Version of Record: https://www.sciencedirect.com/science/article/pii/S016578361930298X
Manuscript_02a92b1157b0fee12¢945dd69f46ee06

10

11

12

13

14

15

16

17

18

19

20

Estimating habitat-specific abundance and behavior of several groundfishes using

stationary stereo still cameras in the southern California Bight

Christopher N. Rooper'*, Kresimir Williams!, Richard H. Towler', Rachel Wilborn!?, Pam

Goddard'*

! Alaska Fisheries Science Center, National Marine Fisheries Service, 7600 Sand Point Way NE,

Seattle, WA, 98115, USA

2Lynker Technologies, LLC under contract to: Alaska Fisheries Science Center, National Marine

Fisheries Service, 7600 Sand Point Way NE, Seattle, WA, 98115, USA

*Current address: Pacific Biological Station, Fisheries and Oceans Canada, 3190 Hammond Bay

Road, Nanaimo BC V9T6N7, Canada

Chris.Rooper @dfo-mpo.gc.ca

© 2019 published by Elsevier. This manuscript is made available under the Elsevier user license
https://www.elsevier.com/open-access/userlicense/1.0/


https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S016578361930298X
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S016578361930298X

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Abstract: The increasing use of underwater cameras to estimate fish abundance often does not
account for the behavior of target species. These behaviors can affect detectability of fish and
bias density estimates. This study estimated abundance and behavior of several rockfishes
(Sebastes spp) and lingcod (Ophiodon elongatus) at Footprint Bank, a small offshore bank using
images from randomly deployed stationary cameras. Deployments collected images at 30-second
intervals over ~24 hour periods to examine the behaviors of rockfish that might impact
abundance estimates. The results showed that time of day and tidal change had a significant
effect on the probability of presence, estimated abundance and species composition of fish, with
densities highest for most species during daylight hours. The time elapsed since camera
deployment did not have a significant effect on fish density. Fish density was significantly
affected by habitat composition, an effect primarily driven by speckled rockfish (Sebastes ovalis)
which exhibited a 5-fold increase in abundance in bedrock habitats. Speckled rockfish were the
most abundant rockfish at depths less than 150 m, with an estimated abundance of 12,994 fish
(SE = 6,722) on Footprint Bank. The abundance estimates and coefficients of variation were
comparable to surveys conducted in 2011 and 2012 using remotely operated vehicles (ROVs)
and manned submersibles. The implications of this study are that habitat and behavior as well as
timing of the survey (day/night) are important considerations determining the perceived density

of fishes from underwater image surveys.

Keywords: Sebastes; stereo camera; survey design; population estimate; untrawlable habitat;
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Introduction

Underwater cameras have become an increasingly popular approach to estimate fish
abundance for fisheries management as an alternative to extractive techniques (Mallet and
Pelletier 2014). Underwater camera surveys have advantages over traditional survey methods
such as bottom trawls for documenting rare or endangered species with conservation concerns
(e.g. Yoklavich et al. 2007) and for high-relief areas that are not easily sampled using trawls or
nets (e.g. Cordue 2007, Rooper et al. 2010).

An advantage of traditional survey methods such as bottom trawls is the large volume of
research on fish behavior and gear catchability that has previously been conducted and has
resulted in better understanding of observed trends. These can include information on gear
selectivity of different fish sizes (Huse et al. 2000, Williams et al. 2011, DeRobertis et al. 2017),
gear efficiency under varying environmental and fishing conditions (Somerton and Munro 2001,
Munro and Somerton 2002, Weinberg 2003, Weinberg and Kotwicki 2008, Kotwicki et al.
2009), and behavioral responses to fishing gear (Bublitz 1996, Bryan et al. 2014). This body of
literature is useful to interpret and assess catch rates and the resulting indices of abundance for
traditional abundance survey methods, such as trawls, longlines, set nets and traps. Because
optical-based surveys will have their own sampling properties and biases a similar line of
investigation is needed for those gears (Campbell et al. 2015)

Comparisons of underwater video surveys to other types of gear, such as baited traps
have indicated differences in catchability among gear types (Bacheler et al. 2013, Geraldi et al.
2019). These can highlight differences related to behavior, such as size selectivity of some gears
(Rooper et al. 2012), differences in spatial patterns of frequency of occurrence (Bacheler et al.

