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Juvenile Groundfish Habitat in Kachemak Bay, Alaska,
During Late Summer

Alisa A. Abookire, John F. Piatt, and Brenda L. Norcross

AsstrAaCT: We investigated the habitat of juvenile groundfishesin relation to depth, water temperature, and salinity
in Kachemak Bay, Alaska. Stations ranging in depth from 10 to 70 m and with sand or mud-sand substrates were
sampled with a small-meshed beam trawl in August—September of 1994 to 1999. A total of 8,201 fishes were
captured, comprising at least 52 species. Most fishes (91%) had atotal length <150 mm and werein their juvenile
stage. Overall, the most abundant fishes were the rock soles Lepidopsetta spp. and Pacific cod Gadus macroceph-
alus. Other common species (>5% of the total catch) were flathead sole Hippoglossoides elassodon, slim sculpin
Radulinus asprellus, Pacific halibut Hippoglossus stenolepis, and arrowtooth flounder Atheresthes stomias. Depth
accounted for most of the spatial variability in juvenile groundfish abundance, and neither temperature nor salinity
was correl ated with fish abundance. Juvenile groundfishes concentrated in either shallow (<20 m) or deep (5070 m)
water, with co-occurrence of some species between 30-40 m. Shallow fishes were the rock soles, Pacific halibut,
and great scul pin Myoxocephal us polyacanthocephal us. Deep species were flathead sole, slim scul pin, spinycheek
starsnout Bathyagonus infraspinatus, rex sole Glyptocephalus zachirus, tadpole sculpin Psychrolutes paradoxus,
and whitebarred prickleback Poroclinus rothrocki. This 6-year study provides baseline data on relative abundance
and distribution of juvenile groundfishes in Kachemak Bay and may provide a useful tool for predicting the pres-
ence of speciesin similar habitats in other areas of Alaska.

INTRODUCTION

Knowledge about the habitat and distribution of juve-
nile groundfishes is essential to assess and interpret
early life stage growth, survival, and subsequent
recruitment to the stock. Growth rates of juvenile
groundfishes have been related to various habitat
characteristics such as water temperature (Deniel
1990; Gadomski and Caddell 1991; Ottersen and
L oeng 2000) and sediment type (Moles and Norcross
1998). Recruitment has been shown to be positively
related to the amount of available nursery habitat for
both sole Solea solea (Zijlstra 1972; Rijnsdorp et al.
1992) and plaice Pleuronectes platessa (Zijlstra1972).
Similarly, the distribution and survival of juvenile
Atlantic cod Gadus morhua appear to be habitat de-
pendent (Lough et al. 1987).

We studied juvenile groundfishesin various habi-
tats of Kachemak Bay, Alaska, during the late sum-
mersof 1994—-1999. Kachemak Bay islocatedin eastern
lower Cook Inlet and is a very productive estuarine
system, largely because upwelling in lower Cook In-
let supplies nutrient-rich water to the bay (Muench et
a. 1978). The 2 most abundant juvenile flatfishesin
Kachemak Bay are the rock soles Lepidopsetta spp.,
which concentrate on sand substrates at depths <20 m,
and flathead sole Hippogl ossoides elassodon, which
concentrate on mud substrates at depths of 40—60 m
(Abookire and Norcross 1998). In this investigation
we sampl ed stationsthat included these 2 distinct habi-
tats. Our objectives were to describe: (1) the species
composition of juvenile groundfishes and (2) the habi-
tat of the most abundant fishes in relation to depth,
temperature, and salinity. Kachemak Bay was offi-
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Figure 1. Stations sampled by beam trawl off MacDonald Spit in Kachemak Bay, Alaska, 1994-1999. The number in the station

label indicates the depth in meters.
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Table 1. Sampling stations in Kachemak Bay, Alaska. Station location, mininum and maximum depth, and
sediment arelisted for each station. Sediment data (percent gravel, sand, and mud) are averaged from samples

collected in August 1995 and 1996.

