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ABSTRACT 

SEASONAL CHANGES IN THE DISTRIBUTION AND ABUNDANCE OF PACIFIC 
HARBOR SEALS (Phoca vitulina richardii) IN SOUTH HUMBOLDT BAY, 

CALIFORNIA AND ITS NEWLY ENACTED MARINE PROTECTED AREA 
 

Wiley Hall Archibald 

 

Harbor seals have been listed as a species likely to benefit from new Marine 

Protected Areas (MPAs) in California as part of the Marine Life Protection Act. Whereas 

seals may experience direct and indirect effects from these MPAs as a whole, the impacts 

of individual MPAs remains unclear. To support the analysis of the impacts of one new 

MPA located in South Humboldt Bay (SHB), California, I conducted two studies to 

measure the site fidelity of individual harbor seals within SHB and to describe the 

changes in distribution and abundance of hauled-out seals inside and outside the new 

MPA there.  

From June 2011 through May 2012, I used radio telemetry to assess site fidelity 

of 28 individually tagged seals. Most seals had high fidelity (>75%) for SHB haul-outs, 

indicating that these seals are present enough to potentially benefit from added 

protection. However, the use of radio telemetry proved difficult and costly for long-term 

data collection. Therefore, weekly visual surveys were implemented beginning in July 

2012 to track the habitat use of all seals hauled-out in SHB. There were significant 

seasonal differences in seal abundance (ANOVA, F5 = 4.047, p < 0.01) and groupings 
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(ANOVA, F5 = 10.06, p <0.01), particularly between the winter and the spring seasons. 

In addition to highlighting key seasons for additional management and monitoring, these 

surveys proved more successful and sustainable than radio telemetry for monitoring year-

round impacts of the new MPA on harbor seals. 
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INTRODUCTION 

Harbor seals (Phoca vitulina) are one of the most ubiquitous marine mammals in 

the world, ranging throughout the northern Pacific and Atlantic oceans (Burns 2002). 

Specifically, the Pacific harbor seal (Phoca vitulina richardii) is found from the eastern 

Aleutian Islands south to Isla Asuncion in northern Baja California Sur, Mexico (Rice 

1998, Allen et al. 2011, Carretta et al. 2013). In California, more than 30,000 seals forage 

in coastal areas and haul out (exit the water) to rest, molt, and whelp on nearshore rocks, 

mudflats, and sandy beaches (e.g. Stewart 1983, Boyd 1998, Gemmer 2002, Allen et al. 

2011, Harvey and Goley 2011). One such area is Humboldt Bay, where a marine 

protected area (MPA) has recently been created as part of a network of protected areas 

designed to help preserve natural marine ecosystems throughout California. The goal of 

this project was to document the spatial and temporal patterns of haul-out behavior by 

harbor seals inside, and surrounding, this new MPA to allow for the future assessment of 

the effectiveness of the MPA. 

Humboldt Bay 

Humboldt Bay is the second largest enclosed bay in California, after San 

Francisco Bay, and is the largest port between San Francisco and Coos Bay, Oregon 

(Barnhart et al. 1992, Costa and Glatzel 2002). It also is the only bay in California north 

of Drakes Bay to contain a new MPA as part of the California Marine Life Protection Act 

(1999). Despite years of marine dependent industry, commercial fishing, and human 
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development in and around the bay, Humboldt Bay continues to support hundreds of 

species of fish, waterfowl, invertebrates, and other wildlife (California Coastal 

Commission 2012). 

Humboldt Bay is divided into two distinct regions separated by the bay mouth. 

North Humboldt Bay (NHB) and South Humboldt Bay (SHB) contain highly 

channelized, large mudflats that only are exposed at low tide (Loughlin 1974, Gemmer 

2002). However, NHB is more industrialized than SHB, containing the majority of 

shipping lanes, a busy marina, and oyster farms, in addition to the 80,000 people living 

around the bay, impacting it in direct and indirect ways (PCM/HDR 2011). Conversely, 

SHB has remained relatively pristine and, whereas geographically smaller, is the 

preferred haul-out habitat for the majority of seals in the bay. In the early 2000s 

researchers frequently recorded more than 1,000 seals ashore within SHB, making it one 

of the largest haul-outs in northern California (Gemmer 2002, Lowry and Carretta 2003, 

Lowry et al. 2008, Lowry unpublished data). However, despite decades of studies on 

harbor seals in and around Humboldt Bay, relatively little is known about their temporal 

and spatial haul-out behavior in SHB. Developing this knowledge will serve as a baseline 

from which to compare the impacts of an MPA in the bay. 

Marine Life Protection Act 

The Marine Life Protection Act (MLPA) was enacted in California in 1999, 

mandating the creation of a network of MPAs along the California coastline to enhance 

the state’s marine life, habitats, and ecosystems (CDFG 2004; Figure 1). During the 
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Figure 1. Marine Protected Areas in California- part of the Marine Life Protection Act 
North Coast Section. Red box shows location of Humboldt Bay, Humboldt 
County, California. From CA Department of Fish and Wildlife (2014). 
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following 12 years, the state developed protected areas within four coastal regions, 

finishing the North Coast section (Point Arena to the Oregon border) in 2011. In addition 

to creating new marine protected areas, the MLPA mandated a 5-year review process, 

which allows for an assessment of the effectiveness of each MPA and facilitates adaptive 

management based on this review. 

The MPAs vary in their degree of restriction and protection, ranging from 

Special Closures where all access is prohibited to State Marine Recreational Management 

Areas (SMRMA) with only minimal restrictions on fishing. In total, 26 new MPAs were 

implemented in northern California alone, covering 355 km2 (137 sq. miles) of the local 

coastline (Table 1). In SHB, lawmakers implemented a SMRMA, which took effect in 

December 2011. SMRMAs are the lowest level of protection for an MPA, providing 

restrictions on fishing, but allowing waterfowl hunting, pleasure boating, and other 

recreational activities within the area. The SMRMA in SHB is restricted to the 

southwestern corner of the bay and covers approximately 2.1 km2 of tidally influenced 

marine habitat (CDFG 2014). 

Table 1. Marine Protected Areas enacted in 2011 in northern California through the 
Marine Life Protection Act. From CA Department of Fish and Wildlife (2013). 

Type of Marine Protected Area Number 
Created 

Area Covered (sq. 
miles, rounded) 

% of Coast 
Covered (rounded) 

State Marine Reserve 6 51 5% 

State Marine Conservation Area 13 85 8% 

State Marine Rec. Mgmt. Area 1 1 <1% 

Special Closure 7 <1 <1% 

Total 26 137 13% 
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Throughout the MLPA development process, harbor seals were listed as a species 

likely to benefit from the new regulations due to their dependence on nearshore habitats 

and their overlap with human development and fishing practices (CDFG 2004). However, 

marine mammals were not specifically targeted for protection by most of the MPAs, 

including the one in SHB. Regardless, seals may still benefit from even small MPAs 

either directly, through protection for hauled-out or foraging seals, or indirectly through 

an increased prey base. By describing the ways that seals use the bay before, and during, 

full implementation of the MLPA, we can create a benchmark for future assessment of 

the SMRMA’s effectiveness within this local ecosystem.  

Harbor Seal Natural History 

Harbor seals are confined to nearshore, prey-rich environments. While their 

diving abilities can surpass 10 minutes and reach depths of up to 500 meters, they 

typically dive shallower (< 35m) for only one to three minutes (Harvey 1987, Allen et al. 

2011). Their use of shallow waters, bays, river mouths, and inlets reduces their risk of 

predation by white sharks (Charcharodon carcharias) and killer whales (Orcinus orca) 

(Riedman 1990). However, this environment also exposes individuals to other threats 

such as other large pinnipeds, terrestrial predators, and conflict with humans (Steiger et 

al. 1989, Riedman 1990, Gemmer 2002, Mathews and Adkinson 2010, Allen et al. 2011). 

Whereas some seals, especially sub-adults, occasionally make trips of 100 to 200 

kilometers (Stewart and Yochem 1994, Thompson et al. 1994, Gemmer 2002, Harvey 

and Goley 2011, Ougzin 2013), most only travel short distances (< 80 kilometers) 
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between haul-out sites and foraging areas (Pitcher and McAllister 1981, Herder 1986, 

Yochem et al. 1987, Thompson et al. 1996, Suryan and Harvey 1998, Gemmer 2002, 

Ougzin 2013).  

Harbor seals typically feed on small, shallow water fish such as flatfish 

(Pleuronectiformes), Pacific herring (Clupea pallasii), lamprey (Petromyzonidae), 

anchovy (Engraulidae), and smelt (Osmeridae) (e.g. Gemmer 2002, Grigg et al. 2009, 

Allen et al. 2011), but also feed opportunistically on larger fish such as salmonids 

(Oncorhynchus spp.) (Holzwarth 2001, Gemmer 2002). In many areas, such as Humboldt 

Bay, these prey species have been greatly reduced by commercial and recreational 

fisheries and other anthropogenic factors. The resultant increased competition has likely 

contributed to historical and current declines in harbor seal populations in many areas 

(Pearson 1969, Newby 1973, Loughlin 1978, Carretta et al. 2013, Lowry unpublished 

data). Therefore, new MPAs in Humboldt Bay and California as a whole have the 

potential to allow many of these fish species to recover, which could lead to changes in 

seal demographics and population sizes. 

Harbor seals leave the marine environment to pup, nurse, molt, or rest on land. 

Peak abundance of hauled-out seals occurs during breeding and molting (Gemmer 2002, 

Lowry et al. 2008, Allen et al. 2011, Harvey and Goley 2011), which occur in northern 

California between March and August each year (Gemmer 2002, Allen et al. 2011).  

The frequency with which a harbor seal hauls out at a particular site is called its 

“site fidelity.” Most seals only use one or two haul-out sites during a given season, 

resulting in overall high site fidelity. However the sites used, as well as their relative 
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frequency of use, may change throughout the year depending on changing prey 

availabilities and life history (e.g., Thompson 1989, Cunningham et al. 2009, Grigg et al. 

2009, Farrer and Acevedo-Gutiérrez 2010, Cordes et al. 2012). Seasonal and year-round 

site fidelity is important when determining the potential effectiveness of management 

schemes and MPAs, because they can indicate if individual seals frequent an area enough 

to benefit from added protections (Hilborn et al. 2004). 