2013), and even differences in detectability among different gears or underwater camera systems
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(Bacheler et al. 2014, Kilfoil et al. 2017). Questions about the influence of environmental factors
in availability and detectability in camera surveys have not often been addressed and in addition
these effects are often strongly influenced by the behavior of targeted fishes. For instance it has
been demonstrated that fish behavior influences fish detectability for underwater camera surveys
both in response to transiting underwater vehicles (e.g. Laidig et al. 2013, Somerton et al. 2017),
response to stimuli from the vehicle, such as lights or sounds (Lorance and Trenkel 2006, Stoner
et al. 2008, Rooper et al. 2015) or due to behaviors such as diurnal migrations (Stanley et al.
1999, Rooper et al. 2010) or swimming and schooling behaviors (Bacheler and Shertzer 2015).
Fish behaviors can be habitat-specific, such as cryptic or flight response behaviors of some fish
in high-relief habitats that influence the ability of detection by cameras (Trenkel et al. 2004,
Stone et al. 2015). Therefore, accounting for habitat types in both the abundance estimates and
behavior observations is crucial for getting an accurate measure of fish abundance.

The primary objective of this study was to estimate the abundance and variance of seven
species of common rockfish (Sebastes spp.) and lingcod (Ophiodon elongatus) in untrawlable
habitat using stationary cameras. We also examined factors that influence the perceived density
from an underwater camera survey using long-term (24 hour) deployments of stationary cameras.
Since the cameras were designed to have minimal impact on the behavior of fishes, we examined
environmental influences on patterns of density over 24 hour periods. Specifically we looked at
tidal and diel cycles, patterns in the initial arrival time of fishes to the camera, variability in
density over long-term deployments and the effects of habitat and depth on density estimates.
Ultimately, the goal of this study was to make recommendations for future surveys of rockfishes

in untrawlable habitats.
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Materials and Methods
Study area

All surveys were conducted on Footprint Bank, a rocky seamount in southern California
located at the southern end of the Anacapa Passage (between Santa Cruz and Anacapa Islands) in
the Channel Islands National Marine Sanctuary at approximately 33° 54.84° N and 119°28.35°
W (Figure 1). Footprint Bank is about 10 km? in area ranging in depth from 80 to 500 m, and
generally trends northwest-southeast. The study site is located inside the State and Federal
Footprint Marine Reserves. Footprint Bank consists of high-relief outcrops, sand flats, and
cobble fields and hosts a diverse assemblage of groundfishes (Schroeder and Love, 2002;
Yoklavich et al., 2013). The area surveyed for this project consisted largely of rocky habitat from
90-150 m depth which reduced the surveyed area to 4.8 km? (Figure 1). In total, 50 stations were
chosen randomly within this depth range, however due to time constraints (and a single
equipment failure), only the first 30 of the randomly selected sites were sampled during the study

(Table 1).

Data collection

To estimate overall abundance of rockfish on the Footprint Bank, we used a group of 7
stationary camera systems. The triggered camera (TrigCam) systems are described in Williams et
al. (2015, 2018), but were modified for the current project (Figure 2). In brief, the TrigCams are
a low-cost, still-image, stereo—camera system optimized for long duration deployments. These
cameras are capable of operating in “triggered” mode where images are only captured when
motion is detected in the view field. However, during this project, the cameras were configured

to collect a stereo-image pair every 30 seconds over the course of ~24 hour deployments.
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The TrigCam consists of three housings (Figure 2). The main housing contains two
Chameleon3 USB 3 machine vision cameras, an ODroid-XU4-mini-ARM computer, and a
custom circuit board for power management and timing control of strobe pulses. The housing
was constructed from anodized aluminum with custom manufactured 80 mm radius acrylic
partial dome viewports for each camera. A second housing was manufactured from a 51 mm
thick acetal plastic plate and contained a neutral white-strobe unit powered by two TaskLED
Hyperboost strobe drivers. The system was powered by a 24 V 10 Ah nickel-metal hydride
battery pack housed in a cylindrical anodized aluminum housing. The three housings (cameras,
strobe, and batteries) were enclosed in a protective aluminum frame.

The TrigCams were deployed and retrieved using an acoustic release system
manufactured by DesertStar Systems ARC-1XD. The acoustic-release is attached to a small float
and line and was triggered from the surface using a deck box, after which the float rose to the
surface allowing retrieval of the unit. Thus, the TrigCams were untethered from the research

vessel and maintained a minimal profile during deployment on the seafloor (Figure 2).

Image analysis

Each TrigCam unit was calibrated for stereo-analysis using a standard stereo-calibration
routine (Bouguet 2008) modified for marine underwater stereo-camera systems by Williams et
al. (2010). Stereo-image analysis was performed using an open-source, stereo-processing
package (SEBASTES; Williams et. al, 2016). SEBASTES was used to identify fish to species
and estimate fish range and 3D position relative to the camera. Fish locations were estimated by
identifying a single corresponding point on each fish seen in both images, such as the fish eye.