Station Location

North West Depth (m) Mean Sediment Composition
Station Latitude Longitude Min Max % Gravel % Sand % Mud
MC10 59°28.82¢ 151°35.54¢ 10.2 115 0.0 95.3 4.7
MC20 59°29.16¢ 151°36.07¢ 185 20.6 0.1 96.1 38
MC30 59°29.39¢ 151°36.51¢ 28.2 314 0.9 80.4 18.7
MC40 59°29.51¢ 151°37.44¢ 39.1 413 0.1 76.9 230
MC50 59°29.83¢ 151°37.62¢ 49.3 49.8 0.1 83.0 16.9
MC60 59°30.00¢ 151°37.52¢ 60.4 61.1 0.3 80.0 19.8
MCT70 59°30.09¢ 151°37.34¢ 69.5 704 0.0 76.9 231

cidly designated a Nationa Estuarine Research Re-
serve (NERR) in February 1998, and thus will likely
support long-term estuarine research. Findings from
this study provide baseline data for long-term studies
on the distribution and habitat of juvenile groundfishes
in Alaska

METHODS

We sampled 6 stations off MacDonald Spit in
Kachemak Bay, Alaska (Figure 1). Sampling occurred
on September 27-30, 1994; August 1-2, 1995; Au-
gust 10, 1996; August 17-18, 1997; August 15-16,
1998; and August 21, 1999. Station depths were 10,
20, 30, 40, 50, and 70 m, and al tows occurred within
2 mof thetargeted depth. An additional stationat 60 m,
MC60, was sampled in 1995 and 1996 for atotal of 7
stations in those years. We sampled in August and
September because that is when most age-O flatfishes
have settled on the bottom from their pelagic stage
and are large enough to be captured by our beam trawl
(Abookire 1997). From an oceanographic context our
sampling occurred during late summer because both
surface- and bottom-water temperatures in Kachemak
Bay usually reach an annual maximum in August
(Abookire 1997). Stations were sampled in 1-2 days
and were on agradually doping bottom, which allowed
depth increments of 10+2 m to be clearly defined.
From 1994 to 1997 wefished witha9.3-m Munsen
boat, and from 1998 to 1999 we used the 10-m
R/V David Grey. A 3.05-m plumbstaff beam trawl
equipped with a double tickler chain (Gunderson and
Ellis 1986) was used to sample juvenile groundfishes.
The net body was 7-mm sguare mesh with a 4-mm
mesh codend liner. Standard tow duration was 10 min.
Tidal range in Kachemak Bay is 7 m, so the depth at
each station changes with tidal stage. The objective

was to hold depth, not position, constant. Therefore,
the position of each station was located (Table 1) and
then varied with the tide to sample the desired depth.
For each station, the exact start and end positions of
every tow were recorded and used to calculate the dis-
tance trawled. All tows were in the direction of the
tidal current. If the first tow at a station was bad, we
resampled the station until we had a good tow. Tows
were considered bad if thetrawl twisted, broke aweak-
link, tore, or if the net was full beyond the codend.
Bad tows were omitted from data analysis.

Before each trawl a CTD (Seabird Electronicsinc,
SBE-19 SEACAT profiler) was deployed to measure
water temperature (°C), salinity (practical sainity units),
and depth (in meters). These data were used for com-
parisons of bottom-water temperature and salinity,
which were calculated by taking average values
(n»12) of data collected in 30 s within the deepest
5m of water. Additiondly, the top 3—7 cm of sedi-
ment was collected at each station in August 1995 and
1996 with a 0.06-m? Ponar grab. Samples were frozen
and transported to the laboratory for grain-size analy-
Sis using a sieve/pipette procedure (Folk 1980) to de-
termine percentage of cobble, gravel, sand, and mud
using the Wentworth scale (Sheppard 1973). Sediment
data for each station were averaged over the 2 years.

Fishes were identified in the field to the lowest
possible taxon, counted, and measured to the nearest
millimeter for total length. Newly settled flatfishes that
could not be identified in the field were frozen and
returned to thelaboratory for identification. At thetime
of collection, all rock soles were identified as
Pleuronectes bilineatus, but dueto Orr and Matarese’ s
(2000) revision of the genus we refer to thesefishes as
Lepidopsetta spp. in this paper. Both species,
L. bilineata and L. polyxystra, were identified in the
study area after our collections were made. All fish
data were standardized to catch per unit effort (CPUE)
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Table 2. Catch per unit effort (number/1,000 m?) of fishes that each comprised at least 1% of the total catch in
Kachemak Bay, Alaska. The CPUE data are presented for all years combined and for each year separately,
1994-1999. The number of trawlsis given in parentheses.

