Cu-Ni (P<O.05), the correlations were extremely weak, 

the greatest r value was 0.41 (Table 18). 

The results discussed below present average trace 

element concentrations, along with differences in residue 
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levels based on region, gender, age, and season.- Where 

~elevant, the percentage of samples which exceed identified 

blood levels for toxicity (lowest ob~erved effect levels, or 

an equivalent value) are given for each trace element. In 

several cases these levels have only been established for 

humans, but, when avai~able, levels for domestic or wild 

animals are presented. 

The importance of identifying these extreme values is 

best e~lained in a quote from WilJ::lur (1980): "We are faced 

with the danger of using the "mean" value for biological 

data without recognizing that animals and plants do not live 

in and respond to some "average" chemical or physical 

ambient condition. Toxicologists especially should be 

sensitive to the biology of extremes as being more realistic 

than is the biology of means." 

Cadmium 

Cadmium is a relatively rare metal in nature, first 

identified as a contaminant of zinc ores in the early 

1800" s, its industrial use began in the 1930s. Industrial 

consumption of cadmium is steadily increasing, the primary 

uses are electroplating machine parts and in battery 

manufacture; it is estimated that 14,000 metric tons will be 

used annually in the u.s. by the year 2000 (Eisler 1985a). 

Whereas cadmium contamination of the environment is found 

primarily in the area of zinc and lead smelters and in urban 

industrialized areas, soil contamination is linked to aerial 

deposition, c9ntaminated irrigation water,_ phosphate 

f.ertilizers I and sewage sludg~ (Eisler 19'85, Sittig 1985, 

Klassen·et al~ 1986, Ennever 1994). 

Cadmium is not considered an essential element for 

mammals, although antidotal evidence indicates it may be 

required at levels easily supplied by diet (Eisler 1985a, 

Ennever 1994).- Acute toxicity is rare, for vomiting induced 

by gastrointestinal irritation limits adsorption (Dreisbach 
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and Robertson 1987, Ennever 1994). Chronic toxicity is more 

common and includes kidney and pulmonary disease; in 

laboratory studies, cadmium was a teratogen and a carcinogen 

(Eisler 1985, Klassen et ale 1986). 

Cadmium is detoxified by one of a class of heavy-metal 

binding proteins, metallothioneins, which are synthesized in 

response to metal exposure. Although excess cadmium is 

damaging to all cells in the body, the kidney is the primary. 

target organ. Metallothioneins are degraded in the kidney, 

releasing unbound cadmium, which in turn stimulates further 

metallothionein production. The unbound cadmium can reach 

levels exceeding kidney metallothionein production 

capabilities (Ennever 1994). 

In humans, as in pinnipeds (Buhler et ale 1975, Wageman 

1989), cadmium accumulates in the kidney and liver with age. 

When unbound cadmium reaches a critical level in the kidney 

(NOAEL = 200ug/g), calcium excretion by the kidneys is 

increased, leading to a degenerative disease in the skeletal 

system, ItItai-tai disease (Klassen et ale 1986, Ennever" 
o 

1994). 

In general, salOtwater organisms are more resistant to 

cadmium toxicity than freshwater organisms (Eisler 1985). 

It is un~lear whether the protection afforded by 

metallothioneins differs between marine (Olafson and 

Thompson 1974) and terrestrial mammals, or whether 

interactiqns with zinc or selenium reduce'cadmium toxicity 

(Caurant et ale 1~94). 

The liver an~ kidney carry 40 to 80% of the mammalian 

body burden of cadmium (N~miya~a 1986), the half-life in 

these organs is approximately 30 years (Klassen et ale 

1986) .. Five to eight percent of ingested cadmium is 

absorbed. 

In the blood" cadmium is bound primarily to the red 

blood cells with a smaller percentage bound to proteins, 

primarily albumin, in the plasma (Klassen et ale 1986). 

Although it is generally held that a small fraction-in the 

96 



blood is transported by metallothionein, in vitro studies 

i~dicated cadmium accumulating in the lymphocyte~, which 

synthesize metallothioneins, at levels 3,000 times greater 

than the medium (Nomiyama 1986). In non-exposed humans, 

Friberg et a~. (1981) reported more cadmium in the plasma 

than in the cells, whereas the opposite occurred in exposed 

workers. In humans with ongoing c'admium exposure blood :,~ 

cadmium levels reflect the average intake over recent montns 

(Nomlyama 1986). Serum cadmium levels reflect recent 

exposure, and are not useful for evaluating chronic exposure 

(ATSDR 1990). 

Blood levels in unexposed humans range between <0.5 and 

3 ug Cd/I (Baselt 1982, ATSDR 1990b). Early renal damage was 

found in exposed humans at blood levels of 33 ug/l (Baselt 

19~2). A Minimum Adverse Effect Level for humans of 10 ug 

Cd/l blood was reported in Caurant and Amiard-Triquet .~ ~ 

(1995). ATSDR (1990b) -reported toxic blood cadmium levels at 

concentrations at or exceeding 50 ug/l. 

Few reports exist on blood levels of cadmium in marine 

mammals. Caurant and Amiard-Triquet (1995) reported cadmium 

levels in pilot whale (Globicephala melas) plasma a~d red 

cell fractions sampled at two locations on the Faroe 

Islands. Mean plasma levels ranged between 5.4 and ·50.4 ug/l 

and mean red cell concentrations were between 83 and 123 
,f;. 

ug/l, depending on location sampled,. '~ 

Eisler (19,85) reviews cadmium residues in marine mammal 

liver and kidney samples. Kidney residues were consistently 

greater in the five species reported, reaching their 

greatest levels in sea otters, wher,e residues. ranged between 

89-300 mg Cd/kg (wet wt.). Cadmium upwelling along the 

central California COqst has been discussed as· the source of 

elevated cadmium levels in California sea otters (Martin 

1979). 

In, the present stUdy cadmium residues were detected in 

ha~bor seals from all regions sampled except the Monterey 

Coast (Fig. 16). This finding was unexpected given the 
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elevated cadmium residues found in sea otters from that 

region, possibly reflecting differences in diet between the 

two species. San Francisco Bay had quantifiable residues in 

67% of the seals sampled, values ranged up to 0.1 ug/g (wet 

wt.; Fig. 17)~ The mean residue level in SFB samples, 0.02 ± 
.002 ug/g, was also found in samples from San Nicolas Island 

(mean =0.02 ± '.01 u9/9i Table 17), where quantifiable~ 

residues were found in 2 out of 3 samples. Cadmium residues 

were detected in all'harbor seals sampled in Southern ~uget 

~ound (mean=O.Ol ± 0.002 ug/g). Cadmium blood residues did 

not vary based on age, gender, season or region, in the 

areas where residues were detected CANOVA, P>.05). 

A comparison was made between harbor seals cadmium 

blood residues and levels associated with toxicity in 

humans. The direct applicability of comparisons between 

human and marine mammal blood residues is,unclea~, given the 

relatively higher cadmium tissue residues found in marine 

mammals when compared to terrestrial mammals (Eisler 1985a). 

Using the more conservative ATSDR (1990b) toxic .blood level 

of equal to or greater than 0.05 ug Cd/I, four (7%) of the 

seals sampled in San Francisco Bay had residues associated 

with toxicity. No seals sampled in the. other regions had 

resi~ues exceeding this toxic threshold for humans. Because 

blood levels do not reflect total body burden~ but rather 

indicate recent exposure, elevated, cadmium leY~ls· may be 
- . ~ 

present in the kidneys in a larger percentage of the 

population. 

Copper 

Copper is widely distributed in nature. Given its 

ext~eme conductivity, the metal has numerous electrical 

applications in industry. ·It is also used in combination 

with other chemicals as a fungicide and an insecticide 

(Sittig 1985, Klassen et ale '1986) • 
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Copper is an essential element, the key component of 

several enzymes and necessary for iron utilization. Chronic 

copper toxicity in mammals is rare, occurring only when 

inherited diseases disrupt copper metabolism, allowing 

excess copper to accumulate to toxic"levels (Klassen et ale 

1986). Acute toxicity may occur following ingestion of 

copper salts, yet thi~ is also rare as even small ingested- amounts cause vomiting, emptying the stomach (Baselt 1982, 

sittig 1985, Ennever ·1994). 

At dietary levels, 33% of ingested copper is absorbed, 

of which less than 20% is taken up by the liver and 

incorporated into ceruloplasmin (which is synthesized in the 

liver). Copper accumulates to its highest level~ in the 

,.. brain and liver (Baselt 1982). 

In the blood, the human background level for serum 

copper averages 1;09 mg/l in males and 1.20 mgtl in females 

(Baselt 1982). Over 90% of serum copper is bound to 

ceruloplasmin, the remainder loosely bound to serum 

proteins. In cases of acute poisoning, reports indicate 

blood copper levels better reflect the seve~ity of symptomsj_ 

in mild poisonings blood copper residues averaged 2.87 mgtl 

and in severe poisonings the residues averaged 7.98 mgtl. 

In fatal poisonings, blood lev~ls averaged 24 mgtl (Baselt
• ,10. - • 

1982). Wageman~ (1989) reported a decline in copper residues 

J 

. with age"in liv~, kidney, and muscle tissue~ Cetacean 

neonates have greater copper residues in the liver than 

adults, and harp seal pups also have higher copper levels 

than mothers. In most- marine mammals copper concentrations 

in adult livers range between 3 and 30 ugtg (Law 1993). 

In the pr~sent study, copper was detected in all 

sam~les from every region sampled (Fig. 16). No significant 

difference in copper residues in blood was found between 

regions, age, or gender (4-way ANOVA, P>0.05). Season 

J sampled did influence copper blood r~sidues (P=0.0001), 

J 
copper residues were higher in the summer (1.00 ppm eu) than 

the winter sampli'ng periods (0.82 ppm Cn)". 
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San Francisco Bay seals had the highest range in copper 

residues, up to 1.74 ug Cu/g whol~ blood (Table 17, Fig. 

18). These extreme levels were below the blood copper 

residues reported above in cases of acute human poisonings 

from copper ingestion. 

The principle sources of lead release into the 

environment are lead smelters and battery plants (ATSDR 

1990). Before its ban, 7 million tons of alkaline fuel 

additives were used in leaded gasoline, much of which 

remains distributed acros's the earth' s surface (Dreisbach 

and Robertson 1987), where surface water runoff may 

transport the metal into waterways. In several industries, 

incl~ing chemical and petroleum refining, metallic lead .may 

line tanks and piping, again creating the potential for 

environmental exposure (Sittig 1985). 

Lead ~erves no biological function, and its 

accumulation in the biota creates a wide range of toxic 

effects. Toxicity in humans and wildlife are roughly 

equivalent, although certain symptoms of lead toxicity 

identified in rats have not been found in humans. Red blood 

c~ll prod~ction is' extremely sensitive to lead; heme 

synthesis may be inhibited at blood lead levels as low as 5 
.) . 

ug/dl. Hemoglobin levels are reduced at blood lead levels of 

40 - 50 ug/dl and anemia is evident at so'ug/dl. 

Neurological effects begin at blood levels of 40 to 60 ug/dl 

and range up to 80 - 100 ug/dl, when potentially lethal 

encephalopathy occurs. Given this range in observed effect 

levels the Biological Exposure Index, or warning level, for 

humans has been set at.50 ug Pb/dl whole blood (ATSDR 1990). 

Although lead absorption and toxicity occur regardless 

of exposure route, absorption is greater th~ough inhalation 

than ingestion. Lead distribution within mammalian systems 

is equivalent, regardless of exposure route. 
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Lead cycles between bone and blood. In humans, bone" 

contains roughly 95% of the total lead bo~y burden, a large 

portion of whi9h is stored in inert tissue with a half-life 

of 30 years. Also within the bone is a labile storage 

compartment which maintains an equilibrium between lead 

residues in bone and soft tissues and blood. Blood lead 

levels correlate significantly with other tissues including 

bone, kidney, and liver (Plan and Kennedy 1989). The half

. life of lead in blood is 36 days and fn soft tissue 40.days, 

yet blood and tissue levels are not. only indicative of 

recent exposure. A sing~e high exposure depositing-a large 

pool of lead in the bone will maintain elevated blood 

residues, therefore, soft tissue levels, long after the 

exposure has ceased (ATSDR 1990a). 

Within the blood, the majority of lead residues are 

within the red cell fraction, bound to hemoglobin. At blood 

lead levels exceeding 40 ug/dl, relatively more lead is 

found in the serum, possibly indicating an alteration or 

reduction in available erythrocyte lead binding sites (ATSDR 

1990a). 

Past studies of lead residue levels in pinnipeds did 

not find accumulations associated with toxicity (Braham 

1973, Roberts 1976, Holden 1978, Britt and Howard 1983). 

The absence of a regional difference found in several of ~he 

earlier studies (Roberts et al 1976,. Holden 1978). prompted 

speculation that environmental variation in lead levels was 

not reflected in seal tissue. However, two later studies 

(Wagemann 1989, Calambokidis et ale 1991) reported regional 

or temporal differences in lead resid~es in seal liver 

tissue. 

-For the majority of seals sampled in the present study, 

blood lead re~idues were below the quantifiable detection . 

limit of 0.1 ug/g (Fig. 19). In San Francisco Bay, 15% of 

harbor seals sampled had detectable'residues (Fig. 16; the 

mean residue level for all SFB samples was 0.03 ug Pb/g 

(SE=O.Ol), similar to the mean lead residues found in 
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Southern Puget Sound and at San Nicholas Island (Table 17). 

Lead was not detected in blood from seals sampled along the 

Monterey ·Coast. One individual sampled in San Francisco Bay 

had lead residues at levels indicating possible toxicity 

(0.54 ug/g). 

The quantification limit reported in this study is 

fairly conservative (SFEI 1994). Values below the 

quantification limit were reported for samples collected in 

1989-1990, indicating that the majority of seals carried 

blood residues between 0.01 and 0.1 ug/g. These lower values 

were not used in calculating mean residue levels. 

Mercury 

Mercury, found in naturally' occurring ores such as 

cinnabar, has been mined and used by humans for over 1,000 

years. Mercury wastes have been generated in gold min~ng and 

extraction and are linked to increased mercury levels in the 

San Francisco Bay estuary. Mercury is currently used in 

industrial processes and as a fungicide (Osweiller et. ale 

1985, Eisler 1987). 

Mercury has no biological function, and any ievels 

found within tissues is considered a potentially hazardous 

contaminant. Mercury toxicity varies directly with chemical 

form. Inorganic mercury is significantly less toxic than 

lipid soluble, methyl mercury. Methylation of inorganic 

mercury to a more toxic form can occur in aquatic 

environments and in ma~~alian intestines (Rowland et ale 

1975, Rowland et ~l. 19~7, Eisl~r 1987). Regardless of the 

original chemical form, mercury is present in fish tissue as 

methyl mercury. Mercury is a carcinogen and-a teratogen, 

chronic exposure can permanently damage the central .nervous 

system and cause anemia, weight loss, and impaired vision 

(Osweiller et ale 19~5, ATSDR 1989a). 

~n the blood, methyl mercury is found primarily in the 

red blood cell fraction in thiol groups of hemoglobin. 
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Inorganic forms are found in the plasma, bound to plasma 

proteins of albumin and globulin. The organic forms 

associated with red blood cells are more stable and less 

available for excretion by the liver. For humans, the 

reported half-life of mercury in blood is fairly short but 

variable, ranging from 3 days (ATSDR 1989b) to 65 days 

(Osweiller et ale 1985).- Several studies indicated blood mercury residues for 

marine mammals. Northern fur seals (Callorhinus ursinus) 

sampled on st. Paul, Alaska in the early 1970's had mean 

whole blood mercury residues of 0.10 ug Hg/g (wet wt.; n=2)., 

van de Ven et ale (1979) reported increased blood mercury 

concentrations over time in grey seals receiving a constant 

dose of methyl mercury. Residues increased from 0.2 to 3.4 

ug MeHg/g (wet wt.) after 24 weeks of the study. Inorganic 

mercury levels were also given, increasing from 0.01 to 0.09 ~ 

Hg2+/g (wet wt.) during the same time period. Andre et ale 

(1990) reported average mercury residues, 0.36 mg Hg/kg 

(n=40, range=0.01-1.45), in postmortem blood from dolphins 

(Stenella attenuata) collected in the eastern tropical 

Pacific in the 1980's. 

In the present study, mercury was detected in all 

samples analyzed (n=66; Fig. 16). Mean residues for the four 
.S: 

regions sampled ranged between 0.103 and 1~130 ppm Hg (Table. 

17; Fig. 20). Significant differences were found using a 4- .~ 

way ANOVA to compare .~ubgroups. 

Age'did not influence mercury bloo'd res'idues. Past 

studies have reported the opposite finding, that mercury 

residues increased with age in accumulator organs such as 

liver (Drescher et ale 1977, Caurant et ale ,1994). 

Differences in mercury pharmacokineti,cs between blood and 

J liver may be a partial explanation. Andre et ale (1990) 

found no age-related change in mercury blood residues in 
I
I dolphins. 

8· 
Male harbor seals had g~eater mercury r~sidues 

(mean=O.349 ppm) than females (mean=O.229 ppm; P=O.03). 
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Andre et ale (1990) reported no differences in blood 

residues based on gender, although females had greater liver 

and kidney concentrations. 

Regional differences were evident. Harbor seals sampled 

on San Nicolas Island had the lowest mercury residues 

(mean=0.10, n=3i Fig. 16), SFB and PS seals had similar 

average residues of O.28ppm and 0.29ppm, respectively, wh~le 

the greatest average was found for harbor seals off the 

Monterey Coast (using Bonferonni correction). Mercury ~ 

residues at San Nicolas Island were significantly less than 

the other three regions sampled. 

Blood me~cury residue levels associated with observed 

toxic effects ranged between· 0.015 and 0.030 mg Hg/l (ATSDR 

1989a) and 0.05 mg Hg/l (ATSDR 1990b). All harbor seal 

blood residues reported in this study were greater than 

these observed effect levels for humans. 

Mercury-Selenium Interactions 

The association between mercury and selenium has been 

reported in a number of mammalian species including humans 

and marine-mammals, but the relationship is not evident in 

teleost fish or birds (Eisler 1985b, Yoshinaga et ale 1990). 

~n marine mammals the association has been fou~d exclusively 

in the ·liver, at a molar ratio approaching 1:1 (Koeman et 
.,) 

ale 1973', -Martin et. ale 1976, Smith and Armstrong 1978.). 

Mercury was concentrated, at a subcellular level, in the 

nuclei and cell wall fractions. In the liver, the ~er~ury is 

pr~marily in the inorganic form in contrast to the ingested 

organic mercury found in fishes (van de Ven et ale 1979). 

This association between selenium and ~ercury has been 

offered as an explanation for the high liver mercury . 

residues found in apparently healthy marine mammals (Koeman 

et'al. 1973, Martin et ale 1976). The results of in vitro 

studies with seal liver tissue indicated seals exhibit a 

greater mercury demethylation activity than found in 

-. 
I 

I 

I 

~ 104 



-
.. terrestrial mammals (Himeno et ale 1989). Although van de 

Ven et ale (1979) could not identify the mechanism behind 

this demethylation, it did not seem to be linked to 

selenium•.Eisler (1989) proposed that selenite salts release 

methyl mercury linked to proteins in'the liver, forming a 

less-toxic, inorganic complex between mercury and selenium. 

In addition to mercury/selenium associations in the 

liver, these trace elements have been correlated in the 

blood of certain terrestrial mammals. In rats this 

association is reported for both methyl mercury and selenium 

from Sebastes (rockfishes; Ohi et ale 1980) and when both 

elements are administered in inorganic forms (Levander and 

Argrett 1969, Parizek et ale 1971). Hansen (1991) reported 

strong correlations between blood residues of mercury and 

selenium in Greenland natives consuming marine mammal 

meat in their ·diet. ~n that population; the molar ration of 
~.. Se:Hg' always 'exceeded one, being highest at low blood 

mercury concentrations. 

The correlation between mercury and seleniUm levels in 

blood, has not been reported in marine mammals. van de Ven et 

ale (1978) found no increase in blood selenium levels in 

grey seals despite a steady increase in methyl mercury 

levels foll~wing prolonged mercury exPosure. 
,~ ..

In the.present study, mercury and selen1um blood 

residues were not significantly correlated. This finding is 
difficult to· explain. The ~trong correlation ~ound in the 
liver of marine mammals is between'the inorganic forms of 
mercury and selenium, whereas'blood is dominated by the 

organic forms of these elements. Yet, Hansen (1991) did find 
a correlation in human blood, whose exposure routes were 
similar to that of marine mammals. 

J 
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Nickel 

Nickel is used in metal alloys, comprising 15% of 

stainless steel, in electroplating, casting machine parts, 

and in nickel-cadmium batteries (Baselt 1982, Sittig 1985). 

Nickel salts are water soluble, unlike metallic nickel which 

is acid-soluble.~ 

Nickel toxicity in mammals is associated primarily with 

inhalation exposure. Inhaled nickel is a known human 

oarcinogen (Sittig 1985). Ingestion of nickel salts in 

sufficient quantities are.. acutely toxi·c to the. digestive 

sys~em (Dreisbach and Robertson 1987)., and studies of 

animals indicated that reproductiye and developmental 

toxicity may result from ingestion of greater than 5 mg 

Ni/kg body weight/day (Ennever 1994). 

Over 9~~ of ingested nickel is unabsorbed and excreted 

in the feces. Most of the absorbed nickel is excreted in the 

urine, what remains localizes in the connective tissue, 

kidney, and lungs. There is no evidenqe in. humans that 

ingested nickel accumulates with ag~, although inhaled, 

insoluble nickel accumulates in the respiratory tract 

(Baselt 1982). 

The half-life of nickel in blood, in a controlled human 

study, was reported as 11 hours (Baselt 1982). Studies ~sing 

injected rt!ckel~63 in the rat found no traces of nickel in 

tne blood or plasma after 48 hours, and after 72 hours 

nickel was present only in the kidney. The distribution of 

nickel in organ tissues was directly related to the blood 

volume of each organ (NRC 1975). 

Nickel residues in unexposed, healthy humans average 

2.1 ug/l in blood plasma. Plasma levels are approximately 

half of whole blood levels. In asymptotic humans, workplace 

exposure may increase plasma l~vels to 3.2 - 11 ug/l. Nickel 

refinery workers have reported plasma concentrations as high 

as 100 ug/l (Baselt 1982). 

106 



{ . 

Ass'essing marine mammal toxicity to nickel is ~ade
 

difficult by the few studies which have analyzed for the
 

metal. Richard and Skoch (1986) found the highest nickel
 

levels in the ,kidney in northern fur seals sampled at the
 
I 

Pribolof Islands. The mean kidney residues at the two 

rookeries sampled were 14 and 26 ppm (dry wt.). 

