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Habitat selection by species is dependent on both abiotic factors and species interaction. With regards 

to species interaction, competition and facilitation can play a critical role regarding how a species 

selects its habitat. Previous work has suggested that Steller sea lions (Eumetopias jubatus) have been 

displaced from their haulout sites due to competition with California sea lions (Zalophus californianus). 

The purpose of our study is to understand what factors determine the number of Steller sea lion present 

at a haul out site in the Barkley Sound area in Bamfield, BC. We tested this by asking if the number of 

Steller sea lions at a haulout site at a certain time is related to the presence of California sea lions (as 

a proxy for interspecific interaction), time of day, and tide height or a combination of two or three of 

these variables. After running a generalized mixed effect model and competing our models using Akaike 

Information Criteria, our results indicated that tide height was the best predictor for explaining the 

number of Steller sea lions present at a haulout site. However, our results also indicated that the presence 

of California sea lions and time of day may play a role in determining Steller sea lion haulout sites as 

well. We found from this study that both species interaction and abiotic factors need to be collectively 

considered when predicting the mechanisms underlying species habitat choice in marine ecosystems.
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Many factors affect species habitat selection 

in marine ecosystems. However, research 

commonly focuses on the role of abiotic factors 

with regards to habitat choice, rather than species 

interactions? (Byholm et al., 2012). Collectively 

focusing on both abiotic factors and species 
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interactions can help us to better understand 

habitat choice and therefore better characterize 

species distribution (Hamilton, 2010). One key 

species interaction to consider is competitive 

exclusion, the exclusion of one species by a more 

dominant species when resource requirements are 
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similar (Hardin, 1960). This competition is largely 

responsible for the success of a species at a given 

habitat, as it determines whether that species 

will be able to persist in that location. Nillison et 

al. 2004 found that in some cases, the presence 

of competition might outweigh any landscape 

or physical factors when determining habitat 

selection. For this reason, to correctly characterize 

habitat choice and species distribution, this 

interspecific interaction cannot be ignored.  

The effect of competitive exclusion on species 

distribution has been demonstrated by Steller sea 

lion (Eumetopias jubatus) populations. In the past, 

they have been displaced at the Channel Islands 

by California sea lions (Zalophus californianus), a 

closely related species (Bigg, 1985). Both species 

of sea lions have similar resource requirements, 

including preferred prey (Olesiuk and Bigg, 1988), 

which precipitates competitive exclusion. The 

opposite interaction to competition is facilitation, 

which is the enhanced performance of a species 

due to the presence of another (Callaway, 2007). 

Depending on the balance of species density and 

resources, either facilitation or competition are 

able to occur (Mesgaran et al., 2017; Gause, 1936). 

Facilitation has been suggested to occur in other 

areas, but this occurrence has less support for sea 

lions off the west coast of Vancouver Island (Bigg, 

1985), the location of the population in our study. 

The influence of interspecific interactions is 

relevant to this species habitat selection,  as 

populations of California sea lions have recently 

begun to migrate further north to British Columbia 

(Bigg, 1985), a location that hosts 16% of the world’s 

Steller sea lion population (Fisheries and Ocean 

Canada, 2010). It is possible that California sea 

lions will change the habitat selection of the British 

Columbia population of Steller sea lions in a way 

similar to that of the Channel Island populations 

(Bigg, 1985). Specifically, a change in habitat 

selection of haulout sites is of interest (Ban, 2005).

Haulout sites are terrestrial areas for sea lions to 

mate, rest, and escape marine predators (Moultona 

et al., 2000). For this reason, haulout sites are an 

important part of sea lion habitat and are listed as 

a “critical habitat” of Steller sea lions, according 

to the Endangered Species Act (Ban, 2005). This 

critical habitat is defined as an area that would be 

detrimental to the survival of the species if lost 

(Littell, 1992); therefore alterations in haulout site 

selection due to competition have the potential 

to greatly affect the Steller sea lion distribution. 

Despite this importance, much still remains unknown 

about the interspecific interactions affecting 

sea lions’ preferred haulout site (Ban, 2005).

