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ABSTRACT 

EFFECTS OF DISTURBANCE ON SEA OTIERS (Enhydra lutris) NEAR 
MONTEREY, CALIFORNIA 

by James M. Curland 

The southern sea otter, which spends 80% of their time at the water's 

surface, might be more affected by kayak.ing and boating than other marine 

mammals that spend most of their time underwater. I investigated the types 

and levels of human activities and their effects on sea otter behavior in 

Monterey Bay, California. Percentage of time sea otters spent resting, 

grooming, foraging, traveling, and interacting were recorded using focal 

sampling, and compared between areas with and without disturbance. The 

amount of activity from kayaks, boats, and divers was measured at each area. 

Kayaks were the major source of potential disturbance in the near-shore 

waters off Cannery Row. In areas with disturbance sea otters were engaged in 

significantly greater levels of travel (13%) than in areas without disturbance 

(5%). It appears that human activities may cause sea otters to spend more 

time traveling within and out of areas with disturbance. 
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Introduction 

There have been various studies on the effects of ambient and man

made noise on marine animals (Dufour 1980; Riedman 1983; Riedman 1984a, 

1984b; Richardson et al. 1985a, 1985b, 1986, 1991; Gladwin and Manci 1988; 

Manci et al. 1988; Majors and Myri~ Jr. 1990; Myrberg, Jr. 1990; Cosens and 

Dueck 1993). Seven major categories of behavioral responses (fright, startle or 

orienting response; abnormal behavior patterns; weakened reflexes; learning 

decrements; avoidance; no response, habituation, or adaptation; and 

attraction to the noise or noisy area) to noise disturbance were listed by 

Dufour (1980), although other disturbances may illicit all or some of these 

behavioral responses. Effects of industrial noise (sounds associated with 

petroleum industry activities) on sea otters has been investigated near 

Soberanes Point, California (Riedman 1984a, 1984b ). Behavior, density, and 

distribution of sea otters in this area were unaffected during acoustic 

experiments. Riedman stated: "sea otters were seemingly undisturbed by 

experimentally projected waterborne industrial and seismic noise or by 

recordings of killer whale (Orcinus orca) vocalizations." 

The physical presence of human activities (eliminating the acoustical 

variable) and its effects on marine animals have been documented in 

numerous cases (Anderson and Keith 1980; Burger 1981; Baker et al. 1983; 

Mansfield 1983; VanDerZande and Verstrael 1985; Watkins 1986; Anderson 
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1988; Piatt et al. 1990; Burger and Gochfeld 1993; Smith 1993; Beja 1996). 

Human recreational activities have disrupted nesting and roosting in marine 

birds and reduced their breeding success (Anderson and Keith 1980; Burger 

1981; V anDerZande and Verstrael 1985; Anderson 1988; Piatt et al. 1990; 

Burger and Gochfeld 1993; Mikola et al. 1994). Recreationists, scientists, 

fishermen, and educational groups had disrupted breeding of the California 

Brown pelican (Pelecanusoccidentalis californicus) and Heerman gull (Larus 

heermannz) in the Gulf of California and off the west coast of Baja California 

(Anderson and Keith 1980). Kestrel (Falco tinnunculus) breeding success and 

distribution may be influenced by outdoor recreation and proximity of 

human disturbance (V anDerZande and Verstrael 1985). Burger and Gochfeld 

(1993) found the response of Masked (Sula dactylagra), Red-footed (Sula sula), 

and Blue-footed (Sula nebouxiz) boobies (flying, walking, or remaining on 

their display stations) was related to their distances from tourist trails. For all 

three species of boobies observed, if they were over 6 meters from a tourist 

trail they showed very little response to human activity. If boobies were 

within 2 meters of the trails they responded by walking or flying away from 

their display stations more than 62% of the time. 

In some locations, vessel traffic has affected the spatial distribution, 

movement pattern, and reduced the abundance of birds and marine 

mammals (Sorensen et al. 1984; Thiel et al. 1992; Mikola et al. 1994). Thiel et 

al. (1992) found that boating accounted for 75% of the disturbances 
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influencing the spatial distribution of the harbor seal (Phoca vitulina), 

moulting Eider (Somateria mollissima), and Shelduck (Tadorna tadorna). 