Quantifiable levels of nickel were found in few of the 

samples analyzed in the present study (Fig. 16). Nickel was 

not detected in harbor sea~s sampled along the Monterey 

Co~st or in Southern Puget Sound. In San Francisco Bay 15% 

of the seals sampled had quantifiable residues (>0.10 ppm), 

as did two of the three seals sampled at San Nicolas ~sland 

(Fig. 16). Despite the large difference in mean residue 

levels between San Francisco Bay (mean=0.04 ±'O.02 ug/g) and 

San Nicolas Island (mean=O.12 ± 0.06 ug/g) the regional 

difference was not significant (Table 17). Whereas males did 

have significantly higher residues than females (4-way 

ANOVA, P=O.0061) ,and-summer residue 'levels were 

significantly higher than winter (P=O.0003) interpretation 

is complicated by a significant interactiop between gender 

and season (P=.006). 

The detected blood levels reported here were markedly 

greater than levels reported in exposed human workers (Fig. 

21), even accounting for the difference between plasma and 

blood res·idue levels. The relatively conservative 
quantification limit used in this study (SFEI 1994) may have 

masked meaningful residues present 'at lower concentrations. 

Selenium 

Selenium occurs in several forms which vary in 

bioavailabi~ity and toxicity. Selenate, found in certain 

semi-arid soils, including those of the San Joaquin Valley, 
is easily leached from the soil. Agricultural drainage 

. waters may carry selenium from. irriga'ted lands to downstream' 
reservoirs, rivers, and estuaries. Industrial discharges, 
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including oil refinery wastestreams, can contain significant 

selenium loads, often in the selenite form (Wilbur 1980, 

Ohlendorf 1989). 

Inorganic selenium can be absorbed by plants and 

incorporated into soluble seleno-amino acids, primarily 

selenomethionine, the common form ingested by mammals. 

Alternately, ingested inorganic selen~um can be changed to 

organic forms, di- and tri-methyl selenonium, as part of a 

mammalian detoxification process. Conversely, these 

m~thylated forms have shqwn synergistic toxicity with 

mercury and arsenic (USEPA 1980). 

Selenium is an essential element in mammals, yet the 

element's mammalian tolerance range is extremely narrow. 

Amounts causing toxicity are generally one order of 

m~gnitude greater than those creating deficiency (Ohlendorf 

1989). At nutritional levels, selenium is incorporated into 

many proteins, including GSH-Px (Glutathione Peroxidase) 

found primarily in erythrocytes. This protein is believed to 

act as an intracellular antioxidant, similar to vitamin E, 

preventing free radical damage to erythrocyte and other 

cellular membranes (Ohlendorf 1989, Soren~on 199~, Flueck 

1991). 

At toxic exposure levels, selenium may subst~tute for 

sulfur in molecules containing di-slllfide bonds. Toxicity is 

believed to result from the instability of the selenium 

analogs (NAS 1977, Wilbur 1980). Selenium is a known 

teratogen, implicated in waterfowl deformities at Kesterson 

Reservoir. Chronic selenosis can be also be characterized by 
emaciation, anemia, hair loss and abnormal coloration, and 

liver disease (Wilbur 1980, ATSDR 1989b, Ohlendorf 1989). 

In living organisms, s~lenium residue levels in whole 

blood is the best indicator of higp. or low selenium 
. / 

exposures. Blood res1dues accurately reflect eX~9sure at a 

constant exposure rate; .however, when exposure varies, the 

lag time created while selenium is incorporate~ i~to 

developing erythrocytes mak~s plasma selenium l~vels better 
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indicators of recent exposure (Thompson et ale 1981, Fan and 

Chang i991, Thompson and Ellison 1993). 

Selenium residues in whole blood and liver, and whole 

blood and hair are correlated at equilibrium, while at 

variable exposure rates liver, like plasma, reflects reGent 

intake while hair residues indicate historical levels 

present when the analyzed section of hair was formed (ATSDR 

1989b, Clark et ale 1989, Ohlendorf 1989, Fan and Chan 

1991). 

I~ humans, background selenium residues in whole blood 

range between 0.08 and 0.21 mg Sell. Blood residues higher 

than 0.6 mg/l indicate overexposure to the element (ATSDR 

1989b, Fan and Chan 1991). In domestic mammals, blood 

residues above 1 ug/g are associated with chronic selenium 

toxicity (Osweiller et ale 1985) 

Few researchers have reported blood selenium residues 

in mammals. Clark et ale (1989) found raccoons, sampled at 

th~ selenium-contaminated Kesterson Ponds, with whole blood 

selenium residues averaging 2.61 ppm wet wt.(geometric mean) 

whereas raccoons at a nearby control site had mean 

(geometric) levels of 0.274 ppm. Edwards et ale (1989) 

reported postmortem blood residues of 5.2 ppm selenium in 

California sea lions presumed to die from acute seleni~ 

poisoninq. In the same species, unpublished data on 

~ackground blood selenium levels ranged between 0.34 and 

0.70 ppm selenium (Edwards, pers. comm.).· van de Ven et a1. 

(1979) reported blood selenium levels in three'captive grey 

seals/ranging between 0.37 and 0.52 ug Se/g (wet wt). 

In the present study selenium was detected in 100% of 

the samples analyzed from all four regions sampled (Fig. 

16). The highest levels detected .were found in harbor seals 

sampled in San Francisco Bay, where residues ranged up to 

1.8 ppm Se (Fig. 22). 

A'4-way ANOVA identified significant differences 

between certain sUbgroups. ~ereas age ~nd gender were not 

found to influence selenium resid~es, significant 
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differences were found between season and region sampled. 

Selenium residues were significantly greater (P=.OOOl) in 

winter samples (mean=1.04 ppm Se) than in summer samples 

(mean=O.78 ppm Se). Seasonal variation in selenium residues 

has been previously identified. Ohlendorf (1989) attributes 

higher plant selenium levels found in the spring to the 

greater accumulation rate of selenium found in growing vs. 

mature plant tissue. Sorenson (1991) identified a winter 

peak in selenium liver residues in congeneric freshwater 

fish. This reported winter peak in fish selenium residues 

Qges· not necessarily contradict the reported early summer 

peak in plant residues. Sorenson attributes several 

metabolic factors, rather than a change in exposure, to the 

higher levels found in winter. It is unlikely that the 

winter fish peak could indicate a lag time between .plant 

ingestion and changes in vertebrate tissue residue 

concentrations, because reports indicate that selenium liver 

residues respond quickly to' changes in exposure. In any 

case, the increase in winter selenium residues in harbor 

seal blood may indicate a seasonal increase in residues in 

seal prey. 

Regional differences in selenium residues were 

identified (P=.Ol). T~e lowest residues were found in seals 
sampled in Southern Puget Sound (n=6) and along the Monterey 

90ast (n=2). The mean values for these regions were 

s~gnificantly less than the mean wet wt. residues from seals 
, 

sampled in San Francisc~ Bay (mean=O.92 ppm, n=55) and San
 

Nicolas Island (mean=O.98, n=3; Table 17).
 

Eisler (19~5b) reported greater selenium residues in
 

marine th~n freshwater biota, and Wilbur (1980) reported
 

greater selenium concentration factors in" marine fish
 

(CF=4,OOO) when compared with ~reshwater fish (CF=167). It 
is unclear whether background selenium concentrations in the 

biota of estuarine environments are equ.ivalent .,to those of 

marine or freshwater habitats, or 'whether t~ey represent an 

intermediate step between the two environments. Given this 
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uncertainty, it is unclear whether to compare harbor seals 

from the estuarine environment of SFB only to the other 

estuarine habitat sampled (Southern Puget Sound) or to all 

regions sampled. 

Increased selenium residues in harbor seals sampled in 

SFB may be attributed to elevated levels in the estuary, as 

found in other Bay wildlife (Ohlendorf et ~l. 1989). 

However, similarly elevated levels found in San Nicolas 

Island harbor seals are not as easily attributed to 

anthropogenic contamination, although military activity in 

the area may be an undefined source of contamination. 

Natural upwelling may be a source of selenium at San Nicolas 

Is., though differences in trace element composition of 

upwelled waters-between the outer Channel Islands and th~ 

Monterey Coast samples are difficult to explain. 

Available reports on selenium blood residue" levels 

associated with toxicity in mammals range between 0.6 ppm Se 

for humans (Fan and Chang 1991) and 1.0 ppm for domestic 

livestock (Osweiler et ale 1985). The lowest observed effect 

level for humans ~as exceeded in all but two of the 66 

harbor seals sampled (Fig. 22). The higher effect level for 

selenium in the blood of domestic livestock was exceeded by 

seals sampled in San Francisco Bay (33%, n=55) and at San 
,l.: 

Nicholas Island (67%, n=3). The highest selenium residues 

were found in seals sampled in SFB I 'and 15% of the seals 

sampled in the Bay had greater residues than found in any 

other region sampled. 

Silver 

silver can b~ alloyed with numerous metals or used in a 

variety of industrial applications including electroplating 

and photography (sittig 1985). Silver residues in the 

environment, are generally l~nked to'anthropogenic pollution. 

Once absorbed, silve~ accumulates in mammals over time; 

excretion is limited and occurs primarily through the feces. 
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(Sittig 1985, ATSDR 1991). Sufficient accumulations may lead 

to a permanent grey discoloration of epithelial tissue 

(ATSDR 1991). 

Silver residues in blood are associated with recent 

exposure via inhalation, ingestion, or dermal contact. 

Blood and fecal samples ar~ the most reliable indicator of 

silver exp9sure (ATSDR 1991). ~ 

In humans, blood silver residues are considered 

elevated, primarily as a result of occupational exposur~, 

when they exceed the reported silver detection limit of 

O.6ug/100ml (ATSDR 1991). 

In this study, a quantifiable level of silver was not 

detected in any seals sampled, regardless of region. The 

quantification limit for silver was 0.01 ug/g, slightly 

greater than the level of silver residues in human blood 

reported by ATSDR (1991)". 
'

PCB TOXICITY INDICATORS 

In the later half of the study, several indicators of 

PCB toxicity were analyzed to assess potential health 

impacts of elevated PCB residues in harbor seals resident in 

S~n Francisco Bay. .J; 

vitamin A deficiencies are associated with increased 
. ~ . 

microbial infections, epithelial lesions, and reproductive 
r 

disorders (Beardsley 1991). Adequate vitamin A levels ,are 

necessary for cell division and differentiation. In mature 

animals, problems associated with vitamin A deficiency are 

most apparent in rapidly dividing cells including epithelia~ 

surfaces lining the skin, lungs and digestive tract, and 

lymphocytes (Herdt and stowe 1991). 

Serum vitamin A is present in two forms. Retinyl 

palmitate is found in chylomicron remnants (lipid molecules 

released from the intestine during digestion), which have 

been partially hydrolyzed in peripheral tissues before 
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..1
removal from the bloodstream by the liver. This form is 

physiologically inactive and serum levels. are highly 
~ variable with recent digestion. Retinyl palmitate is stored 

in the liver before its release in the active form of 

retinol, bound to a carrier protein and a cell surface 

receptor. 

Serum Vitamin A values were determined for San 

Francisco ,Bay seals sampled in 1991 and 1992 (n=14). Retinol 

(Vitamin A) values ranged between 85 and 290 ng/ml, with a 

mean of 176.6 ng/ml (SE=17.7). Serum retinyl palmitate 

values were quite variable, ranging between 36 and 913 ng/ml 

(mean=244.1, SE=82.2). Age and gender did not create a 

s'ignificant difference on serum retinol levels nor were 

the levels influenced significantly by sample date or 

season. 

~ Serum'retinol levels are homeostatically regulated, and 

in the cow decline only when liver reserves are seriously 

depleted (Herdt and stowe 1991). Other natural causes for 

reduced serum retinol levels include liver disease and 

associated fatty liver and pregnancy, reduced retinol levels 

have been found just before parturition (Herdt 'and stowe 

1991) • .. PCBs have been implicated in reduced vitamin A levels 

in mammals. Brouwer et· ale (1986) proposed that PCB 

interference with the retinol plasma transport protein 

complex re4uced retinol levels reachi~g the target cells 

through increased removal by the kidney' of a partially 

formed retinol transport complex. PCB residues were 

reportedly linked to reduced plasma retinol levels in a 

study of captive harbor seals fed fish from contaminated 

nearshore waters of the Netherlands coast. In seals exposed

J to elevated PCB residues, Brouwer et al.(1989) found'mean 

plasma retinol levels between 0.18 and 0.35 ug/ml. Control _.1 levels of plasma retinol ranged between 0.38 and 0.57 ug/ml. 
T:::"J 

In both the control and exposed groups, plasma retinol 

levels were lower just before the pu~ping season. 
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Serum retinol and PCB residue levels were compared 

using a Pearson rank correlations because the values of PCB 

residues were non-nqrmal in distribution. No correlations 

were found between retinol values and either L PCB or 

individual PCB congeners identified in the sample. 

Serum retinol levels from San Francisco Bay seals 

(mean=177 ng/ml, SE=18) were comparable to retinol levels 

reported by Brouwer et ale (1989), that were associated with 

elevated PCB exposure. Within the San Francisco Bay sample 

-group, no ,correlation was found between L PCB residue levels 

and serum retinol. Both findings may be explained by the 

elevated PCB residues found in Bay seals which equalled or 

exceeded the mean PCB residue in the Wadden Sea experimental 

group. Serum retinol levels may be uniformly depressed in 

harbor seals of SFB. 

Thyroid hormones influence the metabolic rate through 

regulation of enzymatic activity, hormone production, and 

cell synthesis. Thyrox;n, T4, is the principle form in the 

blood, and was assayed in this study as an indicator of 

"thyroid function. Triiodothyronine, T3, though more 

stimulatory to the cells, is present in much smaller amounts 

in blood and during thyroid dysfunction is preferentially 

made over T4, possibly masking a failing thyroid gland 

(Kirby 1990, Duncan and Prasse 1986). Brouwer et ale (1989) 

found PCB related declines in thyroxine levels in harbor 

seals during certain seasons, but the diffe~ence was not a~ 

pronounced or consistent as fo~nd for retinol. 

caution must be used in comparing T4 levels because 

several factors may affect pinniped thyroxin levels. Whereas 

some reports indicate that thyroid hormones reach their 

highest levels in pregnant females and neonates, sharp . 

increases found during the annual molt (Ashwell-Erickson et 

ale 1986), seasonal shifts in cirCUlating levels (Renauf and 

Noseworthy 1991), str~ss-related changes associated with 

captiv~ty. or restraint of wild ani~als, variation among 
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species, and differences in analytical methodologies may all 

influence reported levels (Kirby 1991). 

Serum thyroxin'values were determined for San Francisco 

Bay seals sampled in 1991 and 1992 (n=14). The mean total 

serum thyroxin (T4) level was 2.48 ug/dl (SE=11), and ranged 

between 2.0 and 3.4 ug/dl. Levels did not vary between 

season or sample date or by age or gender. No correlation 

(Pearson correlation) was found between total thyroxin and 

PCB residue levels. SFB levels were in the normal range of 

values reported by Brouwer et ale (1989). 

REPRODUCTIVE HORMONES· 

Reproductive hormone levels were determined in harbor 

seals sampled in San Francisco Bay in 1991-1992. In 

pinnipeds, as in other mammals, hormone levels cycle 

seasonally and in response to reproductive activity 

(Reijenders 1986, Kirby 1990). Unfortunately, the small 

sample size of the 1991-1992 data set prevented seasonal 

evaluations of circulating hormone levels. The values 

presented below indicate a general range found in San 

'Francisco Bay seals, but are not useful for more detailed 

analyses or comparison with contaminant residues. 

Testosterone was determined in a total of three males, 

one individual sampled on each of·the three sample dates in 

1Q91 and 1992. The values ranged. widely, the mean 

testosterone, level was 492 ng/dl (SE=388 i range=49-1, 267) •. 

The ~ean estrogen level, in 10 females of both age 

classes sampled on all three sample dates, 'was 25.62 pg/ml 

(SE=6. 21 i range=1.5-63 pg/ml). Progesterone in the same 

g~oup 'of females had a mean circulating level of 8.04 ng/ml 

(SE=2.54j range=1.6-24.2). 
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ARCHIVED SAMPLES 

During our 1989-1992 field study of harbor seals in San 

Francisco Bay, tissue samples from any dead, beachcast 

harbor seal observed in the Bay or surrounding coastal area 

were collected by or in cooperation with Bob Jones, U.c. 
Berkeley Museum of Vertebrate Zoology. Tissues were later 

subsampled at MLML using clean techniques and archived for 

future analyses. Appendix B lists pertinent information for 

each seal sampled including identification numbers and type 

and number qf tissue samples available for future analyses. 
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Tabl. 1. Historical maximwm counts of harbor seala within San Francisco Bay. Seasons are defined as S - spring/summer (March ~  July) and W • winter, August through February. 
Where available the max~number  of pups at each site 1s given in parentheses after the spring/summer count. Pup counts are not included in the spring/summer maximum count. 
Shaded areas indicate spring/sumner. P-,seals present, ?-unknown census time. 
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Table 2. Mean, standard errqr (SE) , number of counts (n), and maximum count (Max) of harbo~  seals 
(non-pups) at eight haul-out sites in San Francisco Bay from 1989 to 1992. The first line for each 
site are data for the pupping season (March-July), the second line for each haul-out site is for 
the non-pupping' season (August-February). 

Haul-out site 1989 1990 1991 1992 
Mean (SE) n Max Mean (SE) n 'Max Mean (~E)  n Max Mean (SE) n Max 

-Corte Madera 9.6 (2.0) 7 19 7.3 (1.4) 27 22 11.2 (1.4) 30 30 15.1 (2.1) 11 28 
non.-pupping 6.2 (1.4) 20 19 6.1 (1.4) 39 30 11.6 (2.4) 16 26 2.3 (1.4) 3 5 

Castro Rocks 75.9 (8.2) 13 126 103.9 (9.3) 17 154 112.7 (6.5) 10 148 97.1 (7.3) 10 125 
non-pupping 48.0(12.9) 3 72 52.7{12.6) 9 127 67.1(12.8) 9 140 63.5 (8.5) 2 72 

Yerba Buena 35.7 (5.4) 11 68 41.1 (5.9) 12 70 63.5 (6.2) 24 116 65.6 (5.6) 28 127 
non-pupping 58.7(17.0) 12 195 74.1(10.0) 20 178 79.0(12.5) 23 243 199.8(32.6) 11 344 

Corkscrew 14 • 5 (3. 5) 2 18 1.0 (0.0) 1 1 
non-pupping 2.5 (0.8) 6 6 13,.7 (1.4) 7 20 

Bair Island 14 • 0 (5. 5) 4 30 5.0 (O.O) 1 5 
non-pupping ... 11.8 (2.7) 6 21 12.7 (2.0) 7 19 

Grec9 Island 44 •3(5. 6) . 9 66 25.3 (3.6) 4 32 21. 'S (2. 9) 6 34 
non-pupping 14.0'" (0.0) 1 14 20.0 (5.7) 5 30 12.0 (.6.2) 3 21 

Newark Slough see Mowry Slough 54.7 (8.3) 6 77 45.5 (5.4) 16 8,2 
non-pupping see Mowry Slough 19.9 (5.9) 10 66 13.8 (3.5) 8 27 

Mowry S'lough 169.6(11.4) 11 249 ·19 8 • 4 (2 6 • 5 ) 14 356 80.7 (7'.7) 10 134 55.3 (9.2) 10 152 
non-pupping 41.1 (3.9) 16 64 116.0(14.3) 6 171 4.5 (2.3) 10 20 8.5 (4.3) 6 26 

., 
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Table 3. Maximum numbers of harbor seal pups counted at 
haul-out sites (counts at each location were not conducted 
necessarily on the same day) during the pupping season 
within San Francisco Bay from 1989 to 1992. NO indicates 
years of no data when counts were not conducted. Counts of 
pups in 1991 at Mowry and Newark Sloughs were not separ~ted 

between locations . 

... YEAR 
LOCATIO~ 1989 1990 1991 1992 

~ 

Corte Madera 3 1 1 3 ,.. -'. 

Castro Rocks 13 26 26 15-'
i 

I ", Yerba Buena.Island 1 1 0 2 

,.4 '-
Bair Island NO NO 1 \4 

Corkscrew Slough ND NO 2' 4 

Greco Island 5 NO '3 4 -" 
Newark Slough NO 17 16 -- 81 
Mowry Slough 41 39 67 

.~ ,I; 

.~ 

, " 

-
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Table 4. Date, haul-out site (CM=Corte Madera, CS=Corkscrew'Slough, GI=Greco Island, MS=Mowry 
Slough, N5=Newark Slough), flipper tag number, radio tag frequency, sex, estimated age 
(A=adult, S=subadult), length, weight, and girth of ~arbor  seals caught, tagged, and 
sampled in San Francisco Bay. Blood samples withdrawn from seals for analyses of CBe, serum 
chemistry, trace organics, and trace metals are designated by an X. A dotted line indicates 
no samples were obtained. 

