
 External damage to the hair shaft was observed in all hair shafts, regardless of 

coat color.  The type of damage included cuticular scaling, erosion and splitting 

(longitudinal erosion), and breakage of the hair shaft (Fig. 5).  There were no apparent 

trends in damage with respect to coat color.

a

b

c

Figure 5.   Examples of damage observed in harbor seals hairs including erosion (a), 
breakage (b), and cuticular flaking (c).
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 Twelve elements were detected on harbor seal hair shafts, with carbon and  

oxygen comprising the greatest percentage weight of all detected elements.  In general, 

more elements were detected on hair shafts of red-coated seals than normal-pelaged seals 

(Fig. 6).  No differences with coat color were detected for sulfur (t = 0.631, P = 0.538), 

silica (t = -1.635, P = 0.124), or aluminum (t = -1.235, P = 0.237).  The amount of iron on 

hair shafts of red-coated seals was greater than zero (t = 2.661, P = 0.0149; Fig. 6), and 

there was a significant relationship between the amount of iron on hair shafts and the 

percentage of the body covered by a red pelage (P = 0.045, r2 = 0.460).  
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Figure 6.  Percentage weight of elements (± SE) other than carbon and oxygen detected 
on red-coated (black; n = 8) and normal-pelaged seals (gray; n = 8).  
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 Histology samples were analyzed for 28 seals and included four biopsies from 

areas of hair loss, one of which was a biopsy from a normal-pelaged seal.  A yellow-

brown refractile coating was found on the hair shafts of 11/14 biopsies from red-coated 

seals, and the severity of the coating ranged from mild to marked (Fig. 7).  This outer 

coating was not present on hair from red-coated seals that did not have a red pelage at the 

biopsy site.  All slides showed non-specific staining with respect to the Fontana Masson, 

Von Kossa, and copper stains.  The coating observed on the hair shafts of some red-

coated seals stained positive for iron (Fig. 7).  Hairs just emerging did not stain as 

strongly for iron (Fig. 7), and hairs beneath the surface of the skin also did not stain 

positive for iron.  

Figure 7.  Yellow-brown refractile coating found on the hair shaft of red-coated harbor 
seals (left), and positive Pearl’s iron staining indicated in blue on the hair of a biopsy 
from a red-pelaged seal (right).
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 There were no differences in Se concentrations (F = 0.149, P = 0.709) nor the 

molar ratio of Se:Hg (F = 2.198, P = 0.141) with coat color; however, 

differences between red-coated and normal-pelaged seals were detected for THg 

concentrations and stable isotopes.  Female red-coated seals had lesser THg 

concentrations (11.63 ± 2.0; x "g/g dry wt ± SE) than normal-pelaged females (18.27 ± 

0.86; F = 4.236, P = 0.043), although no difference with coat color was detected for male 

seals (F = 0.001, P = 0.972).  Red-coated seals had greater !15N values than normal-

pelaged seals (F = 9.006, P = 0.005), and seals in south SFB had greater !15N values than 

seals in north SFB (F = 5.930, P = 0.019; Fig. 8).  No differences in !13C values with coat 

color were detected (F = 1.563, P = 0.217; Fig. 8).  Mean !34S values were less in red-

coated seals (F = 10.935, P = 0.002) compared with normal-pelaged seals (Fig. 9). 
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Figure 8.  Mean !15N and !13C values (‰ ± SE) for red-coated (R; gray) and normal-
pelaged seals (N; black) in the north (NB; circles) and south bay (SB; diamonds).  
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Figure 9.  Mean !34S and !13C values (‰ ± SE) for red-coated (R; circle) and normal-
pelaged seals (N; diamond) from San Francisco Bay.

