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Abstract—In the Aleutian Islands,
patterns of distribution and abun-
dance of Pacific ocean perch (Se-
bastes alutus) are influenced by
oceanographic processes and bio-
genic structures. We used general-
ized additive modeling (GAM) to ex-
amine relationships between these
predictors and patterns of settled
juvenile and adult distribution and
abundance from bottom trawl sur-
veys conducted from 1997 through
2010. Depth, temperature, and loca-
tion had the greatest influence, and
biogenic structures co-occurring with
this species improved predictions.
Model results confirmed previously
reported depth- and temperature-
dependent patterns of Pacific ocean
perch and revealed the elevated
presence and abundance of this
fish in proximity to Aleutian pass-
es. Adults were more common and
abundant in deeper (~225 m) water
than were juveniles (~150 m), and
the probability of encountering ei-
ther life stage increased in the pres-
ence of fan- and ball-shaped sponges
over moderate slopes and decreased
with increasing tidal velocities. The
GAMs accounted for one-quarter of
the deviance for juvenile presence—
absence (24.9%) and conditional
abundance (25.0%) and accounted for
38.7% and 42.5% of the deviance for
the same adult response variables.
Although depth, temperature, and
location were the dominant predictor
variables of both juvenile presence
and abundance, our results indicate
that biogenic structures that provide
vertical structure in otherwise low-
relief, trawlable habitats may repre-
sent refugia for Pacific ocean perch
juveniles and adults.
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Describing essential fish habitat
(EFH), defined by the Magnuson-Ste-
vens Fishery Conservation and Man-
agement Act (Magnuson-Stevens Act)
as “those waters and substrate neces-
sary to fish for spawning, breeding,
feeding or growth to maturity,” has
been the focus of much recent habi-
tat research. Laidig et al. (2009) used
the Delta submersible to conduct vi-
sual surveys on the central Califor-
nia shelf and found that demersal
fishes associated with boulder and
cobble substrata occurred in greater
numbers than they did with mud or
brachiopod beds. Other studies have
observed denser and more diverse as-
semblages of rockfishes in the pres-
ence of increased boulder coverage
(Marliave and Challenger, 2009) or in
association with rocky ridges (Roop-
er et al., 2010). Greene et al. (2011)
demonstrated that rugged seafloor
geomorphologies in southeast Alas-
ka can be used to identify suitable
habitat for demersal shelf rockfish
(Sebastes spp.). Living substrata can
also modify seafloor habitats in ways
that impact EFH. Others have con-
sidered biogenic structures, such as
sponges, corals, and bryozoans, to be

important habitat-forming organisms
in Alaska (Heifetz et al., 2005; Male-
cha et al., 2005; Stone et al., 2011)
and other waters (e.g., Barthel, 1997
[Weddell Seal; Beazley et al., 2013
[the northwest Atlantic]; and Coker
et al., 2014 [warm-water coral reefs]).
In this study, we attempt to add to
the growing body of knowledge used
to identify and describe EFH for spe-
cies of Sebastes in Alaska.

The Resource Assessment and
Conservation Engineering (RACE)
Division of the NOAA Alaska Fisher-
ies Science Center (AFSC) has con-
ducted periodic bottom trawl surveys
in the Aleutian Islands since 1980
(von Szalay et al., 2011). These sur-
veys are designed to collect fisher-
ies-independent data on the status
and trends of fish and invertebrate
species to support formal stock as-
sessments. One of the most abun-
dant commercially harvested species
landed from trawl fisheries in the
Aleutian Islands is the Pacific ocean
perch (Sebastes alutus) (Zenger, 2004;
Rooper and Wilkins, 2008; von Sza-
lay et al., 2011), and Pacific ocean
perch biomass from this region has
been increasing over the last decade
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(Spencer and Ianellil). In addition to the commercially
harvested species that are one focus of our groundfish
surveys, we collect a large amount of biological and
physical data that characterize the habitat where these
animals are found.

Previous studies have related the distribution and
abundance patterns of Pacific ocean perch to physi-
cal and biological oceanographic processes in Alaska
waters. Logerwell et al. (2005) examined geographic
patterns of demersal ichthyofauna in the Aleutian Is-
lands and found that smaller Pacific ocean perch (<25
cm, Reuter?) inhabited shallower water (<150 m) than
that inhabited by larger individuals, and they further
suggested that large catches (>100 kg/ha) could be af-
filiated with zones of increased productivity and prey
availability. Other researchers have confirmed that ju-
venile and adult Pacific ocean perch occur over similar
temperature ranges but present different depth distri-
butions (i.e., adults inhabit >200 m waters) (Carlson
and Haight, 1976; Rooper, 2008).

Epibenthic invertebrates, such as sponges, corals,
and bryozoans, are common in the Aleutian Islands
(Malecha et al., 2005), where they are collected regu-
larly as part of the AFSC RACE Division bottom trawl
surveys (Heifetz et al., 2005). Their extent and diver-
sity also have been noted from submersible and un-
derwater camera studies of the region (Rooper et al.,
2007; Stone et al., 2011). Despite their apparent ubiq-
uity in the Aleutian Islands, we presume that these
attached sessile invertebrates are patchily distributed
in the trawlable areas where RACE bottom trawl sur-
veys are conducted. Mounting evidence indicates that
the presence of sponges and corals enhances structural
heterogeneity in otherwise low-relief environments and
can lead to increases in biodiversity and abundance of
associated animals (e.g., Tissot et al., 2006; Beazley et
al., 2013; Knudby et al., 2013). The morphological fea-
tures of these biogenic structures may also serve as re-
fugia for different life stages of commercially harvest-
ed species of Sebastes (Freese and Wing, 2003; Rooper
and Boldt, 2005; Baillon et al., 2012) and Atka mack-
erel (Pleurogrammus monopterygius) (Rand and Lowe,
2011) in Alaska waters.

Previous studies have also shown putative asso-
ciations of rockfishes with sponge, coral, and bryozo-
an assemblages across a wide range of physical and
oceanographic conditions (Love et al., 1991; Rooper and
Martin, 2012). Other studies have shown that rock-
fishes in low-relief, trawlable habitats (e.g., sand or
gravel bottom with few boulders or obstructions) tend

1 Spencer, P. D., and J. N. Ianelli. 2010. Assessment of Pacif-
ic ocean perch in the Bering Sea/Aleutian Islands. In Stock
Assessment and Fishery Evaluation Report for the Ground-
fish Resources of the Bering Sea/Aleutian Islands Regions, p.
1033-1083. [Available from North Pacific Fishery Manage-
ment Council, 605 West 4th Ave., Suite 306, Anchorage, AK
99510.]