DATE LOCATION TAG # FREQ. SEX AGE LENGTH WEIGHT GIRTH BLOOD SAMPLING 
"(kHz) (em) (kg) (em) CBC CHEM ORG METAL 

7/31/89 eM 101 26<) F A 146 ---- 112 X X X X 
7/31/89 eM 102 --- F A 136 .' 40 90 
7/31/89 'CM 103 111 F S 114 39 86 X X X X 
7/31/89 eM 104 362 F S 105 39 88 X X X X 
8/01/89 CM 107 032 F A 146 74 106 X· X x X 
8/02/89 MS 108 022 M A 147 50 91 X X X X 
8/02/89 MS, 109 299 M A 153 82 118 X X X X 
8/.02/89 MS 110 --- M A 146 68 95 
8/02/89 MS 111 132 M A 155 77 104 X X X X 
8/02/89 MS 112 --- F S 93 18 69 
8'/02/89 MS 113 --- M S 105 31 83 
8/02/89 MS 114 --- F S 122 31 83 
8/02/89 MS 115 198 M A 159 84 119 X X 
8/02/89 MS 116 --- F S 113 32 82 
8/02/89 MS 117 --- M A 159 85 --- X X X X 
8/02/89 MS 118 --- F S 125 39 83
 
8/02/89 MS 119 172 M A 128 67 100 X X
 
8/02/89 MS 120 250 M A 134 65 105 X X X X
 

8/02/89 MS 121/123 042 M A 144 79 114 X X X X
 

8/02/89 MS 122 --- M ·S 110 39 81
 
8/02/89 MS 124 --- F A 158 45 53
 
8/02/89 MS 125 012 M A 134 68 --- X X X X
 

8/02/89 MS 126 --- F A 118 49 86
 
8/02/89 MS 127/129 240 F A 119 50 99 X X X X
 

I I ·1 ,I , , 
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Table 4. continued 

DATE LOCATION TAG #	 FREQ. SEX AGE LENGTH WEIGHT GIRTH BLOOD SAMPLING 
(kHz) (em) (kg) (em) CBe CHEM ORG METAL 

8/02/89 MS 128 --- M A 156 79 --- X X X X' 
8/02/89 MS 130 --- M A 142 64 --- X X X X 
8/02/89 MS 131 --- M S 143 48 
8/02/89 MS 132 --- M A 155 74 
8/02/89. MS 133 228 M A 142 77 --- X X X X 
8/02/89 MS 13.4 059 M A 139 87 --- X X X X 
8/02/89 MS 136 717 M A 146 85 --- X X X X 
8/02/e9 MS 137 215 M A 134 73 --- X X X X 
8/02/89 MS 138 270 M A 178 80 --- X X X X 
2/06/90 MS 121/123 --- M A --- 101 --- X X X X 
2/06/90 MS 139 900 M A 151. 87 113 X X X X 
2/06/.90 MS 140 670 M A 152 94 119 X X X X 
2/06/90 MS 141 --- M S 97 26 74 
2/06/90 MS 142 640 F S 111 42 92 X X X X 
2/06/90 MS 143 --- M S 114 35 85 X X X X 
2/06/90 MS 144 852 F A, 116 49 90 X X X X 
2/06/90 MS 145 882 F S 117 42 93 X X X X 
2/0.6/90 MS 151 650 F S 117 44 89 X X X X 
2/06/90 MS 152 620 F S 115 34 84 X X X X 
2/06/90 MS 153 --- M A 170 --- 170 
2/06/90 MS 154 780 M A 119 61 142 X X X X 
2/06/90 MS 155/156 730 F A 131 57 131 X X X X 
2/06/90 MS 157 --- F S 104 33 80 X X X X 
2/07/90 MS 158 750 F A 158 31 87· X X X X 
2/08/90 MS 146 860 F A 142 90 --- X X X X 
2/08/90 MS 147 660 F A 133 79 --- X X X X 
2/08/90 MS 148 --- M A 158 
2/08/90 MS 149 920 F A 148 105 --- X X X X 
'2/08/90 MS 150 868 F A 141 103 141 X X X X 
2/08/90 MS 159 --- F S --- 44 



Table 4. continued 

DATE LOCATION TAG # FREQ. SEX AGE LENGTH WEIGHT 
(kHz) (em) (kg) 

2/08/90 MS 160 690 F A 137 86 
2/08/90 
2/08/90 

MS 
MS 

161 
162 

--
--

M 
M 

S 
A 

120 
144 

57 
86 

2/08/90 
2/08/90 

MS 
MS 

163 
164 

792 
--

F 
M 

A 
A 

145 
131 

104 
68 

2/08/90 MS 165 -- M A 130 65 
2/08/90 MS 166 820 F A 150 110 
2/08/90 MS 167 -- M A 145 76 
2/08/9q MS 168 7'42 F A 158 103 
2/08/90 
2/08/90 

MS 
MS 

169 
170 

630 
-- M 

F 
A 
A 

141 
--

117 
57 

2/08/90 
2/08/90 
2/08/90 
2/08/90 
2/08/90 

MS 
MS 
MS 
MS 
MS 

171 
172 
173 
176 

175/177 

----------

F 
M 
M 
M 
M 

A 
A 
A· 
A 
A 

131 
160 
154 
158 
144 

61 
108 
112 

94 
93 

12/05/90 GI 178 702 M' A 1-56 83 
12/05/90 GI 179 -7'80 M S 115 36 
2/12/91 
2/13/91 

GI 
MS 

.182 
183 

600 
--

F 
F 

A 
S 

127 
134 

60 
.--

2/13/91 MS 184 660 M A 160 
2/13/91 MS 187 630 M A -- 84 
2/13/91 MS 188 740 F A 152 93 
2/13/91 
2/13/91 

MS 
oMS 

190 
191 

762 
610 

M 
F 

A 
A 

147 
127 

93 
70 

2/13/91 
2/13/91 

MS 
MS 

193 
194 

720 
--

M 
M A -- 68 

2/13/91 MS 196 -- M A 179 
2/13/91 
9/20/91 

. MS 

NS 
198 

229A/230 
----

M 
M 

A 
S 

168 
94 22 

f 'I ~ I I 

GIRTH 
(em) 

--

--

--

BLOOD SAMPLING 
CBC CHEM ORG METAL 

X X X X 

X X X X 

X X X X 

108 

100 
93 

69 

! 
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Table 4. continued 

DATE LOCATION TAG #	 FREQ. SEX AGE LENGTH WEIGHT GIRTH BLOOD SAMPLING 
(kHZ) (em) (kg) (em) CBC CHEM ORG METAL 

9/20/91 NS 233/231 440 M A 158 98 104 X X X X 
9/20/91 NS 23~/232 483 F S 129 44 76 X X X X 
9/22/91 MS 237/236 430 F S 119 32 72 X X X X 
9/22/91 MS 238/241 450 F A' 141 57 91 X X X X 
9/22/91 NS 243/242 630 F A 125 47 83 X X X X 
9/22/91 NS 246/245 650 F S 120 34 71 X X X X 
9/22/91 NS 248/247 600 F S 107 35 73 X X X X 
9/2'2/91. CS 250/249 422 F S 111 43 81 X X X X 
2/04/92 MS 251 060 F S 111 36 75 X X X X 
2/04/92 MS 252 810 F A 133 85 123 X X X X 
2/04/92 MS 125B --- F A 147 103 136 X X X X 
2/06/92 MS 253 010 M S 105 26 76 X X X X 
9/27/92 MS 225 500 F A 133 52 89 X X X X 
9/27/92 MS 226 850 M A 164 64 97 X X X X 



Table 5. Date, loc~tion  (PS=Puget Sound, Washington; SN=San Nicolas Island; MC=Monterey 
Coast), flipper tag number, radio tag frequency, sex, estimated age (A=adult, S=subadult), 
length, weight, and g~rth  of harbor seals caught, tagged, and sampled. Blood samples 
withdrawn from seals for analyses of cae, serum chemistry, trace organics', and trace metals 
are designated by an X. A dotted line indicates no samples were obtained. 

DATE LOCATION TAG #	 FREQ. SEX AGE LENGTH WEIGHT GIRTH BLOOD SAMPLING 
(kHz) (em) (kg) (em) CBC CHEM ORG METAL 

5/22/89 PS 574 --- M A 149 101 --- X X X X 
5/22/89 PS 480 --- M A 152 96 --- X X X X 

X ~~  , 5/22/89 PS 603 --- M A 150 109 --- X X X 
5/22/89 PS 604 --- M A 145 89 --- X X X X 
5/22/89 ;PS 605 --- M A 151 100 --- X X X X 
5/22/89 'PS 606 --- M A 151 94 -----r X X X X 
6/1?/90 SN 881 --- M S --- --- --- X X 

, . 6/?? /90 SN 882 --- M S --- --- --- X X 
'6/1?/90 SN ,883 --- M 'S --- --- ---	 X X 

f ___

9/27/92 Me 229 800 M A 148' 118 X X X X 
9/27/92 Me 228 660 M A 152 --- 92 X X X X 

,,' 

C,,' 
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·i Table 6. Seal identification number (i.e. radio tag frequency), date tagged, 
sex, number of times tagged harbor seals were located (#LOC), maximum numbel 

I ~ 

of days the t~g·was known on a animal (DAYS), and locations within and 
outside San Francisco Bay where tagged harbor seals were located •.. ' 

WITHIN SAN FRANCISCO BAY OUTSIDE SF BA2 

..1' 
SEAL DATE SEX #LOC DAYS SB MS NS GI YB CR RB CM pp GG BL DE Pl 

I_I 012 8/89 M 6 62 1 5 
022 8/89 M 10 85 2 5 2 1 

.,.~- 032 8/89 F 20 84 18 1 1 
042 8/89 M 15 173 5 ",~ 7 1 
059 8/89 M 10 107 1 8 1 
111 8/89 F 7 172 5 1 1

_i 132 8/89 M 15 231 3 10 1 
172 8/89 M 24 192 15 8 1
 
198 8/89 M 14 43 1 13
 
215 8/89 M 8 195 4 1 3
 
228 8/89 M 24 126 19 1 2 2
 
240 8/89 F 10 231 2 1 3 4
 
260 8/89 F 12 241 12
 
270 8/89 M '22 231 16 4 1 1
 

"t'	 299 8/89 M 2 49' 2 
359 8/89 M 0 

< -1	 362 8/89 F 9 53 9 
717 8/89 M' 1 142 ,-

I 
620 2/90 F 2 17 2 

\. / ~ 630 2/90 F 7 79 5 1 1
 
640 2/90 F 6 146 6
 
650 2/90 F 5 91 5
 

r	 
660 2/90 F 14 92 14 
670 2/90 M 14 144 14 
690 2/90 F 8 59 8-'	 730 2/90 F 9 106 9 
742 2/90 F 10 147 10 
750 2/90 F 3 73 3 
780 2/90 M 11 102 10 1,l; 

• 
i 

("', 792 2/90 F 9 144 9 

-/ 
820 2/90 F 7 147 6 ".) 1 
852 2./90 F 14 106 ·14 
860	 2/90 F 13 100 13""' , 1	 868 2/90 F 9 147 9 
882 2/90 F 8 81 6 2.-i 
900 2/90 M 15 95 10 1 4
 
920 2/90 F 10 85 10
-;\ 

J 
422 9/91 F 16 177 7 1 7 1 
430 9/91 F 9 185 5 1 2 
440 9/91 M 20 159 1 2 2 1 
450 9/91 F 3 12 3 
483 9/91 F 26 182 3 3 1 2 1 1 
600 9/91 F 22 234 9 3 4 2 3 1.. ~, 630 9/91 F 32 175 6 5 15 2	 1 1 ...i	 650 9/91 F 22 246 13 1 1 3 
01Q 2/92 M 17 102 3 9 2 1 2 
060 2/92 F 23 104 2 7 5 1~~ 810	 2/92 F 21 60 15 6 

.J 

1:.;r 



Locations where tagged harbor seals were located: 
SB: South Bay 
MS: Mowry Slough 
NS: Newarts Slough 
GI: Greco Island 
YBI: Yerba Buena Island 
CR: Castro Rocks 
RB: Richmond Bridge 
eM: Corte Madera 
PP: pillar Point 
GG: Golden Gate 
BL: Bolinas'Lagoon 
DE: Drakes Estero 
PR: Point Reyes 

'

•
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~/ Table 7. Daily mean, standard error (SE), maximum number of hours 
(Max.), and number of days radio-tagged harbor seals were ashore or 
in the water Cn) near two haul-out sites in San F~ancisco Bay. Days 
indicates the'numper of days that tagged individuals were in the 
vicinity of the haul-out site (i.e. in the water or on haul-out 
site within reception range) during the 49 days of monitoring at 
Yerba Buena Island and 89 days monitoring at Mowry Slough. 

Duration Ashore (hrs) Duration in water (hrs) 
Seal Days Mean (SE) n Max. Mean (SE) n Max. 

Yerba Buena Island - 1989 
012 o a o 
022 2 o 2.5 (1.5) 2 4 
032 3 a 2.3 (1.3) 3 5 
042 23 9.1 (1.0) 22 16 5.6 (0.'8) 20 11 
059 17 1.5 (0.5) 2 2 9.5 (1.4) 17 19 
111 2 5.0 (0.0) 1 5 2.5 (1.5') 2 4 
132 38 7.3 (1.1) 30 13 7.7 (1.5) 36 8 
172 15 2.7 (0.5) 6 4 5.5 (1.1) 11 12 

'- 198 o o o 
215 o o o 
228 18 6.8 (0.8) 17 10 4.3 (1.2) 17 6 
240 o o o .... 260 a o o 
270 42 8.6 (1.5) 31 14 11.8 (1.9) 42 10"., , 299 1 1.0 (0.0) 1 1 o
:) 359 o o o
 
362 o o o
 

Mowry Slough - 1990 
620 90 2.0 (0.5) 27 24 1.5 (0.2) 53 10 
630 87 1.4 (0.4) 20 24 1.2 (0.2) 42 13 
640 88 1.4 (0.4) 12 1.8 0.9 (0.2) 26 9 
65·0 90 3.6 (0.7) 33 24 1.1 (0.·2) 44 7 
660 88 2 •.5 (o. 5) 30 18 1.6 (0.3) 48 15 

··i 670 85 4.1 (0.6) 40 19 1.7 (0.3) 46 11 
690 84 1.0 (0.3) 23 12 1.8 (0.3) 47 16-"_il; 

J 

730 84 3.5 (0.4) 43 17 0.9 (0.2") 38 8 
742 90 4.2 (0.6) 40 8 1.5 (0.2) 42 8 
750 89 1.4 (0.5) 7 23 0.3 (0.1) 22 ·3 
780 S4 5.5 (0.6) 60 22 5.0 (0.5) 68 14 
792 87 4.2 (0.7) 40 24 4 • 0 I.e 0 • 3 ) 76 12 
820 89 4.4 (0.7) 37 24 1.2 (0.2) 41 8 
852 89 4.0 (0.4) !?4 12 1.6 (0.2) 61 7 

~! 
860 86 5.6 (0.8) 45 24 2.6 (0.3) 63 14 
868 88 3.8 (0.6) 37 2.0 2.8 (0.3) 62 10 
882 90 6.0 (0.9) 38 24 0.9 (0. 2)' 31' 7 

~)I 

.J
 

J
 



Table 8. Blood health parameters for harbor seals sampled between 1989-1992 in San 
Francisco Bay. Values which are non-normal as defined by the Kolmogorov-Smirnoff 
probability test (P<O.OS) are indicated by an asterix. Two methods were used to 
calculate the reference range for each parameter. Values generated using the 
traditional method (Mean ± 2 S.D.) often exceeded the range in observed values, 
indicated in bold. An alternative method employed resampling statistics to define 
the 95% 'confidence interval. For certain parameters, for which only extremely high 
vaues are diagnostically significant, a one-tailed 95% confidence interval was also 
calculated. 

SAN FRANCISCO BAY - 1989-1992 

REFEREllCE RANGES 

n OBSERVED HEAN±SE MEAN±2SD RESAMPLING STATS 
RANGE ~2.S% ~97.S% ~95% 

ERYTHROGRAMS 
RBC (mg IJ1l ) 53 2.1-5.7 4.7±0.1 3.3-6.0 3.0'-5" 5 
Hematocrit (%) 53 26.1-65.5 52.6±1.0 37.6-67.7 35.1-62.7 
Hemoglobin (gm/dl) 53 9.7-23.8* 19.5±0.4 13.1-25.9 11.5-23.5 
MCH (pgm) 53 36.0-47.1 42.3±0.3 ·37.7-47.0 37.3-45.2 
MCHC (gm/dl ). 53 35.2-39.6* 37.4±0.9 35.5-39.2 35.5-38.9 
MCV (fI) 53 100.0-126.0 .113.4±0.8 102.4-114.4 103.3-123.8 

LEUKOGRAMS 
WBe (J.lI) 53 3,,9-23.9 12.·9±0.6 4.4-11.5 5.8-22.2 
Neutrophils (%) 53 28-89 64.4±2.0 35.0-93.8 34.3-86.8 
Band 47 0-1* 0.06±0.04 -0.4-0.6 0-0.8 0.6 

Neutrophils (%) 
Lymphocytes (%) 53 5-50* 22.0±1.5 0.2-43.8 7.4-44.6 
Monocytes (%) 53 0-10* 3.7±0.4 -1.9-9.3 0-9.3 8.7 
Eosinophils (%) 53 0-21 7.9±0.7 -2.1-17.9 0.9-19.1 
Basophils (%) 53 0-10* 1.9±0.3 -2.3-5.9 0-7.4 6.5 

LIVER, MUSCLE, & 
KIDNEY ASSOCIATED 
ENZYMES 
SGOT (lUll) 53 42-733* 117.5±14.6 -95.1-330.1 43.2-381.2 290.9 
SGPT (lUll) 53 11-179* 41.4±4".5 -23.6-106.4 11.6-131.2 109.8 
Total Bilirubin 53 0-3.1* 0.3±0.1 -0.5-1.2 0.01-1.31 0.8 

(rng/dl) 
Creatinine (mg/dl) 53 0.6-1.9* 1.3±O.04 0.7-1.9 0.7-1.8 1.8 
BUN (mg/dl) 53 25-90* 44.0±1.9 16.2-71.8 25.6-77-'.4 
Alkaline Phos. (lUll) 53 0-100* 33.0±2.9 -8.8-74.8 3.7-:-83.6 
BUN/Creatinine Ratio 53 17.1-70.9* 36.2±2.0 6.8-65.6 18. 6-68 .·8 

GLUCOSE, LIPID, & 
PANCREATIC 
ENZYMES 
Total Glucose (mg/dl) 53 42-223 138.6±3.7 84.6-192.6 81.6-185.5 
Cholesterol (mg/dl) 53 123-433* 236,,6±8.1 118.0-354.6 143.9-382.2 

. Amylase (IU/l) 37 419-962 659.8±27.8 321.5-998.0 425.2-922.3 906.1 
Lipase (IU/l) 39 39-557* 126.5±17.6 -93.3-346.3 42.7-474.5 389.9 

PROTEIN & ELECTROLYTES 
A/G Ratio 53 0.4-2,,0* O.6±O.03 0.2-1.1 0.4-1.2 
Total Protein (g/dl) 53 6.7-9.7 7.9±O.1 6.3-9.5 6.8-9.6 
Albumin (g/dl) 37 2.6-3.5* 2.9±0.04 2.5-3.4 2.6-3.5 
Globulin (g/dl) 53 2.7.-6" 7 4.9±0.1 3.2-6.7 3.4-6.6 
Sodium (rom/l) 52 127-156* 147.1±0.6 138.9-155.2 138.6-154.1 
Potassium (rom/I) 52 3.3-5.7 4.2±0.1 3.3-5.1 ~.5-5.2 

Chloride (rom/I) 52 81-117 104.1±0.8 92.7-115.5 92.1-113.9 
Anion Gap (rom/l) 52 13-51* 25.0±1.1 8.6-41.4 14.2-44.5 41.6 
Calcium (mg/dl) 53 8.8-16.5* 10"l±O.2 8.0-12.3 9.0-12.8 
C02 (rom/l) 53 6-30* 22.3±0.8 10.9-33.7 7.6-28.8 
Inorg. Phosphate. 53 2.1-14.4* 5.9±0.3 1.2-10.6 2.7-11.7 

(mg/dl) 
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Table 9. Blood health parameters for harbor seals sampled in 1989 in Southern Puget 
Sound (n=6). Values which are non-normal as defined by the Kolmogorov-Smirnoff 
probability test (P<O.OS) are indicated by an asterix. Two methods were used to 
calculate the reference range for each parameter. Values generated using the 
traditional method (Mean ± 2 S.D.) often exceeded the range in observed values, 
indicated in bold. An alternative method employed resampling statistics to define 
the 95% confidence interval. 

SOUTHERN PUGET SOUND - 1989 

REFERENCE RANGES 

RESAMPLING STATS 
n OBSERVED RANGE MEAN±SE MEAN±2SD S;2.5% ~97.5% 

ERYTHROGRAHS 
RBC (mg/J.11) 6 4.5-5.8 5.1±O.2 4.2-6.1 4.6-5.6 
Hematocrit (%) 6 50.3-63.6 57.6±1.7 49.1-66.1 52.7-61.8, 
Hemoglobin (gm/dl) 6 18.2-24.9 22.0±O.9 17.7-26.4 19.5-21.2 
MCH (pgm) 6 40.4-48.9 43.1±1.3 36.9-49.3 40.6-47.1 
MCHC (gm/dl) 6 36.2-39.5 38.2±0.5 35.9-40.5 36.8-39.3 
MCV (fl) 6 107-124* 112.8±2.4 101.2-124.5 108.2-120.1 

LEUKOGRAMS 
WBC (J1l) 6 8.2-14.8 12.5±1.1 6.9-18.1 9.1-14.7 
Neutrophils (%) 6 42-78 62.0±5.2 36.5-87.5 47.2-75.3 
Band 6 o 

Neutrophils (%) 
Lymphocytes ( %) 6 16-48* 24.8±4.8 21.3-28.4 16.9-40.4 
Monocytes (%) 6 1-7 4.2±1.0 -0.4-8.8 1.6-6.6 
Eosinophils (%) 6 2-11 8.0±1.S 0.6-15.4 3.4-10.9 
Basophils (%) 6 0-4* 1.0±O.7 -2.4-4.4 0-3.2 

LIVER, MUSCLE, &. 

KIDNEY ASSOCiATED 
ENZYMES 
SGOT (lU/1) 77-269 149.7±33.6 -14.9-314.3 79.3-:246.0 
SGPT (lU/l) 38-97 60.5±9.7 12.9-108.0 39.6-8,9.2 
Total Bilirubin 0.1-1.1* O.3±O.2 -0.5-1.1 0.01-0.82 
(mg/dl) 
Creatinine (mg/dl) 6 1.4-1.9* 1.5±0.1 1.1-2.0 1.4-1.8 
BUN (mg/dl) 6 35-99 56.0±9.4 10.0-102.0 37.5-85.4. 
Alkaline Phose (lU/l) 6 11-75* 31.2±9.5 -15.4-77.8 12.6-60.2 
BUN/Creatinine Ratio 6 18.4-70.7 38.1±7.6 1.0-75.1 21.1-61.8 

GLUCOSE, LiPID, &. 
PANCREATJ:C ENZYMES 
Total Glucose (mg/dl>. 6 87-142 120.8±8.9 77.1-164.5 93.7-139.4 
Cholesterol (mg/dl) 6 158-282 202.8±18.1 114.0-291.6 164.3-258.8 
Amylase (IU/l) 5 517-556 533.4±7.1 501.7-565.1 520.3-547.8 
Lipase (IU/l) S 86-298 225.4±39.5 48.8-402.0 138.9-287.5 

PROTEIN & ELECTROLYTES 
A/G Ratio 6 0.43-0.69 O.6±O.04 0.4-0.8 o .5'-0 . 7 
Total Protein (g/dl) 6 7.1-9.0 8.3±O.3 7.0-9.7 7.4-8.9 
Albumin (g/dl) 4 2.5-3.3 2.9±0.2 2.2-3.6 2.6-3.2 
Globulin (g/dl) 6 4.2-6.2 5.3±0.3 4.0-6.7 4.5-6.0 
Sodium (rom/I) 5 148-149* 148.6±O.3 147.5-149.7 148.1-149.0 
Potassium (rom/I) 5 3.6-4.8 4.1±O.2 3.2-5.0 3.7-4.. 5 \ 
Chloride (rom/I) 5 107-110 109.0±O.6 106.6-111.4 107.9-109.8 
Anion Gap (mm/l) 5 16-29 21.6±2.3 11.5-31.7 17.9-26.4. 
Calcium (mg/dl) 6 8.7-10.5* 9.3±O.3 8.1-10.6 '.. 8.8--10.1 
C02 (nun/I) 6 10-27 20.2±2.5 8.0-32.4 12.8-26.0 
Inorg. Phosphate 6 5.0-9.8 6.3±O.7 2.6-9.9 '5.1-.8. 6 
(mg/dl) 

L 



Tabl~ 10. 4-WAY ANOVA of blood parameters sampled 1989-1992 in San Francisco and Southern Puget Sound. 