Adult female harbor seals give birth to a single pup each spring, during which 

mom and pup may become particularly dependent on protected habitats and vulnerable to 

disturbance or predation. In Humboldt County, the maximum pup production occurs 

between late April and early May (Gemmer 2002). Despite being able to swim 

immediately after birth, pups are born out of the water at common haul-out sites. Mothers 

spend much of their time with their pup until it is weaned at about 30 days, but will 

periodically leave the pup onshore to feed (Allen et al. 2011). In areas such as Humboldt 

Bay that are submerged at higher tides, both the mom and pup must leave the haul-out at 

least twice a day, putting both at risk from boaters and marine predators.  

Male harbor seals at this time are often found both on land or protecting small 

territories in the water (Hayes et al. 2004, Allen et al. 2011). While in the water, males 

will attempt to mate with females passing by along common travel corridors (Hayes et al. 

2004). Because of their presence in shallow, unprotected channels adult male seals may 

be exposed to increased risk of boat strikes. 

Several weeks after the lactation period ends, adult seals undergo a 3-4 week 

molt, where they progressively lose and regrow all of their hair and epidermis (e.g. Ling 
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1978, Mo et al. 2000, Allen et al. 2011, Paterson et al. 2012). In Humboldt County, 

Gemmer (2002) reported harbor seals molting as early as mid-May and as late as the end 

of September, with a peak in June. Under normal circumstances, harbor seals will haul 

out more often and for longer durations while molting because air is less conductive than 

water, thereby limiting heat loss and reducing metabolic costs (Thompson 1989, Gemmer 

2002, Farrer and Acevedo-Gutiérrez 2010, Cordes et al. 2011). Unlike many other 

phocids, such as the northern (Mirounga angustirostris) and southern (Mirounga leonine) 

elephant seals and the Hawaiian monk seal (Monachus schauinslandi), harbor seals are 

still able to enter the water and feed regularly while molting (Gemmer 2002, Allen et al. 

2011, Paterson et al. 2012).  

Despite being able to return to the water periodically, molting seals are still 

vulnerable to disturbance. Paterson et al. (2012) found that if seals were repeatedly 

disturbed, or forced to spend less time ashore, it could extend the molting period and 

impose significant energetic costs on an individual. Even on land, the heat lost during 

molting can be up to double the seal’s normal metabolic rate, which may lead to reduced 

fecundity or survival if food resources are limited (Paterson et al. 2012). 

Human-Seal Conflict 

Due to their dependence on the nearshore environment, harbor seals frequently 

come into contact with humans. Prior to 1972, harbor seal populations throughout the 

United States were dramatically declining (Loughlin 1978, Harvey et al. 1990). Some 

local and state governments even offered bounties to encourage the removal of the 
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species (Pearson 1969, Newby 1973). Newby (1973) estimated that in Washington State 

over 17,133 harbor seals were intentionally killed between 1943 and 1960. Even as direct 

killings were reduced in the 1960s, frequent disturbance by humans from boating and 

development caused many harbor seals to leave their traditional haul-outs and rookeries, 

further hindering the population’s recovery (Newby 1973, Harvey et al. 1990). 

Since the implementation of the Marine Mammal Protection Act (MMPA) in 

1972, many populations have recovered and some have even stabilized within optimum 

sustainable ranges (Brown et al. 2005). Harvey et al. (1990) estimated an 8.1% annual 

population increase in Oregon between 1975 and 1983 with the total number of haul-out 

sites nearly doubling.  Harbor seals in California, and Humboldt Bay in particular, have 

followed similar trends. In December 1966, Loughlin (1974) documented only six harbor 

seals in Humboldt Bay. By 1973, the local population had reached a minimum of more 

than 300 seals (Loughlin 1978). In 2002, Lowry and Carretta (2003) documented more 

than 1,000 seals in SHB.  

Despite the population recovery due to the MMPA, the harbor seal population 

in California has decreased during the last decade (Carretta et al. 2013, Lowry 

unpublished data). While the cause is unclear, various factors have been attributed to 

similar declines throughout the harbor seal range, including stabilization around carrying 

capacity, climatic changes, changes in prey availability, or human-caused mortality and 

disturbance (Brown et al. 2005, Carretta et al. 2013). The addition of the MPAs in 

California provides a unique opportunity to examine some of these factors, particularly 

prey availability and human-caused mortality and disturbance. However, without 



 

 

10 

increased monitoring of local harbor seal populations, it will be difficult to identify the 

most significant factors in the population decline. 

Current Study 

To support future analysis of the impacts of this MPA on harbor seals, I first 

conducted a study of how individual seals use SHB before the MPA’s implementation. In 

chapter one, I describe the behavior of individually radio-tagged seals in SHB. I 

document the site fidelity of seals to SHB and discuss how site fidelity can be used in 

management planning. Finally, by weighing the advantages and disadvantages of radio 

telemetry, I review its potential for future long-term studies and its effectiveness for 

monitoring seals in Humboldt Bay. 

In Chapter Two, I examine the use of shore-based, visual surveys to document 

long-term, fine-scale changes in the distribution and abundance of harbor seals in SHB 

throughout the year after the implementation of the MPA. This approach combines 

statistical and geographic analyses of weekly surveys conducted over one year to create a 

baseline dataset that can be used in the long-term analysis of seal behavior within SHB. I 

first demonstrate that my methods are effective in determining the changes in harbor seal 

distribution and abundance on a weekly basis and discuss some of the challenges 

encountered. Next I describe the observed changes in abundance and distribution of 

hauled-out harbor seals inside and outside the MPA in SHB, and their possible 

consequences on the future effectiveness of the MPA. Finally, I describe the impacts of 
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human disturbances on hauled-out seals in SHB and discuss how disturbance levels may 

change in the near future. 
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INTRODUCTION 

Effective management and conservation of pinnipeds is based on a detailed 

understanding of a species’ natural history. However, developing management plans 

based on the entire life history of a species can be difficult due to species mobility and 

behavioral plasticity. An approach often utilized when managing harbor seals is to focus 

on their haul-out sites and the protections surrounding those areas. Examining changes in 

haul-out behavior and location can be used to determine other factors, including 

movement patterns and prey availability (Herder 1986, Thompson et al. 1998, Gemmer 

2002, Grigg et al. 2009, Cordes et al. 2012).  

Close examination of site fidelity also can be used to determine the potential 

benefits of a Marine Protected Area (MPA) on local harbor seals. Because seals change 

their haul-out patterns due to disturbance and prey availability, site fidelity can provide 

evidence for direct and indirect benefits of an MPA. Site fidelity also can be used to 

predict the potential effectiveness of a new MPA before its enactment by determining if 

individual seals will be affected by the added protections. If site fidelity is low for a 

particular location, it is unlikely that individual seals will see lasting benefits from a new 

MPA implemented there.  

Radio telemetry provides a valuable tool for determining the site fidelity of 

individual seals. Telemetry tags placed on individual seals emit unique frequency signals, 

making each seal easily identifiable from a distance. Therefore, long-term studies using 
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radio telemetry allow for detailed assessment of individual haul-out patterns with 

minimal impact to the animal (Dietz et al. 2012).  

Several researchers have used radio telemetry to determine regional site fidelity, 

movement between haul-outs (Gemmer 2002), home ranges, foraging behavior (Ougzin 

2013), and the average proportion of seals hauled-out during low tide (Harvey and Goley 

2011). However, these studies did not focus on how individual seals were associated with 

one specific haul-out and the possible implications of that fidelity on the effectiveness of 

an MPA. Therefore, I chose to use radio telemetry to focus on animals specifically within 

SHB and examine how their use of that haul-out site changed throughout the year. South 

Humboldt Bay (SHB) was chosen as a focal point for this study because of its ecological 

importance to harbor seals as a haul-out and rookery, and its proximity to human 

civilization (Loughlin 1974, Gemmer 2002, Ougzin 2013, Lowry unpublished data).  

This project was started during the final design stages of the Marine Life 

Protection Act’s (MLPA) North Coast Section plan. It was known that a new MPA was 

going to be implemented in the South Bay, but the specifics were not yet finalized. The 

study, therefore, was not designed specifically to test the effectiveness of the new MPA 

on the local harbor seal population. Instead it was designed to document how seals use 

SHB as a haul-out and how that use changes throughout the year.  

Establishing a baseline dataset of how closely tied individual harbor seals are to 

SHB, as measured by their site fidelity, is critically important to determine the potential 

benefits of the new MPA on individual seals. A key aspect of the effectiveness of an 

MPA on a species is how often individuals frequent the area. If individuals of a species 
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are too mobile, they may not be present long enough to experience lasting benefits of a 

smaller protected area. Conversely, if those individuals are too sessile, they may never 

enter an area influenced by the MPA (Hilborn et al. 2004).  

To create this new baseline dataset of individual seal haul-out behavior in SHB to 

be able to assess the possible implications of the new MPA, I tagged harbor seals in SHB 

with radio telemetry tags and recorded their presence or absence within SHB for over 9 

months. The goals of the project were 1) to determine the site fidelity of individuals 

within SHB, 2) to assess the likelihood of individual seals benefiting from any new 

protections placed within SHB, and 3) to evaluate the power of using radio telemetry for 

long-term monitoring of seals within the South Bay. By examining these data across 

multiple seasons, managers will be able to improve future conservation measures to 

better support local seals throughout the year.



 

  

16 

 
MATERIALS AND METHODS 

Study Area 

All study animals were captured and tagged in SHB (Figure 2). Surveys were 

primarily conducted in SHB; however, weekly monitoring also occurred at haul-outs in 

North Humboldt Bay (NHB), the Eel River mouth, and the Mad River mouth (Figure 

2)(Gemmer 2002, CDFW 2014). 

All bay sites consisted of tidally dependent, highly channelized mudflats. NHB is 

surrounded largely by industrial, commercial, and residential developments, whereas 

SHB is surrounded by the Humboldt Bay National Wildlife Refuge (HBNWR), the South 

Spit Cooperative Management Area, the Table Bluff County Park, and only minimal 

human development. Unlike the bay sites, both river mouths provide sandy beach haul-

outs throughout the day. Seals at the Mad River only are found on the western bank of the 

river; seals at the Eel River often are found on both sides of the mouth. 
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Figure 2. Study area in Humboldt County, California. Monitoring locations are indicated 

by black dots. All study animals were captured in South Humboldt Bay and 
released near Fields Landing, CA.  
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Captures and Tag Attachment 

Harbor seal were captured in SHB in a 120-meter modified beach seine net, as 

well as tangle nets (Jefferies et al. 1993). Captures were supervised by Dr. James Harvey, 

Dr. Denise Greig, and Elizabeth McHuron. No effort was made to target specific sex or 

age classes. 