Vessel traffic also affects cetacean behavior by altering their swimming speed, 

dive times, respiratory patterns, and degrees of vigilance (Baker et al. 1983; 

Richardson et al. 1985a, 1985b; Watkins 1986; Kruse 1991; Corkeron 1995; 

Suryan 1995). In the Eastern Beaufort Sea, the bowhead whale (Balaena 

mysticetus) reacted more strongly to close approach by various boats than to 

any other industrial activity (Richardson et al. 1985a, 1985b). Bowheads swam 

away rapidly when boats approached within 1 to 4 km. Humpback whales 

(Megaptera novaeangliae) off Alaska significantly changed their respiratory 

patterns relative to vessel speed, vessel proximity, and presence of large ships 

(Baker et al. 1983). Harbor seals (Phoca vitulina richardsl) in Washington 

increased their vigilance in response to boating activity (Suryan 1995). The 

distances at which harbor seals were disturbed and the level of disturbance 

(detection, alarm, and harassment) varied by region, type of vessel 

(powerboats, kayaks), and vessel speed. In Johnstone Strait, British Columbia, 

Kruse (1991) reported that the killer whale (Orcinus orca) responded to 

approaching boats by increasing their swimming velocities and swimming 

toward open water. Short-term and long-term stress in killer whales was 

considered to result from boating disturbances (the presence of boating 

activity without factoring in noise effects). 
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Kayaking, jet skiing, boating, and other recreational activities might 

have a greater effect on marine animals that spend much of their time on the 

water's surface compared to those species that primarily are below the surface. 

The southern sea otter, which spends approximately 80% of its' time on the 

water's surface (Riedman pers. comm.) might be more affected by these 

recreational activities. Kayaking is the activity most frequently encountered 

by sea otters off Monterey. 

Quantifying the affects of kayaking, jet skiing, boating and other 

recreational activities on sea otter behavior would appear important given 

the precarious state of the southern sea otter population. The present range 

of the southern sea otter is from Aiio Nuevo Point to Purisima Point, 

California. Riedman et al. (1994) observed a high preweaning pup mortality 

associated with the California population, which accounts for their relatively 

slow growth rate (5-6% per year increase compared to the nearly 20% increase 

per year seen in the northern population). During 1996, a population census 

of southern sea otters indicated there were 2,278 individuals (including 315 

pups) in the spring and 2,019 individuals (including 161 pups) in the fall 

(Hatfield pers. comm.). Spring, 1992 was the first time the California 

population had numbered greater than 2,000 individuals since commercial 

exploitation began. 

The southern sea otter is listed as a "threatened population" under 

the Endangered Species Act, and is protected under the Marine Mammal 
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Protection Act. The establishment of the Monterey Bay National Marine 

Sanctuary could further protect southern sea otters. Further rules and 

regulations, as well as clarification of existing ones, with regard to 

approaching marine mammals is reported in a document compiled by NOAA 

(K. Miller 1992). Human recreational activities, which may pose a threat to 

sea otters, have not been monitored by state and federal agencies and their 

affects on sea otter behavior are unknown. 

The objectives of this research were to 1) document the types of human 

disturbances and 2) record their effects on sea otter behavior. Based on these 

objectives the following hypotheses were postulated apriori: 1) sea otters 

spend a greater percentage of their time grooming, feeding, and resting in 

areas without disturbance compared to areas with disturbance, and 2) sea 

otters, in areas with disturbance, spend more time traveling than in areas 

without disturbance. 

Methods 

The daily activity budgets of sea otters (Shimek and Monk 1977; Estes et 

al. 1986; Ralls & Siniff 1990) were described using 26 discrete action patterns 

grouped into five broad behavioral states (Resting, Grooming, Foraging, 

Traveling, and Interacting; Table 1). Packard and Ribic (1982) found that, 

"while the general activity categories of feeding and resting were distinctive 
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enough to allow reliable identification by observers, the categories of 

grooming, locomotion, and interaction showed considerably more overlap." 

To estimate percentage of time sea otters were in five behavioral states 

(Table I) I used focal sampling (Altmann 1974) from land-based stations, 

which Estes and Jameson (1988) reported had a high sighting probability. 

These five categories of behavior were then used to monitor human 

disturbance by contrasting the percentage of time sea otters engaged in these 

activities between areas with and without disturbance. Various types of 

potential disturbances were recorded, which included kayaks, jet-skiers, 

boats/zodiacs, and divers. Disturbance in this study, was defined as any 

human recreational activity which had the potential, due to its presence and 

proximity to sea otters, to alter the behavior of sea otters before the 

introduction of the human activity. 