In contrast, much of past research has focused 

on characterizing several abiotic factors affecting 

haulout site selection (Ban & Trites, 2007; Ban, 

2005; Bigg, 1985). Some of these predicting 

factors include tide height and time of day, with 

the greatest number of Steller sea lions at a 

given site occurring during low tide and midday 

respectively (Calambokidis et al., 1987). The 

purpose of our study is to understand if the 

presence of California sea lions (as a proxy for 

interspecific interaction) at haulout sites in Barkley 

Sound affects Steller sea lion abundance at those 

respective sites. Furthermore, this study aims, 

to compare this interspecific interaction with 

currently known predicting factors for the number 

of Steller sea lions at haulout sites on the British 

Columbia coast. Adding in this new factor will 

provide further knowledge regarding the extent 

to which competition affects habitat selection.

We hypothesize that the best model to predict the 

number of Steller sea lions at a haulout site will 

include tide height, time of day, and presence or 

absence of California sea lions. Additionally we 

predict that the greatest abundance of Steller sea 

lions will be present at low tide, midday, and when 

California sea lions are not present. This prediction 

is grounded in past research suggesting low tide 

heights allow for sea lions to best access the haulout 

sites, as well as observational data regarding sea 

lion haulout and time of day (Calambokidis et al., 

1987). Our prediction that the number of Steller 
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sea lions at a haulout site will be highest when 

California sea lions are not present stems from 

similar studies regarding competitive exclusion 

(Kaspersson et al., 2012; Byholm et al., 2012) 

as well as previous data on sea lion distribution 

on the British Columbia coast (Bigg, 1985). For 

example, Kaspersson et al. (2012) demonstrated 

a similar interspecies interaction in brown trout 

habitat selection. They demonstrated that brown 

trout choose habitat away from competitors, even 

at the price of preferred resources. Additionally, 

past research using an aerial survey suggests 

that it is uncommon to observe the two different 

sea lion species at a haulout site together off the 

Western coast of Vancouver Island (Bigg, 1985).

Correctly identifying the best way to predict 

Steller sea lion haulout sites is crucial to making 

predictions of their population distribution 

(Hamilton, 2010). Steller sea lions play a significant 

role in the marine environment because they are 

one of the top marine predators and act as an 

indicator species for the general status of coastal 

marine ecosystems due to their wide distribution 

and long life spans (Fisheries and Ocean Canada, 

2010). They have also been listed as “Near-

Threatened Species” by the International Union 

for Conservation of Nature (Fisheries and Ocean 

Canada, 2010); therefore, correctly characterizing 

their habitat also has implications regarding the 

suitable focus of conservation efforts (Ban and 

Trites, 2007). Lastly, Lyman (1988) found that some 

haulout sites have been used for more than four 

centuries, indicating that the factors sea lions use 

for haulout selection are likely to be stable. This 

further suggests the importance of characterizing 

haulout site selection as any change in site may 

suggest instability in one of the predicting factors.  

Because all of these implications depend on the 

correct identification of haulout site, using the 

best model to predict habitat selection is crucial. 

For this reason, considering both abiotic factors 

and interspecific interactions is imperative.

Methods

Data Collection

Data was collected via line transect surveys 

from August 1-10, 2017. Two line transects were 

designated in Barkley Sound, Bamfield, BC. Transect 

1 ran parallel to the coastline of the Deer Group 

Islands. Transect 2 ran parallel to the coastline 

starting at Bamfield Inlet and ending at Pachena 

Lighthouse (Figure 1). Data was only recorded 

from the site of the boat facing the coastline. The 

transects were located approximately 100 m off 

the coast to avoid reefs, and travelling at a speed 

of 5-6 knots. During surveys, sea lion haulout 

sites were located and the Universal Transverse 

Mercator (UTM) coordinates for each site were 

recorded. Each sighting of Steller sea lions and 

California sea lions was recorded, as well as the 

bearing to the site, the number of individuals 

observed at the site, and the time of day of the 

sighting.  We located four haulout sites on Transect 

1 and three on Transect 2 for a total of seven Steller 

sea lion haulout sites in Barkley Sound (Figure 1). 