After capture, seals were placed into individual hoop nets. Individuals were 

restrained manually on a flat board or using a V-shaped restraining board. When possible, 

standard morphometric data were collected including standard length, curvilinear length, 

girth, weight, and sex. To reduce the stress on captured animals, some individuals 

underwent only a shortened workup, including measuring only standard length. Hair, 

blood, blubber, DNA, urine, and rectal swab samples also were taken on some animals 

when possible for use in other ongoing research projects. Each seal also was fitted with 

an individual four-digit identification cattle rototag in the webbing of its left rear flipper. 

 A unique frequency temple tag VHF transmitter (Advanced Telemetry Systems, 

Isanti, MN) was inserted into the webbing of the right rear flipper of each seal (Dierauf 

1990, Gemmer 2002, Harvey and Goley 2011). Each tag weighed approximately 23 

grams and had an expected battery life of 535 days. 

All seal captures were conducted under NMFS research permit of Dr. James T. 

Harvey No. 555-1870-03 and the Humboldt Bay National Wildlife Refuge Special Use 

Permit No. 81590-10007. Surveys were carried out under Humboldt State University 

Institutional Animal Care and Use Committee (IACUC) protocol No. 10/11/B.81.A and 
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HBNWR Special Use Permit (1018-0102). 

Radio Telemetry 

Tagged seals were tracked in SHB from June 25, 2011 through May 9, 2012.  

Seals were determined to be present or absent using a handheld 3-element yagi antenna 

and either an Advanced Telemetry Systems R4500C receiver (Advanced Telemetry 

Systems, Isanti, MN) or a Communications Specialists R1000 handheld receiver 

(Communication Specialists, Inc., Orange, CA).  

Surveys of seals in SHB began 2 hours before low tide and ended 2 hours after 

low tide to maximize the likelihood of detecting seals (Thompson et al. 1997, Gemmer 

2002, Gilbert et al. 2005, Waring et al. 2006). These surveys were conducted at least once 

per week during the study period from the western side of Humboldt Hill in King Salmon 

(N40°43’46.65”, W124°12’48.28”; intersection of Loma and Mesa Roads, King Salmon, 

California), which is 42 meters above sea level and less than 5 kilometers from the 

furthest known haul-out sites within the South Bay. For the first month after tagging, 

these surveys were conducted up to 7 times within 1 week to increase the chance of 

relocating all tagged seals and to confirm all tags were working properly.  

During each survey, telemetry scans for tagged seals were performed hourly, 

resulting in five separate scan efforts throughout the 4-hour survey (-2 hours, -1 hour, at 

low tide, +1 hour, and +2 hours after low tide). For each scan effort, all frequencies were 

cycled through at least 3 times with a minimum of 10 seconds of monitoring per 
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frequency (Gemmer 2002, Ougzin 2013). Seals were recorded as present if their signal 

was detected at least once during any of these scans. 

To further increase the likelihood of detecting an individual seal, longer duration 

surveys also were conducted at least once a month between July 15, 2011 and May 9, 

2012. These surveys utilized the same protocol as the 4-hour surveys, however they were 

15 to 24 hours, encompassing two low tides and at least one high tide. In addition, these 

surveys were conducted from the Southport Bed and Breakfast (SBB) (N40°41’44.56”, 

W124°15’01.88”; Phelan Road, Loleta, California) instead of Humboldt Hill. This site 

required the surveyor to move around obstructions to gain line of sight to hauled-out 

seals, but was deemed more amenable, and provided greater surveyor safety, for long 

durations. In February 2012 these surveys were automated using the R4500C receiver, 

which was programmed to scan at one-hour intervals and record any signals received. 

The automation allowed some surveys to last for more than 72 hours, covering several 

low tide periods within a week. This change was made to further increase the likelihood 

of detecting any remaining functional tags on seals that were hauling out too infrequently 

to be detected during four or 24-hour surveys.  

Three other haul-out sites within Humboldt County also were monitored routinely 

to determine alternative locations of tagged seals and to confirm tag functionality. The 

three sites visited were the Mad River mouth, North Humboldt Bay (NHB), and the Eel 

River mouth (N40°38’49”, W124°18’31”). These three sites, along with SHB, were 

monitored sequentially within two hours of a single low tide once a week between July 

11, 2011 and April 25, 2012. All frequencies were scanned through for 10 seconds, as per 
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all other surveys. However, only one complete scan was conducted at each site before 

moving to the next haul-out. Surveys alternated north to south or south to north to vary 

whether each location was monitored before or after low tide (similar to Suryan and 

Harvey 1998). 

The Mad River mouth was monitored from the eastern bank of the river near its 

outflow to the ocean. The Eel River mouth was monitored from the Crab Cove regional 

park parking area. This location provided a clear line of sight to both sides of the river 

mouth, as well as the eastern sides of the north and south spit that comprised the mouth, 

where seals had been previously observed hauling out (Gemmer 2002, CDFW 2014, 

Lowry unpublished data). Unlike other sites, NHB was monitored from three separate 

locations (Figure 2), because seals haul out in at least three different regions of the North 

Bay. 

Although it is relatively rare, seals have been documented to move from SHB to 

areas outside the primary study area of this project (Gemmer 2002, Ougzin 2013). 

Therefore, other haul-out sites in northern California were opportunistically surveyed, 

including the Lost Coast (Mendocino County, California), Trinidad Bay (Humboldt 

County, California), the Klamath River Mouth, Crescent City harbor, Castle Rock reef, 

and the Smith River mouth (all Del Norte County, California), to account for seals not 

found at any of the four routinely surveyed sites. Every effort was made to monitor these 

sites at or near low tide, but their opportunistic nature did not always allow this to 

happen. However, each site is not tide dependent, therefore haul-out space is available 
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throughout the day. Because these surveys were meant solely to account for missing 

seals, they were not included in any data analysis. 

Analysis 

Site fidelity for SHB was calculated for each tagged seal as the percentage of 

detections of that individual within SHB compared with its total detections at all haul-out 

sites. Site fidelities at other locations also were calculated for individuals located outside 

SHB as a comparison. A Chi-square Goodness of Fit was used to test for a significant 

difference among the SHB fidelities of all individuals. 

Detection rates for SHB also were calculated for each seal. This value was 

defined as the number of detections of an individual divided by the total number of 

surveys at that site while the seal’s tag was known to be working. Each seal’s first day of 

detection was its capture date in SHB. The end of an individual’s detection period was 

the last day the tag was located, beyond which it became impossible to confirm if the seal 

was absent or the tag had malfunctioned. 

In addition to detection rates of individuals throughout the study, the proportion 

of tagged seals relocated within SHB also was calculated. This proportion was 

determined as the total number of seals detected during a survey divided by the total 

number of known functioning tags on that date. To avoid uneven weighting caused by 

having only a small number of tags functioning, only surveys when at least ten tags were 

known to be working were used in this analysis. 
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RESULTS 

Tagging 

Twenty-eight harbor seals were fitted with VHF radio transmitters and permanent 

flipper identification tags between June 22 and 23, 2011 (Appendix A). This group 

included six males and 22 females, one of which was a subadult and another was a pup. 

Two seals were captured using tangle nets and the other 26 were captured using the 

purse-seine technique.  

Radio Telemetry Tracking 

A total of 84 4-hour surveys were completed in SHB between June 25, 2011 and 

May 2, 2012. Survey effort was greatest between June 25, 2011 and August 24, 2011 (38 

surveys) when the tags were most likely to be working. Greater duration surveys of SHB 

were completed 21 times between July 15, 2011 and May 4, 2012. All scans lasted a 

minimum of 15 hours and a maximum of 114 hours. In addition to 4-hour surveys of 

SHB, 29 sequential surveys of the Mad River, NHB, SHB, and the Eel River were 

conducted between July 11, 2011 and April 25, 2012.  

Of the 28 seals captured and tagged, 27 were relocated successfully after the 

capture date. The one seal not relocated (164.304) was a pup from that year and was 

removed from all analyses. The 27 remaining seals were relocated an average of 18.6 

times (range: 5-51, SD = 11.1) over an average of 56 days (range: 15-167 days, SD = 
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33.69; Appendix B). No seals were located at any site after December 7, 2011. The 

longest period between detections for an individual seal was 22 days.  

Haul-out Site Fidelities 

Harbor seal site fidelity in SHB varied significantly from 30% to 100% among 

individuals (Chi-square Goodness of Fit, p < 0.01), with a mean of 85% (s.d. = 19.5%) 

(Figure 3). Whereas the average fidelity for SHB was great, 17 of the 27 tagged seals 

were located at least once outside of SHB. All three of the alternative haul-out sites 

monitored (Mad River, Eel River, and NHB) had tagged seals located at least three times 

throughout the study. No seals were detected outside of the four routinely monitored 

haul-out sites during this study. 

Detection Rates 

Detection rates for individual seals in SHB throughout the study ranged from 6% 

to 85% (mean = 46%, s.d. = 23%; Figure 3). The proportion of seals detected in SHB 

while at least 10 tags were known to be functioning (June 25 through August 20, 2011) 

ranged from 24% to 79% of all seals (mean = 48.56%, s.d. = 12.13; Figure 4). The total 

number of seals detected during each survey also decreased as tags stopped functioning 

(Figure 5). 
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Figure 3. Site fidelity and detection rate values for individual tagged harbor seals in South Humboldt Bay, California while 

each transmitter was known to be functioning between June 25, 2011 and December 7, 2011. Letters after tag 
frequency indicate sex of individual and if it was a sub-adult.  
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Figure 4. The proportion of seals with known functioning tags detected (solid) between June 25 and August 20, 2011 in 

South Humboldt Bay, California (n = 42 surveys). The average proportion was 48.56% (dashed). 
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Figure 5. Total number of tagged seals detected in South Humboldt Bay, California per survey. No seals were detected in the 

South Bay after November 11, 2011 (n = 72 surveys). 
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DISCUSSION 

Seals were monitored in SHB for more than 400 hours between June 25 and 

December 7. More than 400 additional hours were used to confirm that all tagged seals 

had either vacated the study area or that their tags had stopped functioning. The methods 

utilized successfully resulted in all seals except one being relocated at least five times 

and, on average, seals being detected nearly 50% of the time that their tags were known 

to be working.  