1994-1999 1994
38 (6 @) @) (6) (6) (6)

Common Name Scientific Name

1995 1996 1997 1998 1999

Rock sole Lepidopsetta spp.
Pacific cod Gadus macrocephalus
Flathead sole Hippogl ossoides elassodon
Slim sculpin Radulinus asprellus
Pacific halibut Hippoglossus stenol epis
Arrowtooth flounder Atheresthes stomias
Yelowfin sole Pleuronectes asper
Walleye pollock Theragra chalcogramma
Spinycheek starsnout Bathyagonus infraspinatus
Rex sole Glyptocephalus zachirus
Dover sole Microstomus pacificus
Tadpole sculpin Psychrolutes paradoxus
Snake prickleback Lumpenus sagitta
Great sculpin Myoxocephalus
polyacanthocephalus
Whitebarred prickleback Poroclinus rothrocki

36.3 31.2 14.4 60.4 295 47.5 295
19.2 0.1 48.7 0.0 50.3 0.2 0.6
6.5 141 8.3 3.2 29 7.3 7.6
6.4 17.3 2.7 4.0 15 35 12.8
54 3.6 29 59 55 3.7 10.1
50 53 0.5 39 33 3.2 151
33 8.7 11 5.0 0.3 16 3.0
28 0.0 9.9 4.0 0.5 0.0 0.0
28 7.0 25 14 11 25 4.0
18 0.7 0.9 2.2 11 35 3.2
14 23 0.5 1.0 0.8 58 1.0
12 12 13 16 0.5 3.2 0.4
0.9 0.6 0.7 1.0 0.0 28 14
0.7 0.1 0.7 15 0.4 0.2 0.5
0.6 0.1 0.8 0.9 0.1 0.8 0.7

for an area of 1,000 m?. The area towed was calcu-
lated as the effective width of net (0.74 m, Gunderson
and Ellis 1986), multiplied by the width of our trawl
(3.05m) and the distance trawled as determined from
global positioning system data.

Length-frequency histograms were plotted for the
6 most abundant species, with fish lengths grouped in
increments of 10 mm. Size classes were defined based
on previous studies of length-at-age for flatfishes
(Norcross et al. 1998; Bouwens et a. 1999) and Pa-
cific cod Gadus macrocephalus (Takatsu et a. 1995).
Because dim sculpin Radulinus asprellus length-at-
age and maturity are not known, size groups for this
species were based solely on the bimodal distribution
of length data.

Canonical correlation analysis was used to exam-
ine CPUE of the most abundant fishes in relation to
depth and bottom temperature and salinity. Each spe-
cies that comprised at least 1% of the total catch for
al years combined was analyzed separately, and all
individuals with lengths <150 mm were combined for
CPUE. Linear combinations of environmental vari-
ables were derived to produce canonical variables that
summarize within-species variation in the CPUE data
(Johnson and Wichern 1992). Samples from different
years were considered replicates. Environmental vari-
ables were correlated with the canonical variables to
produce canonical correlation components, with the
first canonical correlation accounting for the maximal
multiple correlation. A negative depth coefficient was
interpreted to mean the species abundance increased
as depth decreased. Two-factor analysis of variance

(ANOVA) tests by year and depth were performed on
thermohaline data, followed by a Bonferroni multiple
comparison procedure. Thermohaline data from sta-
tion MC60 were omitted from the two-way ANOVA
because they were only sampled in 1995 and 1996.
Alphawas 0.05 for all tests of significance.

RESULTS

A total of 8,201 fishes were captured in 38 tows. At
least 52 species were captured, with an annual catch
between 100 and 296 fish per 1,000 m2 (Appendix 1).
The 6-year average CPUE of juvenile rock soles and
juvenile Pacific cod were an order of magnitude higher
than other species (Table 2). Rock soleswere the most
frequently captured species (63% of trawls). Pecific
cod were captured in 45% of the trawls, but 94% of
thetotal catch accrued in 2 trawls (in 1995 and 1997).
Fifteen species each comprised at least 1% of the total
catch for al years (Table 2), and the abundant species
wererock soles, Pacific cod, flathead sole, lim sculpin,
Pacific halibut Hippoglossus stenolepis, and
arrowtooth flounder Atheresthes stomias.

