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Growth of JuvenileArrowtooth Flounder sfrom Kachemak Bay, Alaska

Kenneth A. Bouwens, A. J. Paul, and Ronald L. Smith

ABsTrRACT: Growth rates, morphometric conversions, and otolith surface-pattern formation are reported and
discussed for age 0—2 arrowtooth flounders Atheresthes stomias from Kachemak Bay, Alaska. Absolute growth
rates averaged 0.20-0.24 mm/d or 0.17 g/d. Instantaneous growth rates averaged 0.17%/d in length and 0.49%/d
in weight. The mean standard lengths for age-0, -1, and -2 flounders were 67, 108, and 211 mm. Annuli form
sometime between February and May; the first annulus on the otolith was often indistinct.

INTRODUCTION

Arrowtooth flounders Atheresthes stomias (Family:
Pleuronectidae) are right-eyed flatfishes common in
the northern Pacific Ocean. The females can produce
250,000-2,400,000 eggs per spawning season.
Arrowtooth flounders exhibit sexual dimorphism; fe-
males reach lengths at 50% maturity of 44—47 cmand
males 29—-42 cm, depending on location and method of
maturity assessment (Fargo et al. 1981; Rickey 1995;
Zimmermann 1997). Most North Pacific pleuronectids
havesimilar life histories. Usually during thewinter or
spring months, the femal es extrude many small, plank-
tonic eggs that are externaly fertilized. The embryos
and larvae are planktonic. The larvae begin metamor-
phosis and eye migration in the pelagic environment.
By the time the young recruit to the benthos in near-
shore nursery areas, metamorphosisistypically com-
plete. As the juveniles develop, they tend to select
deeper waters (Moyle and Cech 1988).

The arrowtooth flounder is abundant in the north-
ern Pacific Ocean and potentially important in marine
food webs. Only recently has it been exploited as a
food-fish species. Because the arrowtooth flounder has
not been an economically important species, little is
known about its early life history. To properly manage
this species, moreinformation about itslife history and
biology isneeded.

An understanding of the growth rates of the juve-
nile life stage will provide information to those inter-
ested in community energetics and to those studying
inter- and intraspecific competition. Natural growthrate
information can calibrate laboratory feeding experi-
ments predicting consumption rates.

Mark and recapture is one of the best tools for
studying growth rates. These experiments are expen-
sive because they require large numbers of recaptures
to provide meaningful data. Alternatively, an estimate
of growth rates can be obtained by age estimation
through examination of sagittal otoliths. It is impor-
tant to use established, reproducible criteriafor inter-
preting otolith patterns.

The objectivesof our investigation wereto: (1) de-
scribe criteriafor age estimation of juvenilearrowtooth
flounders; (2) estimate the growth rate of juvenile
arrowtooth flounders; and (3) describe rel ationships of
body length to age, weight, and otalith length.

METHODS

Arrowtooth flounders were captured from Kachemak
Bay, Alaska, in lower Cook Inlet, incidental to other
projects. Sampling dates and numbers of fish captured
arelisted in Table 1. Fish were collected from 2 differ-
ent vessels. The 20-m Alaska Department of Fish and

Authors: KennetH A. Bouwens was a graduate student with the Department of Biology and Wildlife, University of Alaska
Fairbanks; he currently works for the Alaska Department of Fish and Game, 211 Mission Road, Kodiak, Alaska 99615-6399.
A. J. PauL isamarine biologist with the University of AlaskaInstitute of Marine Sciences, Seward Marine Center Laboratory, PO.
Box 730, Seward, Alaska 99664. RonALD L. SwiTH is professor emeritus with the University of Alaska Fairbanks, Fairbanks,

Alaska 99775.

Acknowledgments: Bill Bechtol, Alaska Department of Fish and Game, and Brenda Norcross, Institute of Marine Science,
University of Alaska Fairbanks — provided samples for this project. Dr. Mark Oswood, Judy McDonald, and Nancy Greiner —
editoria reviews. This paper is contribution 2550, Institute of Marine Science, University of Alaska Fairbanks.

Project Sponsorship: This publication was funded by the University of Alaska Office of the President and theAlaska Sea Grant
College Program under grant NA82AA-C-00044C, project R/06-30.