The average site fidelity reported here is consistent with other studies of harbor 

seals in northern California (Herder 1986, Gemmer 2002, Ougzin 2013). The high site 

fidelity combined with detecting nearly 50% of tagged animals during each survey 

indicated that most seals tagged in SHB returned to SHB to haul out, and did so on a 

frequent basis. In addition, Ougzin (2013) found that most seals tagged in SHB remained 

in Humboldt Bay or traveled only short distances outside the bay mouth to forage. 

Therefore, SHB appears to have high ecological value for seals as a primary haul-out, 

suggesting that any protections placed there, such as the new MPA, should benefit 

individual seals. 

 The results of this study, however, are limited to low tides primarily in late 

summer and early fall. Therefore, these data may not be representative of harbor seal 

behavior throughout the year. Some researchers have found that the longer seals are 

tracked, the more haul-out sites they use (Thompson 1989). Therefore, future studies 
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examining the effectiveness of management strategies should account for possible 

temporal variability in local harbor seal site fidelity. 

The use of radio telemetry for this study demonstrated the technique’s ability to 

assess possible impacts of a new MPA on individual harbor seals. However, the methods 

employed here were not capable of demonstrating any seasonal or yearlong changes in 

harbor seal site fidelity. In this case, tag functionality limited the scope of the data 

collected. Even the most successful telemetry-based studies rely on tags functioning for 

only a matter of months. Therefore, long-term studies will require repeated capture and 

tagging of seals to acquire the necessary data, making the cost and effort potentially 

prohibitive. Because of this high cost, future studies should consider alternative methods, 

such as implanted tags or visual markings, to track individual seals through time. 

Although limited in their ability to decipher individual movements, visual surveys of 

harbor seal haul-out groups throughout the year may also provide sufficient data to 

monitor the effects of new MPAs on a seal population. 
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CONCLUSION 

The results of this study successfully demonstrated that harbor seals are likely to 

benefit from increased protections from an MPA within SHB. However, the techniques 

employed here were not capable of deciphering fine-scale habitat use of individual 

hauled-out seals within SHB. Therefore, the location and size of the MPA will be 

important when assessing the final direct and indirect benefits experienced by local seals. 

This study also has shown that, despite its well-documented benefits, radio 

telemetry may not be the ideal means for monitoring the seasonal or long-term effects of 

the MPA on harbor seals. Future studies choosing to utilize telemetry should take 

additional measures to pinpoint the exact location of individual seals within the haul-out 

area. Without these data, it will be difficult to determine how a new MPA is affecting 

seals directly. Other methods, focused on where and when groups of seals haul out, may 

prove more useful for determining how a seal population is affected by an MPA. 



 

 

 
 

 

CHAPTER TWO: 

SYSTEMATIC, LONG-TERM VISUAL SURVEYS OF HAULED-OUT HARBOR 
SEALS IN SOUTH HUMBOLDT BAY, CALIFORNIA 
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INTRODUCTION 

Harbor seals have been designated as a species likely to benefit from the new 

Marine Protected Area (MPA) in South Humboldt Bay (SHB), California (California 

MLPA Master Plan Science Advisory Team 2010). To measure the effects of any new 

MPA on harbor seals, we must first understand how and when seals use the areas within, 

and adjacent to, that MPA. By establishing a baseline of harbor seal haul-out distribution 

and abundance within SHB as the MPA is implemented, and by creating a sustainable, 

long-term monitoring protocol, we can effectively assess the direct and indirect benefits 

of the protected area.  

When determining the impacts of this management plan on harbor seals, it is also 

important to assess historical data. Traditionally harbor seal abundance has been 

extrapolated from only one or two counts of an area each year (Lowry and Carretta 2003, 

Lowry et al. 2008). The timing of these surveys is typically based on state-wide periods 

of peak abundance. Seals, however, are being impacted throughout the year and their 

behavior changes similarly. Therefore, this snapshot approach may miss important 

aspects of seal behaviors in SHB that will be directly affected by the new MPA, such as 

seasonal changes in haul-out location, based on pressures such as prey availability or 

human activity. Developing a novel dataset of distribution and abundance of seals via 

surveys conducted throughout the year will aid in filling these gaps in our knowledge and 

create a better platform for future analysis of the effectiveness of the new MPA. The data 
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also will allow for better timing and accuracy of future snapshot surveys of seals in 

Humboldt Bay. 

Increased knowledge of the year-round changes in harbor seal distribution and 

abundance within SHB will help facilitate changes to the MPA’s structure and 

restrictions. Currently, the MPA’s boundaries and regulations are static throughout the 

year; however, harbor seals change their haul-out patterns in SHB throughout the seasons 

(Loughlin 1978, Gemmer 2002). Therefore, there is a discrepancy between the 

management plan and the natural history of the animals. To fill this void, we must 

continue to monitor harbor seals and gauge how they are responding to changes caused 

by the MPA. 

In the previous chapter I demonstrated that individual seals are likely to benefit 

from additional protections in the Bay; however, I was unable to describe where seals 

were hauled-out in relation to the MPA. This second project was created after the MPA 

had been enacted. Therefore, the area’s boundaries were known and seals could be easily 

distinguished as being either inside or outside of the protected area. Based on this 

distinction, I developed three primary goals for this study: 1) to develop a long-term, 

sustainable protocol that reliably and efficiently obtained data on the changes in 

distribution and abundance of hauled-out harbor seals within SHB on a fine scale in 

relation to the MPA, 2) to implement this protocol and report one year’s worth of changes 

observed of seals hauling out inside and outside the MPA, and 3) to record incidents of 

human disturbance on hauled-out seals inside and outside the MPA. 
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MATERIALS AND METHODS 

Study Area 

The distribution and abundance of harbor seals was studied in South Humboldt 

Bay, Humboldt County, California (Figure 6). Specifically, harbor seals were observed 

within and adjacent to the newly enacted MPA to provide a comparison between the two 

regions. The Southport Bed and Breakfast (SBB) (N40°41’44.56”, W124°15’01.88”; 

Phelan Road, Loleta, California) is 21 meters above sea level and provided a near 180° 

view of the SHB haul-out sites, with a close view of those within the MPA. An additional 

site at the Humboldt Bay National Wildlife Refuge (HBWNR) (N40°41'58.07", 

W124°13'24.09") was selected based on its proximity to the haul-outs outside the MPA. 

The HBNWR site is isolated on the levee in the northwestern corner of the Refuge’s 

waterfowl hunting area and is 2 meters above sea level. Both sites were used in 

conjunction to maximize viewing angles and minimize distance to the haul-outs. 

  



 

 

35 

 
Figure 6. Map of South Humboldt Bay, California. Harbor seal haul-outs were observed 

from the Southport Bed and Breakfast and Humboldt Bay National Wildlife 
Refuge.  
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Monitoring of Harbor Seals 

To document the monthly and seasonal changes in harbor seal abundance and 

distribution within SHB, seals were surveyed at low tide once a week. Using a 20-60x 

spotting scope, I recorded the locations of all haul-out groups within the bay, and the 

number of seals present within each group (Figure 7). Groups were defined as separate 

when their two nearest seals were 10 or more body lengths apart, or on clearly separate 

channels. Previous studies have documented the maximum numbers of seals hauled-out 

between 2 hours before and 2 hours after low tide (Gemmer 2002, Gilbert et al. 2005, 

Waring et al. 2006), but I chose to restricte my surveys to starting within 1 hour before 

through 1 hour after low tide for both sites to maximize the number of seals present. 

To verify recorded locations, photos were taken of the entire survey area, 

including inside and outside the MPA. Nikon D100 or D200 cameras were used to take 

sweeping photos at 100mm zoom, followed by 300mm zoomed in photos of each haul-

out group. Photos were then uploaded and stored on a personal computer and organized 

by survey date to be used later during digitization of the hand-drawn maps. 

During all surveys from March through May 2013, the presence of pups (seals 

born that year) also was recorded, including their location and numbers within each haul-

out group. A pup was defined as being less than 50% the size of the seals around it and 

often resting perpendicular to an adult (similar to Allen et al. 1989, Gemmer 2002).  
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Figure 7. Example of a data sheet used to record the distribution and abundance of harbor seals in SHB, California. Letters 

are assigned to channels as references to aid surveyor in counting and locating haul-out groups. Stars represent 
observation points used during surveys. 
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Counting pups ceased at the start of June due to difficulty distinguishing them from other 

seals within the group. 

The use of two survey sites provided better viewing coverage of the study area, 

but also raised the potential for conflicting counts between the two sites. It was assumed 

for this study that seals would not travel among haul-out groups while the surveyor was 

transitioning between sites (<15 minutes). Therefore, the differences were attributed to 

visual impediments limiting the surveyor’s ability to accurately count all seals within a 

group. To alleviate these discrepancies, the greater verified count for a given group was 

always used. This system resulted in most finalized maps being combinations of data 

from each site and provided the maximum number of seals for the day. In the few 

instances where whole groups of seals shifted due to known (e.g., recorded human 

disturbance) or unknown causes, the pre-disturbance numbers and distributions were 

used. 

 Protocol Development and Validation 

Before a new protocol is implemented for long-term data collection, it is 

important to validate the methods being used. Prior to this study, it was unclear if only 

surveying a 2-hour window around one low tide each week would provide an accurate 

representation of harbor seal haul-out behavior within SHB. Therefore, an extensive 

literature review of similar environments was used to create two additional types of 

surveys, termed “extended surveys” and “multiday surveys” (e.g. Sullivan 1979, Allen et 
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al. 1984, Herder 1986, Thompson 1989, Suryan & Harvey 1999, Holzwarth 2001, 

Gemmer 2002, Ougzin 2013). 

Extended surveys were used to confirm that a 2-hour window around low tide was 

the most consistent time for providing a maximum count of seals. These surveys were 

conducted once a month and were 5-9 hours duration centered around low tide. Extended 

surveys began while the mudflats in SHB were just becoming exposed and ended when 

the rising tide inundated all hauled-out seals, forcing them into the water. To allow for 

comparison throughout the day, counts were conducted hourly, exclusively from SBB. 