 

DISCUSSION

 Red discoloration of the fur or feathers has been observed in a number of species, 

including several species of birds and pinnipeds (Allen et al. 1993, Lydersen et al. 2001, 

Delhey et al. 2007).  Red-coated seals first were observed in SFB in 1968, but given that 

this coincided with increased survey effort of harbor seals, it is possible that red-coated 

seals were present in the area before this time.  Although observations before the late 

1960s did not mention red-coated seals, these were not comprehensive surveys of SFB 

and were of one harbor seal haul-out site or all pinnipeds along the entire California coast 

(Bonnot 1928, Bartholomew 1949).  The number and proportion of red-coated seals in 
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SFB increased dramatically between 1972 and 1984, therefore, if red-coated seals were 

present before 1968, it likely was in decreased numbers.  There were annual fluctuations 

in the proportion of red-coated seals between 1984 and 2010; however, these were 

probably the result of differences in survey method (aerial vs. ground), the number of 

surveys per year, and differences in how seals were classified as red-coated.  This was 

apparent in counts conducted between 1999 and 2005 because the proportion of red-

coated seals at all haul-out sites increased during this time period.  Between 1999 and 

2005, seals were classified as red-coated if they had a slight tinge of red to their pelage, 

compared with recent counts where only individuals with obvious red pelage were 

classified as red-coated (D. Greig, pers. comm).  Despite annual fluctuations in the 

number of red-coated seals, SFB continues to have some of the greatest numbers and 

proportions of red-coated seals world-wide (Allen et al. 1993).

 Differences in the proportion of red-coated seals among haul out-sites have 

previously been detected (Allen et al. 1993, Kopec and Harvey 1995).  Allen et al.  

(1993) found a greater proportion of red-coated seals at haul-out sites in north SFB, but a 

later study found a greater proportion in south SFB (Kopec and Harvey 1995).  Recent 

land-based surveys indicated that the proportion at Castro Rocks was similar to the 

proportion at Mowry Slough; however, estimates of red-coated seals in south SFB likely 

were underestimated as seals often were covered in mud and the observer distance was 

much greater than for other haul-out sites.  There may be a greater proportion of red-

coated seals at less-monitored haul-out sites in south SFB given that greater than 50% of 

89



seals at Corkscrew Slough were red-coated (Kopec and Harvey 1995).  The greatest 

proportion of red-coated seals in this study were captured in south SFB, supporting the 

conclusion that a greater proportion of red-coated seals occurred at haul-out sites in south 

SFB.  The lesser proportion of red-coated seals at YBI compared with other haul-out sites 

may be an important indicator of how a red pelage is acquired, as this site is closer to the 

mouth of the bay and outer coastline. 

 Although red-coated seals have been observed in other areas, the pattern of 

coloration and changes to keratinized tissues in red-coated seals from SFB are unique 

(Kopec and Harvey 1995).  Whereas the initial pattern of red coloration (face and 

foreflippers) was consistent with bearded and ringed seals from Svalbard, some seals in 

this study had red pelage covering greater than 50% of their body.  Red-coated harbor 

seals at the Mad River in northern California had red pelage over their entire body; 

however, the red was more prominent on the ventral surface and sides of the seals than on 

their back, head, and neck (Neumann and Schmahl 1999).  The presence of hair loss and 

shortened vibrissae have previously been noted in harbor seals from SFB, but have not 

been mentioned in red-coated seals from other areas (Kopec and Harvey 1995).  In this 

study, hair loss was concentrated around the face, and shortened vibrissae were observed 

in some, but not all red-coated seals.  These observations were consistent with those 

made by Kopec and Harvey (1995), although some red-coated seals in this study also had 

nose lesions of varying severity likely not associated with capture.  Hair loss, shortened 

vibrissae, and nose lesions appeared to be more common in seals with a greater 
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percentage of red pelage, and were not observed in animals that had less than 

approximately 30% of their body covered by red pelage.

