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age among nine flatfish stocks, based on survey data (1992—recent), and tests for significant
correlations in these measurements over time.
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Recent Trends in Weight-at-Age of New England Flatfishes

Abstract

A recent population assessment of New England groundfishes detected evidence of a systematic decrease in weight-
at-age for a number of stocks within the past decade. Such a decrease could affect not only fishery yields, but could
also increase the amount of time necessary to rebuild overfished stocks. Investigations into the extent and possible
causes of these changes may improve future stock assessments.

This study sought to determine whether recent changes have occurred in weight-at-age among five of the
commercially-important flatfish in the region. Stocks of American plaice (Hippoglossiodes platessoides), and witch
flounder (Glyptocephalus cynoglossus), summer flounder (Paralichthys dentatus), winter flounder
(Pseudopleuronectes americanus), and yellowtail flounder (Limanda ferruginea) were studied.

Length, weight, and age data collected on NEFSC survey cruises were used to generate estimates of weight-at-age,
length-at-age, and length-weight parameters for these stocks. Trends within these measures were statistically tested,
and further analysis was conducted ton investigate possible causes. Sex ratios were also examined, because flatfishes
typically exhibit dimorphic growth.

Introduction

The report of the 2005 Groundfish Assessment Review Meeting (GARM, NEFSC 2005) noted
that many species exhibited declines in mean weight-at-age (WAA). This report included
population assessments, conducted by the Northeast Fisheries Science Center (NEFSC), for
various groundfish species in the northwestern Atlantic Ocean. Of the ten virtual population
assessments (VPAs) included in this report, six showed evidence of reduced WAA in recent
years.

Specifically among flatfish species, reduced WA As were noted for Gulf of Maine winter
flounder (Pseudopleuronectes americanus), American plaice (Hippoglossiodes platessoides),
and witch flounder (Glyptocephalus cynoglossus). Georges Bank yellowtail flounder (Limanda
ferruginea) exhibited a temporary drop in WAA during 1990-1997 but has since rebounded.
There are also some indications that summer flounder (Paralichthys dentatus) has exhibited
lower WAA in recent years (M. Terceiro, pers. comm.). In contrast, increased WAAs have
recently been noted for stocks of both southern New England yellowtail and winter flounder
have shown recently, according to the GARM report (NEFSC 2005).

Trends in WAA have been noted in studies around the world. Long-term trends in WAA in
Pacific halibut (Hippoglossus stenolepis) in the North Pacific Ocean were described by Clark
and Hare (2002), and these WA As have declined since 1970. The trend in halibut WAA appears
to be related to density-dependent effects. Among 15 cod (Gadus morhua) stocks across the
North Atlantic, Brander (2007) noted that 10 stocks experienced declines in WAA, which often
preceded periods of declining biomass. In the northwest Atlantic, these declines were coincident
with lowered water temperatures. Herring (Clupea harengus) in the Baltic Sea has shown a
decline in WAA during 1986—1996 (Cardinale and Arrhenius 2000), which appeared to be
related to declines in prey availability. In the Gulf of Finland, herring WAA also decreased
during 1990-1997 and was correlated with the biomass of one copepod species but not with
overall zooplankton biomass (Ronkkdnen et al. 2004). This indicates that prey composition can
also be important to growth.

As seen above, many different causes have been linked with or proposed to explain changes in
WAA for various species. These causes are usually related to environmental variability, fisheries
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selectivity, density-dependence, or changes in the prey field. These effects may interact with one
another, as well, which makes them difficult to distinguish.

Other effects may merely create the appearance of reduced WAA. The method used to calculate
WAA is significant. The GARM reported WAAs which incorporated data from a number of
sources, including weights from commercial landings which were derived using the Rivard
(1982) extrapolation method. This method can be biased when changes have occurred in the
partial recruitment of the fishery (NEFSC 2005). In addition, a change in the sex ratio among
sexually-dimorphic species, such as most flatfish, could create the appearance of a change in
WAA. Female flatfish generally grow faster and to larger sizes than do males. Therefore, an
increase in the relative proportion of males in the population, as has been noted for summer
flounder (M. Terceiro, pers. comm.), could lead to an apparent reduction in WAA. Other
artificial causes of WAA trends include immigration of a slower-growing stock, changes in how
fish are culled within the commercial fishery, and changes in predation and/or natural mortality.