2 Reuter, R. 2015. Personal commun. Alaska Fish. Seci.
Cent., Natl. Mar. Fish. Serv., 7600 Sand Point Way NE,
Seattle, WA 98115.

to concentrate near the few boulders or rocky outcrops
with attached epibenthic invertebrate communities
(e.g., Freese and Wing, 2003; Du Preez and Tunnicliffe,
2011). The Pacific ocean perch has been the focus of
several previous studies in Alaska, and there is strong
evidence that postsettlement juveniles and adults of
Pacific ocean perch are found associated with sponges
and corals (Krieger, 1993; Brodeur, 2001; Rooper and
Boldt, 2005; Rooper et al., 2007). These studies have
not distinguished species of sponges, corals, or bryo-
zoans because of the difficulty in providing consis-
tent identifications. Our study attempts to determine
whether the presence or absence of biogenic structures
across the broad spectrum of environmental conditions
under which they occur affects Pacific ocean perch dis-
tribution and abundance.

Consistent field identification of sponges to specific
or even generic levels of classification is difficult with
the macroscopic techniques available in the field. Add-
ing to the confusion, sponge morphological features,
even within a single species, can vary dramatically
with environmental conditions, such as current flow
and sedimentation rate (Dayton et al., 1974; Bell and
Barnes, 2001; Stone et al., 2011), and sponges quickly
adapt their morphology to their environment (Palum-
bi, 1984). Given these challenges, categorizing sponges
into groups based on their gross morphology is an at-
tractive alternative. The approach of lumping sponges
into groups based on body form has the advantage of
eliminating confusion caused by changing and differen-
tially applied systematics and gives us an intuitive link
to EFH. In this study, we consider sponge morphology
from a functional perspective (the “fish-eye view”) of
the structure it provides in the habitat. An added ben-
efit of grouping the sponges by this functional morphol-
ogy is to foster comparability of sponge assemblages
among survey years by downplaying the differences in
identification attributable to differing levels of exper-
tise among the field biologists.

Sponges and corals are vulnerable to removal or
damage by fishing gear (Engel and Kvitek, 1998; Freese
et al., 1999; Freese, 2001; Wassenberg et al., 2002;
Stone et al., 2011). In addition, these sessile inverte-
brates are long lived and have limited larval dispersal
and reproductive potential (Andrews et al., 2002). As
a result, a disturbance resulting in 67% mortality of
sponges or corals would require 20-34 years for these
organisms to recover 80% of their predisturbance bio-
mass (Rooper et al., 2011). Their ecological importance,
their vulnerability to damage or removal due to human
activities, and their prolonged postdisturbance recov-
ery times have led to the designation of some areas
of notable coral and sponge diversity in the Aleutian
Islands as “habitat areas of particular concern” under
the Magnuson-Stevens Act and to their subsequent clo-
sure to fishing (Hourigan, 2009). Gaining greater un-
derstanding of the role that biogenic structures play
in the distribution and abundance patterns of Pacific
ocean perch in the broader context of the oceanograph-
ic habitats where they co-occur could prove valuable to
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the ecosystem-based management of this commercially
harvested fish.

The primary objective of this study was to describe
the distribution and abundance of Pacific ocean perch
in relation to physical and biological oceanographic
factors across this species’ range, on the basis of data
from bottom trawl surveys conducted periodically in
the Aleutian Islands during the summer. We postulate
that biogenic structures (sponges, corals, and bryozo-
ans) can modify Pacific ocean perch distribution and
abundance across gradients of environmental and
physical conditions by providing additional structural
heterogeneity in trawlable habitats where we sample.
We used generalized additive modeling (GAM) to iden-
tify the physical and biological oceanographic predictor
variables that influence the relationships between Pa-
cific ocean perch distribution and abundance. We used
field observations and out-group comparisons to vali-
date the resulting models.

Materials and methods
Trawling procedures

A stratified-random sampling design was used for the
AFSC RACE Division Aleutian Islands bottom trawl
survey of trawlable areas shallower than the depth
of 500 m across the Aleutian archipelago (Fig. 1). The
survey area extends on the north side of the Aleutian
island chain from Unimak Pass in the east (165°W) to
Stalemate Bank in the west (170°E); on the south side
of this archipelago, the survey extends from Samalga
Pass (170°E) to Stalemate Bank in the west. Strata are
based on 4 depth intervals (1-100 m, 101-200 m, 201-
300 m, and 301-500 m) over the continental shelf and
upper slope. The depth strata are further segregated
by the North Pacific Fisheries Management Council’s
(NPFMC) Bering Sea Aleutian Islands regulatory area
(NPFMC?) into survey districts that correspond to the
NPFMC subdivisions of western, central, and eastern
Aleutian districts and an additional southern Bering
Sea survey district that roughly corresponds to the
Bogoslof district. Trawl sample allocation in each stra-
tum was achieved with a modified Neyman optimum
allocation sampling strategy (Cochran, 1977) to provide
representative samples of fishes and invertebrates oc-
curring at each sampling location within each stratum.

Bottom trawl surveys were conducted according to
standard protocols established in Stauffer (2004). Our
goal was to land each trawl net quickly on the bot-
tom in fishing configuration at a towing velocity of
1.5 m/s (3 kn) and to maintain vessel speed, with the
net retaining fishing configuration and proper bottom
contact for 15 min (an area of approximately 2.25 ha

3 NPFMC (North Pacific Fishery Management Council). 2014.
Fishery management plan for groundfish of the Bering Sea
and Aleutian Islands Management Area, 144 p. NPFMC,
Anchorage, AK [Available at website.]

was swept on average during each tow). Tables of stan-
dard scope ratios of trawl warp in relation to bottom
depth were used to reduce potential fishing power dif-
ferences between the vessels used in different surveys.
Date, time, and GPS-generated position were recorded
throughout each tow; depth, water temperature, and
time of collection also were recorded during each tow
with an SBE 39% microbathythermograph (Sea-Bird
Electronics, Inc., Bellevue, WA). During each tow, the
vertical and horizontal trawl openings were measured
with Scanmar acoustic net mensuration sensors (Scan-
mar International, Point Richmond, CA). A bottom con-
tact sensor was attached to the midpoint of the roller
gear and was used to measure the degree of contact
between the ground gear and the bottom. Trawl hauls
were performed during daylight hours (i.e., between
0.5 h after sunrise and 0.5 h before sunset), and all
trawl performance data were judged after completion
through the use of computer-generated graphics and
data summaries. For our analyses, we included only
catches obtained with satisfactory trawl net perfor-
mance and bottom contact and only those for which
distance fished, net width, bottom depth, and water
temperature were recorded.

Data used to parameterize and select the best-fitting
GAMs were collected during the periodic bottom trawl
surveys of the Aleutian Islands used to assess Pacific
ocean perch distribution and abundance. The survey
completed in 2000 was the last in a series of triennial
surveys. Since 2000, Aleutian Islands bottom trawl sur-
veys have been conducted biennially with the exception
of 2008, when insufficient funds led to the cancellation
of that year’s survey effort. For the surveys undertak-
en between 1997 and 2010, an average of 394 stations
that met our criteria to be included in this study were
sampled per year. Total station counts ranged from 355
in 2006 to 413 in 2002.