 Hair loss in pinnipeds can be caused by a wide range of conditions, and by itself 

is not diagnostic of any one causative agent (Dierauf and Gulland 2001).  Additionally, 

pinnipeds either continuously or annually shed and regrow hair (molt).  Although harbor 

seals undergo an annual molt where hair is shed and replaced by new hair in a period of 

one to two months (Thompson and Rothery 1987), it is unlikely that molt was the cause 

of hair loss in red-coated seals.  Molt in SFB primarily occurs during late June through 

early August, and new hair is typically exposed when the old hair is shed (Ashwell-

Erickson et al. 1986).  Histology revealed the presence of a previously undescribed 

nematode worm (in harbor seals) in the hair follicles of the red-coated seal from Tomales 

Bay that had patchy hair loss over her entire body.  This nematode was not found in any 

of the other biopsies, and histology revealed no noticeable differences between areas of 

hair loss and normal growth nor between red-coated and normal-pelaged seals.  The lack 

of any histopathological changes could be because biopsies were not collected from areas 

where hair loss was most prominent (e.g., face), although in most cases biopsies were 

collected from areas close to the face (e.g., neck).  Results from histopathology were 

inconclusive in that they did not reveal any clear health condition responsible for the hair 

loss, and the cause may be related to the observed vibrissal changes.

 Shortened vibrissae have previously been observed in red-coated harbor seals 

from SFB.  Researchers suggested that vibrissae were more brittle, therefore, were more 
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susceptible to breaking than vibrissae of normal-pelaged seals (Kopec and Harvey 1995).  

Vibrissal breakage was observed in at least one red-coated seal in this study; however, the 

amount of force required to break an individual vibrissa did not differ with coat color.  

The force required to break each vibrissa may not have been an accurate indication of 

brittleness because breakage likely occurred towards the end of the vibrissae, and not at 

the base where force was measured in this study.  The majority of short vibrissae did not 

appear to be broken and came to a taper at the end, indicating that either vibrissae were 

breaking and then being worn, or that some other mechanism contributed to shortness, 

such as slower growth or increased loss of vibrissae.  Harbor seal vibrissae are shed 

annually and undergo periods of rapid growth followed by inactivity (Hirons et al. 2001).  

Because red-coated and normal-pelaged seals were captured at similar times throughout 

the year, it is unlikely that annual shedding of vibrissae was the cause of the shortened 

vibrissae.  Despite that data from this study did not support the hypothesis that vibrissae 

of red-coated seals were more brittle than normal-pelaged seals, atypical breakage 

remains the most plausible explanation for shortened vibrissae.  It may be that vibrissae 

were breaking, sometimes to the point where the entire vibrissa fell out, and subsequently 

regrew, which would account for the tapered appearance of shortened vibrissae.  

 Vibrissae play an important role in foraging (Denhardt et al. 2001), and harbor 

seals with shortened vibrissae may have decreased foraging efficiency.  Harbor seals were 

able to detect and follow hydrodynamic fish trails by protracting vibrissae forward and 

performing lateral head movements (Denhardt et al. 2001).  Harbor seals with 
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experimentally shortened vibrissae spent more time pursuing prey in turbid water 

conditions (Renouf 1980), indicating that vibrissae may be especially important in SFB 

where the water is relatively shallow and cloudy from sediment resuspension.  Despite 

this, red-coated seals in SFB were of similar or better body condition than normal-

pelaged seals, indicating that the lack of vibrissae did not impact foraging success.  Red-

coated males were likely in better body condition than normal-pelaged males because the 

largest male was red-coated (49 kg > than the next largest male), which influenced the 

estimation of the mean given the small sample size (n = 3).  Trumble et al. (2003) found 

that captive harbor seals maintained their supply of energy and nutrients when fed diets 

of differing prey quality.  Therefore, similar BCIs between red-coated and normal-

pelaged seals are not necessarily indicative that seals ate the same type and quality of 

prey.    