However, within one hour around low tide, the counts followed the standard low tide 

procedures listed previously. Therefore, the data could be compiled with other low tide 

surveys. Only SBB counts were used in the analysis of these extended surveys. 

Multiday surveys were used to examine if surveying only once a week was 

representative of haul-out behavior for the entire week. The goal of these surveys was to 

conduct five extended surveys (5-9 hours) on consecutive days to provide distribution 

and abundance estimates at a wide range of times and tide levels within one week. 

However, successfully conducting the five days of extended surveys in a row proved to 

be difficult due to weather and logistical limitations. Therefore, some weeks had fewer 

than five days observed. Multiday surveys were conducted once each in January, May, 

and September 2013. Weeks with low tides near midday were selected to provide ample 

daylight throughout all surveys.  

Data from each day within one multiday survey were then compared to examine 

the range of seal abundance and distribution among multiple low tides within a week and 
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to determine how representative the 2-hour windows were of the entire week. 

Abundances of hauled-out harbor seals during both extended and multiday surveys could 

not be analyzed statistically due to their low sample sizes within each survey. Therefore, 

abundances from each were plotted graphically to show one tidal cycle for comparison of 

times of peak abundance. Distributions were compared by examining the number of 

distinct haul-out groups within the bay as a measure of clustering behavior. A Welch’s t-

test was used to compare the total number of groups observed at low tide with the number 

of groups observed two hours before low tide, and two hours after low tide for all 

extended and multiday surveys. 

Seasonal Abundance Analysis 

Changes in the seasonal average abundance of harbor seals during standard 

surveys were analyzed using a one-way ANOVA and post-hoc Tukey-Kramer analysis. 

Seasons were defined as Summer (June, July, August), Fall (September, October, 

November), Winter (December, January, February), and Spring (March, April, May) to 

correspond with previous studies (e.g., Gemmer 2002). Because pups were only reported 

in Spring 2013, there was no seasonal or annual comparison available for their 

abundance. However, seasons were compared both with pups included and without pups 

to compare changes in total use and adult only use of SHB.  

To eliminate skewed averages caused by surveying multiple times within one 

week during multiday surveys in January, May, and September, only one day of each set 

was used in calculating the mean for that season. This day was chosen as the date with 
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the median total number of seals for that week after days within the week with limited 

survey abilities (e.g. poor weather or survey site closures) had been excluded. 

Seasonal Distribution Analysis 

To evaluate changes in the distribution of seals throughout the year inside and 

outside the MPA, I manually digitized the locations and numbers of seals in each haul-

out group using ArcGIS (ArcGIS 10.1, ESRI, Redlands, CA). Polygons were created to 

represent observed haul-out groups and filled with points based on the total number of 

seals in that group. Single seals were represented using an ellipse with radii of 1m and 

0.5m. Groups larger than 1 seal were drawn to match the original drawings of the 

surveyor. During the digitizing process, photos from each survey were used to verify the 

location and size of all haul-out groups. If the photos differed from the drawn map, the 

photos were used to determine size and location of a group.  

Annual total land use was examined to describe habitat use of SHB by hauled-out 

harbor seals. The percent of land used specifically within the MPA was determined as a 

baseline for future studies. A point density analysis representing all seals in SHB across 

the entire study period also was created using ArcGIS to display the greatest 

concentrations of seals at an annual level. During this process, all individual seal 

locations from all surveys were combined to document the total area used during the 

study. That area was then delineated by the concentration of points, representing areas of 

greater or lesser use for the year. 
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ArcGIS also was used to perform seasonal analyses to describe the changes in 

haul-out location throughout the year. In combination with total area used, the number of 

distinct haul-out groups was compared among seasons. These data, in addition to the 

average number of seals per group, can be used to determine how seals are clustering or 

dispersing throughout the bay, which may have implications for management and 

disturbance risks. 

To determine if the MPA will provide direct protection to newborn harbor seal 

pups, the distribution of pups also was documented for Spring 2013. All pups were 

mapped similarly to adult seals using ArcGIS software. All surveys where pups were 

observed were then combined to create a seasonal map of total pup distribution and land 

use. 

Disturbance Monitoring 

A disturbance was recorded when any action by humans caused at least one seal 

to alter its behavior. Typically in areas such as SHB, these can be in the form of close 

approaching boats, low-flying airplanes, gunshots, or shore-based activity (Allen et al. 

1984, Suryan & Harvey 1999). When a disturbance was observed, the disturbance type 

(e.g. powerboat, rowboat, gunshot, etc.), its approximate distance from the affected seals, 

the number of seals affected, and their reaction to the event (e.g. head raised or flushed 

into the water) were recorded. 
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RESULTS 

Protocol Development and Validation 

The extended surveys indicated that the number of seals hauled-out in SHB 

typically peaked within 1 hour of low tide. Only 4 of 20 surveys found greater 

abundances of seals outside this window, with an average difference of only 10 seals 

(4.7% of maximum count) between peak abundance and the number recorded within one 

hour of low tide.  

Weeks with multiday surveys had a range of variability in abundance and 

distribution patterns among all days surveyed with the five-day window (Table 2). 

Because of the limited sample size, statistical analysis was not performed on the daily 

averages. However, May 2013 (n=5) was the most consistent week with all maximum 

counts falling within 10% of the average maximum count for the week. In January 2013 

(n=4), the daily variability ranged from 7.8% to 24.3% around the week’s average. 

September 2013 (n=3) showed the greatest amount of variability (163, 186, and 321 

maximum seals observed), leading to a range of 16.7% to 43.7% daily variation from the 

average. January and September had the fewest successful survey days due to inclement 

weather or site access restrictions.  

Table 2. Maximum daily counts of individual hauled-our harbor seals and distinct haul-
out groups in South Humboldt Bay, California during multiday surveys. 
Season Dates (2013) # Surveys # seals at low tide # haul-out groups  
Winter 6 to 10 January 4 78 to 126 3 to 6 
Spring 1 to 5 May 5 552 to 645 79 to 94 
Fall 27 to 30 September 3 163 to 321 6 to 8 
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The extended surveys did not reveal any signs that seal groups change locations 

as the tide level drops and that changes in the number of seals observed are due to seals 

joining or leaving existing groups, not forming new ones throughout the tide cycle. In 

fact, the number of groups rarely changed between two hours prior to low tide and low 

tide (Welch’s T-test, p = 0.94) (Figure 8). Two hours after low tide tended to have fewer 

groups than at low tide, but not significantly (Welch’s T-test, p = 0.74) (Figure 8). 

Therefore, the distribution patterns attained during regular low tide surveys appear to 

accurately portray the overall haul-out locations of seals throughout the course of a low 

tide cycle. 
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Figure 8. Total number of distinct groups at two hours before low tide (black) and two hours after low tide (grey), compared 

to the low tide count of groups for that day in South Humboldt Bay, California. Days with no difference between 2 
hours before and low tide, and between 2 hours after and low tide should fall on dashed line (y=x). There were no 
significant differences between two hours before low tide and low tide or two hours after low tide and low tide group 
numbers (Welch’s T-test, p = 0.94 and p = 0.74 respectively). 
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Abundance of Harbor Seals in South Humboldt Bay at Low Tide 

Fifty low tide surveys were used to determine the changes in hauled-out harbor 

seal distribution and abundance within SHB (this includes only one day per week from 

multiday surveys). The number of seals observed at low tide varied greatly throughout 

the study (Figure 9). The maximum number of seals observed was 645 (486 adults) on 

May 4, 2013, whereas the minimum occurred on February 28, 2013 with only 62 animals 

seen. The average number of seals across the entire period was 245 per day (s.d.= 152).  

Pups were recorded between March 18 and May 22, 2013 (Figure 10), however 

classifying pups ceased after May 2013 due to difficulty distinguishing them from adults. 

The maximum number of pups observed was 159, on 2 and 4 May 2013.  

There was a significant difference among all seasons in the average total number 

of seals observed at low tide (ANOVA, F5 = 4.047, p < 0.01) and in adult seals observed 

(ANOVA, F5= 3.096, p = 0.02). However, not all seasons differed significantly from each 

other (Figure 11). With and without pups included, Winter and Spring were significantly 

different (Tukey Kramer, p-adj < 0.01 for both).  



 

 

47 

 

Figure 9. Number of seals observed during weekly surveys (n = 50) at low tide in South Humboldt Bay, California between 
July 2012 and September 2013. Total seals observed (solid) are distinguished from only adult seals (dashed) during 
the spring pupping season. Each point represents one survey. 
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Figure 10. Numbers of harbor seal pups at low tide in South Humboldt Bay, California in Spring 2013. Each point represents 

one survey.  
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Figure 11. Average number of harbor seals observed at low tide during weekly surveys of South Humboldt Bay, California 

by season. Spring 2013 is shown both with and without pups included. Error bars represent ± standard error. Stars 
represent significant differences (Tukey-Kramer p-adj ≤ 0.05). 
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An average of 30 seals (range: 1 to 97) were observed inside the MPA throughout 

the study, whereas an average of 199 were observed outside the MPA (range 52 to 529; 

Figure 12). Despite the differences in ranges, the numbers of seals inside and outside the 

MPA were significantly correlated (Welch’s T-test, p < 0.01, Figure 13). The percentage 

of seals within the MPA, however, fluctuated throughout the year, ranging from 0.5% to 

32% of all seals (Figure 14). Both the number of adult seals inside the MPA and the 

percentage of seals inside the MPA also were significantly correlated with the height of 

low tide (Pearson’s correlation, p = 0.03 and p = 0.02 respectively; Figure 15). 

The number of pups inside and outside the MPA also followed similar trajectories 

throughout the spring season (Figure 16). Inside the MPA, a maximum of 26 pups were 

observed, representing 17.6% of all pups observed that day. Up to 125 pups were seen 

outside the MPA, comprising 83.1% of all pups that day. 