Fish lengths ranged from 12 mm for rock sole to
465 mm for starry flounder Platichthys stellatus. Most
(91%) demersal fishes had total lengths <150 mm and
were in their juvenile stage. There appeared to be
multiple cohorts in several species (Figure 2). The 2
smallest size groups were determined from the length-
frequency histograms and classified as young of the
year and early juveniles, respectively (Table 3).
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Figure 2. Length-frequency histogramsfor fishesthat comprised at least 5% of thetotal catch. Dataare combined for 1994—1999.
Lengths were grouped in 10-mm intervals. The total numbers of fish measured are given in parentheses.
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Table 3. Thetwo smallest size groups as determined from length-frequency histograms for fishes that comprised
at least 5% of thetotal catchin Kachemak Bay, Alaska. 1n each size group the minimum and maximum length
(mm), number of fish measured (n), mean length (mm), and standard deviation (SD) are given.

Young of the Year Early Juvenile

Common Name Scientific Name Min Max n Mean SD Min Max n Mean SD
Rock sole L epidopsetta spp. 12 69 1,472 403 10.0 72 141 186 1025 16.1
Pacific cod Gadus macrocephalus 47 92 310 669 79

Flathead sole Hippoglossoides elassodon 21 56 171 372 55 60 139 240 918 14.2
Slim sculpin Radulinus asprellus 18 48 31 375 61 63 118 483 836 10.2
Pacific halibut Hippoglossus stenol epis 26 100 375 607 128

Arrowtooth flounder  Atheresthes stomias 42 100 410 602 88 113 185 25 1484 216

Depth and sediment type were related. Shallow
(E20 m) station sediments were at least 95% sand,
and sediments from deeper stations were mixtures of
77-83% sand and 17—23% mud (Table 1). Bottom tem-
perature varied among depths (F = 3.58, P = 0.0140,
df = 5), although variation was greater among years
(F = 63.19, P < 0.0001, df =5). Warmest years were
1997 and 1998 (Table 4). Bottom salinity varied
interannually (F = 47.30, P < 0.0001, df = 5), but not
spatialy (F = 0.77, P = 0.5823, df = 5).

Demersal fish habitat was defined more by depth
than by temperature or salinity for most species be-
cause the highest canonical correlation coefficients
were usualy assigned to the depth variable (Table 5).
Certain specieswere predominately captured at depths
that were either shallow (£ 20 m) or deep (50 to 70 m).
Some co-occurrence of shallow and deep species oc-
curred between depths of 30 and 40 m. Shallow spe-
cieswere rock soles, Pacific halibut, and great sculpin
Myoxocephal us polyacanthocephalus (Figure 3). Al-
though not statistically significant, juvenile Pacific cod
also concentrated at shallow depths;, 94% were cap-
tured at 10 m. Deep species were flathead sole, dim
sculpin, spinycheek starsnout Bathyagonusinfraspina-
tus, rex sole Glyptocephal us zachirus, tadpole sculpin

Table4. Bottom temperature and bottom salinity (prac-
tical salinity units) at stations in Kachemak Bay,
Alaska, 1994-1999. Averages and standard error
(SE) are given for all stations (depth range 10—
70 m) within each year.

Temperature (°C) Salinity

Year Mean SE Mean SE

1994 9.53 0.03 30.51 0.08
1995 9.13 0.13 31.29 0.04
1996 9.30 0.05 31.56 0.03
1997 1111 0.19 31.34 0.09
1998 10.28 0.09 3111 0.02
1999 9.73 0.02 31.50 0.01

Psychrolutes paradoxus, and whitebarred prickleback
Poraclinus rothrocki (Figure 3).