Physical variables

An array of physical, environmental, and spatial pre-
dictor variables was used to parameterize the GAMs.
At each bottom trawl survey station, start and end po-
sitions of the trawl were recorded and bottom depth
and temperature were measured. Kriging, a geostatisti-
cal procedure that estimates a spatial surface from an
array of point values, was used to calculate an index of
local bottom slope at each survey station from 100-m
bathymetric contour increments between 0 and 2000
m derived from ETOPO2 gridded elevation data by fol-
lowing the method of Rooper and Martin (2009). Tide
velocity (V) was predicted at each sampling station
for the date and time of the bottom trawl survey by us-
ing tidal prediction software developed at Oregon State
University (Tidal Prediction Software [OTPS], website
accessed January 2010) (Egbert et al., 1994; Egbert

4 Mention of trade names or commercial companies is for iden-
tification purposes only and does not imply endorsement by
the National Marine Fisheries Service, NOAA.
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Figure 1

Map of the survey grid and trawl stations of the Alaska Fisheries Science Center Resource Assessment and Conservation
Engineering Division Aleutian Islands bottom trawl survey sampled during 1997-2010 in the (A) eastern, (B) central, and
(C) western Aleutian Islands.
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and Erofeeva, 2002). To address current-dependent
catchability of the bottom trawl, predicted tidal veloc-
ity was decomposed into component vectors with veloci-
ties parallel or perpendicular to the ship’s direction of
travel. The difference between the ship’s bearing and
the direction of tidal flow (Ag) was calculated as

Ag~if (07 — O + 360°) < 360°,
then (61 — 6g + 360°), (1)
else(O1 — 0g),

where 61 = the direction of tidal flow; and
0g = the direction of the ship’s travel during the
trawl survey.

Parallel current (Cp) was then calculated as

Cp~if (90° < Ag < 270°,

2
then| [ | @
1+ (tan(Ae(r) ))
2
else U—T2,
1 + (tan(Ae(r) ))

where Ag) = the angular difference between the direc-
tion of tide flow and ship’s travel.

Note that C}, carries a negative sign if it is opposite the
ship’s direction of travel. Because the speed of water
flowing through the mouth of the trawl is an impor-
tant factor that could affect the catch efficiency of the
bottom trawl, we estimated trawl velocity at the net
mouth (Ng) as

Ng~vg — Cp, (3)
where vg = the ship’s velocity.
Finally, cross current (Cy) can be estimated as
Cyx~Cptan(Ag). (4)

Its absolute value (|Cx|) was included in the model.
Invertebrate data

The precision of sponge identification by scientists
during the Aleutian Islands bottom trawl surveys
has varied over time and remains challenging (Stone
et al., 2011). We chose to examine the Aleutian
Islands surveys between 1997 and 2010 because,
with the advent of waterproof invertebrate field guides
for use on deck in 1996 (Kessler®), 1997 (Clark®),

5 Kessler, D. W. 1996. Alaska’s saltwater fishes and other
sea life. Unpubl. manuscript. Revision by staff of the Alas-
ka Fish. Sci. Cent. Resource Assessment and Conservation
Engineering (RACE) Division (for use at sea) of Kessler, D.
W. 1985. Alaska’s saltwater fishes and other sea life, 358 p.
Alaska Northwest Publishing Co., Anchorage, AK.

6 Clark, R. N. 1997. Invertebrates of the Aleutian Islands,
169 p. Unpubl. manuscript. Alaska Fish. Sci. Cent., Natl.
Mar. Fish. Serv., 7600 Sand Point Way NE, Seattle WA 98115.

1999 (Clark?), and 2006 (Clark®), our ability to consis-
tently identify sponges and other invertebrates to high-
er taxonomic levels in the field was enhanced. As AFSC
field biologists have become more familiar with these
identification tools, the number of sponge taxa reported
from the Aleutian Islands bottom trawl survey has also
increased, rising from 7 in 1994 to around 70 in 2006
and 2010. Recently, Stone et al. (2011) recognized 125
unique sponge taxa from the Central Aleutian Islands
and indicated that there were likely many more species
yet to be described from this region.

Sponges were identified on Aleutian Islands bottom
trawl surveys to the lowest possible taxonomic level
on the basis of the existing field guides, but identifica-
tions depended on the identifier’s expertise as well as
on the minimum level of identification required that
year, both of which varied within and between survey
years. The uncertainty in our taxonomic identifications
of sponges coupled with our primary aim of considering
their contribution to structural heterogeneity in the
environment led us to employ Bell and Barnes’ (2000)
method of grouping sponges by body form into morpho-
logical groups (i.e., morphogroups). By combining this
technique with a modified version of the list of macro-
scopical features in Boury-Esnault and Riitzler’s (1997)
thesaurus of sponge morphology, we created 15 mor-
phogroups representing local Aleutian sponge fauna
(Fig. 2) and assigned field identified sponges to these
groups ex post facto. A group composed of identifiable
sponges that did not fit into 1 of the 15 morphogroups
(e.g., Plakina tanaga) and unidentifiable fragments of
sponges were assigned to a general category entitled
“Porifera unidentified.”

Corals and bryozoans are epibenthic invertebrates
that also provide biogenic structure, which may serve
as habitat resources for Pacific ocean perch in this part
of their range (Rooper and Boldt, 2005; Rooper et al.,
2007; Boldt and Rooper, 2009). To allow comparison
with these and similar studies (e.g., Rooper and Mar-
tin, 2012), we grouped the coral and bryozoan taxa into
single presence—absence composite “corals” and “bryo-
zoans” factors, respectively. Wing and Barnard (2004)
included 105 coral species from Alaska waters in their
revised field guide. Heifetz et al. (2005) documented 69
taxa of corals in the Aleutian Islands; 25 of them were
endemic to the region. For this study, the composite
corals factor was composed of members of the orders
Alcyonacea, Anthoathecata, Antipatharia, and Sclerac-
tinia. From these orders, 99 unique taxa were reported
from our catches during the Aleutian Islands bottom
trawl surveys conducted between 1997 and 2010. The

7 Clark , R.N. 1999. Gulf of Alaska invertebrates, 100—1000
m, 179 p. Unpubl. manuscript. Alaska Fish. Sci. Cent.,
Natl. Mar. Fish. Serv., 7600 Sand Point Way NE, Seattle WA
98115.