 Hematology and serum chemistries typically are used to assess the health of free-

ranging and captive pinnipeds; however, blood variables also can reflect differences in 

diet, such as nutritional intake and diving behaviors related to prey capture (Thompson et 

al. 1997, Melish et al. 2006, Trumble et al. 2006).  Trumble et al. (2006) found that 

alanine aminotransferase, aspartate aminotransferase, $-glutamyltransferase, creatine, and 

BUN:creatine differed among harbor seals fed a diet of pollock, herring, or a mix of the 

two prey types.  Another study found that cholesterol, total protein, and globulins 

increased between intake and release in captive Steller sea lions (Eumetopias jubatus) 

that participated in feeding studies.  Thompson et al. (1997) found significant differences 
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in leukocyte and erythrocyte parameters, including MCV, in free-ranging seals in relation 

to diet composition.  Mean cell volume increased during periods when seals preyed on 

more benthic gadoids (e.g., whiting, sandeels) compared with periods when the diet was 

dominated by clupeids (e.g., herring, sprat), indicating that MCV values were affected by 

diving behavior specific to certain prey types or nutritional quality of different prey 

(Thompson et al. 1997).  

 The majority of blood variables in this study did not differ between red-coated 

and normal-pelaged seals, and almost all variables fell within the 90% CI of values 

reported for subadult and adult harbor seals from SFB and Tomales Bay (Greig et al. 

2010).  Exceptions to this included magnesium for both red-coated and normal-pelaged 

seals, and total protein and globulin for red-coated seals.  The lack of differences in blood 

variables with coat color that have been associated with clinically sick pinnipeds do not 

support the hypothesis that an underlying health condition was responsible for the 

development of a red pelage (Roletto 1993).  The differences in MCV and cholesterol 

between red-coated and normal-pelaged seals, coupled with the fact that total protein and 

globulin for red-coated seals were outside the range for free-ranging seals from the same 

area, indicated that there may be differences in the nutritional quality of prey consumed 

between red-coated and normal-pelaged seals.  

 Although it has been suggested that an underlying health condition may 

predispose seals in SFB to developing a red pelage, the actual presence of a red pelage is 

not believed to be detrimental to an individuals health.  Several researchers found that the 
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red coloration was from deposition of iron oxide precipitates (Allen et al. 1993, Lydersen 

et al. 2001), although an alternative study found no difference in the amount of iron on 

the hair shaft between red-coated and normal-pelaged seals (Moser 1996).  Results from 

this study support the conclusion that external deposition of iron followed by oxidation 

was the cause of the red pelage.  Iron was not detected on hair shafts of normal-pelaged 

seals, nor on red-coated seals that were not red where the hair or biopsy sample was 

collected.  The fact that hairs below the surface did not stain positive for iron, and hairs 

just emerging stained mildly positive, supports the conclusion that deposition occurred 

externally and not internally.  The significant relationship between the amount of iron on 

the hair and the percentage of the body covered by red pelage indicate that the pattern of 

coloration may be related to the frequency of exposure to iron.

     External exposure to iron could occur through a number of mechanisms, 

including suspended sediments in the water column (Allen et al. 1993), contact with 

sediments on the haul-out site (Neumann and Schmahl 1999), or through contact with 

sediments during benthic foraging (Lydersen et al. 2001).  Neumann and Schmahl (1999) 

suggested that it was unlikely that iron from the water precipitated directly onto hair 

shafts as this would require supersaturation of the water with respect to iron, and would 

result in widespread precipitation of iron oxides on haul-out sites.  Although iron oxides 

were deposited on one haul-out site in Humboldt County, they were visible and believed 

to be from weathering of rocks from a man-made reinforcement of the river bank 

(Neumann and Schmahl 1999).  These reinforcements are not present near haul-out sites 
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in SFB, nor have iron oxide deposits on haul-out sites been observed, making contact 

with sediments on the benthos the most likely exposure mechanism.  The amount of iron 

in sediments has not been measured specifically at sites where harbor seals foraged; 

however, previous studies indicated that iron concentrations in sediment were similar 

among sites in SFB and Tomales Bay (Chapman et al. 1987, Long et al. 1990, 

Hornberger et al. 1999).  Therefore, it is unlikely that red-coated seals are more abundant 

in SFB simply because of greater iron concentrations in sediment, indicating that other 

conditions unique to SFB may be the driving factor for the development of a red pelage.  