One sea otter, chosen at random in a study area, was observed using a 

spotting scope or binoculars for 30-minute duration. Thirty minute 

observational periods were selected because I believe it recorded an accurate 

ethogram, or behavior profile, of sea otters and it enabled me to conduct more 

observations per day than if I had a longer time period. This selected 

duration also afforded the chance for human activities, which were 

discontinuous and unpredictable, to occur. Observations shorter than a 30-

minute duration would not have documented a reliable ethogram or accurate 

picture of the levels of human activities. If there was more than one sea otter 
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in the study area, a second animal, chosen randomly, was observed after a 15-

minute break from the first observation. This break between observations 

was to provide independence for each of the observations. I wanted to 

minimize the potential that a second animals' behavior was affected by the 

focal animal in the first observational period. The survey was terminated 

and the data were not used in the final analysis if the focal otter exited the 

study area before the 30 minute observation had concluded. This was done to 

standardize all the observations for the same duration. In 1992, when many 

volunteers assisted with sampling, there were several occasions when more 

than one otter was observed during the same 30-minute period. To avoid the 

problems associated with pseudoreplication (Hurlbert 1984), if more than one 

sea otter was observed during a 30-minute period, the data were pooled and 

means were calculated for the percentage of time sea otters were engaged in 

each of the five behavior states. 

Data were collected at a total of seven study areas with and without 

disturbance in Monterey Bay, California (Fig. 1). To determine if there was a 

significant difference in the levels of human activities between areas with 

and without disturbance, I compared the mean number of disturbances for 

the total number of kayaks, boats, and divers for the two areas. Because the 

sample size differed among the seven study areas, I used an average of nine 

(the smallest sample size for any of the study areas) observations chosen 

randomly from each area to calculate the means. Due to unequal variances 
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among the study areas, a Mann-Whitney Test was used. There was 

significantly greater amounts of human activities (x = 5.8) in areas with 

disturbance than areas without disturbance (x = 0; U = 12, p = 0.026). 

Areas that were considered to have disturbance (mean number of 

disturbance activities/observation was greater than 2; Fig.1) included: 1) near

shore waters around Cannery Row (HD-1), 2) near-shore waters adjacent to 

Monterey coast guard wharf (HD-2), 3) Point Lobos Reserve-Whalers Cove 

(HD-3), and 4) Lovers Point (HD-4). Areas without disturbance (0 disturbance 

activities/ observation; Fig.1) included: 1) Point Lobos Reserve-Headland Cove 

(ND-1), 2) Soberanes Point-Garrapata State Park (ND-2), and 3) Unidentified 

Cove (below Hwy 1 vista point 0.4 miles south of Garrapata Creek, between 

Kasler Point and Notley's Landing; ND-3). Boundaries of each site were 

determined by kelp canopy and physical landmarks. These seven study areas 

were sampled between 0900 and 1700h, January through November, 1992 and 

May through November, 1993 (except for inclement weather). Usually at least 

one area with disturbance and one without disturbance was sampled per day. 

Period of day (morning: 0900 to 1230, and afternoon: 1231 to 1700) was 

recorded during each sample. Southern sea otters' diurnal activity cycles are 

characterized by crepuscular peaks in foraging activity and a midday (late 

morning to late afternoon) period of rest. Researchers have observed that the 

percentage of time allocated to five behavioral states during daylight hours 

have the following ranges: resting, 51-63%; foraging, 21-28%; grooming, 5-
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16%; interacting, 0-8%; and traveling, 2-9% (Shimek and Monk 1977; Estes et 

al. 1986). Period of day was recorded to test whether activity patterns differed 

between areas with and without disturbance and does the period of day have 

an affect? 

Season (mid spring to mid summer, May-July, and late summer to fall, 

August-November) was also recorded during each sample. In California the 

seasons are less pronounced and my sampling period only covered mid 

spring through fall. It seems that there would be a difference in the levels of 

human recreational activities dependent on season (more activity during the 

spring and summer and less in fall and winter). I included season as a factor 

to test whether season affected sea otter behavior in areas with disturbance 

com pared to areas without disturbance. 

Analysis: Samples from both years (1992 and 1993) were pooled 

because any significant differences between those two years could not 

accurately be tested _given the limitation of only two years of data. To 

accurately test differences among years, more than two years of data were 

required. The percentage of time animals were engaged in each of the five 

behavioral states was calculated for each 30-minute focal sample, and study 

area; period of day; season; and other notes on the survey were entered into a 

statistical software program (Systat). 