We formed three overarching hypotheses with 

eight underlying hypotheses based on the ecology 

of Steller sea lion haulout sites (Table 1). We 

hypothesized that the number of Steller sea lions 

present at a haulout site will be related to time 

of day (TOD), tide height, and the presence or 

absence of California sea lions, or a combination 

of these variables. Each of our observations 

(n) was collected at a different time of day.

California sea lions are not present. This prediction 

is grounded in past research suggesting low tide 

heights allow for sea lions to best access the haulout 

sites, as well as observational data regarding sea 

Steller sea lions

Our response variable was the number of Steller 

sea lions present at a haulout site at a specific 

time of day. Every time we approached a haulout 

site during our transects, we counted and recorded 
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Figure 1: Transect locations along the Deer Group Islands and Pachena Beach Coastline in Barkley Sound 
BC, Canada. The Seven Steller sea lion haul-out site locations are also delineated along both Transect 1 and 
Transect 2 (Google Maps 2017).  

the number of Steller sea lions that were present 

hauling out on the rocks or swimming nearby 

close to the rocks. 

California sea lions

Our first explanatory variable was California sea 

lions (as a proxy for interspecific interaction). 

For each of our observations, we observed and 

recorded the presence (1) or absence (0) of 

California sea lions at Steller sea lion haul out sites. 

Tide height

Our second explanatory variable was tide height. 

We were unable to directly measure tide height 

during our transect. Instead, we used the daily 

index for times and heights for high and low tides 

provided by Fisheries and Oceans Canada for 

Bamfield, BC for each one of our transect days 

(http://www.tides.gc.ca/eng/station?sid=8545).

 

Time of day

Our third explanatory variable was included 

to account for the fact that the number of 

Steller sea lions at a haulout site may vary 

depending on what time of the day it is. During 

each of our transects, we noted the time of our 

observation. To prevent pseudoreplication for 

time of day in our observation (n), we negated 

any observations that had similar time of days. 
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Results

To test if the presence of California sea lions 

(CALI), time of day (TOD) and tide height affects 

the number of Steller sea lions at a haulout site, 

we tested eight specific hypotheses (Table 1). 

Prior to creating our linear models, we checked to see 

if there were any significant relationships between 

our explanatory variables. If the explanatory 

variables correlate, collinearity can exist which 

would suggest that the presence of California sea 

lions, time of day or tide height partially explain 

each other. We used Pearson’s correlations 

coefficient (r) to examine collinearity among our 

explanatory variables. There was weak collinearity 

between all three variables (TOD & TIDEHEIGHT 

r=0.51, p=0.032; TOD & CALI r=-0.26, p=0.054; CALI 

& TIDEHEIGHT r=-0.03, p=0.008). Furthermore, we 

checked for variance inflation factors (VIF), which 

detect multicollinearity between our variables. 

Multicollinearity can exist if linear relationships exist 

between our explanatory variables and can cause 

problems as those variables are not independent 

anymore. For our explanatory variables, VIF were 

low values (TOD=1.613980, CALI=1.098038, 

TIDEHEIGHT=1.505847). Therefore, this negates 

any possible sources of error and we included 

all three variables in our statistical model. 

From our ‘glmer’ models and competing them using 

AIC, results showed that model 5 which included 

only tide height as a fixed effect had the most 

substantial and empirical support (Table 2, Table 

3). The AIC for this model was 171.6 and it was 

the lowest value. Furthermore, the AIC weight for 

this model was 0.52; therefore, 52 percent of the 

weighted evidence suggests that this is the best 

model to describe our data. The ΔAIC for model 5 

was 0, which showed substantial support for the 

model. The intercept for model 5 was 2.560 and there 

was a positive relationship between tide height and 

the number of Steller sea lions present at a given 

time (Figure 2). The intraclass correlation factor 

was 0.001, confirming that there was no significant 

Data Analysis and Model Fitting

All data analysis and model fitting was performed 

using R (v.3.4.1, R Core Team, 2013) with GUI 

RStudio (v1.0.143) using packages lattice (Sarkar 

2015), lme4 (Bates et al., 2015) and AICcmodavg 

(Mazerolle, 2017). 