Discussion

In late summer of 1994 to 1999, 6 species of juvenile
groundfishes comprised 79% of the total catch in
Kachemak Bay, Alaska. Rock soles were the most
abundant species and were captured in high abun-
dances consistently throughout the 6-year study. Pa-
cific cod were the second most abundant species
captured over all years, but catches were largein only
2 of 6 years. Other abundant speciesincluded flathead
sole, slim sculpin, Pacific halibut, and arrowtooth
flounder. Kachemak Bay isanursery areafor flatfishes
(Abookire and Norcross 1998) and in some years may
also serve as anursery areafor Pacific cod.

Habitat of juvenile groundfishes was defined more
by depth than by water temperature or salinity. Depth
accounted for the most variation in fish catches, with
species assemblages concentrated in either shallow
(£20 m) or deep (50—70 m) water. Nursery areas for
fishes are complex systems (Rogers 1992), and the
habitat used by juvenile fishes may vary with the size
(Stoner et a. in press) and age of the fish (Gibson
1994; Fraser et a. 1996) and may be subject to tidal
and seasonal influences (Gibson 1973; Roper and Jillett
1981; Dorel et a. 1991). Although depth defined the
species assemblages that were evident in our study,
what we classify as a shallow-water group may in fact
be a sand-substrate group. Juvenile groundfishes dem-
onstrate selection for sediments (Scott 1982; Moles
and Norcross 1995), in part to avoid predation (Rogers
1992; Gregory and Anderson 1997) and to feed (Rogers
1992). Both depth and sediment previously have been
determined to define the habitats of juvenile rock sole,
flathead sole (Norcross et al. 1995; Abookire and
Norcross 1998), and juvenile Pacific halibut (Norcross
et al. 1995, 1997, 1999).

Fishes generally seek water temperatures that
maximize growth and survival (Malloy and Targett
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Table 5. The first canonical correlation coefficients of the environmenta variables depth, bottom temperature,
and bottom salinity for fishes that comprised at least 1% of the total catch in Kachemak Bay, Alaska. Data
are combined for all years, 1994-1999. Species are listed in order of abundance. Significant P values were
assigned a depth group of shallow (S) or deep (D) based on the sign of the depth coefficient, and a hyphen
(-) denotes a nonsignificant value of P.

Depth
Common Name Scientific Name Depth Temperature Salinity P(df =34) Group
Rock sole Lepidopsetta spp. -1.038 -0.211 0.281 0.018 S
Pacific cod Gadus macrocephalus -0.798 0.454 0.201 0.151 -
Flathead sole Hippoglossoides elassodon  0.894 -0.250 -0.387 <0.001 D
Slim sculpin Radulinus asprellus 0.924 -0.153 -0.441 0.008 D
Pacific halibut Hippoglossus stenol epis -0.999 -0.044 0.386 0.008 S
Arrowtooth flounder Atheresthes stomias 0.593 -0.015 0.709 0.571 -
Yellowfin sole Pleuronectes asper -0.751 -0.656 -0.391 0.206 -
Walleye pollock Theragra chalcogramma -0.588 -0.783 0.603 0.372 -
Spinycheek starsnout Bathyagonusinfraspinatus ~ 0.909 -0.189 -0.439 <0.001 D
Rex sole Glyptocephalus zachirus 0911 0.005 0.290 0.018 D
Dover sole Microstomus pacificus 0.894 0.503 -0.568 0.409 -
Tadpole sculpin Psychrolutes paradoxus 0.930 -0.229 -0.084 <0.001 D
Snake prickleback Lumpenus sagitta -0.495 -0.713 0.719 0.753 -
Great sculpin Myoxocephalus
polyacanthocephalus -0.944 -0.391 0.545 0.031 S
Whitebarred prickleback  Poroclinusrothrocki 0.846 -0.335 0.093 0.003 D

1991), and these temperatures may differ with life his-
tory stage and age (Gadomski and Caddell 1991). Bot-
tom temperatures at individual stations had a wide
range during this study (8.4—11.6°C) and varied more
interannually than spatialy. In contrast with other stud-
ies (Norcross et al. 1997, 1999) we found no direct
link between temperature and fish distribution. We
note, however, that fish CPUE in Kachemak Bay was
markedly low in 1998 following a winter with anoma-
loudy warm water temperatures due to the strong 1997/
98 El Nifio event (Piatt et al. 1999).