REGION SEASON SEX AGE 
PS SF S W M P AD SA SEASON*SEX SEASON*AGE 

Probe Mean Mean Probe Mean Mean Probe Mean Mean Prob. Mean Mean Probe Probe 
RBC (mg/J..lI) 0.005 4.37 5.02 0.023 4.96 4.45 0.045 
HCT (%) 0.001 49.22 56.93 0.007 56.13 50.25 0.017 
HGB (gm/dl) 0.021 22.03 19.49 0.014 21.05 18.48 
MCH (pgm) 
MCHC (gmldl ) 
MCV (fl) 

WB~  (JlI) 
Neutrophils seg. (%) 0.010 58.66 69.50 0.044 61.07 67.17 0.037 
Neutrophils Band (%) 0 .. 028 
LymphocYtes (%) 0.013 26.10 18.63 0 .. 033 24.90 19 .. 18 0.048 
Monoeytes (\) 0.038 2.90 4.50 
Easinophils (%) 
Basophils (%) 

SGOT (IU/l) 
SGPT (IU/l) 
Total Bilirubin (mg/dl) 
Creatinine (mg/dl) 0.002 1.41 1.07 
BUN (mg/dl) 0.03648.28 42.30 
Alkaline Phose (lUll) 0.032 41.45 24.47 
BUN/Creatinine Ratio 

Total Gl~cose  (mg/dl) 
Cholosterol (mg/dl) 
Amylase (I~/l) 0.026,533.4 659.1 0.006 565.32 697.36 
Lipase (lUll) 0.024 225.4 126 .. 5 0.001 177.93 107.48 0.020 

A/G Ratio 
T~tal  Protein (g/dl) 0.026 7.74 8.21 
Albumin (g(dl) 
Globulin (g/dl) 0.022 4.69' 5.22 
Sodium (mm/l) 
Potassium '(rom/l) 0.018 0.019 
Chloride (rom/l) 0.012 109.00 104.12 0.008 107.18 102.00 
Anion gap (rom/I) 
Calcium (mg/dl) 
C02 (nun/l) 0.02320.17 22.34 0.010 20.90 23.30 
Inorg. Phosphate (mg/dl) 0.008 6.89 4.99 

,I I I I I , , , ,! J , 
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Table 11. Mean values for harbor seal blood health parameters generated in the current study and reported in the literature 

1\.bab. Captive W114 Captive captive CaptlTe 
(pUpI) (P'1P" juv.) (pup., juv.) (.uba.4Ul ta, a 4111t. ) (.~.4ult.,  a=1t.) (ftl)a4u1tl, a4u1t.) 

SP Bay S. Puget S. J\oletto McConnell McConnell Wickham J\1dge,.,.,y Odell 
'U· 'n 'It ,t) " Vaughan '83 6: Vaughan '83 et al. ' •• '72 (pu'.. oc.a.) 

PMJJIlITD n mean SO n mean SO n mean SO n mean SO n mean SO n mean SO n mean SO n mean SO 

IRl'1.'D.OClftS 

Rae hrql~l) 53 4.65 0.67 6 5.12 0.47 26 4.74 0.41 10 5.00 0.25 13 6.1~  0.30 7 5.11 0.56 6 5.45 0.70 43 4.71 0.71 

RCT ~'} 53 52.64 7.52 6 57.56 4.25 26 50.60 5.90 10 51.00 9.40 13 65.00 3.70 7 53.00 5.40 7 52.00 6.00 39 57.00 7.00 

HOB (;mIdi) 53 19.49 3.20 6 22.03 ·2.19 26 18.60 2.20 10 1'7. 90 1.15 13 21.50 1.20 7 21.00 1.80 5 19.20 1.30 37 20.90 2.50 

.XCH (Nml 53 42.34 2.33 6 43.10 3.09 26 39.20 2.40 10 36.00 0.87 13 34.00 3.30 7 40.00 2.70 ... - - 46 42.00 3.00 
)feMe (gJli/dl) 53 37.36 0.94 6 38.20 1.17 26 36.80 1. 00 10 35.30 0.49 13 33.30 1. 60 7 38.00 1.40 - - - 45 36.00 2.00 

MCV Ctl) 53 113.40 5.48 6 112.82 5.81 26 107.70 7.00 10 100.00 2.90 13 104.00 2.60 7 105.00 10.00 - - - 46 116.00 7.00 

UV'XOQ2l»lS 

wac (JIll 53 12.94 4.29 6 12.52 2.80 26 13.20 2.90 10 9.70 1. 20 13 7.50 1.40 7 8.40 - 6 8.02 1. 00 27 9.59 1. 71 

N.utrophil Seg. (\) 53 64 .40 14.70 6 62.00 12.74 26 63.00 9.00 .. .. .. .. .. .. .. .. .. 6 59.00 20.00 38 58.00 13.00 

Neue roph.i1 Band (') 47 0.06 0.25 6 0 . 26 0 1.00 .. .. .. .. .. .. .. - .. 6 1.00 1. 00 42 0.50 Loo 
LYI"hocyt... (\:) 53 22.00 10.90 6 24.83 11.77 26 26.00 8.00 . .. .. .. .. - . .. .. 6 33.00 22.00 39 28.00 9.00 

Honocyt•• (') 53 3.10 2.80 6 4.20 2.30 26 7.00 4.00 .. .. .. - .. - .. .. .. 6 4.00 2.00 38 5.00 3.00 

EOllnophi 1s (') 53 7.90 5.00 6 8.00 3.70 26 3.00 3.00 .. .. - .. .. .. .. .. .. 6 1.00 1. 00 40 7.00 8.00 

!alophil. "~I  53 1. 90 2 .10 6 1. 00 1. 70 26 0 0 .. .. - .. .. .. . - .. .. .. - 40 0.20 0.50 

LIVIJl. Ml1.SCLI, nmn mtZYKll 

SOOT (IUJ 1) * 53 117.50 106.30 6 149.70 82.30 26 133.00 45.00 .. .. .. - .. .. .. .. .. .. - - 25 53.00 41.00 

SOPT (lUll) * 53 41.40 32.50 6 60.50 23.76 .. .. .. 12 51.00 12.20 11 53.30 26.90 .. .. .. .. - .. 28 46.00 34.00 

T. Bilirubin (1I'9/dl) 53 0.34 0.42 6 0.30 0.40 15 0.20 0.10 .. .. .. .. .. .. .. .. .. .. .. .. 21 0.30 0.10 

Cr••tlnine (mg/dl)·" 53 1. 29 0.29 6 1.53 0.22 14 O. 7~· 0.20 - - - - .. .. .. - - - .. .. 22 1. 20 0.30 

BUN (m;/dl)"+ 53 44.00 13.90 6 56.0023.00 26 47.00 15.00 - - - - - - 2 46.00 13.00.. .. .. 
Alkaline Phos. UtI/l)· 53 33.00 20.90 6 31.20 23.30 26 141.00 60.00 12 137.00 28.80 11 90.00 19.60 .. - .. - - - 25 55.00 34.00 

BUN/Craat. Rat 10 53 36.20 14.70 6 38.07 18.52 26 41.00 15.00 .. .. - .. .. .. .. .. .. - - .. 28 36.00 9.00 

oLUCOn, :LIPID, PANCUA'1'IC INZ1'XIS 
" 

Total Cluco•• (zng/dl)"" 53 138.60 27.00 6 120.80 21.85 26 136.00 25.00 .. .. .. - .. .. - .. .. 2 150.00 2.00 28 154.00 27.00 
Chole.trol (~/dl)...· 53 236.60 59.30 6 202.80 44.38 2S 280.00 51.00.. .. .. .. .. .. .. .. .. .. 
Amyla.. (1U/1) 39 654. 10 16'. SO 5 533.40 15.84 .. ., .. .. - .. . . .. . .. .. .. .. .. .. l' 770.00286.00 
L1pa.. (lUll) 39 126.50 109.90 5 225.40 88.30 

t,. 

,aOTlnr., ILICnOLT'l'JS " 
A/a Ratio 53 0.64 0.22 6 0.57 0.11 
T. Protein (g/dl) .. 53 1.90 0.81 6 8.33 0.69 25 1.33 0'.80 12 6.70 0.25 11 6.10 0.86 7 7.60 .. .. .. .. 23 ., .20 1. 00 
Albumin (;/41)" 53 3.02 0.39 6 3.00 0.34 26 3.80 0.20 12 4.10 0.18 11 3.80 0.38 . .. .. .. .. 2S 3.10 0.50....:-... 
Clobulin (O/dl)· 53 4.91 0.87 6 5.33 0.69 .. . .. .. .. .. .. .. .. . .. .. .. .. .. 24 3.90 0.80 
Sodium (mIl) 52 141.10 4.10 5 148.60 0.55 26 150.00 3.00 12 150.00 1.20 11 151. 00 1. 40 .. .. .. .. .. .. 9 153.00 4.00 
Potas.hl1l\ (1MI/1) 52 '(,17 0.44 5 4.10 0.47 26 4.90 0.50 12 3.90 0.30 11 4.30 0.38 .. - .. .. .. .. 8 4.10 0.30' 

Chlorid. {m/l) 52 104.10 5.10 S 109.00 1.20 26105.00 3.00 .. - .. - . .. .. - .. .. .. - 20 10'7.00 6.00 
Anion Gap (JNl'\/1) 52 25.00 8.20 S 21.60 5.03 

calcium (D'Q/dl) 53 10.14 1. 09 6 9.32 0.62 26 9.10 0.50 - - - 22 10.00 0.70.. .. .. .. .. .. .. .. .. 
CO2 (JI'1IIt/l) 53 22.30 5. '70 6 20.11 6.11 2S 28.00 3.00 

Inorg. Phosphate (mg/dl) 53 5.89 2.33 6 6.27 1. 82 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..Phosphorus - - - 18 5.1 1.4 

.1Ii comparison may not be valid due to different analytical methods (Duncan and Pra.s. 1988) 

"iii AMlytical methods may differ but values are comparable (Duncan and Prasse 1988) 



Table 12. A comparison of solvent extractable lipids in lipemic and 
non-lipemic harbor seal blood. Heparin plasma samples collected in 
1989-1990 were extracted with petroleum ether. Whole blood samples 
collected in 1991-1992 were extracted with chloroform methanol. A 
~ubset of the 1991-1992 whole blood samples were ~lso extracted 
with hexane. NA = not analyzed. 

REGION / YEARS LIPEMIC? BLOOD mean % LIPID EXTRACTION 
n ± S.E., SOLVENT 

San Francisco Bay 
1989 - 1990 41 combined plasma 0.146 ± 0.026 pet ether 

2 yes plasma 0.070 + 0.021 
39 no plasma 0.150 + 0.027 

1991 - 1992 14 combined whole 0.496 ± 0.030 chloroform
2 yes whole 0.600 + 0.160 methanol 

12 no whole , 0.479 + 0.026 
6 no whole' 0.057 ± 0.031 hexane 

Southern puget Sound 
1989 6 no plasma 0.043 ± 0.014 pet ether 

San Nicolas Island 
1990 3 NA plasma 0.223 + 0.122 pet ether 

Monterey Coast 
1992 2 NA wp.ole 0.555 + 0.045 chloroform

methanol 



-

Table 13. pp'DDE residue levels in harbor seal blood plasma 
(hepari~). Lipid weight values are based on petroleum.ether 
extractable lipids. San Francisco Bay seals were sampled in 1989
1990 and San Nicolas Island seals were sampled in 1990. No pp'DDE- residues were detected in seals sampled in Southern Puget Sound 
(n=6)

,~ 
in 1989. pp'DDE detection limit <5 ppb wet weighi. 

REGION I Wet weight (ppb) Lioid Weight' (ppm) 
SAMPLE GROUP n mean + S.E. (range) mean + S.E. (range) 

San Francisco Bay 

14.3 + 1.9 (0-47) 

10.1 ± 2.9 (0-47) 
17.9 ± 2.3 (5-43) 

'21 • 7 +15 • 1 ( 4 - 51 • 7) 

) 



-
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Table 14. PCB Aroclar 1260 residue levels in harbor seal blood 
plasma (heparin). Lipid weight values are based on petroleum ether 
extractable lipids. San Francisco Bay seais were sampled in 1989
1990. 'No PCB Aroclor 1260 residues were. detected «50 ppb) in seals 
sampled in Southern Puget Sound '(n=6) in 1989 or at San Nicolaus 
Island (n=3) in 1990. 

REGION / wet weight (ppb) Lipid Weight (ppm) 
SAMPLE GROUP n mean ± S.E. (range) mean + S.E. ~range) 

San Francisco Bay 

All Seals 41 46.7 + 10.6 (0-330) 57.9 + 14.5 (0-330) 

Females 19 10.7 ± 5.9 (0-79) 25.2 ± 15.6 (0-263)

Males 22 77.7 ± 16.5 (0-330) 86.2 ± 22.0 (0-330) ..
 



..
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Table 15. L PCB residue levels in harbor seal whole blood samples. 
Lipid weight values are based on both chloroform-methanol extractable.- lipids and the mean percent of hexane extractable lipids. San 
Francisco Bay seals were sampled in 1991-1992 and Monterey Coast 
seals were sampled in 1992.-
REGION / LPCB Wet wt.(ppb) LPCB Lipid wt.(ppm) 
SAMPLE ChIaro-methanol Hexane 

mean ± S.E. mean + S.E. mean + S.E. 
n (range) (range) (range) 

San Francisco Bay 

All Seals 14 50.5 ± 9.6 10.6 ± 2.0 89.3 + 16.8 
(12-152) (2.5-29) (21-267) 

Females 10 47.9 ± 12.9 10.6 ± 2.7 84.0 ± 22.6 
(12-152) (2.5,-29) (21-~67) 

Males 4· 57.0 ± 11.7 10.6 ± 2.8 100.0 ± 20.5 
(30-79) (4.6-18) (53-139) 

Monterey Coast 

All Seals 2 175.0 ±161.0 29.4 +26.6 NA 
(Adult Males) (14-336) (2.8-56) 

@j 

j.
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Table 16. PCB congener levels in harbor· seal whole blood samples 
collected from San Francisco'Bay (1991-1992) and the Monterey coast 
(1992). Values given are ppb wet weight. NO = not detected. 

PCB SAN FRANCISCO BAY MONTEREY COAST 
congener n me~n·± S.E.(range) n mean ± S.E. (range) 

.., 

L PCB 14 50.5 ± 9.6 (12-152) 2 175.0 ± 161.7 (1:4-336) 

811M;PCB	 052 14 0.5 + 0.2 (0-3.4) 2 2.8 + 2.8 (0-5.5) 
085 14 0.5 + 0.2 (0-2.3) 2 5.0 ± 5.0 (0-10) 
087 7 0.1 + 0.1 (0-.5) 2 0.4 + 0.4 (0-.7) 
095 14 0.1 ± 0.1 (0-1.3) 2 1.6 ± 1.6 (0-3.1) --,
099 14 2.8 + 0.6 (.9-8 •.7) 2 24.4 ± 22.6 (1.8-47) 
101 14 1.5 ± 0.3 (0-5.4) 2 4.7 ± 4.6 (0-9.3) 
105 7 0.1 + 0.04(0-.3) 2 0.3 + 0.3 (0-.5) ...118 14 0.2 + 0.1 (0-1.1) 2 1.2 + 1.2 (0-2.4) t:, 

128 14 1.2 + 0.3 (0-4.2) 2 4.4 + 4.3 (0-a.8) 
138 14 9.7 + 1.8 (3-29) 2 33.1 + 28.9 (4.2-62) _11
149 14 1.3 + 0.4 (0-5.7) 2 5.0 + 5.0 (0-10) 
153 14 14.6 + 2.7 (3.8-42) 2 4~.3 + 43.8 (5.5-93) 
156 7 0.2 + 0.1 (0-.9) 2 0.7 + 0.7 (0-1.4) 
170 14 2.5 + 0.5 (0-6.6) 2 4.9 + 4.9 (0-9.8) . 
180 14 8.8 + 1.4 (2.4-20) 2 22.4 + 20.6 (1.7-43)
 
183 14 2.0 + 0.3 (0-4.5) 2 2.9 + 2.3 (.5-5.2)
 
187 7 3.0 + 0.7 (1.7-6.9) 2 6.3 + 5.7 (.6-12)
 
194 14 1.2 + 0.3 (0-3.6) 2 4.2 + 4.2 (0-8.4) -$
 
195 7 0.3 + 0.2 (0-1.2) 2 NO
 
203 14 1.7 ± 0.3 (0-4.2) 2 1.8 + 1.8 (0-3.6)
 



Table 17~ Trace element residue levels in harbor seal whole blood. 
Values below the quantification limit were assigned a value of o. 
Values given are ug/g (ppm). 

Element Dry Weight 
mean + S.E. (range) mean ± S.E. (range)-

SAN FRANCISCO BAY (1989-1992) n = 55 
Cadmium 0.02 ± 0.002 (0-0.1) 0.06 ~ 

:. 
0.01 (0-0.38)
 

Copper 0.92 + 0.04 (0.4-1.74) ~.93 ± 0.20 (1.57-8.70)
 
Lead 0.03 ± 0.01 (0-0.54) 0.13 + 0.05 (0-2.35)
 
Nickel 0.04 + 0.02 (0-0.86) 0.16 + 0.08 (0-4.10)
 
Mercury 0.28 ± 0.02 (0.08-0.73) 1.19 + .10 (0.35-3.65)
 
Silver NO
 
Sel'enium 0.92 ± 0.04 (.51-1.80) 3.81 + .14 (2.04-6.52)
 

SOUTHERN PUGET SOUND (1989) n = 6
 
Cadmium 0.01 + 0.002(0.01-0.02) 0.04 + 0.002(0.04-0.05)
 
Copper 0.97 + 0.03 (0.87-1.05) 3.32 + 0.12 (2.90-~.74)
 

Lead 0.05 ± 0.03 (0.04-0.14) 0.16 ± 0.10 (0-0.52)
 
Nickel NO
 
Mercury 0.29 + .03 (0.20-0.40) 0:99 + 0.12 (0.67-1.48)
 
Silver NA
 
Selenium 0.70 + 0.02 (.64-.79) 2.42 ± 0.09 (2.13-2.63)
 

SAN NICOLAS ISLAND (1990) n = 3
 
Cadmium 0.02 + 0.01 (0-0.04) 0.08 + 0.05 (0-0.16)
 
Copp'er 0.92 + 0.05 (0.82-.97) 3.48 + 0.10 (3.31-3.65)
 
Lead 0.06 + 0.06 (0-0.18) 0.24 + 0.24 (0-0.73)
 
Nickel 0.12 + 0.06 (0-0.20) 0.43 ± 0.22 {0-0.72)
 
Mercury 0.10 + 0.05 (0.05-0.20) 0.39 ± 0.19 (0.18-0.76)
 
Silver NO
 
Selenium 0.98 + 0.17 (0.65-1.20) ,.. 3.78 ± 0.72 (2.34-4.56)
 

MONTEREY COAST (1992) n = 2
 
Cadmium NO
 
Copper 0.81 .+ 0.16 (0.65-0.97) 3.07 + 0.51 (2.56-3.57)

Lead NO
 
Nickel ND
 
Mercury 1.13 + 0.57 (0.56-1.70) 4.38 + 2.32 (2.06-6.69)
 
Silver NO
 
Selenium O. 73 +, 0.20 (0.53-0.92) 2.74 ± 0.65 (2.09-3.38)
 

J.
 



Table 18. Pearson Correlation matrices of trace .elements 
found in harbor seal blood samples.* indicates a significant 
correlation (P<O.05). 
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Figure 1. Relationship between In of counts of harbor seals off 
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Figure 3. Primary harbor seal haul-out sites in San Francisco Bay. Specific 
haul-out areas indicated on the map (in red) include both pupping sites and 

- winter haul-out locations. 
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Figure 10. Percentage (as indicated. by lighter portion of pie diagrams) of 28 harbor seals tagged pre-pupping that 
used each of the haul-out sites in the vicinity of San Francisco, Bay. For instance, 14% of the 28 tagged harbor seals 
used Castro Rocks at least once. 
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Figure 11. Percentage (as indicated by lighter portion of the pie diagrams) of 26 harbor seals tagged after the molt 
that used each of the haul-out sites in the vicinity of San Francisco Bay. For instance, 19% of 26 tagged harbor seals 
used Castro Rocks at least-once. 
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PCB Congener 

Figure 15. PCB patterns for harbor seals sampled in San 
Francisco Bay (1991-1992) and the Mo~terey coast (1992). PCB 
IUPAC numbers are given in the order of elution from the GC 
column. Values presented are mean ratios ,of PC~ congeners to 
PCB-153.'Open bars represent significant (P <.0.05) differences 
among groups in arcsine transformed PCB congener ratios. 
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ABSTRACT 

Thirty-nine harbor seals (12 males, 27 females) were captured 

from February 1990 to February 1992 in South San Francisco Bay, 

California. Head-mounted radio transmitters were attached to study 

movements, daily activity patterns, and dive behaviors. Radio-

tagged seals used a mean 2 haul-out sites (SE = 0.2, range 1-7). 

Nine seals moved to the outer California coast ~t least once, 

ranging north to Pt. Reyes Headlands and south to Pillar Point. 

Harbor seal movements were within the entire length' of the Bay 

from Alviso Slough to Corte Madera Marsh. Seals spent a 

significantly greater proportion of time diving at night compared 

to day (Q = 4.3, P < 0.001), and hauled-out more during day than 

night (Q = 4.5, P < G.OOl). The proportion Of time diving and 

hauled-out was unrelated to tidal height, harbor seal age or sex, 

or time of year. Mean dive times were 0.5 (SD = 0.3) to 3.3 (SD = 

1.3) min. Fourteen species of fishes, and 1 species of cephalopod 

were identified from 215 fecal samples collected in San Francisco 

Bay. Of these species, 5 constituted greater than 93% of the 

estimated dietary mass. An introduced species, yellowfin goby 

(Acanthogobius flavimanus), constituted greater than 54% of the 

total number of prey 'item. found. 

ii 



ACKNOWLEDGMENTS 

We appreciate the students and staff of Moss Landing 

Marine Laboratories (especially Steve Trumble and Dion Oxman) who 

donated their time and energy capturing harbor seals. 

We thank Patience Browne, Stacy Motland, and Carol Spencer 

for countless hours of help tracking harbors seals in San 

Francisco Bay. Dianne Kopec was extremely instrumental, she 

counted and tracked seals, collected fecal samples, and edited the 

text. We extend special thanks to the following people for 

allowing us access to restricted areas to track seals: San 

Francisco Bay National Wildlife Refuge, Vice Adm. Berin (USCG), 

Ken McNeil, PAD (USN), and Chuck Taylor (Leslie Salt Co.). Without 

their cooperation, this research would not have been possible. 