 Research on red-coated seals primarily has focused on the cause of the red 

coloration and not why some seals develop a red pelage and others do not.  Kopec and 

Harvey (1995) hypothesized that chronic Se toxicosis predisposed seals in SFB to 

developing a red pelage because seals in this region had greater Se concentrations in 

whole blood than seals from other regions, and changes to keratinized tissues.  Chronic 

Se toxicosis affects keratinized tissues, such as hair and vibrissae (Raisbeck et al. 1993; 

O’Toole and Raisbeck 1995, 1997), which may result in external damage to hair shafts, 

thereby creating a greater surface area for iron accumulation (Kopec and Harvey 1995).  

In this study, seals from SFB had similar Se concentrations and Se:Hg molar ratios in hair 

as seals from nearby Tomales Bay, and lesser concentrations than seals from Elkhorn 

Slough (Chapter I).  Additionally, no differences in Se concentrations and Se:Hg molar 

ratio were detected with coat color, and SEM micrographs revealed that all seals had 

damage to their hair shafts, regardless of coat color. 
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 The locational differences in Se and Se:Hg molar ratio found in this study 

(Chapter I) were not in agreement with results from Kopec and Harvey (1995), which 

may be due to a number of factors, including differences in tissue type (hair vs. blood), 

and time between studies.  Elemental concentrations in blood represent dietary intake 

over a period of a week or two, whereas hair concentrations are representative of blood 

concentrations during the time of hair growth (one to two months).  Because of this, hair 

collected throughout the year always represents concentrations during the months of 

molt, whereas blood concentrations of certain elements may vary seasonally.  Kopec and 

Harvey (1995) found that Se concentrations were greater in the winter than in the 

summer; however, samples only were collected from seals in other regions in May (Puget 

Sound), June (San Nicolas Island), and September (Monterey).  In contrast, samples were 

collected from seals in SFB in August, September, December, and February, which may 

have contributed to the increased Se concentrations in whole blood in seals from SFB 

compared with these other regions.  Additionally, these studies were conducted almost 20 

years apart, and action has been taken in the last decade by the San Francisco Bay 

Regional Water Quality Board to reduce agricultural and refinery discharges of Se to the 

bay.  Therefore, even though Kopec and Harvey (1995) found increased Se concentration 

in whole blood of seals from SFB, results from this study indicate that the development 

of a red pelage is not a bioindicator of chronic Se toxicosis because red-coated harbor 

seals are still present in SFB even in the absence of increased Se concentrations.      
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 The development of a red pelage in bearded and ringed seals from Norway has 

been attributed to benthic foraging activity (Lydersen et al. 2001); however, deposition of 

iron from sediment during foraging has not previously been suggested as a reason for red-

coated harbor seals in SFB.  This may be a viable explanation given that harbor seals 

primarily forage on benthic and schooling fishes in areas close to haul-out sites (10 to 20 

km; Tollit et al. 1998, Nickel 2003, Orr et al. 2004).  Harbor seals typically are 

considered generalist, opportunistic predators, although individuals may display 

specificity for certain locations and/or prey types.  Although harbor seals in Scotland and 

Norway foraged on a variety of prey, individuals consistently returned to the same 

foraging areas (Bjørge et al. 1995, Tollit et al. 1998).  Movements of seals in SFB were 

variable; however, seals also consistently returned to one or several foraging areas 

(Nickel 2003).  The use of different foraging areas may result in differences in diet 

among seals, such as differences in prey species or prey type (i.e., schooling fishes vs. 

benthic prey).

