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INTRODUCTION

Experimental studies of fish growth should ideally be
carried out using individuals that can be identified and
re-measured, as this longitudinal sampling method best
captures inter-individual variation. It is often impracti-
cal or impossible to follow individual larval or juvenile
fish over time, due to their small size; hence, there is a
strong reliance on population statistics such as mean
individual length or weight to study growth and sur-
vival experimentally. Experimental studies of larval or
juvenile fish growth have used a wide range of sample
sizes for average length or weight measurements (5 to
300 individuals), but typical sample sizes range be-
tween 10 and 30 individuals (e.g. Folkvord et al. 1996,
Baras et al. 2003, Clemmesen et al. 2003, Kestemont et
al. 2003, Smith & Fuiman 2003, Moran 2007).

Despite the reliance on average size measurements
in larval and juvenile fish studies, little has been pub-

lished on the relationship between sample size and
statistical precision. Ling (2007) and Ling & Cotter
(2003) provide a useful approach in calculating how
much sampling effort should be invested in fish growth
studies to provide adequate statistical power to detect
differences; however, the power analysis techniques
they describe rely on the assumption of normally dis-
tributed size variation. The size variance of newly
hatched marine fish larvae is relatively low (coefficient
of variation of weight, CVW: 8 to 20%; Kestemont et al.
2003); and a normal distribution is a reasonable ap-
proximation of the size distribution. However, the
highly variable growth rates of larvae or juveniles
mean that cohorts often develop into skewed size dis-
tributions, with CVW values typically in the range of 20
to 50% or higher (Folkvord & Otterå 1993, Baras et al.
2000, 2003, Kestemont et al. 2003, Moran 2007, Ims-
land et al. 2009). The variable and skewed distribu-
tions of juvenile fish prevent the use of standard error
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minimization and power analysis to assess the effect of
sample size on estimation accuracy. Resampling can be
used to test the effect of sample size on estimation ac-
curacy in non-normal distributions if one has a large
enough subsample of a population (Maindonald &
Braun 2003). This bootstrapping approach was used in
the present study to test the effect of sample size on
average length and weight estimates in independently
reared populations of juvenile yellowtail kingfish Seri-
ola lalandi. Yellowtail kingfish produce large numbers
of small transparent pelagic larvae (Moran et al. 2007)
that exhibit considerable size heterogeneity from
metamorphosis onward (CVW: 35 to 55%; Moran et al.
2007, 2011, this issue). This developmental profile is
characteristic of many pelagic marine fish species
(Kunz 2004); therefore, the results of the present study
can act as a general indication of the sampling effort
that should be expended to achieve repeatable aver-
age size estimates.

MATERIALS AND METHODS

The data used to analyse sampling effort came from
an experiment reported by Moran et al. (2011), which
tested the effect of conspecific density on growth and
mortality of juvenile yellowtail kingfish. The juveniles
were reared from eggs obtained from captive brood-
stock maintained at the National Institute of Water and
Atmospheric Research Bream Bay Aquaculture Park,
located in the north of New Zealand. Although the
parentage was unknown, previous observations had
shown that eggs were almost certainly from a single
female and 1 or 2 males (Moran et al. 2007). Larvae
were reared in 9 replicate tanks using standard live
feed protocols for pelagic marine fish until 30 d post-
hatch (DPH) (Moran et al. 2011). Metamorphosis oc-
curred at 20 to 23 DPH, at which point fish were
termed juveniles. The juveniles were not fed on the
final day (30 DPH) when the size measurements oc-
curred. At the end of the experiment, all fish in each
replicate were collected and a random subsample of
100 individuals was taken. The fish in the subsample
were dispatched via an overdose of anaesthetic, and
the total length (LT) was measured under a dissecting
microscope at 2 × to 6 × magnification to the nearest
0.1 mm. Individual blotted wet weight (WW) then
recorded to the nearest 1 mg using a microbalance
(Model WA205, Oertling). The measurement precision
for LT was approximately 0.5% and for WW approxi-
mately 0.7%. The range of CVW values recorded for
the 9 cohorts was from 35 to 55% (Moran et al. 2011,
see their Table 1).

Analysis of the cohort length and weight distributions
showed that mean LT was an appropriate measure of