Many thanks to the Delta Outflow/San Francisco Bay Study and 

the Interagency Ecological Study Program of the California 

Department of Fish and Game for allowing the use of fish catch 

data for food habits analysis. 

This study was supported by grants from the San Francisco 

Estuary project and the Interagency Ecological Studies Program for 

the Sacramento-San Joaquin Estuary (California Department of Water 

Resources) . 

iii 



-

-

-


J
 

Table 

1. 

2 . 

3 • 

4 • 

5. 

6 . 

7 . 

8 . 

9 • 

10. 

LIST OF TABLES 

Page 

Standard measurements of harbor seals 44 
radio-tagged and monitored in San 
Francsico Bay, California, February 1890 
through February 1992. 

Number of harbor seal fecal samples collected 45 
in San Francisco Bay (1991-1992) by season 
and location (N=215). 

Number and location of haul-out sites used, 46 
number of days located, and maximum distance 
radio-tagged seals were located from 
their capture sites in San Francisco Bay, 
California, February 1990 through. February 
1992. 

FrieOman analysis of mean proportion of time 47 
diving versus time of day during 24-hour 
observation periods for all seals (N=22). 

Friedman analysis of mean proportion of time 48 
diving versus tidal height during 24-hour 
observation periods for all seals (N=21). 

Mann-Whitney test of mean proportion of time 49 
diving for all radio-tagged harbor seals 
versus age, sex, and time of year (N=22). 

Friedman analysis of mean surfac~ intervals 50 
(min) versus time of day during···~4-hour 

observation periods for all seals (N=19). 

Friedman analysis of mean dive times (min) 51 
versus time of day during 24-hour observation 
periods for all seals (N=19). 

Friedman analysis of mean surface intervals 52 
(SI) and "dive times {DT} versus tidal height 
during 24-hr observation periods for all seals 
(N=14) . 

Mann-Whitney test of mean surface intervals 
(SI) and dive times (DT) for all radio-tagged 
harbor seals versus age, sex, and time of 
yea~ ·(N=22). 

j. 
i ~\r 



Table Page 

11. Descriptive statistics for surface intervals 
(SI) of all radio-tagged harbor seals 
captured in San Francisco Bay, California, 
February 1990 to February 1992 (N=22). 

54 

12. Descriptive statistics tor dive times (DT) of 
all radio-tagged harbor seals captured in San 
Francisco Bay, California, February 1990 to 
February 1992 (N=22). 

55 

13. Descriptive statistics for haul-out (HO) 
periods of all radio-tagged harbor seals 
captured in San Francisco Bay, California, 
February 1990 to February 1992 (N=23). 

56 

14. Diet composition of harbor seals during 
pupping and non-pupping seasons based on an 
analysis of fecal samples collected in San 
Francisco Bay, Cali_fornia, 1991-1992 (N=153 )'. 

57 

15 .. Diet composition of harbor seals in extreme 
south bay (ESB) I south bay .(SB), and Central 
bay (CB) based on an analysis of fecal 
samples collected in San Francisco Bay, 
1991-1992 (N=153). 

58 

16. Mean (SE) catch per trawl in harbor seal 
feeding and non-feeding areas by location in 
San Francisco Bay (1991-1992). Mid-water and 
otter trawls conducted by California . 
Department of Fish and Game. Prey species 
represent the· top~five prey types identified 
in harbor $eal fecal samples collected in San 
Francisco Bay (1991-1992). 

59 



.I 

~--_...._-----'-_...._-------_....._---~._ ............
 

•1
 
.[
 

'

LIST' OF FIGURES 

Figure Page 

1. Harbor seal capture and haul-out sites, and 
feeding areas in the San Francisco Bay area. 

60 

2 . Proportion of time diving during 24-hour 
observation periods versus time of day for 
individual radio-tagged harbor seals (N=23) 
Mean, standard deviation, and range are 
represented by a horizontal line, box, and 
vertical ine, respectively. 

61 

3 • Number and relative proportion of harbor seal 
fecal samples with, and without, identified 
prey hard parts by collection month (a) and 
site (b) (N=215). 

62 

4 . Proportion of time diving during 24-hour 
observation periods versus tidal height for 
individual radio-tagged harbor seals (N=23) 
Mean, standard deviation, and range are 
represented by a horizontal line, box, and 
vertical line, respectively. 

63 

5. Total recorded diving time and relative 
proportion of time diving in feeding and 
non-feeding areas for individual radio-tagged 
harbor seals (N=22). 

64 

6 . Regression of mean surface intervals (aL and 
mean/dive durations (b) for all radio-tagged 
harbor seals tracked versus weight in 
kilograms. 

65 

7 . Percent diet composition versus season based 
on number (a) and mass (b) of prey items in 
harbor seal fecal samples collected in San 
Francisco Bay, California, 1991-1992 (N=215). 

66 

8. Frequency histogram of Acanthogobius 
flavimanus standard length (SL) and 
approximate age during pupping (a) and 
non-pupping (b) season from otoliths found 
in harbor seal fecal samples collected in 
San Francisco, California. 

67 

\ 
l .. J 
..i 



~"UI.... t 

Figure 

9 . 

10. 

11. 

12. 

13. 

14. 

15. 

16.
 

Page 

'Frequency histogram of Acanthoqobius 
flavimanus standard length (em) in extreme 
south bay (ESB), south bay (SB), and central 
bay (CB) from harbor seal fecal samples 
collected in San Francisco Bay, 1991-1992. 

68 

Frequency histogram of Acanthogobius 
flavimanus fork length (em) in extreme south 
bay (ESB), south bay (SB) I and central bay 
(CB) from California Department of Fish and 
Game otter trawls 1991-1992. 

69 

Frequency histogram of Acanthogobius 
~lqvirnanus fork length (em) in extreme south 
bay (ESB), south bay (SB), and Central bay 
(CB) from California Department of Fish and 

Game mid-water trawls 1991-1992. 

70 

Frequency hist?gram of Enqraulis mordax 
-standard length (SL) and approximate age 
during pupping (a) and non-pupping (b) 
season from otoliths found in harbor seal 
fecal samples collected in San Francisco, 
California. 

71 

Frequency histogram of Enqraul,is mordax 
standard length (em) in extreme south bay 
(ESB) I sou~h bay (SB) ,f and central bay (CB) 
from harbor seal fecal samples collected in 
San Francisco Bay, 1991-1992. 

72 

Frequency histogram of Engraulis mordax 
fork length (em) in extreme south bay (ESB), 
south bay (SB). I and central bay (CB) from 
California Department of Fish and Game 
mid-water trawls 1991-1992. 

73 

Frequency histogram of Leptocottus armatus 
standard length (SL) and approximate age 
during pupping (a) and non-pupping (b) 
season from otoliths found in harbor seal 
fecal samples collected in San Francisco, 
California. 

74 

Frequency histogram of Leotocottus armatus 
standard length (cm) in extreme south bay 
(ESB), south bay (SB), and central bay (CB) 
from harbor seal fecal samples collected in 
San Francisco Bay, 1991-1992. 

75 

_. 

-,
 

vii 



Figure 

17. 

18. 

19. 

20. 

21. 

fI'.' 22. 

23. 

J 24. 

Page 

Frequency histogram of Leptocottus armatus 
fork length (em) in extreme south bay (ESB), 
south bay (SB), and central bay (CB) from 
California Department of Fish and Game 
mid-water trawls 1991-1992. 

76 

Frequency. histogram of Leptocottus arrnatus 
fork length (em) in extreme south bay (ESB), 
south bay (SB), and central bay (CB), from 
California Department of Fish and Game 
otter trawls 1991-1992. 

77 

Frequency histogram of Genyonemus lineatus 
standard length (SL) and approximate age 
during pupping (a) and non-pupping (b) 
season from otoliths found in harbor seal 
fecal samples collected in San Francisco, 
California. 

78 

Frequency histogram of Genyonemus lineatus 
standard length (em) in extreme south bay 
(ESB), south bay (SB), and central bay (CB) 
from harbor seal fecal samples collected in 
San Francisco Bay, 1991-1992. 

79 

Frequency histogram of Genyonemus lineatus 
fork length (em) ·in extreme south bay (ESB), 
south bay (SB), and central bay (CB) from 
California -Department of Fish and Game 
otter trawls 1991-1992. 

80 

Frequency histogram of Genyonemus lineatus 
fork length (em) in extreme south bay (ESB), 
south bay (SB), and central bay 'CB) from 
California Department of Fish and Game 
mid-water trawls 1991-1992. 

81 

Frequency histogram of Porichthys notatus 
standard length (SL) and approximate age 
during pupping (a) and non-pupping (b) 
season from otoliths found in harbor seal 
fecal samples collected in San Francisc9, 
California. 

82 

I 

Frequency histogram of Porichthys notatus 
standard length (em) in extreme south bay 
(ESB,), south bay '(SB), and central bay (CB) 
from harbor seal fecal samples collected in 
San Francisco Bay, 1991-1992. 

83 

J.
 



Figure 

25. 

26. 

27. 

28. 

29. 

30. 

Frequency histogram of Poriehthys notatus 
fork length (cm) in extreme south bay (ESB), 
south bay (SB), and central bay (CB) from 
Ca~ifornia Department of Fish and Game 
otter trawls 1991-1992. 

Frequency histogram' of Poriehthys notatus 
fork length (em) 'in extreme south bay (ESB), 
south bay (SB), and central bay (CB) from 
California Department of Fish and Game 
mid-water trawls 1991-1992. 

Mean number per sample of selected fish 
species versus month from California 
Department of Fish and Game mid-water trawls 
in San Francisco Bay, 1980-1992. Selected 
species represent those found in harbor seal 
fecal samples collected in San Francsico Bay, 
1991-1992 

Mean number per sample of selected fish 
species versus month from California 
Department of Fish and Game otter trawls in 
San Francisco Bay, 1980-1992. Selected 
species represent those found in harbor seal 
fecal samples collected in San Francsico Bay, 
1991-1992. .' 

Mean number per sample of selected fish 
species versus year from California 
Department of Fish and Game mid-water trawls 
in San Francisco Bay, 1980-1992. Selected 
species represent those found in harbor seal 
fecal samples collected in San Francsico Bay, 
1991-1992. 

Mean number per sample of selected fish 
species versus year from California 
Department of Fish and Game otter trawls in 
San Francisco Bay, 1980-1992. Selected 
species represent those found in harbor seal 
fecal samples -collected in San Francsico Bay, 
1991-1992. 

-
Page 

84 -
85 

86 

87 

88 

89 

ix 



-

• INTRODUCTION 

San Francisco Bay is an important estuary for' marine 

vertebrates, serving as a nursery area for juvenile fishes, a -
feeding area for migrating shorebirds and ducks, and a~pupping and 

feeding region for some marine mammals. This productive estuary is 

- also impacted by human influences: pollution, habitat destruction, 

and human disturbance. The San Francisco Bay Estuary Project has 

initiated a number of studies to understand the physica,l, 

chemical, and piological processes in the estuary and the effects 

of human activities. Because most marine mammals occupy the 

highest level of the food chain, they represent an~excellent 

example of the effects of human activities on prey resources, 

habitat degradation, and human-induced disturbance. 

The Pacific harbor seal (Phoca vitulina richardsi) is 

distributed along the west coast of North America from the Bering 

Strait to Baja 'California (Shaughnessy and Fay 1977, Bigg 1981). 

Harbor seals are thought non-migratory, with limit'ed seasonal 
'.) 

movements associated with 'breeding, molting, and foraging (Fancher 

1979, Sullivan 1980, Brown and Mate 1983, Allen et al. 1989). 

Estuarine environm~nts, such as the San Francisco Bay and Delta 

region, provide harbor seals with productive and undisturbed 

habitat for feeding, parturition, and rearing pups. Mowry Slough, 

J in South San Francisco Bay (Fig. 1), has tradi'tionally been the 

principal harbor seal breeding area in the Bay, and the site of 

one of the largest aggregations of harbor seals in northern 

J.
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California during the spring and surruner (Risebro"ugh et al. 198"0, 

Fancher 1982, Fancher 1987). 

The purpose of this s~udy was to determine the importance and 

use of certain habitats (e.g. haul-out sites or feeding areas) and 

potential ~ffects of human activitie~ on harbor seals in San 

Francisco Bay. Data from this study and one considering regional 

population dynamics and pollutants, (funded by the· State Water 

resources Control Board to James Harvey and Dianne Kopec) will be 

used to assess the condition of the harbor seal population in San 

Francisco Bay. 

The primary objectives of this study were:, (1) to 

document movements of radio-tagged harbor seals throughout San -
Francisco Bay and possibly offshore; (2) to determine if daily 

activity patterns and dive characteristics of individual harbor 

seals vary with time of day, season, or tide; (3) to establish 

whether certain habitats are preferentially used by harbor seals 

within San Francisco Bay with respect to resting, feeding, and 
,t;

puppingj and (4) to identify'principal prey species of harbor 

seals in San Francisco Bay, an~ estimate the impact of the harbor 

seal population on available resources. 

Seasonal movements of harbor seals in the San Francisco Bay 

'and Delta Region have largely been inferred from changes in 

relative abundance among local haul-put sites (Risebrough et al. 

1980, Fancher 1982, Allen et al. 1989). Seasonal influx of harbor 

seals into South. San Francisco Bay begins in mid-February, with 

the greatest numbers occurring in late April at the peak of the 

pupping season (Fancher 1979). Only 7% to 10% of the harbor seals 

2
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present during the pupping season remain near Mowry Slough between 

September and January (Fancher 1979). A few researchers have 
~, 

documented seasonal movements of individual harbor seals (Pitcher 

and McAllister 1981, Brown and Mate 1983, Jeffries 1986, Miller 

1988), ~et little is known about the daily movements of individual 
..' 

harbor seals around San Francisco Bay. 

Most studies of harbor seal behavior have involved 

daytime observations when seals were ashore (Sullivan 1980, 

Schneider and Payne 1983, Slater and Markowitz 1983,· Stewart 1984, 

Terhune 1985). Although this method yields information on local 

abundance, and haul-out site selection and timing, it does not 

allO¥J data concerning harbor seal behavior in the water or a-t 

night. In addition, although recent advances in radiotelemetry and 

transmitter attachment techniques allowed investigators to focus 

on the activities of individual mar~ne mammals (Fedak et ale 1982, 

Kuechle 1982, Kooyman et ale 1983), most researchers using 

radiotelemetry of harbor seal behavior have predominantly focused 

,.s;; • • • • " 
on recordlng actlvltles ashore (Pltcher and McAllister 1981, 

St~art 1984, Thompson 1987, Yochem et al. 19'87, Thompson and 

Miller 1990). Consequently, little is known about the daily 

activities of harbor seals in the water (Fancher 1979, Harvey 

1987) . 

To study movements, identify habitat use, and determine daily 

J activity patterns and dive characteristics in San Francisco Bay, 

harbor seals were captured and fitted with radio transmitters and 

flipper tags. 

Ideqtification of primary prey species taken by harbor 

., 
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seals in the San Francisco Bay region is an essential part of 

assessing their habitat use and potential impact on available 

resources. This was accomplished by analyzing undigested prey hard 

parts, primarily fish otoliths and cephalopod beaks, in fecal 

samples collected at haul-out sites throughout the region. 

Fecal analysis has been used to investigate the diets of a wide 

range of pinniped species: harbor seals, Phoca vitulina (pitcher 

1980, Everitt et al. 1981, Brown and Mate 1983, Harvey 1987); grey 

seals, Halichoerus grypus (Anderson et al. 1974, Prime and Hammond 

1987); leopard seals, Hydrurga leptonyx (Hofman et al. 1975); 

California sea lions, Zalophu8 californianus (Everitt at al. 1981, 

Hawes 1983); and Antarctic fur seals, Arctocephalus qazella (North 

et al. 1983). 

The unique morphology of otoliths and beaks allows 

identification of the various taxa found in pinniped fecal samples 

(Pitcher 1980, Frost and Lowry 1981, Brown-. and Mate 1983, North et 

al. 1983, Harkonen 1987, Dellinger and Trillmich 1988). This 

method of food habit analysis allows collection of large amounts 

of data quickly, with relatively low levels of disturbance to the 

seals. 

METHODS 

Movements and Diving
 

Harbor seals were captured near haul-out sites at several
 

locations in south-ern San Francisco Bay (Mowry Slough, Newark
 

Slough, Greco Island, and Corkscrew Slough; Fig. 1). The haul-out .. 
./ 

4 

l 



...
 
sites consisted of intertidal mudflats with salt marsh vegetation 

above the intertidal zone. Channels through the sloughs were 

sufficiently deep that harbor seals had immediate access to escape 

•• routes even at minus tides (Risebrough et al. 1980) . 

Methods of capture and tagging were identical to that 

- described by Jeffries et al. (1993). Harbor seals resting onshore 

- were rapidly approached using two outboard-powered boats with the 

lead boat carrying a capture net, stacked on a platform mounted 

above the transom and outboard motor. As the lead boat approached 

to within 20 to 36 m of the haul-out site and 10 m offshore at a 

speed of approximately 20 knots, a float attached to one end of 

the net was thrown to shore. The lead boat proceeded to make an 

arch in front of the haul-out site, setting the net, until it 

finally reached shore. The second boat brought the float to shore,' 

thereby enclosing the seals. 

Each end of the net was 

entire net with harbor seals 

were untangled from the net, 

Once' all captured seals were 

pulled along shore until the 

was ashore. Individual harbor seals 

and placed head first into hoop nets. 

secure in hoop nets, standard length 

{to the nearest 1 em}, greatest girth (to the nearest 1 em), 

~ weight (to the nearest kg), and age class (adult, subadult, pup) 

were determined. Adults were defined using the lower 95% 

confidence interval for minimum length (cm) or weight (kg) of 4~ 

;J\ 

year~old female and 6-year-old male harbor seals reported by Bigg 

(1969). Female harbor seals weighing at least 45 kg, or measuring 

at least 136 cm, were classified as adults. Male harbor seals 

weighing at least 64 kg, or measuring at least 144 em, also were 

f-
! •-
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classified as adults. We also determined the sex, whether 

pregnant, and placed flipper tags in the webbing of the rear 

flippers. 

Seventy-four harbor seals were captured in South San 

Francisco Bay from February 1990 through February 1992. 

Thirty-nine (12 males, 27 females) were fitted with radio 

transmitters (Table 1). Of these, 23 (7 males, 16 females) were 

tracked for at least one continuous 24-hr period. For radio 

transmitter attachment, the pelage on top of the head was • 
towel~dried, degreased with acetone, and blown dry with compressed 

air. Radio transmitters were attached to the pelage using 5-min 

epoxy (Jeffries et ale 1993, Harvey 1987). Radio transmitters were 

2x4x7 cm, weighed approximately 90 g, and had a 30-cm flexible 

antenna. Each radio transmitter. emitted approximately 70 pulses 

per minute at a unique frequenc'y between 164 and 165 MHz. All 

radio transmitters detached by the spring -molt following capture. 

Information on movements (daily and seasonal), da~ly 

activity patterns, and dive characteristics, was obtained by 

tracking individual radio-tagged harbor seals. 

Time of year was divided into pupping/molting season 

(February through June), and non-pupping season (July through 

January)' based on observations of San Francisco Bay harbor seals 

by Fancher (1979). 

Locations around San Francisco Bay were divided into five 

areas. Extreme South San Francisco Bay was defined as points south 

of the San Mateo Bridge. South San Francisco Bay comprised areas 

between the Bay Bridge.and the San M~teo Bridge. The Central gay 

6 
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was the	 area enclosed by the Bay Bridge, Golden Gate Bridge, and 

Richmond-San Rafael Bridge. San Pablo Bay was defined as the area 

north of	 the Richmond-San Ra~ael Bridge. Locations west of the 

Golden Gate Bridge were defined as outer coast. 

Radio signal pulses were received using an Advan~ed Telemetry 

Systems (Challenger Model 2100) radio receiver and two-element or 

four-element hand-held Yagi antenna. Tracking began by locating a 

randomly s~lected radio-tagged harbor seal. Locations and general 

activities of other radio-tagged harbor seals wer~ noted as 

discovered during the search. Once located, the radio signal from 

the seal was continuously monit1ored for 24 hrs to document 

movements, and to determine frequency and duration of haul-out 

periods and dive behaviors. Harbor seal locations were estimated 

periodically by triangulation using compass bearings on the r~dio 

transmitter. Distance travel~d during a 24-hr period was defined 

rj	 as the maximum distance an individual radio-tagged seal moved from 

its location at the start of tracking. During t~acking there were 

occasional periods when the radio signal was "lost.·~ either due to 
'.,) 

interference, or re~ocation to clnother tracking site whi'le 

following ,a moving seal. In this study, a complete daily reco~d 

was arbitrarily defined as a tracking period during which a rqdio

tagged harbor seal was lost less than 4 hours during continuous 

24-hr observation. 

Ra~io-tagged harbor seals actively diving with little change 

in location were assumed to be feeding. Harbor seal feeding areas 

(Fig. 1) were defined using cumulative observed locations of 

!J radio-tagged seals thought feeding. The boundaries of these 

J. 
'7 
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feeding areas are not intended to represent absolute limits of 

harbor seal feeding activity. 

Harbor seal activity during 24-hr observation periods was 

divided into three broad behavioral categories: diving, 

hauled-out, and lost. Diving was defined as the time when a seal 
,l 

was in the water, and conversely, hauled-out was defined as the 

time when a seal was onshore. The lost category consisted of time 

when the radio transmitter signal could not be heard. Time lost 

occurred exclusively when seals were in the w~~er. For activity 

pattern analyses, it was assumed seals were diving when lost, and 

the proportion of time diving is actually a combination of time 

diving and time lost. ' 

The proportion of time div'ing· was compared during 24-hr 

periods (Fig. 2). Time of day was divided into three periods: day, 

crepuscular, and night. Day was defined as the time from sunrise 

to sunset'. The crepuscular period was defined as the time from 

sunset to 30 min after sunset, and 30 min before sunrise to 
,f; 

sunrise. Night. was defined as the period from 30 min after sunset 

to 30 min before sunrise. 

The proportion of time diving during 24-hr periods was 

compared over tidal heights from 0 to 9 feet above mean lower low 

water. These tidal limits represent the range of tidal h~ights .. 
during which all radio-tagged seals were observed diving. As with 

time of day, the proportion of time diving included time seals 

were lost. 

When a radio-tagged harbor seal was in the water, duration of ~ 

dive and surface intervals were cal~ulated using the time when the 

..
 



radio signal began and ended as the transmitter antenna was 

alternately exposed and submerged. 