36

Table 1. Dates of capture of arrowtooth flounders and
number of fish captured (n) from Kachemak Bay,
Alaska.

Dates Vessel n
1994:

Sep UAF 33
1995:

May UAF 18
Aug UAF 21
1996:

Feb UAF 10
May UAF 9
Aug Pandalus 16
Aug UAF 14

Game research vessel, the R/V Pandalus, was used
to drag a 400-mesh eastern trawl with 364-kg,
Nor'Eastern Astoria V trawl doors (152x 213 cm).
The stretch mesh was 3.2 cminthecod end, 8.9cmin
the intermediate, and 10.2 cm in the body and wings.
Samples were taken at locations described in Bechtol
andYuen (1995).A University of Alaska (UAF),8.5-m
welded aluminum boat towed a 3-m plumbstaff beam
trawl with adouble tickler chain in nearshore flatfish
nursery areas. The stretch mesh was 7 mm in the body
and 4 mmin the cod end (Abookire 1997). More com-
plete sampling methods are reported in Bouwenset al.
(1999). Sampleswere frozen whole and transported to
Fairbanks.

All fish were partially thawed and were measured
inmillimetersfor total length (TL) and standard length
(SL), and in grams wet weight (WW). Both sagittal
otolithswere collected when possible. Sex was not de-

Notes

termined. All availablearrowtooth flounders<300mm
SL wereincluded in subsequent calculations. Regres-
sions were calculated between TL and SL, TL and
WW, and SL and WW.

Sagittal otolithswere cleared in a50% solution of
glycerinand thymol for at least 2 months. Otolithswere
placed in a black dish and then examined with adis-
secting microscope equipped with an ocular microme-
ter under reflected fiberoptic light. Only surface-pattern
analysis was performed. Of the samples examined,
annuli were readablein otoliths representing 101 indi-
viduals. The number of annuli and otolith lengthswere
determined from these fish. Linear regressions were
calculated SL, TL, and otalith length (OL).

Growth discontinuities associated with hatching and
settlement (Bouwenset al. 1999) werelocated on each
otalith read. Under reflected light, these checks (areas
of slow growth) appeared as hyaline bands on an
opagque background. Any hyaline banding structure
larger than the diameter of the settlement check was
considered to be an annular mark. In some otoliths, an
annulus consisted of several hyaline bands separated
by very narrow opague bands. These opague (rapid
growth) bands within an annulus were narrower than
adjacent hyaline bands and were considered to be a
growth anomaly. Arrowtooth flounders captured in Feb-
ruary wereassigned an age of 0 yearsif no annuli could
beidentified on their otoliths. These fish were clearly
>1 month in age.

Because mean datesfor arrowtooth flounder hatch-
ing and settlement have been identified (Bouwens et
al. 1999), we also estimated age in days from actua
mean hatch date of April 15 instead of using the con-
ventional January 1 hatch date for north temperate
fishes (DeVries and Frie 1986). Age in days for each
arrowtooth flounder in our study was estimated by

Table 2. Morphometric conversions of juvenile arrowtooth flounders captured from Kachemak Bay, Alaska,
1994-1996; TL = total length (mm), SL = standard length (mm), WW = wet weight (g), and OL = otalith

length (mm).

Conversion Equation r2 F P n
TLtoSL SL =0.8826 TL - 0.9085 >0.99 54197 <0.001 121
SLtoTL TL =1.1306 SL + 1.5896 >0.99 54197 <0.001 121
TL to WW WW = 0.000004 TL*24 >0.99 121
SL to WW WW = 0.000007 Sl 30%s >0.99 121
SL toOL OL =0.0135SL +0.2202 0.98 4138 <0.001 101
TL toOL OL=0.0117TL +0.228 0.98 4380 <0.001 101
OL toSL SL =72.2250L - 13.465 0.98 4138 <0.001 101
OLtoTL TL =83.370L -16.363 0.98 4380 <0.001 101
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Table 3. Age class data of juvenile arrowtooth flounders captured from Kachemak Bay, Alaska, 1994—1996; TL
= total length (mm), SL = standard length (mm), WW = wet weight (g).