If northwestern Atlantic fish stocks experience declines in WAA, this may result in lowered
fishery yields, slower progress toward management targets, and changes in biological reference
points (NEFSC 2005). If declining WAA is not considered, population assessments may
overestimate biomass, resulting in management efforts that may lead to higher fishing mortalities
than intended. Therefore, trends in WAA should be monitored, because they may provide an
early warning of an increased risk of lowered stock biomass (Brander 2007).

The GARM report specifically states that further investigations are necessary to confirm the
observed patterns from the VPAs, because of the methods used to estimate WAA for this report.
The objective of this report is to describe average WAA for various flatfish stocks and species in
recent years, using observed data from the NEFSC Bottom Trawl Surveys, and to test for
significant trends. This report also attempts to separate real biological trends from the appearance
of trends due to some of the artificial effects listed above. Therefore, analyses of changes in sex
ratio and testing for changes in length-at-age (LAA) and condition were also conducted.

Methods

Five species were analyzed: American plaice, witch flounder, summer flounder, winter flounder,
and yellowtail flounder. American plaice, witch flounder, and summer flounder are assessed as
single stocks. Both winter and yellowtail flounder were split into three stocks: southern New
England, Georges Bank, and the Gulf of Maine. Therefore, a total of nine stocks were analyzed.

Data were from the NEFSC Bottom Trawl Survey, for all years in which both individual fish
weights and ages were available. Weighing of individual of fish began in 1992 aboard these
surveys. At the time of this analysis, aging had been completed through 2004, 2005, or 2006
(depending on species). This yielded a study period of 13—15 years. To reduce the effect of
reproductive cycles on fish weights, the survey season selected for analysis was based on the
time of year when the fish were apt to be resting between spawning seasons. For summer
flounder, this was spring; for all other species, it was fall. Figure 1 shows the sampling area of
these surveys, and the relative locations of the stock areas.

WAA Analysis
Length and weight data were obtained for fish sampled on the survey, and segregated by stock,
by year, and by each of three sex groups (female, male, and combined). These data were then
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used to generate (double natural logarithmic) length/weight (L/W) regressions for each
stock/year/sex combination.

Age data from each year’s survey were also obtained, and an NEFSC software program was used
to expand these data to assign ages for every fish caught on the survey, based on length and sex.
This enabled calculation of a mean LAA for each stock/year/sex category. The L/W regression
for the same stock/year/sex category was then applied to the LAA data, in order to generate
mean WAA. This program also generated abundance per tow, based on age and sex, which was
used to determine sex ratios.

Statistical testing of WAA trends focused on two age classes. These ages were chosen based on
the age at recruitment, which is the youngest age class used to calculate the average fishing
mortality (F) in population models. A pre-recruit age was defined as two years before
recruitment, and a post-recruit age was one year after recruitment. For each stock, sex, and age
group, a product-moment correlation coefficient (r) was used to test for a trend in WAA over the
entire study period. A Bonferroni adjustment was used to compensate for the number of tests run
(a=10.05/51=0.0010).

Sex Ratios

Analyses were conducted to determine if the sex ratio had changed during the study period for
each of the nine stocks. Age classes for each year were pooled for a range of ages, from the age
of 50% maturity for both sexes up to the oldest age which was caught in most years. For this age
range, the percent of males was calculated based on abundance per tow.

These percentages were tested to determine if there was a trend in sex ratio over time. A
Bonferroni adjustment was used (a0 = 0.05/9 = 0.0056) to adjust for the number of tests
conducted. If a significant correlation (r) was found, a simulation was run to determine what
effect this change in sex ratio had on WAA for unsexed samples for the age at recruitment. The
regression of percent males vs. year was used to predict both minimum and maximum percent
males during the study period. These two percentages were then applied to male and female
WAAS for each year to calculate expected minimum and maximum WAAs for combined sexes
in each year. The percentage difference between these two WAA values was used to estimate the
potential effect of the change in sex ratio on the trend in WAA.