We used the protocols provided by Zuur et al. 

(2010) to explore our data. We checked for 

the presence of any outliers, collinearity and 

calculated the variance inflation factors for our 

explanatory variables (see results for outputs of 

data exploration). The poisson distribution best 

fit the distribution of our data because it was not 

normally distributed or over dispersed (Zurr et al., 

2009).

We used generalized linear mixed effect models 

(glmm) to test for the effects of tide height, time 

of day and presence or absence of California 

sea lions on the number of Steller sea lions 

present. Tide height, time of day and presence or 

absence of California sea lions were included as 

fixed effects. We chose to use glmm specifically 

to account for spatial covariation. This was 

necessary because our study site was a repeated 

measure and thus the data points were not 

independent (Zurr et al., 2009). We surveyed the 

same sites several times at different times of day; 

therefore, using this model would account for 

non-independence in our observations (Zurr et al., 

2009). We created eight different models (Table 1) 

and ran this mixed effect model using the “glmer” 

function in Rstudio. We then competed our 8 

models using the Akaike Information Criterion 

(AIC) to determine which of our fixed effects best 

explained the number of Steller sea lions present. 

The AIC allows us to determine the quality of each 

model. We compared models using AIC, ΔAICs 

(where ΔAIC<2 is considered to have substantial 

support) and AICwt (probability of which model 

is the best out of the candidate set) (Zurr et al., 

2009) to find the best fit model.  
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collinearity among the sites (our random effect). 

Although model 5 had the highest AIC, models 

6 and 7 each carried approximately 20 percent 

of the weighted evidence (AICwt of model 6= 

0.21, AICwt of model 7=0.19) (Table 2, Table 3). 

Each of these models included the variable tide 

height, furthering our inference that tide height is 

the best predictor of Steller sea lion abundance.

Our results suggest that abiotic factors (ie. tide 

height) best predict habitat selection. Tide height 

was in all of our top three models (model 5,6 & 

7). However, temporal factors (ie. time of day) 

and interspecific interactions (ie. presence of 

California sea lion) also have the potential to affect 

habitat selection, and we cannot exclude them. 

Almost 100% of our AIC weight is held in models 5, 

6, and 7 meaning that they are the best models of 

the candidate set (Table 2). Thus, all of these need 

to be considered when predicting the number 

of Steller sea lions present at a haul out site.

As mentioned above, tide height was part of all 3 

of our top models, including the model carrying 

52% of the AIC weight. Our results therefore 

suggest that tide height is a strong predicting 

factor of Steller sea lion haulout site selection. 

However, the directionality between tide height 

Model # Model Hypothesis Model 
Mod 1 Steller sea lion abundance is affected 

by the presence or absence of Califor-
nia sea lions

STELL~ CALI+(1|SITE)

Mod 2 Steller sea lion abundance is affected 
by the presence or absence of Califor-
nia sea lions and the time of day. 

STELL~CALI+TOD+(1|SITE)

Mod 3 Steller sea lion abundance is affected 
by the presence or absence of Cal-
ifornia sea lion, time of day and tide 
height. 

STELL~CALI+TOD+TIDE-
HEIGHT+(1|SITE)

Mod 4 Steller sea lion abundance is affected 
by the time of day.

STELL~TOD+(1|SITE)

Mod 5 Steller sea lion abundance is affected 
by tide height.

STELL~TIDEHEIGHT+(1|SITE)

Mod 6 Steller sea lion abundance is affected 
by tide height and time of day. 

STELL~TIDEHEIGHT+TOD+(1|SITE)

Mod 7 Steller sea lion abundance is affected 
by tide height and the presence or 
absence of California sea lions.

STELL~TIDEHEIGHT+CALI+(1|SITE)

Mod 8 Steller sea lion abundance is affected 
by the time of day and the presence or 
absence of California sea lions. 