8 Clark, R. N. 2006. Field guide to the benthic marine inver-
tebrates of Alaska’s shelf and upper slope taken by NOAA/
NMFS/AFSC/RACE Division trawl surveys, 305 p. Unpubl.
manuscript. Alaska Fish. Sci. Cent., Natl. Mar. Fish. Serv.,
7600 Sand Point Way NE, Seattle WA 98115.
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Figure 2

Nominal morphogroups assigned to field identified sponges on the basis of mor-
photypes from Boury-Esnault and Riitzler (1997) and Bell and Barnes (2000):
(A) arborescent, (B) clavate, (C) encrusting, (D) flabellate, (E) flagelliform, (F)
globular, (G) globular-papillate (e.g., Weberella bursa, an image of which rep-
resents this morphogroup in this figure), (H) massive (e.g., Halichondria spp.),
(I) ovate, (J) papillate, (K) pedunculate, (L) repent, (M) stipitate, (N) tubular,
and (O) vase. (P) The Porifera unidentified group is represented by an identifi-
able sponge (e.g., Plakina tanaga) that did not fit in to the predetermined mor-
phogroups. Globular-papillate and vase morphogroups are modified from those
of Boury-Esnault and Riitzler (1997) to incorporate local faunal variants; for
example, the vase morphogroup is a composite of the turbinate, caliculate, and
infundibuliform morphotypes from Boury-Esnault and Riitzler (1997).

majority of these taxa (85) are
primnoids, gorgonians, stony cor-
als, and octocorals, all of which
provide vertical relief over the
trawlable habitats we sampled,
and a few are among the tall-
est biogenic structures that oc-
cur in the Aleutian Islands (e.g.,
Primnoa willeyi can reach 3 m
in height). Similarly, we included
all bryozoans reported from our
Aleutian Islands bottom trawl
catches (~25 taxa) as a compos-
ite predictor variable because of
the biogenic structure they may
provide.

Our standard trawl net with
its rubber bobbin roller gear
(Stauffer, 2004) is not optimized
for collecting attached epiben-
thic invertebrates. Therefore, all
of the biogenic structures used
to parameterize our models were
coded as presence or absence be-
fore analyses. We also considered
that trawl nets sampled sponges
differentially (see Wassenberg et
al., 2002), integrating their ac-
tual distribution over trawlable
bottom for the duration of the
trawl haul. Therefore, we consid-
er the coding of biogenic struc-
tures in our trawl catches as
presence—absence factors to be
a conservative measure of their
occurrence.

Fish data

Catch per unit of effort (CPUE)
was measured in kilograms per
hectare and calculated for ju-
venile and adult Pacific ocean
perch with the area-swept meth-
od (Wakabayashi et al., 1985).
Length composition, estimated
for each trawl by measuring a
selected subset of up to 200 fork
lengths (FL) of Pacific ocean
perch from the catch, was used
to proportionally allocate the
catch of Pacific ocean perch on
the basis of length at first matu-
rity (Paraketsov, 1963; Chikuni,
1975) into juveniles (FL<250
mm) and adults (FL>250 mm)
for each trawl tow. Nonzero
CPUE values (conditional abun-
dance) were log-transformed and
then placed on a common propor-
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Table 1

Independent variables that parameterized the general-
ized additive models used to predict presence, absence,
and abundance of Pacific ocean perch (Sebastes alutus).
Sponge morphogroups were coded as presence-absence
factors (1 or 0, respectively), and the units for continu-
ous variables are temperature (°C), depth (m), local
slope (°), and for velocity measures (cm/s). Note that Sp
is a composite term substituted for all sponge morpho-
groups and U during model formulation.

Factors Continuous variables

A=arborescent

C=clavate

E=encrusting
F=flabellate
Fl=flagelliform
G=globular

Gp =globular-papillate
M=massive

O=ovate

P=papillate
Pe=pedunculate
R=repent

S=stipitate

Tu=tubular

V=vase

U=Porifera unidentified
Sp=all sponges, composite
Co=all corals, composite
Br=all bryozoans, composite

T=temperature
D=depth

Sl=local slope
Long.=longitude
Cy=cross current
Ng=trawl velocity
Vr=tide velocity

tional scale by dividing individual CPUE estimates by
the sum of the annual CPUE within each cruise year;
by design, this approach ignored interannual differenc-
es in Pacific ocean perch abundance in favor of allow-
ing interannual comparisons during model validation.

Modeling

Pacific ocean perch distribution and abundance were
modeled with the nonparametric regression technique
of GAMs (Hastie and Tibshirani, 1986) in R statistical
software, vers. 2.13.1 (R Core Development Team, 2011)
and the mgcv package (Wood, 2006). This fish species is
patchily distributed across our survey area and, typi-
cal of field collected data, presents a greater proportion
of zero catches than would be expected from a Pois-
son distribution, resulting in abundance data that are
overdispersed (McCullagh and Nelder, 1989). To model
these zero-inflated catch data, we followed the recom-
mendation of Barry and Welsh (2002) and undertook
independent GAM selection for the Pacific ocean perch
presence—absence and conditional abundance data sets.
The presence—absence GAMs used a binomial distribu-
tion with a logit link function; the conditional abun-
dance models employed a Gaussian distribution with
an identity link function.

Probability of presence and conditional abundance
of Pacific ocean perch was predicted from GAMs pa-
rameterized with a variety of physical, environmental,
spatial, and biogenic variables (for a list of these vari-
ables and their abbreviations, see Table 1). To reduce
the tendency of GAMs to over-fit data, we constrained
the degrees of freedom (df) for some of the smoothed
continuous terms in the models (i.e., df=4 for local slope
[S1], Vi, C,, and Ng; df=10 for depth and temperature
combined [D,T]). To identify interdependencies amongst
continuous predictor variables we examined Pearson’s
correlation coefficient (r; Krebs, 1989) for all pairwise
comparisons and determined that only depth and tem-
perature were moderately correlated (|r|=0.55). Con-
sequently, we combined depth and temperature into a
bivariate interaction term in the GAM. To determine
interdependency of sponge morph, bryozoan, and coral
presence—absence factors, we computed Pearson’s coef-
ficient of mean square contingency (®; Zar, 1984), found
that for all pairwise comparisons |®| was <0.50, and
consequently included each biogenic presence—absence
factor as an independent predictor in the GAM.

Four candidate models for the prediction of presence
or conditional abundance of juvenile and adult Pacific
ocean perch underwent backward stepwise term selec-
tion (Weinberg and Kotwicki, 2008; Zuur et al., 2009).
The 4 initial model formulations for both of those re-
sponse variables were

~A+C+E+F+Fl+G+Gp+M+0 +
Po+R+S+Tu+V+UH+Co+Br+ (1)
s(Long.) +s(Sl) + s(Ng) + s(Cy) + s(D,T),

~A+C+E+F+FI+G+Gp+M+ 0 +
P+Pe+R+S+Tu+V+U+Co+Br+ (2)
s(Long.) + s(Sl) + s (V) + s(D,T),

~ 8Sp + Co + Br + s(Long.) + s(Sl) + s(Ng) (3)
+ s(Cy) + s(D,T),

~ Sp + Co + Br + s(Long.) + s(Sl) + (4)
s(Vp) + s(D,T).