Fish only partially visible in both image frames were only included when bordering the left and
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upper sides of the images. In this way, these partial targets were assumed to be 50 % retained for
further analysis, reducing the possibility of under- or over-estimates of fish density. Individuals
from seven species of common rockfish and lingcod were counted in each frame of each
deployment (Table 2). The substrate observed in the underwater camera deployments was
classified by a commonly used seafloor substratum classification scheme (Stein et al. 1992;
Yoklavich et al. 2000) that consists of a two-letter coding of substratum type denoting a primary
substratum with > 50% coverage of the seafloor and a secondary substratum with 20% —49%
coverage of the seafloor. There were seven identified substratum types: mud (M), sand (S),
gravel-pebble (G, diameter < 6.5 cm), cobble (C, 6.5 < diameter < 25.5 cm), boulder (B,
diameter > 25.5 cm), exposed low-relief bedrock (R), and exposed high-relief bedrock (K).
Using this classification, a section of seafloor covered primarily in cobble, but with boulders
over more than 20% of the surface, would receive the substratum code cobble-boulder (Cb) with
the secondary substratum indicated by the lower-case letter. Since the underwater camera
deployments were stationary, the substrate classification was constant within each deployment.
To compute fish volumetric density, the volume imaged by both cameras was estimated
using a general approximation approach based on a point cloud (Williams et al. 2018). In brief,
stereo-image analysis relies on a set of equations that transform pixel coordinates of objects seen
by both cameras into real world coordinates using stereo-triangulation. The reverse
transformation is termed projection, resulting in the expected position of a real world object on
the camera image plane. We use the latter process to estimate the set of points from a generated
3D point cloud that occupy the joint stereo-camera image volume. This process therefore
accounts for the intrinsic camera calibration factors (e.g. lens distortion), and extrinsic factors

(the inter-camera geometry). To estimate joint image volume, a 3-dimensional grid of points at
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10 cm separation was generated extending from the camera origin to a range of 9 m, with the
horizontal and vertical extent of the point cloud set to capture the entire view field. The points
were then projected back to pixel coordinate space, and only the points that constitute valid pixel
coordinates in both left and right camera images were retained (i.e. points that are located below
the seafloor are excluded). The grid points were subset into 0.5 m range bins from the camera,
and the volume of each range bin was then estimated by scaling the number of points contained
in the joint stereo-view and within range intervals by the volume they represent, which in this
analysis was 1 L or 0.001 m?. The volume of each frame that is below the seafloor was also
removed from the calculated volume according to the methods of Williams et al. (2018).

The imaging volume analysis provided estimates of above-seafloor volumes at range
intervals for each image frame in the dataset. To estimate fish density, fish counts for targets
found within a range interval were divided by the corresponding volume. Densities were then
aggregated by species and camera unit. In principle, fish density is expected to decline as the
ability to detect and identify fish becomes reduced with increasing target range from the camera.
To arrive at an unbiased estimate of density, the expected decline in detectability as a function of

range was modeled. A logistic function was used, defined as

rd, = ——— (eq. 1)

T 1te~k(r-xo) °
where rd is the relative density scaled to a maximum of one at range r from the camera, and L, k
and x, are the function parameters. Parameters were estimated by minimizing the negative log-
likelihood between the observed density at a site and range interval and the modeled density
assuming a normal error distribution. The deviations between observed and predicted density
were weighted by the respective volume of each range interval, so that the very small volumes

closest to the camera had less influence on the model than larger volume bins farther away. In
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addition, the x, parameter, which indicates the midpoint of the function curve, was restricted to
be greater than 2 m to prevent outcomes where density occasionally becomes exponentially
reduced from the first range interval onward by the presence of a single fish close to the camera.
Density for a species, d, for each frame, f, are then calculated as the sum of the species density at

each range, r, corrected for the detectability at that range, so that

dp = Y7, L (eq. 2).

i=1 rTlr
The density of a species for a deployment (d) was then calculated as the mean of dj for that
deployment. All modeling and statistical analyses were done in R software (R Core Development
Team 2018) and R code for estimating the relative density function with documentation can be

downloaded as a package at https://github.com/rooperc4/TrigCamDensityEstimation.