STELL~TOD+CALI+(1|SITE)

Table 1: Model hypothesis surrounding explanatory variables (presence/absence of California sea lions, tide height, 
and time of day) affecting the response variable, abundance of Steller sea lions in Barkley Sound, BC. Site is includ-
ed as a random effect. STELL = Number of Steller sea lions on haulout site. CALI= Presence of absence of California 
sea lions on haulout site. TOD = Time of Day at haulout site. TIDEHEIGHT = Tide height near haulout site in meters. 

Discussion
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and number of Steller sea lions is not the same 

as we predicted (Figure 2). Instead, tide height 

had weak positive effect size (Table 3) on number 

of Steller sea lions at a site. This means that a 

higher tide predicts more sea lions at a haul out 

site. In contrast, primary literature suggests that 

sea lions are more likely to haul out at low tide due 

to easier site access (Calambokidis et al., 1987); 

however, a high tide did not appear to restrict 

sea lion access to haulout sites in our study. A 

possible explanation for this result is that when 

haulout sites have steep intertidal zones, a high 

tide does not rapidly impede the amount of haulout 

space available, thus sea lions can remain hauled 

out even out at high tide (Ban & Trites, 2007). 

This could have potentially occurred in our study, 

but since we did not characterize this aspect of 

haulout site topography, we cannot formally make 

this conclusion. Alternatively, because this result 

is incongruent with currently accepted literature 

regarding tide height and haulout site, it may 

instead be an artefact of our small sample size. 

Interspecific interactions between the California 

and Steller sea lions are part of the model carrying 

19% of the AIC weight (model 7). This means 19% 

of the evidence weight suggests the presence or 

absence of California sea lions, along with tide 

height, predicts the number of Steller sea lions at 

a haulout. Although this AIC weight is smaller than 

the top model, which had tide height as the lone 

predictor (Model 5: AICwt = .52), we cannot ignore 

model 7, as its AIC weight is still substantial. 

Additionally, California sea lions were found to have 

a weak positive effect size (Table 3) with number 

of Steller sea lions. This does not support our 

initial hypothesis regarding competitive exclusion. 

Instead, this effect size suggests that there may 

be a weak signal for facilitation, meaning there 

might be a benefit for California sea lions and 

Steller sea lions to coexist. Likely this facilitation 

is due to the presence of a larger group providing a 

defense against predation or physiological stress 

(Stachowicz, 2001). However, previous research 

has found facilitation is density-dependant and 

that higher densities reduce the possibility of 

facilitation (Mesgaran, 2017). This means that it 

could also be possible that as a greater number 

of California sea lions expand their spatial range 

further north to British Columbia, density may 

increase to the point where this relationship shifts 

from facilitation to competition. Additionally, 

Gause (1936) demonstrated that complete 

exclusion does not occur when sufficient 

resources are available. With regard to the two sea 

lion species and their haulouts, space availability 

is the resource, and if this resource is not limited, 

then the two sea lion species can coexist. Our 

Figure 2: Output of model 5; Number of Steller 
sea lions present at a haulout site and the 
corresponding tide height (m) in Barkley Sound 
region, British Columbia. (Effect size = 0.640, 
Intercept = 2.56, P-value= 0.0069). 
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Table 2: Akaike information criterion table showing performance of candidate generalized linear mixed effect model sets 
for predicting number of Steller sea lions present at haulout sites in Barkley Sound, BC, Canada.(K= Numbers of param-
eters, AIC= Akaike information criterion, ΔAIC= Difference between AIC values of smallest AIC and each subsequent 
model, AICWt= Akaike weights, LL= Log-likelihood, Cum.Wt= Cumulative weights). (See Table 1 for each model details)