In this study, the activity budget of sea otters (percentage of time 

engaged in each of the five behavioral states) was studied as a function of 
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three factors: 1) type of study area (areas with disturbance and areas without 

disturbance), 2) period of day (morning and afternoon), and 3) season (mid 

spring to mid summer and late summer to fall). All associations among sea 

otter behaviors (resting, grooming, foraging, traveling, and interacting) and 

these factors were tested using a hierarchical loglinear analysis (Norusis 1994; 

Tabachnick and Fidell 1996). In this type of analysis, questions about 

associations are translated into "tests of main effects" (in this case, 

associations between sea otter behavior and each of the three factors) and 

"interactions" (in this case, association between sea otter behavior and the 

joint effects of two and three factors). Due to a small sample size in 

conjunction with all combinations of variables not being possible, which can 

drastically reduce the power for testing these associations, a Bonferroni 

correction was used to maintain overall probability of 0.05 for Type I error 

(Norusis 1994; Tabachnick and Fidell 1996). 

For analysis data were coded into two categories. For each focal animal 

observation, the percentage of time the sea otter engaged in resting, 

grooming, foraging, traveling, and interacting was coded as either high level 

(> mean for all observations in each behavior category) or low level (::;: mean 

for all observations in each behavior category); study areas were coded as 

either areas with disturbance or areas without disturbance; period of day was 

coded as either morning or afternoon; and season was coded as either mid 

spring to mid summer or late summer to fall. Frequencies of all the 
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associations were then calculated and used to run the hierarchical loglinear 

analyses and all three-way associations, two-way associations, and all 

individual factors were tested for significance. 

Results 

Kayaks were the predominant source of human disturbance for study 

areas HD-1 (76.5% of total disturbances in the area) and HD-2 (78.0% of total 

disturbances; Table 2). Boats (zodiacs, fishing boats, tour boats, and sailboats) 

accounted for most of the other sources of human disturbance in HD-1 (15.5% 

of total disturbances) and HD-2 (13.1% of total disturbances; Table 2). Divers 

were the predominant source of human disturbance for HD-3 (84.3% of total 

disturbances) and HD-4 (56.7% of total disturbances; Table 2). Other sources of 

human activity in areas with disturbance included planes, sonic booms, 

people on trails close to shore, and military testing at Fort Ord. Jet skiers were 

observed on only two occasions. 

In areas without disturbance, sea otters mostly rested (mean'= 64%, SE 

= 0.04) and least often traveled (mean = 5%, SE = 0.02, n = 66; Fig. 2). In areas 

with disturbance, sea otters spent an average of 58% of the time resting (SE = 

0.03) and the least amount of time interacting (mean = 5%, SE = 0.01, n = 112; 

Fig. 2). Sea otters engaged in traveling 13% of the time in areas with 

disturbance areas, whereas only 5% of the time were they traveling in areas 

11 



without disturbance. 

There was no significant dependence between the frequency of time sea 

otters spent resting and any two or three-way associations with type of study 

area, period of day, or season (Table 3). 

There was a significant three-way association for the time sea otters 

engaged in high and low levels of grooming with the type of study area and 

season (p = 0.015; Table 3), but there was no association between period of day. 

In areas with disturbance, 62% of the time sea otters engaged in high levels of 

grooming in mid spring to mid summer versus 38% in late summer through 

fall (Fig. 3). In areas without disturbance, 70% of the time sea otters engaged 

in high levels of grooming in late summer through fall versus 30% in mid 

spring to mid summer. In areas with disturbance, 59% of the time sea otters 

engaged in low levels of grooming in late summer through fall versus 41% in 

mid spring to mid summer. 

There was no_ significant dependence between the frequency of time sea 

otters spent foraging or interacting and any two or three-way associations 

with type of study area, period of day, and season (Table 3). 

In areas with disturbance, sea otters were engaged in high levels of 

traveling 32% of the time compared to areas without disturbance (12%; p < 

0.002; Table 3; Fig.3), but there was not an effect of season or period. 

For the hypothesis that sea otters spent a greater percentage of time 

grooming, foraging, and resting in areas without disturbance versus areas 
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with disturbance, only grooming was significant and this was dependent on 

season. For the hypothesis that sea otters, in areas with disturbance, spend 

more time traveling than in areas without disturbance, traveling was 

significantly different and it was dependent only on the type of study area. 