Comparisons of the proportion of time seals spent diving and 

• hauled-out ver$US time of day and tidal height were made using 

Friedman's test :·(Zar 1984, Gibbons 1985). Friedman's test was used 
.~ . 

to test for differences in mean surface intervals and mean dive 

durations among seals versus time of day and tidal height. 

Multiple comparisons of significant {p < D.OS} Friedman's test 

results were conducted using procedures described by Zar (1984). 

Proportion of time seals spent diving versus hauled-out for age, 

sex, and time of year were compared using a Mann-Whitney test . 

... 
'

FO'od' Habits 

~.. Harbor seal fecal samples were collected from seven haul-out 

sites from South to central San Francisco Bay during 1991-1992 

(Table 2). Fecal samples were frozen and stored for later 

analysis. Samples were thawed and allowed to soak in water for 

,,t;; •. 

approximately 24 hr (Treacy and Crawford 1981) before bein~ 

processed through a series of 3 sieves (2.0, 1.0, and 0.5 rom mesh; 

Murie and Lavigne 1985, Harvey 1987). Prey items were identified 

and enumerated using hard parts and a reference collection at Moss 

Landing Marine Laboratories (Harvey 1987). Number of prey were 

estimated using the greatest number of left or right otoliths, and 

upper or lower beaks. Otoliths were stored dry in vials, and 

cephalopod beaks were stored in 50% isopropyl alcohol. Left and 

right otolitp lengths, and upper and lower rostral and hood beak 

lengths, were measured'to the nearest 0.1 wn using hand-held 
~J 
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calipers. Size of consumed prey was estimated using regressions of 

otolith length to fish standard length (Harvey et al., unpubl. 

data) and correction factors for the degree of digestion (Harvey 

1989). 

The l~mitations and potential biases of investigating 
~ 

pinniped food habits using fecal samples have been well described 

(Pitcher 1980, Hawes 1983, da Silva an~ Neilson 1985, Murie and 

Lavigne 1986, Dellinger and Trillmich 1988, Harvey 1989). Among 

the most important limitations in the context of this study is the 

inability to identify where- prey items were taken due to the 

following factors. All prey items identified in the diet of harbor 

"'seals in this study are found within San Francisco Bay and along 

the outer coast. The rate of digestion and passage of food by 

harbor seals (Harvey 1989) is nearly identical to the time 

required by radio-tagged harbor seals to travel between the outer 

coast and San Francisco Bay. Ha:rbor seals could be consuming prey 

items in one region and passing the hard parts in feces in 
,10; 

another,. 

'~otential temporal and spatial biases were introduced by the 

sampling regime in that most fecal samples were collected during 

the harbor seal breeding season, and in extreme South San 

Francisco Bay (Fig. 3). Two-hun.dred fifteen harbor seal fecal 

samples were collected in San Francisco Bay. Of these, 130 (60.5%) 

were collected during the pupping season and 85 (39.5%) during the 

non-pupping season (Table 2). The temporal bias could result in an 

underestimation of the importance of coastal feeding in San 

Francisco Bay harbor seal diet, as seals were more likely to 

10 \
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travel outside the Bay during the period when fecal sampling 

.' 

effort was lowest. The spatial bias is probably less problematic, 

given the frequency with which harbor seals traversed the length 

on San Francisco Bay in short periods.' For harbor seals, greater 

than 90% at consumed otoliths are found in feces within 24 hr of 

ingestion (Harvey 1989). Cephalopod beaks are excreted at twice 

t~e duration of otoliths (Harvey 1989). It is possible that fecal 

samples collected in extreme South San Francisco Bay mi,ght contain 

prey items captured in other areas of San Francsico Bay or the 

outer coast, because travel time between these areas was typically 

less than 24 hours. 

,.
 Ahother potential bias using fecal samples for food habits
 

analysis relates to differential recoven' rates of hard parts from 

various prey species. Fecal samples tend to underestimate large 

fishes and cartilaginous fishes with large otoliths (pitcher 

1980). Large fishes are less li~ely to be consumed whole, and 

their otoliths may fail to appear in fecal samples . 

. Harvey (1989), in an experiment feeding known quantities and 
l 

I 
sizes 

.~ 

of various fish species to captive harbor seals, noted that~ 
recovery rates of otoliths from fecal samples varied greatly among 

prey species and individual seals. Recovery rates for fishes with 

small, or less robust, otoliths tended to be lowest due to 

increased probability of complete digestion (Haryey 1989). For 

this reason, these types of fishes (including juveniles of some 

species) tend to be under-represented in fecal samples. Although 

absolute recovery rates of otoliths from fecal samples appear to 

be affected, Dellinger and Trillmich (1988) concluded that 

...
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.
relative proportions (with the above exception) of prey items may 

not be significantly altered. If this assumption is correct, 

statements regarding relative importance of various prey types in 

the diet of seals may be made with confidence. 

Estimated number and size of fishes or cephalopods consumed 

also tends to be biased if digestion reduces the length of 

otoliths or beaks (da Silva and Neilson 1985, Dellinger and 

Trillmich 1988, Harvey 1989). Degree of digestion of otoliths 

varies with prey species, passage time, and chance factors such as 

whether the otic capsules housing the otoliths are broken. Harvey 

(1989) demonstrated it is possible to compensate to a degree for 

the reduction in otolith length using species-specific correction 

factors. 

Finally, there is a potential bias from failing to identify 

prey species in the diet. The substantial number of unidentified 

otoliths from harbor seal fecal samples collected in San Francsico 

Bay results in overestimating the importance of currently 

identified prey items. The magnitude of this bias is likely small 

given the following: 1) 'two of the four unknown otolith types have 

at least been identified to family (Gobiidae), and 2} in contrast' 

to the top five prey species currently identified in harbor seal 

fecal samples, unknown otoliths were found in far fewer samples. 

J 
California Department of Fish and Game (CDFG) mid-water and 

otter trawls at 46 stations throughout San Francisco Bay and Delta 

: (1980-1992) were compared with iesults from harbor seal fecal 

~j samples. Each station was sampled once monthly during the day. Tow 

duration was 5 min at a speed of 2-3 knots. Sampling occurred 

J.
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year-round from 1980-1988, January to August in 1989, and February 

to October from 1990-1992. Engraulis mordax catch in otter trawls 

was not recorded after 1987. A maximum of 50 randomly selected 

individuals from each species collected were measured to nearest 

mm using fork length (FL). A search of the literature failed to 

produce reliable conversion factors of FL to SL for species of 

interest. Given the relatively small sizes of fishes found in both 

harbor seal fecal samples and CDFG trawls, FL minus one em is a 

good general conversion to SL. 

RE.SULTS 

Tracking 

Radio-tagged harbor seals (n = 39) used an average of two 

haul-out sites while tags were attached (SE = 0.2, range 1-8; 

Table 3). The average number of haul-out sites used by radio-

tagged seals during pupping season was significantly lower than 

non-pupping season (t = -5.9, df = 36, p ~ 0.001). Maximum 

distance radio-tagged harbor seals traveled from capture sites was 

greater during pupping season than non-pupping season (t = 6.0, df 

= 36, p < 0.001), and greater for subadults compared to adults (t 

= 2.1, df = 36, p < 0.05). No sex difference was observed for 

maximum distance located from capture site (t = 0:6, df = 36, p > 

0.50). Nine of 38 (23.7%) radic)-tagged seals moved to the outer 

coast at least once during the study, ranging north to Pt. Reyes 

Headlands and south to Pillar Point (Fig. 1). Harbor seals made 

these long distance trips in short periods of time, usually less 

than 24 hours. Five radio-tagged harbor seals were repeatedly 

13 



-
 observed traveling between extreme South San Francisco Bay and 

Central San Francisco Bay, or the outer coast near the Golden Gate-
Bridge, in less than 12 hours. The most outstanding example was 

- seal RF650, which traveled approximately 83 km from the outer 

- coast to extreme South San Francisco Bay in 21 hours. Upon 

reaching the haul-out site, seal RF650 remained hauled-out for 

several days. Within San Francisco Bay and Delta, radio-tagged 

harbor seals were observed from Alviso Slough in the extreme South 

Bay to Corte Madera marsh in Central San Francisco Bay. (Fig. 1). 

Radio-tagged harbor seals {n = 23} traveled a mean five km 

(SE = 0.8 km, range 0-18 km) from the point originally located 

during continuous 24-hr observation perlods. None of the 21 radio-

tagged harbor seals observed in feeding areas (Fig. 1) used more 

than two areas during a continuous 24-hr observation period. 

Fourteen (66.7%) of these 21 used a single feeding area. 

Seven (30.4%) radio-tagged harbor seals (6 adult females, 1 

adult male) alternately dove and hauled-out regularly during 

continuous 24-hr observation periods. This behavior was 

predominantly observed during the breeding season, and diving was 

generally restricted to non-feeding areas near haul-out sites. Two 

of these adult females were pregnant and exhibited this pattern 

only during the postpartum period before weaning. 

six (26.1 %) radio-tagged seals (} adult females, 2 adult 

males, 1 subadult female) remained ashore during large portions (> 

74 %) of continuous 24-hr observation periods. When diving 

occurred, it was for short periods and restricted to non~feeding 

are~s near haul-out sites. For the'females, this behav~or occurred 




", 
-
only during non-breeding season and appeared to be associated with 

recent long distance (i.e. > 25 km) movement. In contrast, the 

males exhibited this behavior only during breeding season and it 

was not associated with recent long distance movements. 

The proportion of time diving was significantly different 

throughout the daytime (Table 4). Harbor seals spent a greater 

proportion of time diving at night than day, and at night than the 

crepuscular period (Table 4). Proportion of time diving was not 

significantly different among seals for tidal heights examined 

(Table 5, Fig. 4). Of the time harbor seals spent diving, 

approximately 50% was spent in feeding areas (Fig. 5). 

Movements and daily activity patterns of radio-tagged 

harbor seals in San Francisco Bay indicated they primarily dive at 

night, and spend a majority of active diving time in localized 

areas of San Francisco Bay where they are thought to feed (Fig. 

1). Several feeding areas (i,e, 1,2,6,7) were used by most radio-

tagged harbor seals, one (i.e. 3) was used by several radio~tagged 

seals, and two others (i.e. 3,5) were used by individual radio-

tagged harbor seals for a short period of time. 

There was no significant difference in proportion of time 

diving for different ages, sexes, or times of year (Table 6). Mean 

surface intervals and mean dive times did not change significantly 

with different times of day (Tables 7,8), tidal heights (Table 9), 

or sexes (Table 10). Mean surface intervals were greater during .. 
the pupping season than during the rest of the year {Table 10}. 

Both mean surface intervals and mean dive times were greater in 
\ 

adults than subadults (Table 10). There was a significant positive 
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 relationship between seal weight and both mean surface intervals, 

"1 
.1	 and mean dive durations, for 23 radio-tagged harbor seals (r2 = 

0.43, F = 12.9, p < 0.001; and r 2 = 0.79, F = 64.8, p < 0.001, 

respectively; Fig. 6). Seals RF660 and RF720 (February 1991) were -
excluded from regression analyses because their weigh~s were 

unknown.	 S~als RF762 (February 1991) and RFOIO (February 1992) 

were excluded from regression analyses because no dives were 

recorded. 

Mean surface intervals for individual harbor seals ranged 

from 0.33 min (SD = 0.19 min) to 1.04 min (SD = 2.09 min; Table 

11) . Mean dive times ranged from 0.50 min (SD = 0.32 min) to 3.33 
". .. 

min (SD = 1.32; Table 12) ". Mean haul-out periods ranged from 80.32 

min (SD = 162.80 min) to 1440.00 min (n = 1; Table 13) . 

Food Habits 

Of the 215 harbor seal fecal samples collected in San 

Francisco Bay, 153 (71.2%) contained identifiable prey hard parts. 
~-)	 ,f;; 

Fourteen species of fishes, and 1 species of cephalopod were 
"~ 

~j	 identified. Five species of .fishes constituted more than 93% of 

the diet by mass. Two other fish types were tentatively identified 

to family (Gobiidae), and' 2 types o~ fishes and one type of shrimp 

were unidentified~ Eight (3.7 %) fecal samples ~ontained only 

large amounts of unidentified shrimp. 

The yellowfin goby (~ flavimanus) comprised 54.4 % of the 

total number of individual prey items found in fecal samples 

~j 
(Table 14). unidentified otoliths were the second most abundant 

category	 (27.5 %), of which 40.6, % came from a single fecal 

L.~ _ - 
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sample. The majority of unknown otoliths are thought to be of the 

family Gobiidae. Approximately equal percentages of northern 

anchovy (~mordax), Pacific staghorn sculpin (~armatus), and 

plainfin midshipman (~ notatus) were found. The remaining 11 prey 

types constituted less than 5% of the total number (Table 14) . 
,~ 

porichthys notatus accounted for slightly more than 28% of 

the tota~ mass, followed closely by ~ flavimanus, white croaker 

(~ lineatus), and ~ armatus (Table 14). Combined, these four 

species represented 84.7 % of estimated dietary mass. 

The relative proportion of ~ flavimanus found in fecal 

samples was nearly identical during harbor seal pupping and 

non-pupping seasons (Fig. 7) ~" EngralJ.lis mordax, ~ notatus, and ~ 

lineatus were found in proportionally more fecal samples ~uring 

the pupping season. Abundance of ~ armatus was proportionally 

greater during the non-pupping season (Fig. 7). 

During the pupping season, four species of fishes accounted 

for greater than 92% of the diet by mass. In order of decreasing 

importance, these were ~ notatus, ~ lineatus, ~ flavimanus, and 

jacksmelt (Atherinopsis californiensis)-; (Fig. 7). During the 

remainder of the year, more than 96% of the estimated mass was ~ 

armatus, ~ flavimanus, and English sole (Pleuronectes vetulus) 

(Fig. 7). 

The relative number and ma.ss of ~. notatus in harbor seal 

fecal samples' appeared to be greater in central and South San 

Francisco Bay compared to extreme South San Francisco Bay (Table 

15). The relative numbers and masses of ~ flavimanus, ~ mordax, 

~ armatus, and ~ lineatup -wer"e greater in extreme South San 
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- Francisco Bay compared to South or central San Francisco Bay 
.~'1 

;:::1 
: I (Table 15). 

.. ! 

E~timated overall mean standard length (SL) of fishes 

consumed by harbor seals in San Francisco Bay was 11.0 cm (SD =-
5.5 em, range = 3.6 to 48.8 em), based on measurement of 1,315 - ~, 

otoliths. Otoliths from speckled sanddab Citharichthys stigrnaeus, 

bay goby Lepidogobius lepidus, and striped bass Roccus saxatilis- were excluded from length and mass analyses due to lack of 

regression equations to convert otolith length to estimated 

standard length and mass. Overall distribution of consumed fishes 

-.,1," 

_. 
was bimodal, with approximately 84% ranging from 4-14 cm, and an 

'additional 12% ranging from 14-24 em. 

The smallest fish species observed in San Francisco Bay 

harbor seal fecal samples was ~ flavimanus with a mean SL of 9.2-,) 
em (SD = 2.3 em, range = 3.5-20.2 em)" and the largest fish 

species was ~ californiensis with a mean SL of 30.0. em (SD = 7.1 

em, range = 13.3-41.8 em) . .,.' 

:; Relative number of ~ flavirnanu~ and unknown fish (mostly 

suspeCted Gobiids) 'were hiqh during both harbor seal pupping and 

non-pupping seasons (Fig. 7a). Relative numbers of ~ mordax, ~ 

notatus, and ~ lineatus appeared greater during pupping season 

..~ 

~ 
compared to non-pupping season, however the opposite trend 

_cJ 
occurred for ~ armatus (Fig. 7a). Relative mass of prey items 

~ during pupping season indicated ~ notatus, ~ lineatus, ~ 
__., flavimanus, and jacksmelt (~californiensis) were of primary 

{
.-J importance, whereas ~ armatus and ~ flavimanus appeared to 

.,.!, 
dominate during non-pupping season (Fig. 7b) ..: 
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Primarily juvenile ~ flavimanus were found in San Francisco 

Bay harbor seal fecal samples during pupping season, and adults -
during non-pupping season (Fig. 8). Mean SL of consumed ~ 

flavimanus was significantly larger during non-pupping season 

compared to pupping season (F = 965.3, p < 0.001). Nearly all ~ 

',~ 

flavimanus in harbor seal fecal samples were found in extreme 

South San Francisco Bay (Fig. 9). Most ~ flavimanus appeared in 

CDFG otter trawls in Central San Francisco Bay (Fig. 10). Juvenile 

~ flavimanus appeared primarily in CDFG otter trawls in the 

Central Bay, and mid-water CDFG trawls in extreme South San 

-..r..Francisco Bay (Figs. 10,11). Adult ~ flavimanus were 

predominantly found in Central San Francisco Bay CDFG otter trawls 
'

(F ig. 10). 

Engraulis mordax consumed by San Francisco Bay harbor seals 

were primarily taken during the pupping season, and most of these 

were juveniles (Fig. 12). Only juvenile ~ rnordax were found in 

fecal samples during the .non-pupping season (Fig. 12). Nearly all 

~ mordax found in harbor seal fecal samples were collected in 

.~ extreme South San Francisco Bay (Fig. 13). Abundance of ~ mordax 

appears higher in extreme South San Francisco Bay CDFG mid-water 

trawls, and the size range is similar between all three Bay 

locations (Fig. 14), but generally smaller than ~ mordax found in 

-fecal samples (Fig. 13)., 

Leptocottus armatus appeared in harbor seal fecal samples 

during both pupping and non-pupping seasons, with primarily 

juvenile fishes consumed during the pupping season, and adults 

during the non-pupping season (Fig. 15). Mean SL of ~ armatus in 
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.....1 

- fecal samples was significantly larger during non-pupping season 
(t) 

j compared to pupping season (F = 179. 3, p < o. 001). All h armatus.,\ 
were found in fecal samples collected in extreme South San 

• Francisco Bay (Fig. 16). Highest numbers of h a'rmatus were caught 

-
in CDFG otter trawls, with a tendency toward more adults in 

Central San Francisco Bay trawls compared to 'extreme South Bay 

(Figs. 17,18). Few h armatus were caught by CDFG in South San 

Francisco Bay. 

Genyonemus lineatus in San Francisco Bay harbor seal fecal 

samples were primarily adults consumed during pupping season (Fig. 

19), and found e~clusively in extreme South San Francisco Bay 

samples (Fig. 20): Genyonemus lineatus were caught primarily in 

CDFG otter trawls (Fig. 21). Both juvenile and adult ~ lineatus 

~.J were found in mid-water CDF~ trawls in extreme South San Frqncisco 

Bay (Fig. 22), and CDFG otter trawls in the ~entral Bay. Primarily 

juvenile ~ lineatus appeared in mid-water CDFG trawls in central 

San Francisco Bay CDFG (Fig. 22), and otter trawls in extreme 

South Bay (Fig'. 21). 

porich~hys notatus appeared primarily during pupping season 

in San Francisco Bay harbor seal fecal samples, and were mostly 

adults (Fig. 23). Juvenile and adult ~ notatus were found in 

Central and extreme South San Francisco Bay fecal samples, whereas 

only adults were found in South Bay sample~ (Fig. 24). Porichthys 

notatus in CDFG trawls were almost exclusively juveniles (Figs. 

25,26). These appeared primarily in CDFG otter and mid-water _. ..., 

trawls in extreme South San Franc·isco Bay, and o·tter trawls in the 

Central Bay (Figs. 25,26'). 
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Prey species identified in harbor seal fecal samples were 

generally more abundant in CDFG otter trawls compared to mid-water 

trawls in San Francisco Bay (Figs. 27-30). Abundance of thr~e (~ 

lineatus, ~ notatus, and ~ armatus) of the top five prey species 

appeared greater during months corresponding to harbor seal 

pupping season (Figs. 27,28). During fecal sample collection in 

San Francsico Bay, abundance of ~ armatus appeared lower, and 

abundance of ~ lineatus appeared greater, compared to previous 

years (Figs. 29,30). Abundance of ~ flavimanus, ~ mordax, and ~ 

notatus, during fecal sample collection appeared similar to 

previous years (Figs. 29,30) 

Comparisons of CDFG trawl data inside and outside suspected 

harbor seal feeding areas versus Bay location for the top five 

fish species in fecal samples yielded mixed results (Table 16). 

Acanthogobius flavimanus had apparently higher mean numbers per 

~..trawl in feeding areas of extreme South San Francisco Bay, and 

non-feeding areas of Central San Francisco Bay. Leptocottus 

armatus results appeared much the same, with higher mean numbers 

per trawl in extreme South San Francisco Bay feeding areas, and 

non-feeding areas in both South and Central San Francisco Bay. 

Both ~ notatus and ~ lineatus densities were apparently higher 

in feeding Qreas. of South and central San Francisco Bay, and non

feeding areas in extreme South San Francisco Bay. Mean numbers per 

trawl for ~ mordax appeared higher in Central San Francisco Bay 

feeding areas, with densities in South and extreme South San 

Francisco Bay feeding and non-feeding areas approximately equal. 
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.... 
DISCUSSION 

• 
Movements and Diving 

Results from radio-tagged harbor seals in this study sugges 

most individuals move throughout the entire Bay, with ~ 

approximately one quarter also making frequent trips to the outer 

coast. Previously, such movement was suspected but not confirmed 

for harbor seals in the San Francisco Bay region (Fancher 1979). 

Similar to the results of Brown and Mate (1983), there was a 

amount of individual variation among seals in distance traveled 

and areas frequented. 

During pupping season, radio-tagged harbor seals in San 

Francisco Bay exhibited the same high degree of haul-out site 

fidelity observed in Orkney, Sco~land (Thompson 1987), Alaska 

(Pitcher and McAllister 1981), Oregon (Harvey 1987), and Pt. 

Reyes, California (Miller 1988), using no more than three haul 

sites. This site fidelity did not hold during non-breed~ng 

with radio-tagg~d harbor seals using up to eight haul-out sit~s. 
'..) 

This change was accompanied by an increase in maximum distance 

radio-tagged seals traveled from capture sites. Herder (1986) 

noticed harbor seals at -Klamath River, California, made their 

longest distance movements during the non-breeding season. 

Maximum distances radio-tagged seals traveled from capture 

sites in San Francisco Bay are consistent with observations 

elsewhere (pitcher and McAllister 1981; Brown and Mate 1983, 

Thompson and Miller 1990). Five radio-tagged harbor seals 

.: regularly traveled distances greater than 25 km from haul-out 



sites in San Francisco Bay for periods up to two weeks. Seals 

returning to San Francisco Bay from these extended trips often 

hauled-out continuously for 24 t:o 48 hours. Thompson (1987) and 

Thompson and Miller (1990) reported similar results for harbor 

seals in Scotland. During their studies, some radio-tagged harbor 

seals would disappear for periods up to several weeks and, upon 

returning, would haul-out for unusually long periods. Thompson 

(1987) hypothesized these harbor seals were leaving the study area 

to forage at sea for extended periods, then returning to the haul-

out sites to rest. 