Model K AIC ∆AIC AICWt LL Cum.Wt

Mod5 3 171.6 0 0.5200 -82.81 0.5200

Mod6 4 173.4 1.831 0.2081 -82.72 0.7282

Mod7 4 173.5 1.967 0.1945 -82.79 0.9227

Mod3 5 175.4 3.812 0.07730 -82.71   1.000

Mod4 3 206.1 34.55 1.634E-08 -100.0   1.000

Mod2 4 207.4 35.87 8.450E-09 -99.74 1.000

Mod8 4 207.5 35.87 8.450E-09 -99.74 1.000

Mod1 3 225.5974 53.98635157 9.84E-13 -109.799 1

 Model number Fixed effect Effect size P-value
5 Tide height 0.640 0.00690
6 Tide height 0.670 0.00579
6 Time of day -0.0302 0.0560
7 Tide height 0.644 0.00217
7 Presence of California sea lion 0.0150 0.008

Table 3: Effect sizes of the highest weighted models from Akaike information criterion to determine the variables that 
best predict the presence of Steller sea lions in haulout sites in Barkley Sound, BC. (See table 1 and 2 for generalized 
mixed effect model details)
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results suggest that California sea lions have 

not reached the density required to make this 

resource scarce, and thus competitive exclusion 

may not be occurring yet in the area we studied.  

Time of day was also present in one of our top 

3 models (model 6) with an AIC weight of 0.21. 

Time of day had a small negative effect size Table 

3); therefore, we have weak evidence to suggest 

that there may be more Steller sea lions present 

at haulout sites earlier during the day. Further 

research with alternative data collection methods 

is required to reach a more concise conclusion. 

However, due to it being part of a model which 

holds 21% of evidence, it is an important aspect 

of habitat selection that should be still be 

considered moving forward. Similar studies 

suggest that time of day is a factor that affects 

Steller sea lions at their haulout sites via multiple 

factors, including boat traffic (Calambokidis et 

al.,1987) and foraging times (Loughlin et al., 2013).

Our results illustrate the importance of including 

interspecific interactions in models predicting 

habitat selection. Even though our best fit model 

(model 5) did not include interspecific interaction, 

we cannot ignore this factor, as our model that 

held 20% of AIC weight did have interspecific 

interaction as a predictor (model 7). This result 

supports the growing body of research stressing 

the importance of including these interactions in 

habitat selection models (Byholm et al., 2012). 

Despite this contribution, our experiment did 

have significant limitations. These include a 

small sample size, which may account for the 

lower effect of California sea lions than expected, 

as we may not have collected enough samples 

to adequately represent this factor.  Additionally, 

the time of day variable was compressed due to 

boat driver availability, thus samples were only 

taken from a small proportion of a total day. 

Regardless of these limitations, our study 

suggests promising directions for future work. By 

increasing sample size and variation in time of day 

of sampling, it may be possible to more accurately 

determine which of our 3 top models is best. 

Recording the density and number of California 

sea lions present, rather than just their presence or 

absence, may give us more accurate results. These 

results would allow the density dependent aspect 

of species interactions to be monitored, as primary 

literature suggests that density is a determining 

factor regarding whether a given relationship will 

result in competition or facilitation (Mesgaran 

et al., 2017). Therefore future research may find 

that the interaction between California sea lions 

and Steller sea lions changes to competition at 

high-density sites, ultimately resulting in different 

haulout selection. However, irrespective of the 

relationship type (facilitation or competition), 

both end-results suggest that interspecific 

interactions must be considered in order for 

models of habitat selection to be adequate.

In conclusion, both species interaction and abiotic 

factors need to be collectively considered when 

predicting the mechanisms underlying species 

habitat choice in marine ecosystems. With regard 

to species interaction, competition and facilitation 

may both be playing a role in habitat selection. Our 

study found that haulout sites of Steller sea lions 

can be predicted by a combination of factors such 

as species interaction (presence of California sea 

lions), tide height, and time of day. Additionally our 

results suggest the importance of fully exploring 

each predicting factor. This is because a factor 

that has small predicting value in a model, such 

as the model including interspecific interactions 

(presence of California sea lions), may have a large 

impact biologically and should still be considered. 

Taken together, these findings suggest the 

many factors that need to be considered 

when formulating models for ecological 

theories, in order for the model to accurately 

characterize the desired ecological phenomenon.
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