Discussion 

One of the goals of this study was to identify the sources of human 

disturbance that might potentially affect sea otter behavior in Monterey Bay. 

Kayaks were the recreational vessel most often seen in the near-shore waters 

off Cannery Row in Monterey Bay, whereas divers were most often seen at 

Whalers Cove and Lovers Point. The latter two study areas mentioned are 

not as accessible to kayaks, but the near-shore waters off Cannery Row are 

extremely accessible to kayaks. Divers were more often seen at Whalers Cove, 

which is probably due to its easy and protected access to a part of the Monterey 

coast which is within a state reserve. 

All surface human recreational activities, such as kayaking, boating, 

jet-skiing, etc. are easier to monitor than diving with respect to their potential 

affect on sea otter behavior. Kayaks appear more unobtrusive and generate 

less noise than motor boats and jet skis, which might allow them to approach 

sea otters more closely before the sea otter is aware of their presence. Sea 

otters' sense of hearing is not well known; so it is difficult to assess the point 
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at which sea otters hear noise related to disturbance activities. It seems that, 

even if there were information on their sense of hearing, it would be difficult 

to quantify whether sea otters first responded to a visual or acoustical stimuli. 

Because I could not account for how the visual or auditory sense in sea otters 

was involved with their response to human disturbance, I determined that 

recording the presence of human recreational activities and how this 

potentially affected sea otter behavior and measuring the percent time they 

engaged in different behaviors would be an indirect way of assessing how 

disturbance affects them. 

Only the percentage of time sea otters were observed resting, grooming, 

and interacting was within the range reported by previous researchers 

(Shimek and Monk 1977; Estes et al. 1986) for sea otter activity during daylight 

hours. The percentage of time sea otters engaged in foraging was below the 

range reported by researchers; while that for traveling was slightly above the 

range reported. But, there were not any dramatic differences for the amount 

of time sea otters spent resting, foraging, grooming, and interacting between 

areas with and without disturbance. However, the percentage of time sea 

otters spent traveling in areas with disturbance was significantly greater than 

in areas without disturbance. The lack of any significant differences in the 

percentage of time sea otters spent resting, foraging, grooming and interacting 

might have a lot to do with sea otters becoming more acclimated to the steady 

flow of activity in certain parts of Monterey Bay. 
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Older and more experienced animals might become more acclimated to 

human activities by being more aware of their immediate surroundings and 

learning what types of activities are potential threats to their safety. The 

visual sense would be important in alerting an animal to these potential 

dangers. Visual acuity in sea otters is well developed above water and 

underwater (Riedman and Estes 1990). An enlarged ciliary apparatus enables 

them to focus clearly on targets both in air and water by relying on 

accommodation to compensate for losses due to refraction (T.D. Williams, 

pers. comm.). Looking, defined by Packard and Ribic (1982) as a discrete action 

pattern in sea otters, might resemble a form of vigilance. This discrete action 

pattern was not closely measured with respect to human disturbance in my 

study, but would be interesting to examine in future studies. There probably 

is no necessity for vigilance to be as developed in any animal who does not 

come into contact with much human activity. It has been suggested by 

Loomis and Estes (pers. comm.) that sea otters in remote areas, where human 

activity is at a minimum, are more wild and cautious of human activities 

since they are not frequently exposed to them. 

Suryan (1995) found that the presence or absence of a potential 

disturbance, whether the disturbance was before or after an initial 

harassment, and the distance and speed of a vessel from a haul out site 

affected harbor seal vigilance in the San Juan Islands, Washington. Harbor 

seals at sites more often disturbed exhibited increased vigilance. 
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Sea otter mothers with pups appeared more cautious of disturbances 

such as kayaks, boats, and divers, although there were no data collected for 

this relationship. Corkeron (1995) found that humpback whales with calves 

in Australia were less likely to exhibit a variety of surface behaviors and dove 

more often when boats were within 300 m compared to when boats were 

absent. The overall rate and in what sequence these surface behaviors 

occurred were the components that significantly changed. It would be 

interesting to look at the correlation between the frequency of sea otter dives 

and the presence and absence of disturbances. 

Grooming was the only behavior of sea otters that had a significant 

association with type of study area (areas with disturbance vs. areas without 

disturbance) and season (mid spring to mid summer vs. late summer to fall). 