Data Analysis

Densities were calculated for each frame of each deployment based on the volume of
water observed and the species-specific detection model described above. Densities by frame
were used to generate presences or absences for use as replicates for analyses of “within
deployment” processes. The mean density for deployments were then used as the replicates in
analysis of processes at the “deployment scale” and to estimate the population size for each
species of fish. In some analyses, deployments were split into daytime and nighttime segments to
facilitate comparisons.

To determine the effect of tidal cycles and diurnal cycles on the presence of fish, we used
a generalized additive mixed model (GAMM, Wood 2006) to test for significant linear or non-
linear effects of hour-of-the-day and hourly tidal change. This analysis used presence or absences

averaged over one hour intervals for each deployment as replicates. Aggregation of data to one
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hour intervals helped to reduce autocorrelation in the data set. In preliminary analyses the raw
frame by frame data and aggregation over five, ten, and fifteen minute intervals were also tested.
None of these groupings had an effect on the shape of the relationships between variables and the
presence or absence of fish or on the significance of the relationships, but they did affect the
overall variance and the temporal aggregation (both increased with decreasing aggregation). The
tidal change was calculated from tide station harmonics using the nearest tide gauge (located in
Santa Barbara, CA) and was the difference in tidal height from one image frame to the next
(every 30 seconds) and averaged over one hour intervals. The tidal heights were estimated using
the rtide package in R software (Thorley et al. 2018). The GAMM was implemented with a
maximum of k = 5 knots to minimize overfitting and parametric (factor) terms were included for
species to account for species -specific differences in density. Deployment was treated as a
random effect, so that

y = a + s(tidal change) + s(hour) + species + deployment + ¢ (eq. 3)
Where y is presence or absence of fish, s indicates a thin-plate regression spline smoothing
function for the tidal change term and a cyclic cubic spline smoothing function for the hour term
(Wood 2006), a is an intercept and € are binomial distributed errors. An autocorrelation term
nested within the deployment at lag = 1 was also included in the model.

Within-deployment variability was examined graphically to determine when the density
and variability in density peaked, and specifically if any “settling” period could be detected after
the initial TrigCam deployment where fish might have been scared from the area by the
approaching gear (data from a pilot study in the same area in 2016 were also used to address this

question and are reported in supplemental material).

10
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The effect of substrate type on density was also tested but data for the analysis was
limited to imagery captured during daylight hours because of the small sample size of fishes
observed during nighttime hours and the results of GAMM modeling which indicated nighttime
and daytime data should not be combined for this analysis. An analysis-of-variance was used
with the density estimated for each deployment as replicates. Separate tests were conducted for
significant effect of primary substrate type and the significant effect of the presence of rocky
substrate (high and low relief bedrock or boulders) in either the primary or secondary substrate
classes. The effect of depth was also tested, with station depth separated into three depth strata:
90-110 m, 110-130 m and 130-150 m. Fish species was included as an effect in the analysis,
along with a primary substrate-species effect or a presence of rocky substrate-species effect, to
determine whether some species of fish were more abundant in some substrate types than others.
Tukey’s post-hoc tests were used to examine significant effects in the analysis and significance
of all statistical tests was identified at p < 0.05.

Finally, a population abundance (and variance) for each species was calculated for the
entirety of Footprint Bank. For this estimate, the area of the bank at depths < 150 m (roughly the
area sampled during our study) was calculated as 0.682 km? from previous multibeam mapping
(Dartnell et al. 2005). This was expanded to 0.852 km? using the height of the water column
observed by the cameras (1.25 m). This estimate was then used to expand the volumetric
densities to a total abundance. Based on the results of the data analyses, three divisions of data
and two methods were used to calculate abundances. Non-stratified, random sampling formulae
were used to estimate abundances for all the data combined. Separate daytime and nighttime
abundances were also estimated. A second method that stratified the data by the substrate using

only daytime data was also used. Previous research by Yoklavich et al. (2011) indicated that

11
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roughly 22.5% of the upper portion of Footprint Bank (< 200 m) is comprised of primarily
bedrock, 7.5% is comprised of primarily high relief boulders, 55% is comprised primarily of
cobble habitat and the remaining 15% is comprised of low relief unconsolidated substrates (sand
and mud). Thus, based on stratification by these four substrate types, the strata area for rocky
substrate was 0.192 km?, bouder substrate was 0.064 km?3, cobble was 0.469 km? and sand was
0.128 km?. For a stratified estimate of abundance the densities of rockfish from deployments
with the corresponding primary substrate type were expanded according to the strata area. For
example, all deployments with a primary substrate of sand (n = 17) were expanded over the
unconsolidated strata area (0.128 km?)