Formulations 1 and 2 contained the full suite of 18
presence—absence factors for biogenic structures (15
sponge morphogroups [for abbreviations of these fac-
tors, see Table 1] and 1 term each for Porifera uniden-
tified [U], all corals, composite [Co], and all bryozoans,
composite [Br]) as well as the smooth terms longitude
(Long.), Sl, and D,T. These model formulations differed
by using either (1) the 2 smoothed vector components
of Vp (Cx and Ng) or 2) simply smoothed Vp. Formu-
lations 3 and 4 used a reduced predictor variable set
by combining all sponges into a single presence—ab-
sence term (Sp) and then testing both suites of smooth
terms as applied in formulations 1 and 2. Backward
stepwise term selection involved fitting each of the 4
formulations above independently with a GAM and
then removing the least significant terms iteratively
until only significant predictor terms remained. Signifi-
cance for all models and statistical tests was inferred
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from P<0.05. The best-fitting GAMs
among the 4 starting models that Table 2
S;e:;itsg;;i::tfrgrszii;l;grslsleltl}iz Preval_ence of biogenic structum:‘:s, measured as percent frequency of occur-
basis of the lowest Akaike’s infor- rence in tra\fvl tows per annum, in catches of bottom trawl surveys conducted
) . N in the Aleutian Islands between 1997 and 2010.

mation criterion scores.

Predicted presence of juvenile Survey year
and adult Pacific ocean perch, based
on the GAMs formulated with data Substratum 1997 2000 2002 2004 2006 2010
f/iﬁlil:iaz}els l}));r(lz(())(rinpl:r?ZOI?Ovsll?t’h V‘(’)?)S_ Porifera unidentified 63 78 74 78 78 77
served presence of this species from g(l)glﬂlslar-papillate ig g; 23 ig Zg 22
the 2012 Aleutian Islands bottom Globular 43 39 44 39 37 36
trawl survey. Comparisons were Flabellate 35 37 39 34 34 47
made with Cohen’s kappa coeffi- Arborescent 27 41 34 25 32 35
cient (k; Manel et al., 2001), which Massive 29 30 25 28 33 38
measures the proportion of correct- Papillate 21 30 24 24 37 28
ly predicted cases of presence or Bryozoans 23 32 14 15 13 24
absence after accounting for chance Vase 12 14 16 18 14 20
effects. This coefficient ranges from Ovate 10 4 10 13 6 14
0 to 1, corresponding with poor to ?ﬁgzﬁr g g g i g 12
near perfect agreement (Landis and Encrusting 0 9 9 4 0 9
Koch, 1977). Clavate 1 2 1 0 2 0

For conditional CPUE models, Flagelliform 0 0 1 1 1 0
we used a form of jack-knifing, it- Stipitate 0 0 0 0 2 1
eratively leaving out a single year Pedunculate <1 0 <1 0 0 0
of data, to internally validate the

GAM. Residual deviance from each

iteration of this cross-validation

was used to compute a pseudocoefficient of determi-
nation (rZ; O’Brien and Rago, 1996) that was used to
measure model fit. The residual deviance (RD) is the
deviance remaining in the data that is unexplained by
the full model (i.e., RD=1-r2). By iteratively dropping
terms retained in the best-fitting GAM and recalculat-
ing r2, we were able to assess the relative contribution
of that term to the deviance explained by the model,
thereby estimating its leverage in the GAM.

Results
Summary of biological collections

Between 1997 and 2010, 6 summer bottom trawl sur-
veys were conducted in the Aleutian Islands by AFSC,
resulting in a total of 2364 stations included in this
study. The Pacific ocean perch was consistently ranked
amongst the most abundant fish species collected on
these surveys and commonly occurred in the survey
catches; they were caught in 58% of the standard sur-
vey tows. Of the trawl catches, 23% contained juvenile
Pacific ocean perch and 53% contained adults. Juve-
niles co-occurred with adults in about one-third of the
trawl catches (34%), and the majority of trawl catches
with juveniles also contained adults (79%). Sponges
and corals were common in hauls of the Aleutian Is-
lands bottom trawl surveys as well; they occurred in
about 87% of the trawl catches.

Sponges were the most commonly occurring struc-

ture-forming invertebrate collected in our surveys be-
tween 1997 and 2010, followed by corals and bryozoans.
The majority of the trawl tows selected for analyses
contained sponges and corals, which were also present
in most of the catches containing Pacific ocean perch
(about 91%). The composite corals group occurred in
just over half (51%) of the tows in all survey years.
Of catches containing juvenile Pacific ocean perch, 96%
also collected sponges or corals, but the rate of co-oc-
currence for adults was lower (90%). Bryozoans were
less common in our catches than were sponges or cor-
als, occurring, on average, in about 20% of the trawl
hauls. They were also less common in hauls that con-
tained Pacific ocean perch juveniles or adults, occurring
in about 20% of these hauls.

“Porifera unidentified” was the most common sponge
category occurring in our survey tows each year (Table
2). Globular (G) and globular-papillate (Gp) sponges oc-
cur at similar or slightly elevated rates compared with
some of the larger morphotypes (e.g., arborescent [A],
flabellate [F], and massive [M]). Clavate (C), encrusting
(E), and tubular (Tu) sponges were less common, and
pedunculate (Pe) sponges were the rarest morphotype
collected.

Summary of environmental and physical data

Bottom trawl hauls included in this study were con-
ducted over a wide variety of physical and oceanograph-
ic conditions. The deepest trawl hauls during the study
period were conducted at 488 m and the shallowest at
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Table 3
Backward stepwise term selection used in identification of the best-fitting generalized additive models (GAM) for predicting
distribution and abundance of Pacific ocean perch (Sebastes alutus) on the basis of data from bottom trawl surveys conducted
in the Aleutian Islands during 1997-2010, including the percent contribution of each predictor variable to the deviance
explained by the best-fitting model and Akaike’s information criterion score (AIC). An asterisk (¥) indicates the best-fitting
GAM formulation. See Materials and methods section for initial model formulations and Table 1 for definitions of variable
abbreviations. CPUE=catch per unit of effort.
Initial Contribution by Deviance
Response model Independent each variable explained
Life stage variable formulation variables retained (%) (%) AIC
Juvenile  Presence— 1 F+G+Gp+M+U+Co+Br+
absence factor s(Log.n)+s(S+s(D,T)+s(C,) 24.9 1971.77
2 F+G+Gp+M+U+Co+Br
+s(Long.)+s(S1)+s(D,T)+s(V1) 2.7;3.1;0.9;0.6;3.0;1.0;
1.1;12.3;2.1;40.9;1.7 25.0 1970.10%*
3 Sp+Co+s(Long.)+s(SD+s(D,T)+s(C,) 20.7 2070.22
4 Sp+Co+s(Long.)+s(Sl)+s(D,T)+s(V1) 20.9 2068.65
Juvenile  Conditional 1 and 2 C+0+V+s(Log.n)+s(D,T) 3.3;5.5;4.3;41.7;26.8 24.9 2358.05%
CPUE 3 and 4 s(Long.)+s(D,T) 22.0 2372.99
Adult Presence— 1 F+G+U+Br+s(Long.)+s(SD+s(D,T)+
absence factor s(Ny) 38.6 2054.45
2 F+G+U+Br+s(Long.)+s(SD+
s(D,T)+s(Vy) 1.4;0.4;0.8;0.9;6.6;1.8;
68.8;0.9 38.7 2050.85*
3 Sp+Co+Br+s(Long.)+s(S)+s(D,T) 37.7 2079.74
4 Sp+Co+Br+s(Long.)+s(S1)+s(D,T)+
s(Vp) 38.0 2073.70
Adult Conditional 1 and 2 G+Co+s(Long.)+s(Sl)+s(D,T) 1.4;0.7;14.2;1.4;84.0 42.5 5692.83*
CPUE 3 and 4 Br+s(Lon)+s(S1)+s(D,T) 42.0 5702.49