The association between time spent grooming and type of study area was not 

significant, but, including the factor of season created a significant association. 

I believe, given the seasons I conducted my study in Monterey Bay not being 

distinct weather-wise, any significance seen is more an artifact of 

experimental design and there does not appear to be any biological 

significance. Had I been able to gather any of my data in the winter, I could 

have examined the differences between the amount of human activity in 

winter compared to the spring and summer months, when recreational 

activity is at a high. 
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Because 30-minute focal observations were terminated if the sea otter 

vacated the study area, traveling was probably underestimated in both areas 

with and without disturbance because animals exiting the area were 

traveling. With this factor and the unequal sampling it is difficult to 

determine if differences in the amount of traveling in areas with and without 

disturbance are an accurate reflection of the population. I believe, with a 

better sampling design and the addition of the discarded data (any 

observations that were less than the standardized 30 minute duration), the 

trend of more traveling in areas with disturbance would still be present. 

Because the level of traveling was significantly greater in areas with 

disturbance areas compared to areas without disturbance, independent of 

period of day and season, a greater difference may have been observed had 

these data been included. It needs to be examined more closely, but it appears 

that sea otters more frequently travel out of an area when human activity is 

present and also might be entirely absent from those areas. 

Garshelis and Garshelis (1984) reported that when there was heavy boat 

traffic in Orca Inlet, Alaska from May-September, due to commercial fisheries, 

the numbers of male otters were less than those seen in this same area during 

winter months when boat traffic was light. They believed that "seasonal 

changes in disturbances from boats were largely responsible for seasonal 

movements among the male areas, and that boat traffic also deterred otters 

from using the regions between the various male areas." Sorenson et al. 
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(1984) reported that the sighting probability of squid-eating cetaceans 

decreased with the presence of certain vessels. The relationship between the 

sighting probabilities of sea otters and the presence of human activities was 

not examined. This would be an interesting relationship to further research 

because it appears there may have been a correlation between the amount of 

human activity and whether sea otters were present at all. 

From this study, I was able to determine which relationships between 

sea otter behavior and human activity would warrant further investigation. 

Certain factors such as mortality, chance environmental events, inherent 

variability among the measured factors, observer error, or unknown events 

during a study may alter the data, which causes factors to be confounded 

(Fowler 1990). A sound experimental design is used to help contrast factors. 

Numerous replicates are essential in order to accurately test any hypotheses 

that might involve small differences between means (Bros and Cowell 1987). 

Hurlbert (1984) stated that "replication, randomization, and independence 

have two functions in an experiment: they improve estimation and they 

permit testing." My study had randomization and independence but was 

lacking in the number of replicates for areas with and without disturbance. 

A more robust analysis would have been possible with a design of >10 areas 

with disturbance areas and >10 areas without disturbance with fewer 

observations at each study area. This would have allowed a better 

comparison of means for the percentage of time sea otters engaged in the five 
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behavioral states. It would also allow more certainty that I sampled a good 

representation of the population. 

I do not believe the clustering of my study areas with disturbance in 

one section of Monterey Bay and the clustering of my study areas without 

disturbance along the outer coastal areas near Monterey and Carmel affected 

my results for two reasons: 1) I assumed that within such a small range where 

I conducted my study, of the overall range for the southern sea otter, that sea 

otter behavior profiles did not differ significantly among my study areas, and 

2) the rugged topography and rough ocean conditions for areas without 

disturbance are devoid of human activities due to those very features of the 

areas. They are less accessible than the areas with disturbance where human 

activities are more inviting. 

The emphasis on sound experimental design and carefully stated 

questions observing the relationship of human activity and its' affect on 

wildlife behavior has prompted researchers in Canada to examine the 

recreational non-consumptive uses of wildlife, including killer whales 

(Duffus and Dearden 1990, 1993; Duffus and Wipond 1992). Non

consumptive uses, with an emphasis on wildlife photography and viewing, 

are putting both an extra strain on declining wildlife populations and habitat 

losses. These strains are putting added demands on wildlife managers. The 

establishment of marine sanctuaries are a way to minimize the strain put on 

marine resources by consumptive and non-consumptive human use. 
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Because recreational activities are a growing concern in Monterey Bay, 

a designated national marine sanctuary, answers to questions addressing 

whether distribution, movements, mating, reproductive success, foraging 

efficiency, and overall health are affected by disturbance may ensure that sea 

otters have an optimum habitat for continued population growth. 