 Seals in SFB primarily preyed on juvenile benthic and schooling fish, and diet 

differed with location (north vs. south SFB) and season (March to May vs. June to March; 

Gibble 2011).  During the non-pupping season (June to March), when a red pelage 

primarily is acquired, the diet of seals in south SFB was dominated by yellowfin goby 

(Acanthogobius flavimanus), with several other species of gobies constituting a lesser 

proportion of the diet.  In contrast, the diet of seals in north SFB primarily consisted of 

northern anchovy (Engraulis mordax), followed by plainfin midshipman (Porichthys 
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melanostictus), and yellowfin goby (Gibble 2011).  Harbor seals generally preyed on the 

most abundant species, although several species that were abundant in trawls were 

noticeably absent or found in reduced numbers in the diet of harbor seals (Torok 1994, 

Gibble 2011).  This could be the result of biases in trawl data, minimal overlap between 

fish habitat and harbor seal foraging areas, or selectivity by harbor seals for certain 

species.  Whereas the first two explanations are more likely, the fidelity of individual 

harbor seals to specific foraging and haul-out sites coupled with differences in movement 

patterns among individuals are indicative of individual preference for certain locations 

and potentially certain prey types.  Because it has been suggested that contact with iron-

rich sediments can result in a red pelage, harbor seals that have a greater dependence on 

benthic species may be more likely to develop a red pelage.  

 Stable isotope data support this hypothesis that differences in diet exist between 

red-coated and normal-pelaged seals.  Red-coated seals had significantly greater !15N and 

lesser !34S values than normal-pelaged seals; however, because both isotopes were likely 

influenced by a number of factors (Chapter I), it is impossible to determine the specific 

cause of these changes without additional data.  Excluding red-coated seals from south 

SFB, all seal groups had mean !15N values approximately 2 to 3‰ greater than mean 

!15N values of known prey items in SFB (Stewart et al. 2004), which is consistent with 

captive studies that demonstrated a !15N diet to tissue fractionation of 3‰ in harbor seal 

hair (Hobson et al. 1996).  The locational differences in !15N values found in this study 

were likely a result of dietary differences because differences in harbor seal diet between 
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north and south SFB previously have been detected (Gibble 2011); therefore, differences 

in !15N values with coat color also could be the result of diet.  Differences in !34S 

between red-coated and normal-pelaged seals were relatively small (~1.6‰) compared 

with differences between bottlenose dolphins (Tursiops truncatus) that depended on 

estuarine vs. offshore food webs (~9.4‰; Barros et al. 2010).  This indicates that 

differences in !34S values in this study may be statistically, but not biologically 

significant.  Habitat use of harbor seals in this study overlapped, whereas bottlenose 

dolphins in the Barros et al. (2010) study exhibited a distinct inshore to offshore gradient;  

therefore, the difference in !34S values between red-coated and normal-pelaged seals 

likely were relatively small because of the potential for overlap in foraging habitat.    

 Comprehensive data on the stable isotope composition of harbor seal prey items 

are lacking, although !15N and !13C values have been measured in northern anchovy and 

yellowfin goby, which were the most important prey items for seals in north (anchovy) 

and south SFB (yellowfin goby) from June to March (Gibble 2011).  The mean !15N 

value in muscle of northern anchovy collected at the Farallon Islands was 13.9 ± 0.8 (SD; 

Sydeman et al. 1997), whereas the approximate mean !15N value in muscle of yellowfin 

goby in SFB was 16 ± 1 (Stewart et al. 2004).  Because seals in south SFB depended 

more on yellowfin goby and had increased !15N values compared with seals in north 

SFB, increased !15N values may be indicative of a diet rich in yellowfin goby.

 The yellowfin goby is native to estuarine waters of Asia and is an invasive species 

in SFB.  The first two specimens were detected in SFB in 1963 (Brittan et al. 1963), and 
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by 1966 the species had spread throughout the bay (Brittan et al. 1970).  The number of 

yellowfin goby in SFB increased greatly after 1966 when they became widely established 

throughout the bay (Brittan et al. 1970).  They are the largest goby in SFB and are 

primarily benthic omnivores that feed on a variety of prey, including polychaetes and 

crustaceans (Kanou et al. 2005, Cohen and Bollens 2008).  