Observed movement of radio-tagged harbor seals between San 

Francisco Bay and the olit,er' coast differs from an earlier study 
. '

(Miller 1988) of harbor seals radio-tagged along the outer coast. 

Although Miller (1988) noted harbor seals radio-tagged at Pt. 

Reyes readily moved north and south along the .coast, none of the 

51 tagged seals were ever observed in San Francisco Bay during .. 
biweekly aerial surveys. While it is possible Miller (1988) could 

have missed radio-tagged ha~bor seals traveling between the outer 

coast and San Francisco Bay be·t-wee~ surveys, it is possible that 

such movement is a relatively new phenomenon. 

The predominantly short distance daily movements observed for 

radio-tagged harbor seals in San Francisco Bay are consistent with 

observations in other areas (Brown and Mate 1983, Stewart and 

Yochem 1983, Harvey 1987), and was primarily related to the close 

proximity of feeding areas to haul-out sites (Fig. 1).. Some short 

distance daily movements involving frequent alternation between 

haul-out sites and nearshore areas could be related to mating 
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(Allen 1985), whereas others appear to be short-duration foraging 

trips of lactating females similar to those observed by Bowen 

(1991) . 

Similar	 to observations by other investigators, 

harhor seals in San Francisco Bay dove primarily at night and ..	 ,l 

hauled-out during day (Boulva and McLaren 19"79, Allen et ale 1980, 

.1 Stewart 1984, Thompson 1987, Miller 1988). Thompson {19B7} 

- , hypothesized this pattern may be related to increased availability 

of prey during. night. A variety of fish species common to 

California waters either increase their activity, or otherwise -,. 
alter their behavior, at night making them more vulnerable to 

~predation (Hobson et ale 1981). From fecal samples collected in 

San Francisco Bay, it uncertain whether this explanation accounts 

.: for the primarily nocturnal dive pattern observed for radio-tagged. ~ 

harbor seals·in San Francisco Bay. Of the five most numerous prey 

types (yellowfin goby, Acanthogobius flavimanus; northern anchovy I 

Engraulis mordax; Pacific staghorn sculpin, Leptocottus arrnatus; 

plainfin midshipman, Porichthys notatus; and white croaker, 

~	 Genyonernus lineatus) comprising more than 70% of the mass 

i'dentif"ied in harbor seal fecal samples, only h mordax, ~ 

lineatus and ~ notatus may alter their behavior noc"turnallyI 

J (Hobson et ale 1981, ~ove et ale 1984). Acanthogobius flavimanus 

and.~ armatus are believed to be active both day and night (Baker 

J 1979, Hobson et ale 1981, Middleton 1982). 

Given that most haul-out sites frequently used by1••	 radio-tagged harbor seals in San Francisco Bay were ~ccessible 

ove"r rnuch of the normal tidal range, it was not s"urprising that 

J..
 



tidal height did not affect the proportion of time diving and 

hauled-out. Boulva and McLaren (1979) and Thompson (1987) reached 

similar conclusions for areas where haul-out site availability was 

not tidally mediated. 

Disturbance of harbor seals at haul out sites has been 

identified as an important factor determining haul-out frequency 

and duration in other areas (Loughlin 1978, Renouf et ale 1981, 

Terhune and Almon 1983, Allen et al. 1984). Disturbance at 

haul-out sites during tracking periods in San Francisco Bay was 

observed most often during late winter and early spring (January 

to March). particularly affected were Mowry Slough, Newark Slough, 

and Yerba Buena Island. Observed disturbance at all three sites 

was primarily due to boat activity. Newark Slough serves as the 

only launching site for small craft on the eastern-side of San 

Francisco Bay south of the San Mateo Bridge, and is heavily_used 

by the general public and government agencies for both 

recreational and scientific pur:pose,s. Observed disturbance at 

Mowry and Newark Sloughs was primarily related to boat activity 

during periodic bird surveys, and seasonal runs of ~ lineatus. 

Disturbance at Yerba Buena Island appeared to be high during the 

annual herring {Clupea pallasi} spawn when commercial fishing 

vessels frequented the area. During the remainde~ of the year, and 

at other haul-out locations, the level of disturbance appeared to 

be lower and random. 

High levels of disturbance may have changed haul-out behavior 

of harbor sea~s from diurnal use to nocturnal us~ at both 

Strawberry Spit in North San Francisco Bay (Paulbitsky 1975) and 
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.1 
Atascadero State Beach, Morro Bay, California (C. Woodhouse, pers. 

commun.). Since Paulbitsky's observations in 1975, harbor seals 

have abandoned the Strawberry Spit haul-out site, presumably due 

to continued disturbance (5. Allen, pers. commun.). Given the 

predominantly diurnal haul-out cycle observed for radio-tagged-, harbor seals in San Francisco Bay, it appears observed levels of 

disturbance at frequently used haul-out sites' in San Francisco Bay 

are not high enough to significantly change harbor seal activity 

patterns. 

Several factors may contribute to the lack of significant 

changes in dive behavior relative to time of day, tidal height, or 

sex. For time of day comparisons, the null hypothesis of no 
Il!',.' 

difference may be correct. If harbor seals in San Francisco Bay 

were feeding primarily on fi~hes which vertically migrate with 

changes in light level, we might expect to find a relationship 

between time of day and dive characteristics as the seals tracked 

their prey. However, the prevalence of demersal fish species in ..
"- .....1 collected fecal samples indicated seals foraged primarily near the 

bottom. In addition, the most cornmon demersal species of fishes 
IfI!I 

found in the fecal samples are active both day and night. Given 

-'j 
,/ 

these observations, significant differences in dive times versus 

time of day 'woul'd not be expected. 

Nonsignificant changes in dive characteristics versus tidal 

J height and sex could reflect the true condition, or may result 

from problems in scale and sample size. Results of the tidal 

height comparisons may simply reflect the small scale (0 to 3 m) 

at which tests were conduc~ed. It is unlikely dive duration, for" 

J. 
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example, would change significantly over such a small depth range. 

Given the significant relationship of both surface intervals and 

dive durations to harbor seal weight, the lack of sex differences 

in dive characteristics could be a result of overlap in the 

weights of males and females. 
.~, 

A competing explanation for the la~k of significant changes 

in dive characteristics versus time of day, tidal height, or sex 

is lack of power in the tests to detect a difference. A search of 

the literature failed to produce any method for assessing the 

power of Friedman's nonparametric analysis of variance procedures. 

Low sample size, and high indiv"idual variation in dive 

characteristics may have masked. any differences. Thus I the 
'

inability to determine the power of this test reduces the 

certainty of conclusions about non significant results. 

The observation that surface intervals between dives were 

greater during the pupping season was probably related to the high 

proportion of pregnant females tagged and observed during that 

time. Before. weaning, these females were frequently in the water,:; 

with their pups and generally had greater mean surface intervals 

than other seals observed at the same time. 

Significantly greater mean surface intervals and dive times 

in adult~ compared to subadults is more a function of seal size 

than age. Seventy-nine percent of the variation in dive t~mes was 

explained by harbor seal weight, despite the small sample size. It 

is possible to overemphasize the importance of such a finding. 

Although the relationship is statistically significant, the 



-
.-'.

biological significance is not as certain given the small 

magnitude of the effect over a large change in harbor seal weight. 

Food Habits-
Similar	 to observations of ha~bor seals in other areas 

~~ 

(Scheffer and Sperry 1931, Graybill 1981, Harvey 1987, Schaffer 

1989, Olesiuk et al. 1990), harbor seals in San Francisco Bay.,.. 
appear to be opportunistic predators, feeding primarily on benthic 

and schooling fishes. Prey types found in San Francisco Bay harbor 

~...- ' seal fecal samples generally reflect fish abundance in CDFG trawls 

-:.	 within the-Bay. In addition, 11 of the 14 species of fishes 

identified in harbor sea"l fecal'_ samples are among the most 

abundant fish species in San Francisco Bay (Smith and Kato 1979, 
L' , 

Armor and Herrgesell 1985). 

Although many of the most important prey i~ems identified in 

harbor seal fecal samples are found within San Francisco Bay and 

l' along the outer coast, several observations support the suggestion 
,$; 

that harbor seals mostly restrict foraging activity to San 

Francisco Bay. Observed movem~ts and daily activity patterns of 

radio-tagged harbor seals in San Francisco Bay suggest seals spend 

large portions of their time in the water in selected areas near 

haul-out sites in Sari Francisco Bay, presumably foraging. The 

close proximity of feedi~g areas to. haul-out sites within San 

J Francisco Bay precludes the necessity of foraging offshore. The 

.observation of few, if any, prey types (i.e. flatfish, market 

squid, and octopus) commonly found in the diet of harbo~ seals 

suspected of feeding offshore {Scheffer and Sperry -1931, Wilkel 
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1957, Graybill 1981, Fiscus 1980, Jones 1981, Schaffer 1989, 

Hanson 1993), also suggests San Francisco Bay harbor seals may be 

foraging mostly within the Bay where these prey items are less 

common. 

While suspected harbor seal feeding areas within San 

Francisco Bay have been defined (Fig. 1), isolating where harbor 

seals consumed various prey items is difficult given the 

observations that 1) most radio-tagged seals traveled the length 

of the Bay in well under the 24 hr required to pass the prey in 

feces (Harvey 1989), and 2) size frequency distributions for the 

most important prey items overlapped between different areas of 

San Francisco Bay. 
'

An introduced gobiid, Acanthogobius flavimanus, was the most 

abundant prey item in the diet of San Francisco Bay harbor seals. 

Acanthogobius flavimanus is an estuarine fish native to Japan, 

Korea, and northern China (Tomiyama 1936, Miyazaki 1940, Fowler 

1961), and" is one of four introduced species of fishes that have 

become established .,in the San Francisco Bay and Delta. The striped 

bass (~ saxatilis) wps intentionally introduced from the Atlantic 

coas~ of the United States (Starks 1919). Two other species were 

accidentally introduced: an Atlantic cyprinodont, the rainwater 

killifish (Lucania parva) and another oriental gobiid, the 

chameleon goby (Tridentiger trigonocephalus) . 

The two .goby species were probably introduced via ball.ast 

water from ships in the Delta region in the early 1960's (Brittan 

et al. 1963). A second introduction was also reported in the 

Southern California region" of Los Angeles, Long Beach Harbor, and 
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Newport Bay, presumably by the same method (Haaker 1979). 

Acanthogobius flavimanus quickly spread throughout the San 

Francisco Bay and Delta, displacing ~ armatus as the most 

abundant bottom fish species in the South Bay (Brittan et al. 

1970). In northern California, specimens have been collected as 

-; 
far north as Bolinas Lagoon (Brittan et al. 1970), and as far 

south as Elkhorn Slough in Monterey Bay (Kukowski 1972). 

Information on the life cycle and behavior of ~ flavimanus 

comes from few sources (Dotu and Mito 1955, Baker 1979, Middleton 

1982, Wang 1986). Baker (1979) proposed the following age-class 

size structure for ~ flavimanus based on-comparison of scale 

annulae and SL of 175 individuals: 0+ (0-10.1 em), 1+ (10.2-14.0 

ern), 2+ (14.1 to 17.8 em). Middleton (1982) reported the smallest 

~ flavimanus with developing gonads to be approximately 13.1 em 

~" SL (1+ class), and Datu and Mito (1955) reported that one-year-old 

breeding g6bies often measured'14.0-14.5 cm total length. Miyazaki 

(1940) reported most ~ flavimanus die after spawning, and max~mum 

'-'" 1 
! 

~j' 

life expectancy was three to four years. Based on these values, 

harbor seals in San Francisco Bay ate primarily juvenile (0+ 

class) ~ flavimanus during the pupping season, and primarilY 

young adults (1+ class) the remainder of the year. 

This pattern coincides with seasonal changes in the behavior 

iJ' 
L~ 

. 
of ~ flavimanus. The breeding season of ~ flavimanus corresponds 

roughly with harbor seal pupping season in San Francisco Bay. 

Baker (1979) reported ~ flavimanus' spawned from late February to 

early May. wang" (1986) reported the breeding season of ~ 

flavimanus in San Francisco Bay as December to July based on 
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collection of larvae. During their breeding season, adult ~ 

flavimanus construct burrows which they leave only occasionally to 

forage (Baker 1979). This explains why the relative mass of ~ 

flavimanus during the harbor seal non-pupping season was much 

greater than during puppi~g season, whereas the relative number 

eaten between seasons remained the same. 

During pupping season, San Francisco Bay harbor seals could 

have consumed ~ flavimanus either mid-water in extreme South Bay, 

or near the bottom in the Central Bay, because juvenile ~ 

flavimanus were found in CDFG trawls in both areas. Given the 

general trend of radio-tagged harbor seals ·to remain in extreme 

South San Francisco Bay during the pupping season, it is possible 

most ~ flavimanus found in fecal samples were consumed in that 

area during that time. 

During non-pupping season, harbor seals in San Francisco Bay 

may have taken most adult ~ flavimanus from the Central Bay, as 

CDFG trawls recorded the highest number of adult ~ flavimanus 

along the bottom in that area. Comparison of. ~ fl~vimanus SL in 

harbor seal fecal samples by location with seasonal changes in SL 

of consumed ~ flavirnanus, indicated at least some harbor seals in 

San Francisco Bay may take ad111t ~ flavimanus in the Central Bay 

and pass them in feces in extreme South San Franc~sco Bay. The 

observation that radio-tagged harbor seals generally increased 

movement during non-pupping season also supports this idea. 
-

The same general pattern ()bserved for ~ flavimanus is
 

evident for the cottid, Leptocqttus armatus. During pupping
 

se~son, harbor seals ate juvenile « 14.0 em SL; Bayer .1985) ~
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armatus almost exclusively, whereas all ~ armatus consumed during 

the non-pupping season were adults. ~Jones (1962) reported the 

breeding season of ~ arrnatus as October to March, with a peak in 

January to February. Wang (1986) reported similar results, with an -
extension of the ~ armatus breeding season to April. 

The sizes of juvenile ~ armatus in harbor seal fecal -
-I samples during the pupping season approximate those found in 

extreme South San Francisco Bay CDFG trawls, suggesting harbor 

seals may be consuming ~ armatus primarily in extreme South Bay 

1 during pupping season. ....!
Whereas ~ armatus in central San Francisco Bay CDFG trawls 

were larger than those found in extreme South Bay trawls, most ~ 

armatus in harbor seal fecal samples during non-pupping season 

.: were larger than those found ;in any CDFG trawls. Several 
... J 

possibilities could explain this discrepancy: 1) San Francisco Bay 

harbor seals may consume larger ~ armatus than are generally 

available during the non-pupping season, 2) CDFG trawls may be 

biased toward smaller ~ armatus, or 3) the digestion correction 

factor used for ~ armatus otoliths may have been incorrect, 

resulting in overestimation of the size of consumed fishes. The 

first explanation is difficult to assess without further study. 

Net avoidance by larger' ~ armatus would bias CDFG samples towards 

smaller individuals. Without trawl data from other sources in San 

Francisco Bay', degree of net avoidance is difficult to assess. 

Without the length correction factor for digestion of ~ armatus 

otoliths (-Harvey 1989), the size distributio'n of ~ armatu~ in 
1"·· 

-y 
'~ non-pupping season fecal samples approximates the distribution in 



central San Francisco Bay CDFG trawls. It is unlikely, however, 

that h arrnatus otoliths found in San Francisco Bay harbor seal 

fecal samples passed through undigested. 

The northern anchovy, Enqraulis mordax, breeds throughout the 

year (Bolin 1936) but the~e are two peaks in abundance in San 

Francisco Bay (Wang 1986). The first peak extends from February to 

April, and the second from July to September. The observation that 

nearly all ~ mordax occurred in harbor seal fecal samples during 

pupping season in extreme South. San Francisco Bay may be explai.ned 

by the timing of the first peak in abundance of ~ mordax 

described by Wang (1986), and the concentration of ~ mordax in 

extreme South Bay CDFG trawls. Given these conditions, and the 
' .. 

observation that most radio-tagged harbor seals rem~ined in the 

extreme South Bay during the pupping season, it may be that most 

~ mordax appearing in harbor seal fecal samples were consumed in 

extreme South San Francisco Bay. 

Predominantly larger ~ mordax in harbor seal fecal samples 

compared to CDFG trawls during pupping season may appear for the .~ 

same reasons presenteo earlier for the discrepancy in L. armatus 

size. Harbor seals may simply be taking larger ~ mordax than are 

commonly available during pupping season. Net avoidance by larger 

~ rnordax in CDFG trawls in also possible. Overestimation of the 

degree of digestion of ~ mordax otoliths in fecal samples is also 

a possible, but not very likely, explanation as it would be 

necessary to assume there was no digestion for the size 

distribution to approximate thaL found in CDFG trawls. 
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 As with ~ flavimanus, it is difficult to determine where 

harbor seals may be taking ~ lineatus because the size range of 

.... consumed fishes appears in several areas of San Francisco Bay. The 

.. 
f '. 

most likely location appears to be mid-water in extreme South San 

~. '. Francisco Bay. In this region, ~ lineatus qf the sizes found in 
~ 

. harbor seal fecal samples are most common in CDFG trawls . -
The breeding season of ~ notatus (April to August; Wang- 1986) overlaps the second half of the harbor seal pupping season 

in San Francisco Bay. The observation from fecal samples that most 

L~) ~ notatus were adults found during harbor seal pupping season 

suggests they may have been taken la,rge.ly in extreme South San 
~,...~ 

Francisco Bay, when combined with~ obser~~d movements of radio-

tagged	 harbor seals. Similar to the observations for ~ arrnatus 
t:~-

\	 and ~ mordax, harbo~ seals in San Francisco Bay appear to consume 

larger ~ notatus than available as depicteq in CDFG trawls. While 

selective feeding by San Francisco Bay harbor seals, or 'net 

avoidance by larger ~ notatus, -may be partially responsible for 

the difference, smaller ~ notatus iti CDFG trawls most likely 

result from the timing of the trawls. ~dult ~ notatus tend to 

burrow into'the substrate during day, and emerge at night to feed 

(Fi.'tch	 and Lavenberg 1971). As CDFG trawls were conducted solely 

during~daylight, size frequency distriQutions of ~ notatus in 

trawls	 are likely biased toward juveniles and comparison of ~ 

notatus size frequency distributions" in fecal samples and CDFG 

trawls is of limited use. 

Genyonemus lineatus reportedly breed from late fall to early 

spring (Skogsberg 1939, Love et ale 1984,' Wang 1986), partially 

~, 
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~ 
( 

overlapping harbor seal breeding season in San Francisco Bay. 

Genyonemus lineatus appeared almost exclusively in fecal samples 

collected during pupping season in extreme South San Francisco 

Bay. Adult ~ lineatus of the sizes found in pupping season fecal 

samples, could have been taken either mid-water in extreme South 

Bay I or along the bot tom in Cent:r-al San Francisco Bay I based on 

CDFG trawl data. As suggested fo:r other prey species, harbor seals 

may have been more likely to consume ~ lineatus in extreme South 

San Francisco Bay given the observed tendency for radio-tagged 

seals to remain in the area during pupping season. 

Harbor seals in San Francisco Bay appear to feed on spatially 

and temporally abunoant prey in the estuary, with some species
'

possibly more important seasonally. Primary prey species 

identified in harbor seal fecal samples are among the most 

abundant fishes :found in San Francisco Bay. Based on estimated 

prey mass, ~ notatus, and ~ lineatu~ appear to be more important .. 
\ 

during harbor seal breeding season, and Leptocottus armatus and ~ 

flavimanus appear more:; important. during non-pupping season . 

. The harbor seals u8·j..ng S.an Francisco Bay appear vulnerable to 

environmental perturbations (e.g. pollutants and habitat 

modification) and to human disturbance. Harbor seals use the Bay -
for feedi~g, resting, and reproduction. Individuals mostly remain 

within the Bay during the pupping season, and may venture into the 

ocean during other periods. They eat the most commonly occurring 

fish species. Presently they could be considered a major predator 

of the introduced yellowfin goby. The large number of yellowfin 
goby found in the diet of harbor seals indicates the great 

.-J 
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abundance of this species, something not apparent from the CDFG 

1 trawls. Harbor seals are particularly susceptible to environmental
•. i

~ , . 

deterioration because they primarily consume benthic fishes that 

.. :	 are closely associated with potentially cqntaminated sediments, 

remain in the Bay for most the year, and require isolated haul-out 

sites for rest. It seems reasonable that harbor seals should be 

continually monitored because they are an excellent indicator of 

the overall health of the estuary_
I ~ 
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Table 1. Standard measurements of harbor seals radio-tagged and monitored in San 
Francisco Bay, California, February 1990 through February 1992. -

-
Radio-Tag Flipper rag Length Girth Weight Aget Sex 
Frequency No. (UR) (em) (em) (kg) 

February -1990 

- 730 155/156 131 104 57 A F 
780 154/154 119 61 S M 
860 146/146· 142 90 A F 
868 150/150 141 103 A F 
920 149/149 148 105 A F-

February 1991 
600 182/182 127 100 50 A F 
610 191/191 127 70 A F -
630 187/187 84 A M 
660 184/184 160 A M 
720 193/193 A M- 740 188/188 152 93 A F 
762 190/189 147 93 A M 

September 1991--' 
-

422 250/249 111 81 43 S F 
430 237/236 119 72 32 S F ~ 
440 233/231 158 104 97 A M 
450 238/241 141 91 57 A F 
483 235/232 129 76 43 S F 
600 248/247 107 73 35 S F- 630 243/242 125 83 47 A F
 
650 246/245 120 71 34 S F
 - February 1992
 
010 253/253 105 76 26 S M
 
060 251/251 111 75 36 S F


• 810 252/252 133 123 85 A F 

t A =adult; S =sub-adult 

-
-

-

\ 
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Table 2. Number of harbor seal fecal samples collected in San Francisco Bay (1991
1992) by season and location (N = 215 samples). 

Season 

Pupping 

Non-pupping 

San Francisco Bay Location 
ESB SB CB 

116 1 13 

81 3 1 

Totals 

130 

85 

.. 

.. 
Totals 197 4 14 215 

ESB = Extreme South Bay; SB =South Bay; CB = Central Bay 

-

-

-
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Table 4. Friedman analysis of mean proportion of time diving versus time of day during 
24-hr observation periods for all seals (N =22).t 

Mean (SE).Proportion 

Day Crepuscular Night 

0.41 (0.04) 0.54 (0.05) 0.63 (0.06) 

X2ranks 

9.16 

p 
<0.01 

df 
2 

-

Multiple Comparisons 

Day vs. Crepuscular 

Crepuscular vs. Night 

Day vs. Night 

Q 
1.67 

2.61 

4.27 

p 
NS* 

<0.05 
< 0.001 

* P >0.05 
t Excluding seal 762 (February 1991).. 