Future researchers may have the potential to quantify effects of 

disturbance on sea otter activity patterns based on distances from disturbance 

sources. Quantifying distances from the various sources of disturbance are 

useful to determine threshold distances. These distances may be used to 

implement regulations for approaching sea otters. Sea otters are one of the 

only marine mammals which have no clear state and federal regulations 

with regard to their "take." Their status as an endangered species indicates 

the need for protection. The Monterey Bay National Sanctuary is one way, 

and hopefully some of the results of this study and future studies will 

provide better understanding on how human recreational activities in 

Monterey Bay affect sea otter behavior. 
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Table 1. Classification of sea otter discrete action patterns used in this study 
into functional behavioral states (based on Packard and Ribic 1982). 

FUNCTIONAL BEHAVIORAL STATE DISCRETE ACTION PA TIERNS 

RESTING -Floating 
-Rocking 
-Logrolling 
-Somersaulting 
-Looking 

GROOMING -Nibble/ Lick 
-Rubbing 
-Shaking 
-Stroke 

FORAGING -Eating 
-Periscoping 
-Submerged 
-Pounding 
-Eating while Sculling 

LOCOMOTION -Dive 
-Porpoising 
-Sculling 
-Surface Swimming 
-Sidestroke 
-Underwater swimming 

INTERACTION -Chasing 
-Wrestling 
-Biting 
-Lunging 
-Giving 
-Other 
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Table 2. Types and levels of disturbance (kayaks, boats, and divers) for the 
four areas with disturbance in Monterey Bay, California. The number of 
observation periods (n) is given for each area. 

Location Kayaks Boats Divers Total Sample 
Disturbances 

HD-1 Totals 182 37 19 238 1l = 21 
Percent 76.5% 15.5% 8.0% 

HD-2 Totals 309 52 35 396 1l =49 
Percent 78.0% 13.1% 8.8% 

HD-3 Totals 2 6 43 51 1l =23 
Percent 3.9% 11.8% 84.3% 

HD-4 Totals 3 10 17 30 1l =19 
Percent 10.0% 33.3% 56.7% 

HD-1 = near-shore waters around Cannery Row 
HD-2 = near-shore waters adjacent to Monterey coast guard wharf 
HD-3 = Whalers Cove 
HD-4 = Lovers Point 
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Table 3. Assocations between percentage of time sea otters engaged in five behavioral states (resting, 
grooming, foraging, traveling, interacting) as a function of three factors (type of study area, period of day, 
season) tested using hierarchicalloglinear analyses. S = significance, NS = non-significance. 

Factors Behaviors 
Resting Grooming Foraging Traveling Interacting 

Type of Study Area NS NS NS s (p = 0.002) NS 
(disturbance vs. non-disturbance) 

Period NS NS NS NS NS 
(morning vs. afternoon) 

Season NS NS NS NS NS 
(mid spring-mid summer vs. late summer-fall) 

Type of Study Area* Period NS NS NS NS NS 

Type of Study Area * Season NS s (p = 0.015) NS NS NS 
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Figure 1 a, b. Location of Monterey Bay, California study areas (a) for specified 
sites with and without disturbance along the Monterey peninsula (b). HD = 
high disturbance, ND = no disturbance. 
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Figure 1 c-g. Locations and boundaries (indicated by hatching) of individual 
study areas with (HD) and without (NO) disturbance in Monterey Bay, 
California. 
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Figure 2. The mean percentage of time sea otters were engaged in behavioral states in 
areas with (11 = 112 ) and without (11 = 66 ) disturbance in Monterey Bay, CA. Error bars 
denote standard error. 
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Figure 3. The percentage of time sea otters spent in high 
(A) and low levels (B) of grooming in areas with 
disturbance (n=112 ) and without disturbance (n=66 ). 
The total percentage of time for each level of grooming 
(high, low) in areas with and without disturbance was 
compared between seasons (mid spring to mid summer, 
late summer to fall). 
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Figure 4. The percentage of time sea otters spent in high level of travel (> mean for all observations, 
n = 178 ) and low level of travel (:s mean for all observations, n = 178 ) for areas with disturbance 
(n=112 ) and without disturbance (n=66 ) in Monterey Bay, CA. Travel was coded as high or low to 
enable the data to be tested with a hierarchicalloglinear analyses. 