Age Class M easurement Mean SD Range Min Max n
0 S8 66.7 16.78 59 40 ] 23
0 TL 75.8 18.33 57 47 104 23
0 ww 357 251 751 0.68 8.19 23
1 SL 108 24.69 85 61 146 10
1 TL 123 28.06 %5 73 168 10
1 ww 19.0 138 435 218 45.7 10
2 SL 211 26.76 104 152 256 17
2 TL 242 30.75 118 176 294 17
2 ww 127 53.08 221 40.1 261 17

age = (365a)xb + c,

where a = the number of times the individual fish is
known to have passed January 1, b = estimated hatch
date (in days of the year or 105; Bouwenset al. 1999),
and ¢ = capture date (in days of the year).

All arrowtooth flounders with 3 or more annuli
(n=5fish) were excluded from the growth rate cal cu-
lations. L east-squaresregression lineswereempirically
fitted to length-at-age (both days and years) relation-
ships. Instantaneous growth rates were calculated us-
ing

G, = [(log, Y,Xxlog,Y,) / (t,xt,)] 100,

where G, = specific growthrate; Y, issizeatt,, and Y,
issizeat t,, and t andt, are times 1 and 2 (days or
years, Busacker et al. 1990). Absolute growth rates
(mm/dorg/d), [(Y,xY)/(t,xt)], werecalculated as
described in Busacker et a. (1990).

Noticeably dehydrated fish were not included for
calculation of growth ratesinWW dueto obvious des-
iccation of unknown magnitude among some fish in
thefreezer. Thesefish wereretained for length-weight
conversions because their removal did not change the
regression equation.

RESULTS

Otolith Interpretation

Examination of otolithsfrom small (age 0) arrowtooth
flounders captured February 28 showed no evidence
of annulus (hyaline material) formation. Otolithsfrom
fish capturedin May showed evidence of formation of
an annulus on the edge of the otolith with little or no

opague growth peripheral to the hyaline material. Fish
captured in August showed substantial otolith growth
peripheral to the latest annulus. The first annulus was
often diffuse and difficult to identify.

Length—-AgeAnalysis

Morphometric regression conversions betweenTL, SL,
WW, and OL are listed in Table 2. All these are sig-
nificant relationshipswithr?>0.98 and P<0.001. Ac-
tual mean SL (mm + standard deviation) for agesO, 1,
and 2 were approximately 67 (+ 17), 108 (x 25), and
211 (x 27). Mean TLswere approximately 76 (+ 18),
123 (+ 28) and 242 (+ 31). Mean WWsfor the same 3
age classes were approximately 3.57 (+ 2.51), 19.0 (=
13.8), and 127 (+ 53.1) (Table 3).

Exponential line fitsof TL and SL with age had
higher r?2 values when age was reported in days than
in years (Figures 1, 2). Table 4 lists absolute and in-
stantaneous growth rates in TL, SL, and WW.
Arrowtooth flounders grew relatively slowly in their
first year, both absolutely and as a percentage of their
body length, and then increased growth intheir second
year.

DISCUSS ON

Otolith Interpretation

Otolithsprovidearecord of individual fish growth that
regquiresinterpretation. Thefirst annuluswas often dif-
ficult to identify. The hyaline band immediately sur-
rounding theinner portion of the otolith was defined as
a settlement check (Bouwens et al. 1999). The meta-
bolic drain of body reorganization and changing
lifestyle may have temporarily reduced growth rate.
Because age-O arrowtooth flounders may recruit to
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the benthos as late as October (Bouwens et al. 1999),
the settlement check and the first annulus may not al-
ways be separated by a significant area of opague
growth. The settlement check may be confused with
the first annulus in these situations. It isimportant to
incorporateinformation onindividual fish body length
and capture date when making age determinationsfrom
otolith surface patterns.

Thefirst annulus of arrowtooth flounder otolithsis
often weak in comparison to subsequent annuli. The

Notes

strength of the check or annulus may be due to differ-
ent diets, growth characteristics, or other differences
between very young fish and older fish. The first an-
nulus was most apparent in age-1 fish because in fish
older than age 2, it became covered by additional ma-
terial asthe otolith grew.