Abundance estimates and variances (both stratified and non-stratified) were calculated
using the standard formulae of Thompson (1992). For unstratified estimates, the population total

in number of fish 7 is:

(o N
Il

b
S

(eq. 4)
with variance
A 2 S2
var(t) = A — (eq.5)
where N is the total study area, d is the mean volumetric density, s2 is the variance of the mean

and n is the number of deployments. For stratified estimates of the population total, T, the total

population is the sum of the abundance in each strata h:

Tse = Xhe1 An dp (eq.6)

with variance as the sum of each strata / variance is:

2
var(fse) = o1 A7 L (eq.7)

12
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where A, is the strata area, Jh is the mean volumetric density, sﬁ is the variance of the mean and
np 1s the number of deployments in stratum /. Coefficients of variation were calculated as the
square-root of the variance divided by the abundance estimate. Since the sample size relative to

the total available samples was very small, the finite population correction was ignored.

Results

The detection function for each species indicated that most individuals were identifiable
out to about 2-4 m from the camera (Figure 3). Speckled rockfish and greenstriped rockfish
(Sebastes elongatus) were the exceptions, with speckled rockfish being difficult to identify and
count beyond 2.5 m and greenstriped rockfish easily identifiable at a range of over 5 m. The
model parameter xo for speckled rockfish was estimated at the minimum possible value (2 m).
Alternatively, this may indicate that they may have been attracted to the camera and thus
occurred within a nearer distance. However, all image analysts noted the difficulty in identifying
this species at far distances. The application of the detection function for each species resulted in
densities of fish ranging from 0 — 3.5 fish m~ for individual frames. Observations were zero-
inflated, with 95.5% of 616,104 frames containing no sightings of the species of interest.

Generalized additive model results show that there was a significant diel effect on the
presence of rockfishes and lingcod (p < 0.0001). Rockfish probability of presence peaked around
mid-day and was lowest during nighttime (Figure 4). The effect of tidal change was also
significant (p = 0.03) with the probability of fish presence elevated at moderately rising and
falling tides (Figure 4). Species was also significant in the GAMM. The patterns of individual

species density during day and night hours indicated strong trends towards higher observed
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densities during daylight hours for most species (Figure 5). The only species that appeared to
have higher densities during nighttime hours than daytime hours were bank rockfish (S. rufus)
and greenstriped rockfish.

The day-night differences in density of fishes had a strong influence on other facets of the
data. Since most deployments were started in the evening after dusk (Table 1), the variability in
density at a single site was minimal through the first few hours of the deployment (Figure 6).
With the onset of daylight, the variability in density at an individual site increased to a peak in
mid-afternoon (12:00 — 15:00) and then declined to low levels of variability in the evening. This
pattern was linked to changes in average density, as the standard deviation of density increased
linearly with increasing density (Figure 6).

It was impossible to determine the amount of time needed for rockfish densities to
stabilize after the effect of the deployment of the TrigCams for the 2017 deployments. This was
because the time of first arrival for fishes was strongly influenced by the timing of the
deployments (Figure 7). The elapsed time between deployment and appearance of the first fish
was highly variable across species, but only bocaccio rockfish (S. paucispinis) and greenspotted
rockfish (S. chlorostictus) had median first arrival times prior to dawn. During a pilot study in
2016, it was found that for daytime deployments, the average elapsed time between deployment
and the arrival of the first rockfish was 87 minutes (SD =78, see S1 for details on this analysis).

The same density estimates could be generated from two types of behavior. A single
stationary fish observed in 50 consecutive frames of a deployment could generate the same
density as 50 fish observed in a single frame during the deployment. For example, lingcod were
often seen in consecutive frames (the maximum during one deployment was 24), whereas

bocaccio rockfish tended to show greater mobility, with the maximum consecutive frames in
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which a fish was observed being five during a single deployment. Both of these deployments
produced close to the same density estimate(Figure 8). In fact, with the exception of speckled
rockfish, the density of fishes was unrelated to the maximum number of frames in which fish
were consecutively observed. This indicates that the same range of densities (0 — 0.3 fish * m?)
were being produced by both fish that were moving around and those that were stationary and
repeatedly observed.