 The occurrence and subsequent increase of yellowfin goby in SFB in the late 

1960s, followed closely by an increase in the number and proportion of red-coated seals 

in the 1970s, may indicate that development of a red pelage is a direct result of increased 

benthic foraging, primarily on yellowfin goby.  Differences in the proportion of red-

coated seals among haul-out sites, coupled with differences in blood variables, THg 

concentrations, and stable isotope values between red-coated and normal-pelaged seals 

all support the conclusion that foraging differences exist between these two groups.  The 

greater proportion of red-coated seals in south SFB may be because benthic prey, such as 

yellowfin goby, are a more important component of the diet of seals in south SFB 

compared with seals in north SFB.  It also may be because of differences in the type of 

foraging habitat exploited by seals using north and south SFB.  It remains unclear as to 

why some red-coated seals had hair loss, shortened vibrissae, and nose lesions, and 

histopathology of skin biopsies from areas of hair loss did not provide any insight.  Given 

that blood, THg, and stable isotope data indicate that foraging differences may exist 

between red-coated and normal-pelaged seals, these symptoms may be the result of 

differences in nutritional quality of prey, such as protein content.  The concentration of 
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symptoms to the face and neck may indicate that external forces, such as contact with the 

benthos, possibly contribute to the development of hair loss, shortened vibrissae, and 

nose lesions. 

 The development of a red pelage does not appear to affect short-term survival 

because red-coated seals were in good body condition and the majority of blood variables 

fell within ranges reported for seals from this region; however, it is possible that long-

term survival may be affected.  Data on the movements and foraging behavior (diet, 

foraging sites, and foraging tactics) of red-coated harbor seals in SFB are needed to 

determine whether the development of a red pelage is truly the result of benthic foraging, 

and whether their diet is of differing nutritional quality than normal-pelaged seals.  The 

long-term survival and reproductive success of red-coated seals also should be assessed 

to determine if the development of a red pelage affects the long-term survival or fitness of 

these individuals.  
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CONCLUSIONS

 Harbor seals play an important role in the nearshore ecosystems, both as predator 

and prey for fish and larger marine mammals.  Therefore, understanding concentrations 

and effects of toxicants (e.g., Hg, Se) and other factors potentially influencing health and 

survival of harbor seals (e.g., development of a red pelage) is important in understanding 

the health of the nearshore ecosystem.  This may be especially critical in areas, such as 

SFB, where seals are in close proximity to dense human populations, and the number of 

seals has failed to increase since the passage of the Marine Mammal Protection Act in 

1972.  

 Results from this study indicated that seals from SFB and Tomales Bay had 

increased THg and decreased Se concentrations in hair compared with seals from Elkhorn 

Slough.  It is unknown whether these concentrations were great enough to cause Hg 

toxicosis; however, concentrations in some seals exceeded concentrations or effects 

levels associated with Hg toxicosis in other species.  In contrast, mean Se concentrations 

in seals from SFB and Tomales Bay were less than concentrations measured in hair of 

other pinnipeds, and may indicate that the physiologic need for Se in animals from sites 

with increased Hg may be greater because Se is needed to bind to Hg as well as maintain 

normal selenoenzyme activities.  Future researchers should continue to investigate 

concentrations of THg and Se in seals from SFB and Tomales Bay to understand how  

future changes in Hg and Se concentrations will affect harbor seals both in the context of 

Hg toxicosis and/or Se deficiency.
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  San Francisco Bay continues to have one of the greatest prevalences of red-

coated seals world-wide, and because upwards of 20% of seals at haul-out sites in SFB 

had a red pelage, understanding this phenomenon and its effect on harbor seal health 

deserves attention.  The development of a red pelage appeared to be the result of iron 

accumulation, possibly as a result of contact with sediment during benthic foraging.  This 

did not appear to affect the short-term survival of seals, but it remains unknown if the 

development of a red pelage affects long-term survival or fitness.  Because some red-

coated seals had shortened vibrissae, understanding what predisposes a seal to developing 

a red pelage and the foraging implications this may have (e.g., diet diversity, nutritional 

quality of prey), is an important component in evaluating the health of harbor seals 

inhabiting SFB.  
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