Mueter and Norcross (1999) studied juvenile
groundfish community structure in coastal Alaskaand
defined nearshore fish assemblages around Kodiak
Island using the same sampling gear and strategiesthat
we employed. Demersal fish communitiesin nearshore
areas around Kodiak Idland are primarily structured
along gradients of depth and sediment (Mueter and
Norcross 1999). The shallow species we identified in
Kachemak Bay were also shallow species near Kodiak
Idand. Shallow and deep assemblages around Kodiak
Island are partitioned at a depth boundary of 50 m
(Mueter and Norcross 1999), whereas in Kachemak
Bay 30—40-m depth separates the 2 assemblages. Dis-
tinct fish associations are consistent regardless of ac-
tual depth, as Psychrolutes spp. (we captured tadpole
sculpin), Bathyagonus spp. (we captured spinycheek
starsnout), and flathead sole were grouped as deepwater
fishes in both areas. The differentia structure of the
Kachemak Bay and Kodiak 1dand communities with

respect to depth suggests that other factors also may
influence juvenile groundfish distributions (e.g., food
availability, predation, competition, or turbulence).
Similar juvenilefish assemblagesin both Kachemak
Bay and Kodiak Idand were evident, but differences
between areas were also found. Rex sole were in the
deep group in our study and are found on the outer
continental shelf (150—-200-m depth) off the coast of
Oregon (Pearcy et al. 1977), but they wererare around
Kodiak Idand (Mueter and Norcross 1999). Arrowtooth
flounders are found in the deep group around Kodiak
Isand (Mueter and Norcross 1999), but they were not
concentrated in either depth group in Kachemak Bay
even though they comprised more than 5% of the catch.
Pacific cod is an economically important ground-
fish species ranging from southern California to the
Chukchi Sea, and from Kamchatka to the Yellow Sea
(Hart 1973). Adult Pacific cod can be found in both
inshore and offshore environments extending out to
the continental shelf, but very little is known about
the habitat requirements or migration of juveniles
(Dunn and Matarese 1987). Around Kodiak Island,
juvenile Pacific cod were found in shallow water
(Mueter and Norcross 1999). Although 94% of juve-
nile Pacific cod werecaptured at 10 m, depthwasnot a
dtatistically significant parameter in the distribution of
juvenile Pacific cod in our study. This may be due, in
part, to the high interannual variability in cod CPUE.
Catchesof juvenile Atlantic cod area so known to fluc-
tuate and have high interannual variability (Methven
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Figure 3. Mean CPUE of fishes captured from 10- to 70-m depth. Data are combined for all years. In the top graph, species with
anegative depth canonical correlation coefficient are presented: great sculpin, Pacific halibut, and rock soles. Although their
distribution was not significantly correlated with depth, Pacific cod also are shown. The lower graph shows species with a
positive depth canonical correlation coefficient: spinycheek starsnout, tadpole sculpin, whitebarred prickleback, rex sole, flat-
head sole, and slim sculpin.
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and Bajdik 1994). Age-0 Atlantic cod mainly inhabit
nearshore areas at depths <10 m (Methven and
Schneider 1998), but they have also been found as
deep as 130 m in inshore waters of Newfoundland
(Gregory and Anderson 1997). As juvenile Atlantic
cod grow they utilize a wide range of sediments in-
cluding sand, gravel, and macroalgae (Keats et al.
1987; Fraser et al. 1996; Gregory and Anderson 1997).

For practical reasons, only a small fraction of the
vast Alaskan coastline can be sampled for nearshore
fish assemblages and habitats. Characterizing fish

habitat with physical parameters such as depth, tem-
perature, and sediment type may provide a useful tool
for predicting the presence of fish speciesin unsampled
areas. We recommend that further investigations be
conducted in Kachemak Bay, which is a Nationa Es-
tuarine Research Reserve, in order to focus our scien-
tific effort and advance our understanding of nearshore
ocean ecology in Alaska. The findings of this study
provide baseline data and a context within which fu-
ture questions about the distribution, community dy-
namics, and recruitment of juvenile groundfishes might
be framed.
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