The average number of seals inside and outside the MPA also varied seasonally 

(Figure 17). The average number of adult seals observed inside the MPA did not differ 

significantly among seasons (ANOVA, F5 = 2.23, p = 0.07), but the average outside the 

MPA did change significantly (ANOVA, F5 = 3.75, p < 0.01). However, individually 

only counts from Winter 2012-2013 and Spring 2013 had significantly different averages 

for seals outside the MPA (Tukey Kramer, p-adj < 0.01). 
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Figure 12. Low tide counts of all harbor seals, including pups, inside (gray line) and outside (black line) the marine protected 

area in South Humboldt Bay, California during weekly surveys. Shaded region represents the observed pupping 
season. Each point represents one survey. 
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Figure 13. Correlation between the numbers of seals observed outside and inside the MPA in South Humboldt Bay, 

California (Pearson’s correlation, p < 0.01, r = 0.56) 

0

20

40

60

80

100

120

0 100 200 300 400 500 600

Se
al

s i
ns

id
e 

M
PA

 

Seals outside MPA 



 

 

53 

 
Figure 14. Percentage of all seals observed at low tide inside the marine protected area in South Humboldt Bay, California. 

Each point represents one survey. Gray line shows the average (13.4%) for all surveys between July 2012 and 
September 2013. 
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Figure 15. Percentage of seals observed inside the marine protected area in South Humboldt Bay, California between July 

2012 and September 2013 correlated significantly with low tide height during the survey (Pearson’s correlation, p = 
0.02, r = -0.32). 
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Figure 16. Counts of harbor seal pups at low tide inside (gray) and outside (black) the marine protected area in South 

Humboldt Bay, California in Spring 2013. Each point represents one survey. 
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Figure 17. Average number of adult harbor seals observed outside (empty) and inside (filled) the State Marine Recreational 

Management Area at low tide during weekly surveys of South Humboldt Bay, California by season. Error bars 
represent ± standard error. Star denotes significant difference (Tukey-Kramer p-adj ≤ 0.01). 
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Distribution of Seals in South Humboldt Bay, California 

Harbor seals in SHB hauled-out at relatively consistent locations (Figure 18, 

Appendix C). However, the extent of seal distribution was greatest during the spring 

pupping season (Figure 19, Appendix D). When extents of all haul-out groups from all 

surveys from July 2012 through September 2013 were combined, seals used 118,600 m2 

of mudflat. This value represents the total amount of habitat used, however, any given 

day would be expected to have a lesser value. 

Pups also were widely distributed throughout SHB during Spring 2013 (Figure 

20). Most pups were observed with at least one adult animal, typically its mother (as 

confirmed through observation of suckling). Mom-pup pairs or groups of several moms 

and pups often hauled out alongside channels away from the larger groups. This 

dispersion of adult females and pups is the cause of the drastic increase in land use during 

the spring.  

Seal grouping patterns changed significantly across seasons throughout the study 

(ANOVA, F5 = 10.06, p <0.01; Figure 21). However, this difference was driven entirely 

by Spring 2013 being significantly different from all other seasons (Tukey Kramer, p-adj 

< 0.02 for all seasons). Between August 2012 and March 2013 there was an overall 

decrease in the total number of distinct groups observed in the South Bay. In April and 

May 2013 that number increased drastically as the pupping season began. The total 

number of groups then returned to approximately what it was the previous summer. There 
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was also a significant correlation between the number of groups observed and height of 

low tide (Pearson’s correlation, t48= -1.79, p = 0.08). 

The average number of seals per group also fluctuated significantly by season 

(ANOVA, F5= 5.81, p < 0.01; Figure 21) and was negatively correlated with the total 

number of groups observed for each day (Pearson’s correlation: t48 = -4.99, p < 0.01). 

The difference between the total number of groups and the average group size was most 

exaggerated during Spring 2013, when small nursery groups of moms and pups separated 

from the larger groups. This change caused the average group size to decrease to 

approximately 10 seals (range: 5 - 27) and the total number of groups to increase to an 

average of 50 per survey (range: 5-88). There was a significant correlation between the 

average group size and height of low tide (Pearson’s correlation, t48 = 2.51, p = 0.02).  

 



 

 

59 

 
Figure 18. Point density map for all seals surveyed between July 2012 and September 2013. Red and yellow indicate areas of 

high use throughout the year. 
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Figure 19. Total distribution of seals observed between July 2012 and September 2013. Each dot represents one seal (9,908 

total seals across 60 surveys). Colors represent different seasons. See Appendix D for breakdown of each season. 
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Figure 20. Distribution of pups seen during low tide surveys between March 18 and June 2013 (n = 15). Each point 

represents one pup.  
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Figure 14. Total number of distinct haul-out groups (> 10 seal body lengths apart) of harbor seals (black line) and the average 

number of seals per group (grey line) in South Humboldt Bay, California. Each point represents one survey at low 
tide. 
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Disturbance Monitoring 

There was evidence of human disturbance in 10 of the 60 (11.7%) surveys 

completed, including all extended and multiday surveys. Of these 10, six disturbances 

resulted in harassment of animals causing them to enter the water after the event (Table 

3). Gunshots from various terrestrial locations around the bay were heard on more than 

50% of surveys, however, seals did not change behavior in response to these events. 

Boaters that stayed near the Fields Landing boat launch (>600 meters from seal haul-

outs) also were never observed provoking a reaction from seals. 

On three occasions, seals along the Hookton Slough channel adjacent to the 

HBNWR levees reacted to my arrival at the survey site (not included in Table 3). On all 

three occasions, one to three sets of mom-pup pairs began to move quickly toward the 

water from their positions on shore. However, on no occasion did they enter the water, 

and all seals returned to a relaxed position (head down, resting, or nursing) within two 

minutes of my arrival. 



 

 
  

64 

Table 3. Disturbances observed in South Humboldt Bay, California between July 2012 and September 2013. Table 
does not include disturbance caused by survey activities (n = 3). 

Date 
Disturbance 
Type Activity Location 

Distance from 
Seals 

Reaction 
by Seals 

# Seals 
Affected Notes 

Water-Based Disturbance:             

21-Oct-2012 Rowboat 
Waterfowl 
hunting (on 
water) 

Inside MPA (pre-
designation) <300 meters Flushed 27   

4-Nov-2012 Motorboat Transit (hunters 
onboard) Hookton Slough <100 meters 

Unknown 
(presumed 
flush) 

Unknown 

Event not directly 
observed, however 
seals observed in 
water after boat 
passed 

18-Nov-
2012 Motorboat Transit (hunters 

onboard) 
Hookton Slough, 
outside and inside 
MPA 

<100 meters Flushed 114 
Boat made several 
passes through 
channels 

18-Apr-2013 Canoe Pleasure boating Hookton Slough <100 meters Flushed 21   

15-Sep-2013 Kayak Pleasure boating Hookton Slough 
toward MPA < 100 meters Flushed 50   

Shore-based Disturbance:             

24-Apr-2013 
Loud booming 
sounds (4 over 
30 minutes) 

Unknown Near Fields Landing > 1000 meters Flushed 19 
Origin unknown, 
louder than 
gunshots or standard 
construction noise 

Other Disturbance:             

13-Jun-2013 Low-flying 
plane Passing over bay 

Flying north to south 
over Fields Landing 
and Hookton Slough 
area 

< 400 meters 
(altitude) 

Head 
raised, alert 7   



65 

  

DISCUSSION: VISUAL SURVEY 

Protocol Development and Validation 

A goal of this work was to design a protocol for assessing the abundance and 

distribution of harbor seals in and around the new SMRMA in South Humboldt Bay. 

Testing and standardizing the protocol allows for its adaptation and comparison at other 

sites throughout the California MLPA region. This protocol demonstrated that surveying 

harbor seal haul-outs within one hour of low tide once a week can provide data that are 

representative of the maximum abundance and distribution for that tidal cycle and shed 

light on the possible fluctuations within the week.  

The data collected during the extended surveys supported previous research that 

low tide is the best period to survey harbor seals in Humboldt Bay. However, the logistics 

of spending long hours in the field can make these greater duration surveys difficult to 

accomplish, especially when relying on a limited number of surveyors. Therefore, it may 

be advisable to reduce the number of extended surveys completed each year.  

Multiday surveys require a great amount of planning, skill, and, to some extent, 

luck to accomplish successfully. During this study alone, these multiday surveys were 

plagued by fog, hail, unexpected site closures, and daylight availability. The data 

collected, however, is an integral measurement of the weekly fluctuations of harbor seals 

abundance at low tide. Understanding these fluctuations will allow researchers to 

determine if surveying once a week in their area appropriately measures harbor seal 
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behavior for that time period. To reduce the overall effort associated with them, multiday 

surveys may only need to be conducted at low tide to still describe the variability among 

days in haul-out behavior. 

Future researchers also should consider additional technology to facilitate and 

extend monitoring capabilities. For example, using a theodolite, which combines a 

telescope and precision instruments for measuring angles, would improve the accuracy of 

placing groups along channels. Instruments such as this are frequently used for shore-

based surveying and tracking of cetaceans and could easily be expanded to pinnipeds if 

funding allows. In addition, combining visual and telemetry-based surveys would allow 

for monitoring of individual seal movements among haul-out areas. Finally, using 

occasional aerial surveys while simultaneously conducting a shore-based survey would 

allow for an evaluation of the accuracy of shore-based counts and a potential correction 

factor for them, if needed. The increasing availability of Unmanned Aerial Vehicles 

(UAVs) makes this a viable option even for projects with limited funding, and UAVs are 

already being utilized to survey pinnipeds around the world.  

Abundance of Hauled-out Harbor Seals 

Throughout the year, harbor seals were observed inside and outside the South Bay 

MPA. Whereas there were typically fewer seals inside the MPA, they still represented up 

to 32% of all seals in SHB. In addition, the patterns of seal abundance inside and outside 

the MPA followed similar trends as each other throughout the year. This similarity 
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indicates that both areas are ecologically important for seals and that one side of the bay 

is not a spillover, or secondary choice, as compared with the other.  

The greatest number of seals occurred in the Spring breeding season, which could 

be attributed to several possibilities. One possibility is a change in haul-out behavior, 

where seals are hauling out more often and for longer durations (Thompson et al. 1997). 

This change would increase the likelihood of being detected under my survey protocols. 

Therefore, the seals observed in April and May may not be seals new to the area, but 

instead are hauling out more often, such as at every low tide instead of just half the low 

tides.  

Harvey and Goley (2011) developed a correction factor for estimating total 

abundance based on surveys of hauled-out harbor seals in July and August. Their mean 

value for northern California was 1.56 ± 0.38 (95% CI). When applied to the average 

total seals for July and August combined (2012 mean = 244.5, 2013 mean = 241) there is 

a total estimated abundance of 381 seals in July and 375 in August. In chapter one, I also 

described my own calculated correction factor specifically for Humboldt County of 1.81. 