Primary substrate type also had a significant effect on fish density in the Footprint Bank
area (Table 3). Tukey’s post-hoc tests indicated that the primary substrate types of bedrock (high
and low relief) had significantly higher densities than other types of primary substrates. There
were no significant differences found among the other substrates. A species-primary substrate
interaction term was highly significant in the analysis as well (p < 0.0001), although post-hoc
tests revealed that the significant differences were related to high densities to greater densities of
speckled rockfish (5x) at sites with bedrock as the primary substrate than all other fish-habitat
combinations (Figure 9). There were no significant differences among other species-primary
substrate combinations. Site depth was also not significant in the analysis, indicating a minimal
effect of depth (at least across the limited range of 90 - 150 m explored here). When the presence
of rocky substrate was included as an explanatory variable in the ANOVA in the place of
primary substrate type, only species was significant (p = 0.002). Depth, the presence of rocky
substrate, and the interaction between presence of rocky substrate and species were all
insignificant (p > 0.05).

Based on these results, abundance estimates were computed for each species using the
TrigCam deployments as replicates for 1) all data combined, 2) daytime only, 3) nighttime only

and 4) daytime only and stratified by primary substrate type. The resulting estimates were highly
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variable both within and across species (Figure 10). Stratified estimates of the daytime data
tended to give the highest estimates of abundance for all species with the lowest average
coefficient of variation (CV = 0.57). The CV for these stratified estimates ranged from 0.23 for
bocaccio rockfish to 0.96 for lingcod. Using only nighttime data resulted in the lowest abundance
estimates for all species (except bank rockfish) and the highest average coefficient of variation
(CV =0.81), ranging from 0.43 for greenspotted rockfish to 1.00 for flag rockfish (S.
rubrivinctus) and cowcod. (S. levis). Using unstratified daytime-only data and using all the data
from both day and night gave estimates of the average coefficient of variation of 0.59 and 0.63
across all species respectively. For individual species the average values of CV ranged from 0.23
(greenspotted rockfish) to 0.96 (lingcod) for daytime estimates and ranged from 0.22 for
(greenspotted rockfish) to 0.96 (lingcod) for all data. The most abundant species was speckled
rockfish with a population of 12,994 individuals (SE = 6,722) within the surveyed area of
Footprint Bank (stratified estimate). Greenstriped rockfish were estimated to be the least
abundant with an estimate of only 82 individuals (SE = 50) within the surveyed area of Footprint

Bank.

Discussion

Population estimates of rockfish that included a habitat stratification showed a marginal
improvement in precision (i.e. CV) for bocaccio rockfish, cowcod, bank rockfish and speckled
rockfish compared to a random survey design. This was not surprising given the known affinity
of rockfish for highly rugose habitats (Love et al. 1991, Jones et al. 2012, Yoklavich 2013).

However, the improvement of CV with stratification for these species was relatively small
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(~7%). There was an increase in the estimate of abundance for all species when stratification by
primary substrate type was used. Sand was the primary substrate at 17 of the 30 deployment sites
(Table 1). Although the abundance from the 13 deployments in the rocky strata was higher than
for the sand strata, the increased in variability with increased density negated most of the
improvement in precision that could be gained by stratification. A more efficient sample
allocation scheme could have improved the results and given more precise estimates of
abundance by placing a higher number of samples within the high density-high variability rocky
strata for some species. In the current study, more samples (17) were allocated to sand habitat
stratum where density was lower than the rocky habitat strata (bedrock = 4, boulder = 5 and
cobble = 4). To maximize the precision of estimates of rockfish a Neyman allocation (Thompson
1992) incorporating the observed strata variances (averaged across species) from this study
would allocate 70.0% of stations into the bedrock stratum, 5.2% of stations into the boulder
stratum, 19.3% of stations into the cobble stratum and 5.5% of stations into the sand strata. For
individual species this allocation scheme varied depending on their variances among strata.
Bocaccio rockfish for example, which had a relatively low CV for the stratified population
estimate (23%), were relatively close to the optimal station allocation.

The results of this study showed that environmental factors can significantly influence the
measured density and encounter rates of rockfishes. Diurnal cycles in particular had a large
influence on the probability of presence and perceived density of rockfish during the study,
whereas tidal cycles while significant did not appear to affect rockfish as much. Substrate type
was also an important factor in determining density of rockfish and this effect varied among
species, highlighting the likely importance of stratification in producing abundance estimates.