-


-
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.. Table 5.. Friedman analysis of mean proportion of time diving versus tidal height during 

24-hr observation periods for all seals (N == 21).t 

.. Tidal Height (ft)# Mean (SE) Proportion p df 

0-1 0..33 (0.21) 10.52 NS* 8 
1-2 0 ..50 (0.10)-

.. 

.. 
2-3 0.49 (0.08) 
3-4 0 ..48 (0~06) 

4-5 0.48 (0.05) 
5-6 0.50 (0.06) 
6-7 0.49 (0.05) 
7-8 0.47 (0.04) 
8-9 0.48 (0.05) 

t Excluding seals RF 868 (February 1990) and 762 (February 1991).
 .. # Tidal heights in relation to mean lower low water.
 
* p> 0.05 

-
-
.. 

..-
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Table 6. Mann-Whitney test of mean proportion of time diving for all radio-tagged harbor seals versus age, sex, and time of year (N = 22).t 

Age 
Subadult 
Adult 

Count 

8 
14 

Rank Sum 

76.5 
176.5 

UIDax 

71.5 

p 

NS* 

df 

1 

-
.. 

Sex 
Male 
Female 

6 
16 

61.5 
191.5 55.5 NS* 1 

Time of Year 
Pupping 
Non-pupping 

14 
8 

154.0 
99.0 49.0 NS* 1 

. 
t Seal RF 762 (February 1991) excluded because no dives were recorded. 
* p > 0.05 

-
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- Table 7. Friedman analysis of mean surface intervals (min) versus time of day during 24
hr observation periods for all seals (N == 19).t 

Mean Surface Interval (SE) min- Seal Day Crepuscular Night 2 P dfX ranks 

1.21 (0.80)	 3.90P730 0.60 (0.15)	 0.47 (0.03) NS* -
-

P780 0.38 (0.02) 0.35 (0.06) 0.39 (0.01)
 

P860 0.75 (0.08) 1.13 (0.39) 0.62 (0.05)
 

P868 0.66 (0.02) 0.62 (0.06) 0.63 (0.03)
 

P920 0.93 (0.18) 0.47 (0.03) 0.61 (0.03)
 

1600 0.46 (0.02) 0.42 (0.03) 0.65 (0.09)
 

1610 0.45 (0.02) 0.41 (0.03) 0.39 (0.01)
 

_J; 1630 0.50 (0.02) " 1.41 (0.44) 0.71 (0.05)
 

1660 1.47 (0.21) 1.23 (0.19) 1.40 (0.09) 1"'-', 
~ 

1720 0.73 (0.05) 0.83 (0.20) 0.72 (0.05)- 1740 0.53 (0.03) 0.68 (0.09) 0.75 (0.04) 

2422 0.36 (0.01) 0.33 (0.02) 0.32 (0.01) 

2430 0.33 (0.01) 0.27 (0.01) 0.36 (0.02) -
2440 0.51 (0.01) 0.46 (0.04) 0.47 (0.03) _..	 2450 0.42 (0.02) 0.38 '(0.05) 0.44 (0.01) 

2483 0.42 (0.01) 0.45 (0.02) 0.48 (0.01) 

2600 q.37 (0.01) 0.35 (0.06) 0.67 (0.09) 

--- 2630 0.83 (0.07) 0.63 (0.10) 1.25 (0.09) 

2650 0.42 (0.01) 0.40 (0.05) 0.46 (0.01)- t	 Excluding seals RF 762 (September 1991) and 010, 060, 810 (February 1992). 
* p > 0.05_fl 

..I 
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Table 8. Friedman analysis of mean dive times (min) versus time of day during 24-hr observation periods for all seals (N =: 19).t 

-
Mean Dive Time (SE) min 
Seal Day Crepuscular Night 2X ranks P df 

-P730 2.20 (0.15) 2..06 (0.54) 2.58 (0.10) 0.18 NS* 2 

P780 2.06 (0.12) 2.19 (0.38) 2.13 (0.09) 

P860 1.49 (0.09) 2.95 (0.45) 2.26 (0.1-2) ~ 

P868 3.08 (0.12) 3.27 (0.45) 3.88 (0.13) 

P920 2.22 (0.10) 3.08 (0..17) 3.35 (0.13) 
~ 

1600 1.92 (0.07) 2.04 (0.18) 2.. 14 (0.12) 

1610 

1630 

2.82 (0.08) 

3.32 (0.17) 

3.57 (0.. 14) 

3.42 (0.88) 

3.47 (0.06) 

2.66 (0.13) .. 
1660 1.17 (0.14) 1.80 (0.27) 1.39 (0.10) 

1720 2.44 (0.08) 2.50 (0.19) 2.43 (0.08) 

1740 1.91 (0.07) 1.39 (0.19) 1.37 (0.05) 

2422· 

2430 

2.65 (0.07) 

2.28 (0.04) 

2.16 (0.14) 

2.10 (0.10) 

1.87 (0.04) 

1.69 (0.05) 
.. 

2440 3.38 (0.09) 2.43 (0.26) 3.21 (0.09) 

2450 2.11 (0.08) 1.87 (0.18) 1.91 (0.05) .. 
2483 2.14 (0.07) 2.65 (0.27) 2.22 (0.05) 

2600 2.48 (0.10) 2.44 (0.40) 2.44 (0.10) .. 
2630 1.94 (0.10) 1.39 (0.22) 1.67 (0.08) 

2650 1.95 (0.06) 1~93 (0.18) 2.46 (0.06) 
~) 

t Excl~ding seals RF 762 (September 1991) and 010, 060, 810 (February 1992). 
* p > 0.05 -

-
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Table 9. Friedman analysis of mean surface intervals (81) and dive times (DT) versus 
tidal height during 24-hr observation periods for all seals (N =14).t 

- 51 

X2Tidal Height (ft)# Rank Sum p df
ranks 

0-1 51 ..0 14.28 NS* 8 
1-2 86.5- 2-3 62.0 
3-4 71.0 
4-5 58.5 
5-6 65.0- 6-7 63.0 
7~8 91.5 
8-9 81.5 - ' 

DT 
Tidal Height (ft)# Rank Sum p dfX2ranks 

; 8 0-1 74.5 7.31 NS* 
1-2 63.5 . 

.. 
fM- : 2-3 56.0
 

3-4 60.5
 
4-5 73.0
 
5-6 85.5
 
6-7 70..0 
7-8 65.0 
8-9 82..0_. 

t Excluding seals RF 860, .868 (February 1990), 660, 762 (February 1991), 440, 600 
i : 

__J 
(September 1991), and 010, 060 (February 1992).
 

# Tidal heights in relation to mean lower low water.
 
* P > 0.05 

-

-
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Table 10. Mann-Whitney test of mean surface intervals (51) and dive times (DT) for all -radio-tagged harbor seals versus age, sex, and time of year (N =22).t 

SI 
Count Rank Sum Umax p df 

Age 
Subadult 10 81.0 -Adult 12 172.0 94.0 0.03 1 

Sex 
Male 6 93.0 
Female 16 160.0 72.0 NS* 1 

...Time of Year 
Pupping 14 191.0 
Non-pupping 8 62.0 86.0 0.04 1 

DT 
Count Rank: Sum Umax. dfp .. 

Age 
Subadult 10 80.0 
Adult 12 173.0 95.0 0.02 1 .. 

Sex 
Male 6 64.0 
Female 16 189.0 53.0 NS* 1 .. 

Time of Year 
Pupping 14 178.0 ~. 

Non-pupping 8 75.0 73.0 NS* 1 

t Seal RF 762 (February 1991) excluded because no dives were recorded. 
* p > 0.05 

... 

., 

-
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Table 11. Descriptive statistics for surface intervals (51) of all radio-tagged harbor seals 
captured in San Francisco Bay, February 1990 to February 1992 (N =22).*-

SealRF Mean SI (min) SD (min) n - February 1990 

.. 730 0.50 0.87 252 
780 0.39 0.22 430 
860 0.71 1.00 425 
868 ·0.65 0.26 204 
920 0.80 2.25 516-

February 1991 

600 0.55 0.84 319 -
610 0.41 0.30 956

_J 630 0.64 0.81 641 
660 1.04 2.09 460 
720 0.73 1.05 846 
740 0.66 0.96 1337_J 

Septerrlber 1991 

422 0.33 0.19 857. 

... 
430 0.34 0.33 1445 
440 0.56 1.11 649 
450 0.44 0.31 798 
483 0.48 0.39 1162 
600 0.52 1.04 735 
630 0.51 0.69 827 
650 0.44 0.21 933. 

February 1992 _. 
010 0.55 0.55 90
 
060 0.44 0.71 284
 

__J 
810 0.41 0.38 108
 

* Seal RF 762 (February 1991) excluded because no dives were recorded. 

_[1 

-
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Table 13. Descriptive statistics for haul-out (HO) periods of all radio-tagged habor seals 
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captured in San Francisco Bay, February 1990 to February 1992 (N =23). 

SealRF 

February 1990 

730 
780 
860 
868 
920 

February 1991 

600 
610 
630 
660 
720 
740 
762 

September 1991 

422 
430 
440 
450 
483 
600 
630 
650 

February 1992 

010 
060 
810 

Mean HO (min) SD (min) n 

106.33 103.10 4 
188.22 93.59 7 
112.07 129.38 14 
631.25 1 
195.76 123.61 4 

80.32 162.80 7 
253.28 122.15 8 
253.12 305.36 4 
318.55 208.62 5 
402.82 391.78 12 
~58.44 227.76 '1 

1440.00 1 

234.84 94.99 3 
333.26 423.25 10 
438.08 . 149.93 4 
154.87 # 94.91 6 
289.71 208.87 10 
450.43 507.15 5 
244.48 312.15 14 
468.73 295.16 8 

664.48 314.97 2 
290.90 246.98 4 
287.82 430.04 5 
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Table 14. Diet composition of harbor seals during pupping and non-pupping seasons .. 
based on an analysis of fecal samples collected in San Francisco Bay, 1991-1992 (N = 
153 samples). 

..Pupping Season Non-pupping season Combined 
(N = 106 samples) (N =47 samples) (N = 153 samples) 

Prey species %Mass No.indiv. %Mass No.incliv. %Mass No.indiv. 

Yellowfin goby 18.4 878 38.4 254 23.8 . 1132 
(Acanthogobius tlavimanus) , 

Northern anchovy 2.5 106 0.6 7 2.0 113 
(Engraulis mordax) -

Pacific staghorn sculpin 1.9 34 48.3 54 14.4 88 
(Leptocottus annatus) .. 

Plainfin midshipman 38.1 82 1.1 3 28.1 85 
(Porichthys notatus) 

White croaker 24.6 38 1.6 3 18.4 41 
(Genyonemus lineatus) -. 

Jacksmelt 11.8 17 0.0 0 8.6 17 
(Atherinopsis californiensis) 

we
 
Striped bass unk. 6 unk. 3 unk. 9
 

(Roccus saxatilis) 

English sole 1.7 6 10.0 1 3.9 7 
(Pleuronectes vetulus) 

Bay goby unk. 5 unk. 2 unk. 7 
(Lepidogobius lepidus) .. 

\Spotted cllsk-eel 0.7 4 0.0 0 0.5 4 
(ChHara taylori) 

Shiner surfperch 0.3 3 0.0 0 0.3 3
 
(Cymatogaster aQgregata)
 -

Speckled sanddab <0.1 1 0.0 0 <0.1 1
 
(Citharichthys stiQrnaeus)
 ..

Pile perch <0.1 1 0.0 0 <0.1 1
 
(Rhacochilus vacca)
 

Pacific lamprey unk. 1 unk. 0 unk. 1
 
(Lampetra tridentata)
 

Market squid <0.1 1 0.0 0 <0.1 0 ..
 
(Loligo opalescens)
 

Unknown fish unk. 432 unk. 140 unk. 572 

Totals 100.0 1615 100.0 467 100.0 2082 

\ ~ -
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 Table 15. Diet composition of harbor seals in extreme south bay (ESB), south bay (SB),
 

and central bay (CB) based on an analysis of fecal samples collected in San Francisco I 

Bay, 1991-1992 (N = 153 samples). 

ESB . SB eB 
(N = 135 samples) (N = 4 samples) (N = 14 samples) -

Prey species %Mass N.o.indiv. %Mass No.indiv. %Mass No.indiv. 

Yellowfin goby 28.7 1089 0.0 0 7.2 43- (Acanthogobius flavimanus) 

Northern anchovy 2.4 110 1.7 1 0.3 2 
(Engraulis mordax)- Pacific staghoffi sculpin 18.6 87 0.0 0 0.8 1 
(Leptocottus anrlatus) 

Plainfin midshipman 9.6 33 98.3 6 91.4 46- (Porichthys notatus) 

White croaker 23.6 41 0.0 0 0.0 0.0 
(Genyonemus lineatus) 

Jacksmelt 11.1 17 0.0 0 0.0 0 
(Atherinopsis californiensis) 

~4 Striped bass unk. 7 unk. 0 unk. 2 
(ROCCllS saxatilis) 

I -, 

English sole 5.1 7 0.0 0 0.0 0 - 8(pleuronect~ vetuIus) ;r 

Bay goby unk. 6 unk. 0 unk. 1, 
(Lepidogobius lepidus) 

Spotted cllsk-eel 0.6 4 0.0 0 0.0 0
 - (Chilara taylori)
 

Shiner surfperch. 0.3 3 0.0 0 0.0 0
 
-.-. (Cymatogaster aggregata)
 

_: Speckled sanddab <0.1 1 0.0 0 0.0 0 
(Citharichthys stigmaeus) 

Pile perch 0.0 0 0.0 0 0.3 1 
(Rhacochilus vacca) 

Pacific lamprey unk. t 0.0 0 0.0 0

-..j (Lampetra tridentata)
 

Market squid <0.1 1 0:0 0 0.0 a 
(Loligo opalescens) 

__ i Unknown fish unk. 566 unk. 0 unk. 6 

Totals 100.0 1973 100.0 7 100.0 102 

-
_.' 
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Table 16. Mean (SE) catch per trawl in harbor seal feeding and non-feeding areas by 
location in San Francisco Bay (1991-1992). Mid-water and otter trawls conducted by 
California Department of Fish and Game. Prey species represent the top five prey types 
identified in harbor seal fecal samples collected in San Francisco Bay (1991-1992). .. 

ESB SB CB 
Mid-water Otter. Mid-water Otter Mid-water Otter 

Feeding Areas -
Prey species (N =36 trawls) (N =36 trawls) (N =54 trawls) 

Yellowfin goby 0.69(0.64) 0.31(0.18) 0.00(0.00) 0.03(0.00) 0.00(0.00) 0.33(0.23) 
(Acanthogobius flavimanus) 

Northern anchovy 27.28(4.21) 33.22(4.81) 29.26(3.50) 
(Engraulis mordax) 

Pacific staghorn sculpin 0.50(0.27) 2.89(0.86) 0.08(0.06) 0.17(0.07) 0.00(0.00) 2.56(0.40) 
(Leptocottus annatus) 

Plainfin midshipman 0.75(0.38) 1.78(0.85) 0.92(0.48) 4.31(1.86) 0.61(0.26) 6.37(1.36) 
~ 

(Porichthys notatus) 

White croaker 1.69(0.62) 4.33(2.71) 2.61(0.93) 8.67(2.84) 5.35(2.02) 19.70(2.90)
 
(Genyonemus lineatus)
 

Non-Feeding Areas 
Prey species (N =18 trawls) (N =126 trawls) (N =90 trawls) Me 

--1 
Yellowfin goby 0.06(0.06) 0.22(0.13) 0.02(0.02) 0.06(0.02) 0.00(0.00) 1.66(0.60)
 
(Acanthogobius flavimanus)
 

Northern anchovy 35.94(6.18) 27.48(2.23) 21.68(2.67)
 
(Engraulis mordax)
 

Pacific staghom sculpin 0.00(0.00) 0.33(0.23) 0.00(0.00) 1.05(0.49) 0.03(0.02) 3.40(0.81) 
MIl 

(Leptocottus annatus) 

Plainfin midshipman 5.06(3.31) 4.83(2.16) 1.57(0.55) 2.25(0.73) 0.56(0.16) 5.34(1.06)
 
(Porichthys notatus)
 

~ 
White croaker 6.94(2.10) 6.06(3.22) 1.83(0.48) 2.79(0.50) 3.69(1.08) 9.52(1.44)
 
(Genyonemus linecitus)
 

Combined ~ 

Prey species (N =54 trawls) (N = 162 trawls) (N =144 trawls) 

Yellowfin goby 0.48(0.43) 0.28(0.13) 0.02(0.01) 0.05(0.02) 0.00(0.00) 1.16(0.36) 
~ 

(Ac~thogobius flavimanus) 

Northern anchovy 30.17(3.49) 28.76(2.04) 24.52(2.14) 
(Engraulis mordax) ..
 
Pacific staghorn sculpin 0.33(0.18) 2.04(0.60) 0.02(0.01) 0.85(0.38) 0.02(0.01) 3.08(0.53)
 
O-Jeptocottus annatus)
 

Plainfin midshipman 2.19(1.14) 2.80(0.93) 1.43(0.44) 2.70(0.70) 0.58(0.14) 5.73(0.83) ~
 

(Porichtl1ys notatus)
 

White croaker 3.44(0.87) 4.91(2.08) 2.01(0.43) 4.09(0.76) 4.31(1.01) 13.34(1.46)
 
(GenyoIlclIluS lincatus) -.
 

ESB = Extreme South Bay; SB = South Bay; cn = Cenu-aJ Day 
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Figure 1. Harbor seal capture and haul-out sites, and feeding areas in the San 
Francisco Bay area. 
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Figure 2. Proportion of time diving during 24-hr observation periods versus time of day 

for individual radio-tagged harbor seals (N = 23). Mean, standard deviation, and range are 
represented by a horizontal line; box, and vertical line, respectively. 
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Figure 3. Number and relative proportion of harbor seal fecal samples with, and without, 

identified prey hard parlS by collection month (a) and site (b) (N = 215).. 
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Figure 4. Proportion of. time diving during 24-hr observation periods versus tidal height 
for individual radio-tagged harbor seals (N = 23). Mean, standard deviation, and range 
are represented by a hori~ontalline, box, and vertical line, respectively. -
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Figure 6. Regression of mean surface intervals (a) and mean dive durations (b) for all
 
radio-tagged harbor seals tracked versus weight in kilograms.
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.. Figure 7. Percent diet composition versus season based on number (a) and mass (b) of prey 

items in harbor seal fecal samples collected in San Francisco Bay, 1991-1992 (N =215). 
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Figure 8. Frequency histogram of Acanthogobius flavimanus standard length (SL) and
 

approximate age during pupping (a) and non-pupping (b) season from otoliths found in
 

harbor seal fecal samples collected in San Francisco Bay, Califolnia.
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Figure 12. Frequency histogram of Engraulis mordax standard length (SL) and approximate 

age during pupping (a) and non-pupping (b) season from otoliths found in harbor seal fecal ~ 

samples. collected in San Francisco Bay, California. 
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Figure 21. Frequency histogram of Genyonemus lineatus fork length (em) in extreme 
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Figure 24. Frequency histogram of Porichthys notatus standard length (cm) in extreme 
south bay (ESB), south bay (SB), and central bay (CB) from harbor seal fecal samples 

collected in San Francisco Bay, 1991-1992. 
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Figure 25. Frequency histogram of Porichthys notatus fork length (em) in extreme south 

bay (ESB), south bay (SB), and central bay (CB) from California Department of Fish and 

Game otter trawls 1991-1992. 
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Figure 26. Frequency histogram of Porichthys notatus fork length (em) in extreme south .. 
bay (ESB), south bay (SB), and central bay (CB) from California Department of Fish and 
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Figure 28. Mean number per sample of selected fish species versus month from 
California Department ofFish and Game otter trawls in San Francisco. Bay, 1980-1992. 
Selected species represent those found in harbor seal fecal samples collected in San 
Francisco Bay, 1991-1~92. 
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Figure 29. Mean number per sample of selected fish species versus year from California 
Department of Fish .and Game mid-water trawls in San Francisco Bay, 1980-1992. 
Selected species represent those found in harbor seal fecal samples collected in San 
Francisco Bay, 1991-1992. 
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Appendix B. List of archived harbor seal tissue samples collected in San Francisco Bay and nearby coastal areas between 1989-1994. 

Kopeo Other DATE AGE 8L WT BLOBBER DBS RISEBROOGK CDFrcG KOPEC MLML- Moaer 
LOCATION t tag' CASi MLMLi IDi HML' COLLECTED CLASS SEX (CX) (kg) TRICK. (eM) RED BLUBBER LIVER BLUBBER BLUBBER LIVER LIVER MUSCLE BAIR VIBRISSAE 

Tiburon, 
SF Bay 1441 258 930718 Apr-89 A M 140 66 

Redwood Ck, 
SF Bay 1454 Feb-91 F F 60 

Tubbs Is. 
SF Bay 1460 249 930717 Mar-91 P 71 6 0.8 + 2+ 

Alameda 930720 
SF Bay 1462 930721 Apr-91 A M 176 66 

Plummer Ck. 
SF Bay 1465 Jun-91 A F 73 2+ 2+ 

Mowry Sl. 
SF Bay 1469 930719 May-91 S M 57 

E. Palo Alto 930713 
SF Bay 1470 150 254 930714 Nov-91 A F YES + + + + 2+ 

Fremont 
SF Bay 1474a 259 Apr-92 A F 160 72 YES + 

Fremont 930705 
SF Bay 1474f 253 930706 ,Apr-92 F M 83 12 0.7 + + + + 

Oumbarton 247 930697 
SF Bay 1486 248 246 930698 Feb-93 A F 124 55 YES + + + + 2+ + + AP 

Alameda 930707 
SF Bay 1488 257 930708 Apr-93 A M 167 YES 

YBI 930711 
SF Bay 1489 251 930712 Apr-93 P F 83 9 + + + + + AP 

Alameda 930699 
SF Bay 1490 255 930700 Apr-g3 P M 72 I + 

SFBNWR 930693 
~F  Bay 1494 125 248 930694 May-93 A M 151 76 2.4 

Berk. Marina 930703 
SF Bay 1495 247 930704 Apr-93 A M 148 82 3 + + + 2+ ,2+ 

G. Gate Fiel,ds 930695 
SF Bay 1496 250 930696 May-93 P M 7-7 8 2 + + + 2+ 

Mowry S1 
SF Bay OK I 

930709 
930710 Mar-92 P M 76 ., + 

Mowry Sl 930701 
SF Bay 256 DK II 930702 Mar-92 P M 75 11 + 

South SFB 930715 
SF Bay 1979 930716 },pr-79 P F 6 0.7 + + + + 

Montara 
San Mateo RB37S1 Aug-93 A F 67 

Agate Beach 
Marin Co. 161 Jun-94 A M 

Chrissy Field 
SF Bay 153 Nov-94 A M 68 
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