Using this new correction factor, I calculate a total abundance of 443 in summer 2012 

and 436 in summer 2013. The maximum number of adult seals ever observed during this 

study was 486. Therefore, while slightly above the expected maximum number of seals in 

the bay, it is not unreasonable to infer that just a change in haul-out behavior could 

account for most of the observed change in abundance between spring and the other 

seasons. 
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It is important to note this possibility because it may have implications for future 

results. If the MPA successfully increases prey availability in and around SHB, seals may 

not need to travel as far or forage as long, allowing them to haul-out more often and for 

longer durations. Therefore, short-term effects of the MPA may be increased numbers of 

seals observed throughout the year without an actual increase in the overall population. 

However, if these changes in haul-out behavior are observed, managers should use 

caution when using the previously calculated correction factors for determining overall 

abundance. 

A second possibility, which may account for a portion of the difference between 

spring and other seasons, is an influx of seals from the surrounding area that only haul-

out in the bay to mate and/or give birth. The channelization of the bay facilitates the 

hotspot lekking system believed to be used by many male harbor seals by concentrating 

females into distinct channels (Hayes et al. 2004, Allen et al. 2011). Seals also often 

move between two or more haul-out sites, both in Humboldt County and elsewhere, and 

that these changes typically have seasonal cues (Thompson 1989, Gemmer 2002, Ougzin 

2013). Gemmer (2002) and Ougzin (2013) each tracked a seal tagged in SHB north to the 

Smith River after the breeding season. Sullivan (1980) also found that the number of 

harbor seals on offshore rocks approximately 20 km north of Humboldt Bay decreased 

during April and May and increased in June and July, suggesting a possible shift in haul-

out preferences. However, Gemmer (2002) found no preference among six primary haul-

out sites in northern California for either pupping or molting.  
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If seals are congregating in the bay specifically for reproduction, it could 

highlight the bay as a particularly important seal habitat and breeding ground for the 

region. Therefore, special management initiatives should be considered for the bay during 

the spring to safeguard the regional population. The current MPA does not account for 

seasonal variability and, therefore, may fail to offer additional protections during this 

sensitive period. 

The decrease in abundance during Winter could be caused by a change in haul-out 

behavior as well. With the energetically expensive pupping, breeding, and molting season 

behind them, seals may be foraging more often or over a greater area to increase energy 

stores (Gemmer 2002, Ougzin 2013). Thompson (1987) found individual seals tended to 

embark on long foraging trips during the non-breeding season, while still returning to the 

core of their home range. However, it is unclear why this change would occur only in late 

winter and not the fall as well. Alternatively, though not mutually exclusive, seals may be 

emigrating out of the bay in Winter to areas with greater prey density, as has been shown 

to happen throughout the West Coast (Brown and Mate 1983, Jeffries 1986, Cunningham 

et al. 2009, Allen et al. 2011).  

Winter also partially overlaps the bay’s waterfowl hunting season (October into 

January), which will persist even with the new MPA. Whereas the overall number of 

disturbances observed during this study was relatively low, most surveys were only 

conducted at low tide. Therefore, it is possible that hunters at higher tides, when there is 

greater boat access to the bay, are disturbing the seals enough to cause them to leave the 

area temporarily. 
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The abundance data collected during this study also lack a commonly seen second 

spike in the number of seals hauled-out during the primary molting period (July-August). 

Several other studies of harbor seals along the west coast have observed peak numbers of 

seals during pupping and molting (Loughlin 1974, Gemmer 2002, Grigg et al. 2003, 

Farrer and Acevedo-Gutiérrez 2010). However, some studies in Scotland found one, or 

no, distinct peaks in seal abundance throughout the year (Thompson 1988, Cordes et al. 

2011). It is possible that SHB is not a preferred molting site for local seals, possibly due 

to (admittedly low) disturbance, prey availability, or the tidal nature of the mud flats. 

Gemmer (2002), however, in an analysis of five major haul-out sites in northern 

California including SHB, did not find any site being preferentially used during molting, 

indicating seals in northern California do not leave one site for another while molting. 

Therefore, it is unlikely that seals are leaving the Bay to molt and more likely that either a 

change in seal behavior or haul-out preference has occurred. 

Gemmer (2002) did, however, observe that an average of only approximately 

10% of seals in South Humboldt Bay were molting at any given time during the molt 

season. Molting in northern California typically should peak near mid-summer- July to 

August (Gemmer 2002, Allen et al. 2011, Paterson et al. 2012). Gemmer (2002), 

however, observed seals in Humboldt molting from mid-May through the end of 

September. Therefore, the peaks one might expect to see associated with seals hauling 

out more often or for longer durations may be distributed throughout the summer, leading 

to a lack of any clear peaks in the data.  
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The data collected during this study also suggest a possible shift in the age 

structure of the SHB population of seals, which could affect the number of animals 

molting at any one time. Yearling seals molt earlier and for over twice as long a period as 

adults, whereas pups do not molt at all in their first year (Matthiopoulous et al. 2014). 

Therefore, if the age structure of the population has shifted toward younger animals, it 

could spread out the number of molting seals across a wider timeframe and reduce the 

succinct peaks often seen in other studies or at other locations.  

Evidence for this demographic shift comes in the number of pups observed in 

Spring 2013. Gemmer (2002) only observed a daily maximum of 80 pups total at six 

major haul-outs in northern California, including SHB, despite routinely recording over 

800 total seals. Lowry et al. (2008) and Goley (unpublished data) also had counts 

sometimes exceeding 1000 seals in peak months. However, in the current study, a one-

day maximum of 159 pups was observed in SHB alone, whereas the maximum number of 

seals was 645, including pups.  Therefore the ratio of pups to total adults appears to have 

increased. However, it should be noted that the differing survey techniques could lead to 

greater rates of pup and adult sightings.  

Even if pup production has increased, the overall abundance of seals in SHB 

appears to have decreased during the previous 12 years. It is possible that the differences 

are due to my visual survey methods missing some seals that other techniques, such as 

aerial surveys, might have seen. However, some maximum monthly counts differed by 

over 200% (over 600 seals) between the earlier data and those reported here, making it 

unlikely that failing to count all seals is the only factor. In addition, Gemmer (2002) used 
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similar shore-based protocols to this study and produced results similar to researchers 

using aerial surveys. The use of two sites and the photographs collected during this study 

also provide evidence that seals were not missed and therefore the differences in 

population estimates are not due to differences in survey method. Therefore, it is more 

likely that the local seal population has declined in a similar manner as the state-wide 

population, as shown by Carretta et al. (2013). 

As of yet, it is still unclear exactly why seal populations are declining. Human 

caused mortality has remained relatively low over the past decade and is well below the 

estimated potential biological removal threshold (Carretta et al. 2013). It is possible that 

seals’ prey species have been declining in Humboldt County and coast wide. The Pacific 

herring (Clupea pallasii) fishery had to be completely closed in Humboldt Bay from 

2005 to 2007 after catches record low catches in 2004 and 2005 (Mello 2008). Many 

salmonid species, while not a primary prey species of harbor seals, also declined or 

fluctuated locally over the last 10 to 15 years, which may have impacted seal populations 

(CDFW 2012, SCWA 2014). Elsewhere, such as Alaska and Scotland, seals also have 

been decreasing during the past 10 years (Womble & Gende 2013, Matthiopoulos et al. 

2014). In Scotland, this trend is believed to be due largely to lesser survival rates of 

young seals and decreased pupping success (Matthiopoulos et al. 2014).  

Climatic changes also may play a role in the apparent decrease in harbor seals 

during the past decade. In 2009 there was an El Niño event in the North Pacific, causing 

unusually warm surface waters and decreased upwelling. Environmental shifts such as 

these can reduce prey availability, thereby increasing mortality and decreasing 
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reproductive success of many pinnipeds along the California coast (Trillmich and Ono 

1991, Sydeman & Allen 1999, Crocker et al. 2006, Becker et al. 2009).  

Distribution 

The number and location of distinct harbor seal haul-out groups in SHB was 

successfully recorded throughout this study. Seals were seen inside and outside the new 

MPA throughout the year. The greatest dispersal of animals occurred in Spring 2013, 

when individual seals, mom-pup pairs, or small nursery groups of pups and a few adults 

often separated from the larger groups. This dispersion not only increased the number of 

groups observed and decreased the average group size, it also increased the overall 

amount of habitat used by seals as these groups often chose to haul-out alongside 

channels away from the main groups. Gemmer (2002) and Loughlin (1974) observed 

similar patterns of mom-pup dispersal in SHB.  

Because pups were seen inside and outside the MPA, it does not appear that there 

is any obvious segregation of sex or age classes between the two areas during the 

breeding season, as is often seen in other pinnipeds (Kovacs et al. 1990, Gemmer 2002, 

Fuller 2012). Therefore, whereas moms and pups may separate from the larger groups, 

the seals inside the MPA are not solely one age class. This lack of distinction means that 

both areas should be considered equally vulnerable to the effects of disturbance and 

harassment. 

It is important to note the possible tidal influences on the total number of groups 

observed as well as the number and percent of seals seen inside the MPA. A personal 
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observation during this study was that mudflats inside the MPA area were less exposed at 

higher tides than those outside the MPA. Therefore, seals may be choosing their haul-out 

site based on exposed habitat more than other factors. As channels shift over time and 

climatic factors such as sea level rise increase, the depth of the haul-out mudflats should 

be taken into consideration when comparing to the current study. 

This study did not attempt to measure the indirect benefits of the MPA on local 

seals, such as changes in prey abundance inside the MPA. There are, however, several 

other research projects in the area currently aimed at characterizing these changes among 

the many MPAs throughout the coastline. If the prey base does increase within the 

protected area, it would be expected to see a possible shift in how seals use the South 

Bay. However, Ougzin (2013) found that most seals tagged in SHB still travelled north to 

closer to the bay mouth, or just outside Humboldt Bay when foraging and did not 

routinely forage in SHB. 