The overall goal of this study was to produce population (and variance) estimates for Footprint
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Bank using stationary cameras as an alternative sampling method. There are some important
differences in terms of the area surveyed between these stationary cameras and more traditional
survey methods for rockfish such as bottom trawls and more recently developed mobile camera
systems (remote-operated vehicles, manned submersibles and autonomous underwater vehicles).
The average field-of-view (FOV) for the stationary cameras during each deployment was 27.8
m? (SE = 0.45), while bottom trawl surveys typically cover > 1 ha (10,000 m?) of seafloor and
mobile camera surveys typically cover 500 - 1000 m? of seafloor in each deployment (Yoklavich
et al. 2007, Tolimieri et al. 2008, Clarke et al. 2009, Rooper et al. 2016, Stierhoff et al. 2016).
Despite the large differences in spatial coverage obtained between methods, the abundance
estimates from the stationary camera survey of Footprint Bank were comparable to previous
studies conducted in 2011 and 2009 using manned submersibles and remotely operated vehicles
(Stierhoff et al. 2013, Yoklavich et al. 2013). The TrigCam estimates of abundance tended to be
lower than the other two surveys for Footprint Bank (Figure 11), with the exception of speckled
rockfish and greenspotted rockfish (the two most common species in the TrigCam survey). The
deployment depths (Table 1) and total area sampled by the TrigCam survey was slightly less
than for the other two surveys which may partially explain the observed differences. The
coefficients of variation of the estimates of abundance were similar across three studies, although
both the ROV and TrigCam surveys showed a wider range of CV’s across the shared species
than the manned submersible.

One of the major implications for assessing rockfishes from this study is that the time of
day during which the survey is conducted is important to perceived densities of fishes. Fish
abundance at stationary cameras was higher during daylight hours when fish were more likely to

be active and moving throughout the area. However, this effect was species-specific, with bank
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rockfish and greenstriped rockfish more likely to be observed during nighttime hours. This is
consistent with other research that has found diel behaviors are important for rockfishes (Stanley
et al. 1999, Stanley et al. 2000, Ressler et al. 2009, Rooper et al. 2010). In a study of rocky
habitat in the eastern Bering Sea, northern rockfish (S. polyspinis) were observed to rise into the
water column to feed during daylight hours and settle to the seafloor at night; whereas juvenile
Pacific ocean perch (S. alutus) were more likely to be observed in higher densities near the
seafloor during daylight hours (Rooper et al. 2010). Stanley et al. (2000, 2007) and Ressler et al.
(2009) both observed schooling rockfishes in the water column during nighttime hours. This
behavior has been linked to feeding patterns, which is also consistent with the information
available for greenstriped rockfish which tend to feed on fishes, shrimps and squids which may
be more available near the seafloor at night, in addition to zooplankton (Love et al. 2002).
Identifying the diel behavior of the species to be assessed is important in interpreting perceived
abundance, especially where survey gear can only observe a limited part of the animal’s habitat,
such only near the seafloor for benthic camera systems or only in the water column for acoustic
systems(Rooper et al. 2010). In addition this has major implications for survey design and
execution regardless of using an optical or more traditional fisheries gear, such as a bottom trawl.
One objective of this study was to identify the length of time fish needed to acclimate to
the presence of the TrigCam. However, we found no detectible difference in times of arrival to
the stationary cameras that would indicate fish left the area during deployment and returned. This
may indicate that there was no acclimation time necessary after the deployment of the camera,
however, there are a number of other potential explanations. The lack of observed effect may
have been the result of the interval length (30 seconds) between captured images being long

enough that fish reactions occurred prior to capturing the initial image. The lack of effect was
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more likely a result of the relative paucity of rockfish observed during nighttime hours when
most cameras were deployed. During the night, most species were either less active or less
abundant in the study area, so unless the camera was deployed near a fish, it was likely that no
reaction would have been observable. There was no indication from the data that there was a
difference in fish behavior in response to the camera deployment between night and day. For
example, we did not observe any marked orientation behavior to the camera, and fish were
observed both arriving and departing from the FOV. The relative unobtrusiveness of the
TrigCam compared to other survey gears, especially mobile gears (e.g. manned submersibles or
remote operated vehicles), may have contributed to the absence of a perceived response to

deployment of the cameras.

Conclusion

This study showed the importance of considering the behavior of target species and its
interaction with perceived density when designing a survey to estimate fish abundance.
Underwater camera surveys have parallel issues to traditional survey methods such as bottom
trawls and longlines in terms of fish availability by habitat and fish detectability by the gear. For
camera surveys, these issues are often related to the behavior of the fishes. Thus, it is important
to continue to study and estimate the effects of survey equipment on fish behavior and perceived
abundance. In this study, stratification of the survey area by habitat type had an effect on the
estimates of population size and a limited impact on the variance estimate. This indicates that
optimizing the allocation of samples and simulation of optimal allocation schemes is likely to
point to directions that can further improve abundance estimation for rockfishes in untrawlable

habitats.
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Tables

Table 1. Characteristics of each TrigCam deployment on Footprint Bank in the southern