In some of our specimens the first annulus was
especially ill-defined. These fish were long for their
age and may have taken up a benthic existence early
in comparison to others in their cohort. The annulus
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Figure 1. The relationship of age in days since hatch and standard length (A) and total length (B) of juvenile arrowtooth

flounders captured in Kachemak Bay, Alaska, 1994—1996.
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may be weak due to the headstart these fish had over
others of their cohort. They may have entered thewin-
ter energetically more prepared than those settling | ater,
and therefore did not experience the metabolic drain
the later settling fish experienced, making their an-
nuli less distinct.

Annuli are formed sometime between February
and May, based on examination of otolith surface pat-
terns. Bouwens et a. (1999) reported a mean settle-
ment date of September 7+ 37 d. Arrowtooth flounders

300
250 —+
200 -
150 ~
100

SL (mm)

<50 mm captured in February in benthic trawls prob-
ably were late settlers from the previous fall that had
not yet formed an annulus.

Length—-Age Analysis

Our morphometric conversion equations, particularly
OL to SL or TL, should be useful to investigators per-
forming feeding studies on other species. Sometimes
otolithsareall that remaininthe stomachsof predators

A

y =59.174e 2007
r>=0.7968

350 -
300
250
200
150 -
100

TL (mm)

y — 67 386 0.6155x%x
r2=0.8117
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Figure 2. The relationship of age in years with standard length (A) and total length (B) of juvenile arrowtooth flounder from

Kachemak Bay, Alaska, 1994-1996.
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Table 4. Growth rates of juvenile arrowtooth floun-
derscaptured from Kachemak Bay, Alaska, 1994—
1996.

Total Standard Wet

Age Length Length Weight
Absolute (lengthsin mm/d; weight in g/d):
0-1 0.14 0.12 0.04
12 0.33 0.29 0.30
0-2 024 0.20 0.17

Percent of Body Length (% /d) and Weight (% /d):

0-1 0.15 0.15 0.46
1-2 0.19 0.19 0.52
0-2 0.17 0.17 0.49

being examined. There are keysto otolith identifica-
tion, so one could measure OL to estimate the size of
the fish consumed.

This study combined samples obtained from Feb-
ruary through September, which meant fish could grow
considerably between sampling events. This caused
our size datato vary greatly (Figure 2). We were able
to reduce this large variation in length-at-age by esti-
mating age in days since hatching (Figure 1).

We excluded fish >300 mm, or age-3 and older
fish from the growth rate cal cul ations, which avoided
potential length and weight-at-age bias due to sexual
dimorphism (Zimmermann 1997). Some age-3
arrowtooth flounders are probably >300 mm, and mean
size-at-age for this age class would have been under-
estimated from our data.

Our age-estimation methods result in different
mean size-at-age values than those described by

Notes

Bechtol and Yuen (1995). They reported mean TL at
age 0 of 95 mm, 192 mm for age-1, and 276 mm for
age-2 arrowtooth flounders. All these fish were cap-
tured in October 1989 from Kachemak Bay. We found
smaller mean fish lengths at these ages (Table 3). Time
of collection alone doesnot fully explain the difference
in size-at-age between our values and those of Bechtol
and Yuen (1995). Even our largest fish at these ages
(captured in September) were smaller than their re-
ported mean lengths-at-age. Arrowtooth flounders gen-
erally settle to the benthos at about 40 mm TL during
September (Bouwenset al. 1999). Although settlement
time is variable within and between years, a fish that
settled as early as August 15 would need a growth
rate of about 0.92 mm/day to grow to Bechtol andYuen's
(1995) reported mean length for age-0 fish. Thisgrowth
rateis much greater than our calcul ated growth rate of
0.14 mm/d, as well as the growth rate of 0.26 mm/d
we calculated from Bechtol and Yuen's figures. Even
if oneassumed all annual growth took place from May
to October, summer growth rates would equal only
0.32 mm/dfor our sample and 0.64 mm/d for Bechtol
and Yuen's (1995).

Bechtol andYuen’sarrowtooth flounders collected
in October and having a mean length of 95 mm were
age 1, rather than age 0. Similarly, the mean length of
their age-1 arrowtooth flounders was substantially
larger than the mean age-1 length from our study. Settle-
ment and hatch-dateinformation (Bouwenset al. 1999)
was unavailable at the time of Bechtol and Yuen's
(1995) study. Use of this additional life history infor-
mation would probably explain most of the difference
in size-at-age estimates between the 2 studies.
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