Overall, due to its small size, the new MPA fails to protect most hauled-out 

harbor seals in SHB. In addition, it has no variability in boundaries or regulations for 

seasonal changes in how the seals use the bay. The springtime expansion meant seals 

used more land inside the MPA, but it also meant they spread further outside of it. Future 

research should continue to monitor how seals disperse and their relative spatial use 

inside and outside the MPA. If the MPA does manage to provide any direct benefits to 

hauled-out seals, it might be expected to see a gradual increase in the habitat use within 

the MPA. However, without also characterizing the habitat use outside the MPA, it will 
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be impossible to decipher if the changes observed are due to a shift in habitat use or 

simply a growth of the population causing it to spread into new areas. 

Human Disturbance Monitoring 

The number of observed human disturbances for this study were substantially less 

than other studies along the west coast. In San Francisco Bay, California and the San 

Juan Islands, Washington seals were commonly disturbed on over 71% of the days 

monitored (Allen 1985, Suryan & Harvey 1999). These disturbances were primarily from 

boaters approaching within 100 meters of the seals ashore. Therefore South Humboldt 

Bay appears to be relatively protected compared with other bays.  

Boaters were never observed fishing in the South Bay, which was unexpected 

because fishing remains a relatively large industry and sport in Humboldt County. 

However, the channelization of the bay at low tides does make operating a fishing boat 

difficult. Because seals were not counted generally during high tides, it is possible that 

fishing presence was greater at higher tides; however, interactions at this time would only 

occur between swimming seals and boaters. Some fishing also is conducted at night in 

the bay, which would not have been observed under this study’s protocols. In the future, 

24-hour surveys or the use of remote cameras could provide a better account of the 

human presence in this part of the bay.  

Other factors also appeared to have only minimal effects on the seals. Gunshots, 

construction and maintenance work, and roadway traffic did not cause a reaction from 

any of the seals except in the case of the unusually loud booming sounds heard on April 
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24, 2013. However, any future projects or events that occur along the shoreline should 

still consider their impacts on seals in the bay, especially if occurring during the spring 

breeding months when seals are spread closer to the bay edges.  

If the MPA or MLPA as a network increases fish stocks, there could be secondary 

ramifications for the seals. Greater fish stocks may increase human fishing presence in 

the South Bay, causing more boat-based or shore-based disturbances. Greater ecosystem 

health also could lead to more abundant waterfowl in the area, which could increase the 

number of hunters traveling through the seal hauling grounds. Finally, increasing the prey 

base also could increase the number of seals in the bay. As their numbers increase, the 

chance of a boater encountering a seal increases and the number of seals being disturbed 

also would increase. 
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CONCLUSION 

During this study, seals in SHB were successfully monitored for 12 months. The 

protocol developed appears to be effective at deciphering the fine-scale changes observed 

in seal haul-out patterns and is sustainable without the need for a large pool of surveyors 

or extensive financial input. The data collected during this study will provide valuable 

baseline data for future adaptive management and will drive future studies on the effects 

of the MLPA on harbor seals in northern California. 

Despite the successes of this study, the effects of the new MPA in Humboldt Bay 

on harbor seals still remain unknown. The South Bay MPA was not designed to benefit 

seals specifically. However, the goal of the MLPA to “enhance the state’s marine life, 

habitats, and ecosystems” should promote more direct planning for the long-term 

protection and preservation of an important marine predator such as the harbor seal. In its 

current state, the South Bay MPA does not appear to directly benefit the majority of 

seals. The area encompassed within its boundaries does not include the most frequently 

used haul-out locations, and the restrictions within the area provide few new benefits to 

seals living there. 

Therefore, I recommend that planners consider extending the MPA’s northern 

boundary to the eastern border of the South Bay. This expansion would make the MPA 

encompass the entire southern region of SHB and connect it directly with the HBNWR. 

In addition, managers should consider placing additional seasonal restrictions on the area, 
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particularly on boaters, during the spring pupping season. Without these changes, I do not 

predict a significant overall benefit for harbor seals from this one particular MPA.  

Because of the lack of direct benefits for seals over the next few years, extra 

emphasis should also be placed on examining the indirect benefits of this MPA and 

others on the local seals. Continued research on the impacts of prey availability, as well 

as other factors such as habitat availability due to sea level rise, should be closely 

monitored in relation to changes in the seal population.
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Appendix A. Capture data of harbor seals in South Humboldt Bay, California. 

Transmitter 
Freq. 

Capture 
Date Tag # Sex 

Age 
class 

Weight 
(kg) 

Standard 
Length 
(cm) 

Total 
length 
(cm) 

Curvalinear 
length (cm) 

Axillary 
girth (cm) 

Pelage- Dark 
on Light (D/L) 
or Light on 
Dark (L/D) 

Red 
Pelage 
(% 
cover) 

164.013 6/23/11 7062 F A - 127 - - - - 0 
164.026 6/23/11 7065 F A 68 135 - - - - 0 
164.034 6/23/11 7060 F A 87 133 - - - - 0 
164.044 6/23/11 7055 F A - 136 151 143 - - ~40 
164.052 6/23/11 7067 F A - 125 - - - - 0 
164.063 6/23/11 7064 F A 63 136 - - - - 0 
164.083 6/23/11 7059 M A - 138 153 146 - - 0 
164.105 6/23/11 7069 F A - 124 - - - - 0 
164.133 6/23/11 7056 F A - 132 146 143 - - 0 
164.144 6/23/11 7063 F A - 127 - - - - 0 
164.154 6/23/11 7066 M A 76 145 - - - - 0 
164.165 6/23/11 7068 F A - 136 - - - - 0 
164.173 6/23/11 7058 M A - 146 164 158 - - 0 
164.183 6/23/11 7061 F A - 133 - - - - 0 
164.193 6/23/11 7052 F A 68 134 - - - - 0 
164.204 6/23/11 7054 F A - 133 151 145 - - 0 
164.262 6/22/11 7048 F A 58 135.5 149 143 92 D/L 0 
164.273 6/22/11 7044 M A 61 145 162 150 98 L/D 0 
164.284 6/23/11 7075 F A 68 131 - - - - 0 
164.304 6/22/11 7047 F P 23 89 97 95 75 L/D 0 
164.354 6/22/11 7036 F A 60 129 146 139 85 D/L 0 
164.365 6/22/11 7050 F SA 44 118 130 130 85 D/L 0 
164.374 6/22/11 7037 M A 59 142 159 148 98 D/L 0 
164.383 6/22/11 7053 F A 54 140 156 143 90 D/L 0 
164.405 6/22/11 7045 F A 62 135 152 146 97 D/L 0 
164.434 6/22/11 7046 F A 62 139 157 146 94.5 D/L 0 
164.444 6/22/11 7049 F A 67 137 158 145 99 D/L 0 
164.463 6/22/11 7038 M A 66 145 164 151 105 D/L 0 
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Appendix B. Site fidelity and number of detections for individually tagged harbor seals in Humboldt County, California from 

June through December 2011. Total detections represent the number of times the seal was located during surveys of 
all four sites. Site fidelity represents the percentage of detections at that location. 

 
Frequency Sex 

Age  
Class 

Eel 
River SHB NHB 

Mad 
River 

Total 
Detections 

SHB 
Site 
Fidelity 

Eel River 
Site 
Fidelity 

Mad River 
Site Fidelity 

NHB Site 
Fidelity 

164.013 F A 0 30 0 0 30 100.00 0.00 0.00 0.00 
164.026 F A 0 30 0 0 30 100.00 0.00 0.00 0.00 
164.034 F A 1 50 0 0 51 98.04 1.96 0.00 0.00 
164.044 F A 0 39 0 0 39 100.00 0.00 0.00 0.00 
164.052 F A 3 4 0 0 7 57.14 42.86 0.00 0.00 
164.063 F A 0 14 0 1 15 93.33 0.00 6.67 0.00 
164.083 M A 4 5 0 0 9 55.56 44.44 0.00 0.00 
164.105 F A 0 27 0 0 27 100.00 0.00 0.00 0.00 
164.133 F A 3 8 0 0 11 72.73 27.27 0.00 0.00 
164.144 F A 0 11 1 0 12 91.67 0.00 0.00 8.33 
164.154 M A 1 22 0 0 23 95.65 4.35 0.00 0.00 
164.165 F A 0 21 1 0 22 95.45 0.00 0.00 4.55 
164.173 M A 0 13 0 0 13 100.00 0.00 0.00 0.00 
164.183 F A 0 11 0 0 11 100.00 0.00 0.00 0.00 
164.193 F A 0 2 1 2 5 40.00 0.00 40.00 20.00 
164.204 F A 2 17 0 0 19 89.47 10.53 0.00 0.00 
164.262 F A 3 10 0 0 13 76.92 23.08 0.00 0.00 
164.273 M A 1 4 0 0 5 80.00 20.00 0.00 0.00 
164.284 F A 0 23 0 0 23 100.00 0.00 0.00 0.00 
164.354 F A 0 3 0 1 4 50.00 0.00 16.67 0.00 
164.365 F SA 0 29 0 0 29 100.00 0.00 0.00 0.00 
164.374 M A 0 3 0 7 10 30.00 0.00 70.00 0.00 
164.383 F A 0 13 0 1 14 92.86 0.00 7.14 0.00 
164.405 F A 0 17 0 0 17 100.00 0.00 0.00 0.00 
164.434 F A 0 28 0 0 28 100.00 0.00 0.00 0.00 
164.444 F A 0 13 2 0 15 86.67 0.00 0.00 13.33 
164.463 M A 3 18 0 0 21 81.82 13.64 0.00 0.00 
      Average: 18.74 84.72 20.90 28.10 11.55 
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Appendix C-1. Point density of all seals observed in Fall 2012.  
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Appendix C-2. Point density of all seals observed in Winter 2013. 
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Appendix C-3. Point density of all seals observed in Spring 2013. 
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Appendix C-4. Point density of all seals observed in Summer 2013. 
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Appendix D-1. Compiled map of all surveys showing total distribution for Summer 2012. Each dot represents one seal. 
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Appendix D-2. Compiled map of all surveys showing total distribution for Fall 2012. Each dot represents one seal. 
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Appendix D-3. Compiled map of all surveys showing total distribution for Winter 2013. Each dot represents one seal. 
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Appendix D-4. Compiled map of all surveys showing total distribution for Spring 2013. Each dot represents one seal. 
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Appendix D-5. Compiled map of all surveys showing total distribution for Summer 2013. Each dot represents one seal. 
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