California Bight.
Time of Depth of Primary
Deployment deployment deployment substrate
1 10/12/17 20:12 101 Sand
2 10/12/17 19:47 105 Boulder
3 10/12/17 19:23 97 High Bedrock
4 10/12/17 18:58 141 Low Bedrock
5 10/13/17 19:08 133 Cobble
6 10/13/17 18:48 134 Cobble
7 10/13/17 20:15 100 Cobble
8 10/14/17 18:57 134 Boulder
9 10/14/17 20:22 134 Sand
10 10/14/17 19:58 117 Sand
11 10/16/17 4:44 141 Sand
12 10/16/17 4:16 116 Boulder
13 10/16/17 19:07 100 Sand
14 10/17/17 4:06 98 Boulder
15 10/17/17 4:42 117 Sand
16 10/17/17 5:04 121 Sand
17 10/18/17 4:02 113 Boulder
18 10/18/17 4:25 117 Sand
19 10/18/17 4:59 111 High Bedrock
20 10/19/17 4:05 101 Sand
21 10/19/17 4:24 120 Sand
22 10/19/17 4:49 121 Sand
23 10/21/17 17:38 105 Boulder
24 10/21/17 18:16 122 Sand
25 10/21/17 17:51 105 Sand
26 10/22/17 4:33 121 Sand
27 10/22/17 4:26 123 Cobble
28 10/23/17 4:04 112 Sand
29 10/23/17 4:34 115 Sand
30 10/23/17 4:48 105 Sand
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Table 2. Species used in the analyses of rockfish abundance and density on 30 deployments from
Footprint Bank in the southern California Bight.

Number  Frequency of
Common name Species name observed  occurrence
Bank rockfish Sebastes rufits 148 5
Cowcod S. levis 90 9
Flag rockfish S. rubrivinctus 54 7
Speckled rockfish S. ovalis 660 20
Bocaccio S. paucispinnis 302 22
Greenspotted rockfish S. chlorostictus 2337 26
Greenstriped rockfish S. elongatus 253 4
Lingcod Ophiodon elongatus 178 3

Table 3. Analysis of variance table testing for differences in density among primary substrate
types, species and depth bins.

Df SumSq Mean Sq F Pr(>F)
Variable value
Primary substrate type 4 0.001714 0.000429 4.302 0.0023
Species 7 0.002840 0.000406 4.073 0.0003
Depth 2 0.000135 0.000068 0.680 0.5078
Primary 28 0.007233 0.000258 2.594 0.0001
substrate*Species
Residuals 206 0.020516 0.000100
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Figure 1. A map of Footprint Bank located in southern California south of Santa Cruz and

Anacapa Islands. Dots indicate location of the 30 Trigcam deployments color coded by primary

substrate type. The heavy contour line is the 150 m depth contour demarking the area of the
study.
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and tidal change (B) and on fish presence or absence measured at 30 deployments in the southern

California Bight over 24 hour periods.
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Figure 5. Density of rockfishes and lingcod recorded by time of day during 30 stationary camera
deployments in the southern California Bight. Data are smoothed using a Loess smoother
(standard errors of the smooth are represented by grey shading for each line). Purple shaded
areas indicate local hours of nighttime and pink shaded areas indicate the hour surrounding dawn
and dusk. Densities are scaled to 1 for each species to facilitate graphical representation.
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Figure 6. Variability of fish in same deployment over time since the deployment in 10-minute

intervals (A) and the relationship between mean density and the standard deviation of the mean

for those same intervals since deployment (B).
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deployments of TrigCams on the Footprint Bank in 2017 during daylight hours.
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Figure 11. Abundance estimates (A) and coefficients of variation (B) of rockfishes from this
study (TrigCam) at depths to 150 m, the Stierhoff et al. 2012 study of Footprint Bank (from
transects to depths of 200 m) and the Yoklavich et al. 2013 study (at depths to 400 m) at
Footprint Bank. The bars are abundance estimates for the Footprint Bank (in numbers of fish)

and the lines are coefficients of variation for those estimates of abundance. The dashed lines are
the corresponding average CV across rockfish species. Two abundance estimates were truncated

in (A) above, with the estimate shown as numbers at the top of the bar.
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Figure S1. Elapsed time between first contact with the seafloor and first observation of rockfish
by species or species group. The data are averages for 5 deployments conducted in 2016 where

the TrigCam was shooting images when it reached the seafloor and the deployment was made
prior to 13:00. The average elapsed time across all species was 87 minutes (sd = 78). Species

was not significant (p = 0.41) and when species were combined into large and small species,
there were no differences observed.
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