average length; however, the weights had a strong pos-
itive skew and an approximate log-normal distribution;
therefore, the median WW was deemed the most appro-
priate average for weight (Moran et al. 2011). The geo-
metric mean could also be used as an appropriate aver-
age for individual weight, as the population geometric
mean is the population median for a log-normal distrib-
ution (Shih & Binkowitz 1987). However, according to
an analysis by Shih & Binkowitz (1987), the sample me-
dian is a better measure of the average than the geo-
metric mean at moderate sample sizes (n = 30 to 50) for
non-ideal log-normal distributions (i.e. containing out-
liers or observations from mixed distributions). Given
that the individual weights analysed by Moran et al.
(2011) were not perfect log-normal distributions, the
median was deemed to be more appropriate than the
geometric mean. To determine the sampling effort re-
quired to obtain repeatable average length and weight
estimates, a resampling analysis was carried out for
mean LT and median WW from the 100 observations
recorded per cohort. The resampling analysis (with re-
placement) was carried out in Microsoft Excel using the
methods described by Christie (2004). Sample size var-
ied from 2 to 100, and for each value of n, 1000 resam-
ples were carried out for mean LT and median WW for
each cohort. The 1000 values resulting from the resam-
pling were assumed to be normally distributed given
the high number of resamples carried out. This was
checked by performing a Shapiro-Wilk W-test of nor-
mality on the resampled data set when n = 2, with the
expectation that if the 1000 resamples were normally
distributed for n = 2, then the same would be true when
n = 3 to 100. None of the Shapiro-Wilk W-tests were
significant (p > 0.05) for the 9 cohorts with n = 2, so the
mean and standard deviation of the 1000 resamples
was then calculated. The CV was used as a relative
measure of variance to evaluate the effect of increasing
n on the variability between resamples. The rate of
change of CV with sample size was evaluated by calcu-
lating the ΔCV for each value of n, which was subse-
quently plotted against n. An exponential decrease
function (y = ae–bx) was used to infer the value of n
where the rate of change in CV was 0.1%, and this was
interpreted as the point at which increasing sample size
resulted in negligible reduction in the variation be-
tween average length and weight measurements.

RESULTS

The degree of variance in average LT and WW in the
resampling analysis diminished rapidly with increas-
ing sample size (Fig. 1). The variability between
resamples was considerably higher for WW compared
to LT, as can be seen in the higher CV values for WW in
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Fig. 1. The point at which increasing
sample size resulted in only a negligi-
ble increase in precision (ΔCV = 0.1%)
corresponded to n = 19 for mean LT and
n = 30 for median WW.

DISCUSSION

The measurement precisions for LT

and WW were comparable, and the
degree of precision sufficient to allow
individual size variation to significantly
outweigh measurement error. Another
potential source of variation that may
have influenced the spread of data was
the variation in gastrointestinal full-
ness. Although gastrointestinal evacu-
ation rates have not been published for
yellowtail kingfish larvae or juveniles,
evacuation rates for other marine spe-
cies at comparable developmental
stages are in the range of from 4 to 10 h
(Bochdansky & Deibel 2001). The juve-
niles in the current study were not fed
on the day of sampling; therefore, it is
reasonable to assume that the gastroin-
testinal tract was mostly purged and
not a significant source of variance
among individuals.

The resampling analysis showed
that less sampling effort was required
to achieve a similar level of repeatabil-
ity for mean LT (n = 19) compared to
median WW (n = 30). This was to be
expected given that Moran et al.
(2011) reported that WW distributions
were more skewed than LT distribu-
tions for juveniles of this species.
These sample size estimates do not
say how much sampling effort should
be expended to achieve a particular
level of statistical precision, as statisti-
cal precision is concerned with pre-
dicting sample size in order to achieve
a particular level of variance, and this
term pre-supposes that the population
variable of interest is normally distrib-
uted. The sample sizes predicted in the current study
give estimates of the sampling effort required to
achieve a repeatable average, and, in this way, the
present study differs from that of Ling & Cotter (2003)
and Ling (2007), which used normally distributed fish
size populations to calculate the sampling effort
needed to detect significant differences between

treatments. An important assumption to bear in mind
when applying the findings from the present study is
that the individuals should be selected at random
from a population. This can be a logistically difficult
task if the juveniles are distributed unevenly through-
out the water column (e.g. if smaller individuals seek
refuge around objects).
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Fig. 1. Seriola lalandi. Resampling analysis of (a) mean total length (LT) and (b)
median wet weight (WW). Each data point in the large graphs represents the coef-
ficient of variation (CV) of 1000 resamples of mean LT or median WW from differ-
ent sample sizes (n). The 9 curves represent different populations for which 100
LT and WW measurements were made and constitute the pool of data from which
the resamples with differing values of n were taken. The insets represent the rate
(ΔCV) at which the variance between resamples decreases with n. A single curve
was fitted to the ΔCV data to estimate the value of n for which ΔCV = 0.1% (ar-
row), the point at which increasing n was deemed to give a negligible reduction 

in the variation between average LT and WW measurements



Aquat Biol 11: 239–242, 2011

The populations of juvenile Seriola lalandi surveyed
in the present study can be considered highly skewed,
given the magnitude of CVW and the large difference
between mean and median WW (Moran et al. 2011).
The CVW values for the 9 cohorts studied (30 to 55%)
were comparable to the CVW values reported for other
species at a similar life stage (Folkvord & Otterå 1993,
Sakakura & Tsukamoto 1998, Baras et al. 2000, 2003,
Kestemont et al. 2003, Imsland et al. 2009); therefore,
the sample size estimates from the current study can
act as a guideline for researchers who would like some
assurance that they have adequately sampled juvenile
populations in order to gain a repeatable average size
measurement.

In conclusion, resampling analysis of 9 replicate pop-
ulations of juvenile Seriola lalandi indicated that, to
obtain repeatable average size estimates of mean LT

and median WW, it would be necessary to randomly
sample at least 19 and 30 individuals, respectively,
from a cohort. Providing a random sample of individu-
als can be taken, these sample sizes can act as a guide-
line for researchers studying other fish species with
similarly distributed juvenile populations.
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