32 m. Many of the deeper stations are near passes be-
tween islands in the Aleutian archipelago, but, in gen-
eral, deeper stations occur more frequently in the east-
ern part of the survey area (around Samalga, Amukta,
and Seguam passes) than in the west. The values for
Sl from the kriged bathymetry at trawl stations ranged
from 0° to 15°. Tidal currents predicted at each bottom
trawl haul from the tidal prediction model ranged from
<1 cm/s to ~ 300 cm/s (around 3 m/s or 6 kn). The high-
est current velocities were predicted around Seguam
and Amukta passes, and some additional areas of high
current were predicted on the east side of Amchitka
Pass. Bottom temperatures (T) measured in situ during
trawl hauls ranged from 3°C to 7°C.

Results of generalized additive modeling

Prediction of presence and absence The best-fitting
GAMs for predicting the probability of presence of ju-
venile and adult Pacific ocean perch in the Aleutian
Islands accounted for a quarter of the deviance in the
juvenile model and 38.7% of the deviance in the adult
model (Table 3). The depth distribution of adults, cen-
tered around 225 m, was deeper than that of juveniles,

found at depths around 150 m. Model effects showed
very little dependence on temperature (Figs. 3 and
4). Model responses (GAM effects represented by the
solid lines on graphs) indicate increased probability of
encountering Pacific ocean perch life stages when >0
and decreased probability when <0. The standard error
generally increases around the predictions for which
sample size decreases, signifying areas of lower confi-
dence in the model. Geographically, the predicted odds
of collecting either life stage increased at Unimak Pass
(165°W), in the passes near the Islands of Four Moun-
tains (170°W), in Amukta and Buldir passes (173°W
and 177°E), and in Near Strait (175°E; Figs. 5 and 6).
Effects due to local slope were similar for both juve-
niles and adults and the probabilities of encountering
either life stage increased over moderate slopes up to
around 5° of incline.

Increasing tidal velocities initially led to increased
probability of encountering adults, but the probability
of encounter for juveniles steadily decreased with in-
creasing velocities. The presence of biogenic structures
accounted for more of the deviance explained in the
juvenile presence—absence model than with the adult
model (11.3% versus 2.6%; Table 3). The biogenic struc-
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Figure 3

From the best-fitting generalized additive model (GAM), predictions of presence of juvenile Pacific ocean
perch (Sebastes alutus) at trawl stations in the Aleutian Islands during 1997-2010 in relation to (A) longi-
tude, (B) kriged bottom slope, (C) predicted tidal current velocity, and (D) the interaction between depth and
temperature. A change in number orientation indicates that either a maximum or a minimum was reached

Slope

Depth (m)

tures retained in the models were either erect forms
(e.g., F or Co) or have been reported to be epizoic on
erect sponges (e.g., G and Gp sponges; Stone et al.,
2011). Although the presence of certain sponge morpho-
groups and Co was associated with increasing probabil-
ity of encountering juveniles and adults, the presence
of Br was associated with decreasing probability of en-
countering either life stage of Pacific ocean perch. This
decrease may result from the shallower depth distribu-
tion of Br (depths <110 m) compared with the depth
distribution of Pacific ocean perch juveniles (depths
~150 m) and adults (depths ~225 m). More than half of
the deviance explained in each presence-absence GAM
was attributable to the D,T and Long. terms.

Validation of presence—absence generalized additive mod-
eling The success of the GAMs to predict Pacific ocean
perch distribution (presence) varied with life stage

(Figs. 5 and 6). Based on the scale proposed by Lan-
dis and Koch (1977) for assessing model performance,
the GAM predictions of presence of juvenile Pacific
ocean perch from 2012 survey data displayed moder-
ate agreement with trawl observations from the same
year (k=0.52). GAM predictions of adult presence were
more accurate, showing substantial agreement when
predicted presence or absence of adults was compared
with observed adult distribution for 2012 (£=0.70).

Prediction of conditional abundance More deviance in
the model was explained by the best-fitting condition-
al abundance GAM for adults than by the best-fitting
GAM for juveniles (Table 3). As with the presence-ab-
sence GAMs, the D,T and Long. terms were the most
influential predictors of conditional abundance. Unlike
the results from the presence—absence GAMs, there
were temperature-related optima in both the juvenile
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Figure 4

From the best-fitting generalized additive model (GAM), predictions of presence of adult Pacific ocean
perch (Sebastes alutus) at trawl stations in the Aleutian Islands during 1997-2010 in relation to (A) lon-
gitude, (B) kriged bottom slope, (C) predicted tidal current velocity, and (D) the interaction between depth
and temperature. A change in number orientation indicates that either a maximum or a minimum was
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and adult conditional abundance GAMs (Figs. 7 and
8). Similar D,T-dependent optima were observed for ju-
venile and adult Pacific ocean perch abundance where
present, and predicted conditional abundance was
highest over depths of 200-250 m and a temperature
range of 4.5-5.0°C. As with the predictions of increased
probability of occurrence from the presence—absence
GAMs, some of the highest predicted conditional abun-
dances for either life stage are associated with major
Aleutian passes. Higher abundances were predicted
around Buldir Pass (176°E) and Seguam Pass (173°W),
and some decreased abundances were predicted around
the Islands of Four Mountains (170°W). Predicted adult
conditional abundance increased with increasing Sl, up
to an incline of around 5°, but Sl was not a predictor
retained in the juvenile conditional abundance GAM.
Fewer biogenic structures were retained in the best-
fitting conditional abundance GAMs, than in the pres-

ence—absence GAMs, but the relative contribution of
these predictors to the deviance explained in the model
was similar within each life stage (Table 3). The com-
bined deviance explained by the presence or absence of
biogenic structures remained a more important propor-
tional contributor to the total deviance explained in the
juvenile conditional abundance GAM than in the adult
GAM (13.1% versus 2.1%). When sponges of the C and
V morphogroups were present, the predicted juvenile
conditional abundance was higher, but the presence of
sponges of the ovate [O] morphogroup was associated
with a decrease in the abundance of juveniles where
present. For adults, conditional abundance increased
in the presence of Co and decreased in the presence of
sponges of the G morphogroup.

Validation of conditional abundance generalized additive
modeling By cross-validating our GAM predictions it-
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Figure 5

Observed (symbols) and predicted (shaded) presence or absence of juvenile Pacific ocean perch (Sebastes alutus) over an
inverse distance-weighted surface from a generalized additive model based on Aleutian Islands bottom trawl surveys con-
ducted during 1997-2010 across the (A) eastern, (B) central, and (C) western Aleutian Islands.
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Figure 6

Observed (symbols) and predicted (shaded) presence or absence of adult Pacific ocean perch (Sebastes alutus) over an
inverse distance-weighted surface from a generalized additive model based on Aleutian Islands bottom trawl surveys
conducted during 1997-2010 across the (A) eastern, (B) central, and (C) western Aleutian Islands.
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Figure 7

From the best-fitting generalized additive model (GAM), predictions of conditional abun-
dance (scaled, normalized CPUE where present) of juvenile Pacific ocean perch (Sebastes
alutus) at trawl stations in the Aleutian Islands during 1997-2010 in relation to (A) longi-
tude and (B) the interaction between depth and temperature. A change in number orienta-
tion indicates that either a maximum or a minimum was reached for the GAM effect.

eratively against excluded years, we showed that the
conditional abundance GAMs did a fair job of predicting
juvenile Pacific ocean perch abundance and a better job
for adults than for juveniles. The deviance explained in
each of the jack-knifed cross-validations ranged from
23.2% to 28.5% for juveniles and from 41.4% to 44.8%
for adults. Examination of diagnostic plots and residu-
als indicated that model assumptions were met.

Discussion

Depth, temperature, and proximity to major Aleu-
tian passes (D,T and Long., respectively) were domi-
nant influences in our GAMs (i.e., accounted for the
greatest proportion of the deviance explained) and op-
erated over broad spatial scales. These effects compared
favorably with similar findings of other researchers by
confirming the depth distributions and temperature af-
filiations of Pacific ocean perch life stages (Carlson and
Haight, 1976; Brodeur, 2001; Love et al., 2002; Rooper
and Boldt, 2005; Rooper 2008). The GAMs predicted in-

creases of occurrence and abundance of Pacific ocean
perch in proximity to most major Aleutian passes (e.g.,
Amukta, Seguam, and Buldir) that were similar to
findings by Logerwell et al. (2005). We also determined
that the inclusion of predictors that act over more local
scales (e.g., biogenic structures and slope of the bottom
at a sampling station) can improve the GAM fit and
enhance our understanding of Pacific ocean perch dis-
tribution and abundance patterns within the context of
broader scale oceanographic processes.

Logerwell et al. (2005) concluded that patterns of
demersal fish distribution and abundance could reflect
proximity to biological “hot spots,” where prey aggre-
gations form and productivity increases because of
the convergence of bathymetric and hydrographic pro-
cesses, such as those observed near Aleutian passes.
There is substantial tidal mixing in the passes (Ladd
et al., 2005), and the dominant flow of water through
them is from the south to the north (Stabeno et al.,
1999). The tidal mixing, the persistent northward wa-
ter movement, and the interaction of mixed water with
the euphotic zone near these passes often create local
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Figure 8
From the best-fitting generalized additive model (GAM), predictions of conditional abundance (scaled,
normalized CPUE where present) of adult Pacific ocean perch (Sebastes alutus) at trawl stations in the
Aleutian Islands during 1997-2010 in relation to (A) longitude, (B) kriged bottom slope, and (C) the inter-
action between depth and temperature. A change in number orientation indicates that either a maximum
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regions of high production, especially to the north of
the passes (Ladd et al., 2005). In addition, upwelling
can occur around passes and may enhance local pro-
duction (Swift and Aagaard, 1976; Coyle, 2005), lead-
ing to potentially greater abundance of the zooplankton
prey of Pacific ocean perch (Carlson and Haight, 1976;
Brodeur, 1983; Boldt and Rooper, 2009). Southward cur-
rents that flow through Aleutian passes typically flow
down the western side of the pass, whereas northward
flow occurs on the eastern side (Stabeno et al., 2005).
Because the dominant current along the south side of
the Aleutian chain is to the west and the dominant
current along the north side is to the east, larval re-
tention zones could exist near passes (Stockhausen and
Hermann, 2007). Genetic studies of Pacific ocean perch
in other areas have indicated that stock structure on
a small scale (70-400 km) may occur and could be the

result of limited dispersal of early life stages (Seeb
and Gunderson, 1988; Withler et al., 2001; Palof et al.,
2011). The possibility for high productivity and larval
retention around Aleutian passes, combined with the
potential natural barriers to migration of Pacific ocean
perch along the archipelago (e.g., predominant currents
as well as deeper passes in the western Aleutian Is-
lands), could further explain our results that indicate
increases in presence and abundance near Aleutian
passes.

The structural heterogeneity created in trawlable
habitats by the presence of sponges, corals, and bryo-
zoans presumably provides refugia from predation and
shelter from currents for juvenile Pacific ocean perch
(Stoner, 1982; Ryer, 1988; Ryer et al., 2004) and re-
cently has been shown to provide nursery habitat for
redfish larvae (Sebastes spp.) around sea pens (Baillon
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et al., 2013). Juvenile Pacific ocean perch have been
observed in close association with sponges and corals
on the bottom (Carlson and Straty, 1981; Rooper et
al., 2007) and appear to favor more spatially heteroge-
neous habitats (Du Preez and Tunnicliffe, 2011). Adult
Pacific ocean perch are known to form schools on or
near the seafloor (Krieger, 1993; Brodeur, 2001; Han-
selman et al., 2012) where we typically collect them
over areas of softer seafloor substrata, such as sand or
gravel, during our surveys. Adults have been observed
in association with sea whip forests (Brodeur, 2001),
although they appear, on the basis of our model results,
to be less benthically oriented than juveniles. The ap-
parent affiliation of Pacific ocean perch with biogenic
structures over trawlable habitats in the Aleutian Is-
lands could potentially modify their distribution and
abundance patterns on a local scale within the context
of the broadly acting biological and oceanographic pro-
cesses that determine larger scale patterns.

All our models retained biogenic structures with
morphological features capable of increasing struc-
tural heterogeneity in the otherwise low-relief, traw-
lable habitats, but none retained the Sp predictor,
the presence—absence factor compositely representing
all sponges. Most of the sponges and corals retained
in our models are erect forms (e.g., V and F sponges
and primnoid corals), but even the nonerect forms
(e.g., G and Gp sponges) are known to be epizoic on
larger, erect sponge forms (Stone et al., 2011). In pre-
vious studies that showed associations of Sebastes spe-
cies (Heifetz, 2002; Krieger and Wing, 2002; Du Preez
and Tunnicliffe, 2011) and Pacific ocean perch (Rooper
and Boldt, 2005; Rooper et al., 2007) with sponges and
corals, the epibenthic invertebrates were considered
composite categories. The results of our study refine
our understanding of the relationship between Pacific
ocean perch distribution and abundance and the struc-
tural heterogeneity provided by biogenic structures
from these larger composite groupings. Our results in-
dicate that habitat heterogeneity, and vertical relief in
particular, can affect Pacific ocean perch distribution
and abundance.

Although studies have indicated that the presence
of structure-forming epibenthic invertebrates can lead
to enhanced abundance and biodiversity of associated
animals (e.g., Du Preez and Tunnicliffe, 2011; Beazley
et al., 2013; Knudby et al., 2013), Tissot et al. (2006)
concluded that associations of fishes with sponges and
corals do not necessarily imply functional relationships
between these groups of organisms. The co-occurrences
between Pacific ocean perch and biogenic structures
that we modeled in the Aleutian Islands may derive
from facultative relationships (e.g., structural refugia
and prey availability) or could simply result from a
convergence of conditions that favor the presence of
both the fish and epibenthic invertebrates. The under-
lying mechanisms leading to the patterns observed in
our study are an important area for future study.

Generalized additive models relate response vari-
ables to dependent model variables through additive

and unrestrictive smooth functions, making them well
suited for modeling typical interactions of species with
environment (Hastie and Tibshirani, 1986; Maravelias,
2001; Guisan et al., 2002). The GAMs also provide a
data-defined assessment of the shape of the response
of a species to independent variables (Maravelias and
Papaconstantinou, 2003). The anticipated nonlinear
relationships of Pacific ocean perch distribution and
abundance with their environment made GAMs well
suited to provide a tool that was more informative than
traditional regression techniques.

One drawback to the use of GAMs is that they can
over-fit the data, resulting in unrealistic models with
limited predictive power (Kim and Gu, 2004; Wood,
2006). To minimize the risk of over-fitting, we con-
strained the df available to smoothed continuous pre-
dictor variables in the model and successfully validated
our GAM predictions of juvenile and adult presence
with a data set external to the modeling effort (i.e.,
the data from the 2012 Aleutian Islands trawl survey).
We conclude that the GAMs parameterized in this
study were fairly accurate predictors of juvenile occur-
rence but were better at predicting adult occurrence.
Furthermore, our validation results indicate that these
models were robust predictors of the distribution and
abundance of Pacific ocean perch juveniles and adults
in the Aleutian Islands in subsequent years.

Our approach of modeling presence and absence and
conditional abundance independently is a technique
intended to cope with zero-inflated and over-dispersed
data and that is common to abundance surveys (Mc-
Cullagh and Nelder, 1989; Barry and Welsh, 2002). Pro-
cesses that influence distribution and those that affect
abundance do not have to be the same. By modeling
the 2 response variables independently, we were able
to determine that the models for Pacific ocean perch
distribution and conditional abundance shared more in
common than not. For example, the best-fitting models
for both life stages across both model classes all share
the D,T and Long. terms in common, but for the pres-
ence—absence GAMs adults and juveniles also share
the Sl and V¢ terms. By comparison, there is no over-
lap in the suite of biogenic structures retained in the
juvenile presence—absence and conditional abundance
GAMs, a result that may indicate that the local con-
ditions leading to enhanced probability of encounter-
ing juvenile Pacific ocean perch in our trawl tows are
not the same as those leading to increased abundance
when this species is present.

There is ample evidence that rockfishes occur com-
monly in areas that are untrawlable with our present
net (Carlson and Haight, 1976; Zimmermann, 2003;
Rooper et al., 2007; Rooper et al., 2011). Underwater
camera and submersible observations indicate that
some untrawlable areas are havens for biogenic struc-
tures and fishes (Rooper et al., 2007; Stone et al., 2011).
In some instances, catch rates for Pacific ocean perch
varied with tidal velocity (i.e., juvenile and adult oc-
currence). Changing catch rates could result from tidal
current regimes that affect distribution and abundance
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of Pacific ocean perch directly (e.g., currents that ex-
ceed swimming speeds) or indirectly by impacting bio-
genic structures that would otherwise provide refugia
from currents (e.g., physical removal of structures in
high current areas or their morphological adaptation
to differing local current or sedimentation regimes).
We hope to use in situ observation of current speeds
and fish behavior (e.g., optical sampling) over trawlable
and untrawlable bottom in the future, along with direct
measurements of water velocity into the net mouth, to
try and elucidate some of the potential mechanisms of
this phenomenon and to improve the predictive power
of these models.

We were not able to account for all of the variables
that may influence the distribution and abundance of
Pacific ocean perch in the Aleutian Islands. Among
these variables were the availability of prey and the
substrate type at each bottom trawl survey station.
Both of these factors are known to influence the dis-
tribution and abundance of rockfishes (Carlson and
Straty, 1981; Pearcy et al, 1989; Matthews, 1990; Love
et al., 1991; Stein et al., 1992; Krieger and Ito, 1999;
Yoklavich et al., 2000; Boldt and Rooper, 2009). Pacific
ocean perch feed primarily on copepods and euphasiids
both as juveniles and adults (Carlson and Haight,
1976; Brodeur, 1983; Boldt and Rooper 2009), and the
success of these predator—prey interactions is concen-
tration dependent and partly mediated by the avail-
ability of light that enables a fish to locate its prey.
Water column light (irradiance) profiles vary widely
across the Aleutian Islands (senior author, unpubl.
data). Fish species are known to change their behavior
in response to changing ambient light levels (e.g., Ryer
and Olla, 1999; Kotwicki et al., 2009). The amount and
spectral range of the available light in the water col-
umn may be another important component of EFH for
fish with visually mediated behaviors (Sathyendranath
and Platt, 1990). Incorporating irradiance and spectral
quality of light as habitat parameters in future models
will provide new insights into delineating fish habitats.

Effective management of fish populations and fishing
activities requires better knowledge of the functional
relationships between fish species and their habitats.
In the case of Pacific ocean perch, we have concluded
from this study that the species occurs predictably
within certain depth ranges, in certain areas, and that
they can be associated with erect forms of sponges and
corals. In the Aleutian Islands, fishing activities can af-
fect benthic habitats by causing damage and mortality
to sponges and corals. A number of studies have shown
that recovery times for sponges and corals damaged
by bottom trawling or natural phenomena could be on
the order of decades to centuries (Freese et al., 1999;
Andrews et al., 2002; Rooper et al., 2011). Diagnosing
the relationships between commercially important fish
species and biogenic structures vulnerable to damage
from human activity will be useful for management
decisions to balance habitat protection and commercial
fishing opportunities.
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