Further Testing

To further investigate the observed changes in WAA, the LAA was statistically compared over
the study period. As with the WAA, a correlation test (r) was used to examine trends in the data.
This test was only run for those stock/sex/age combinations that showed a significant trend in
WAA. A Bonferroni adjustment was used.

In addition, the L/W relationship for each year was used as a proxy for condition. For only those
sexes and stocks that showed a significant trend in WAA, an ANCOVA was used to test whether
there was a significant difference in the relationship between the years with the fastest and the
slowest growth. A Bonferroni adjustment was used.

Results
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WAA Analysis

American plaice

All six sex/age categories showed negative correlations over the study period (Table 1, Figure 2),
although only the post-recruit (age 6) females showed a significant decline in WAA (r =-0.81; P
=0.0007). This significant decline resulted in a 55% decrease in WAA from 1992 to 2004, based
on predicted annual values of WAA.

Witch flounder

All six sex/age categories showed negative correlations (Table 1, Figure 3), but only the pre-
recruit (age 6) females had a significant decline in WAA (r = -0.85; P = 0.0004). This significant
decline resulted in a 44% decrease in WAA from 1992 to 2004. Post-recruits (age 9), especially
males, were not captured in every year.

Summer flounder

Post-recruits (age 4) had weak negative correlations (r < -0.5), but none of the correlations of
WAA vs. time were significant (Table 1, Figure 4). Post-recruits were not well-represented at the
beginning of the study period, 1992—-1996.

Winter flounder

The southern New England stock showed positive but non-significant correlations among pre-
recruits (age 2, Table 1, Figure 5), while the Georges Bank stock had weaker positive
correlations among post-recruits (age 5, Figure 6). In the Gulf of Maine stock (Figure 7), pre-
recruits (age 3) showed weak positive but non-significant correlations, while post-recruits
showed possible negative correlations, also non-significant. Post-recruit (age 6) males in the Gulf
of Maine were not captured in each year, and post-recruit females were not captured prior to
1994.

Yellowtail flounder

Pre-recruits (age 2) from the southern New England stock (Table 1, Figure 8) showed positive
but non-significant correlations. Post-recruits (age 5) from this stock were not analyzed due to
low abundance. The Georges Bank stock had positive but non-significant correlations among
both age classes (Figure 9). Correlation coefficients were marginally higher for pre-recruits,
which may have been due to lower WAAs in 1992-1995, at the start of the study period. Post-
recruit males were only captured on Georges Bank in six of the 14 study years. The Gulf of
Maine stock (Figure 10) showed positive but non-significant correlations for pre-recruits. Few
fish were caught in 2000-2005.

Sex Ratios

A significant change in sex ratio was observed for only one species, summer flounder (Table 2,
Figure 11). The percentage of male summer flounder (age 2—5) was significantly correlated with
year (r = 0.84, P =0.0001). During the study period, the percentage of males increased from
41% (1992) to 53% (2006) of the overall catch. This increase in the relative abundance of males
could potentially cause an apparent 3—10% decrease in WAA for age-3 fish when sexes are
combined. Both American plaice and witch flounder had negative but non-significant
correlations of percentage of males over time.
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Further Testing

The two stock/sex/age combinations that showed a significant trend in WAA over time also
showed a significant drop in LAA over the same time period. Post-recruit female American
plaice had a correlation coefficient of 0.77 (P = 0.0021, Figure 12), and pre-recruit female witch
flounder had a correlation coefficient of 0.86 (P = 0.0003, Figure 13).

When the two extreme L/W relationships (a proxy for condition) were compared, female
American plaice showed a significant difference between 1996 and 2003 (ANCOVA, P =
0.0168, Figure 14). In general, the L/W relationships for each year appeared to indicate better
condition in the 1990s than in the 2000s for this species. Female witch flounder showed a
significant difference between 1998 vs. 1997 (ANCOVA, P <0.0001, Figure 15), although this
is difficult to explain biologically.

Discussion

Among five flounder species and nine stocks, only two stock/sex/age combinations showed a
significant trend in WAA. This indicates that the declines in WAA observed by the 2005 GARM
may not be as widespread as originally suspected, at least among flatfish.

The current data support the results of the GARM in some ways, but not in others. For both
American plaice (Figure 2) and witch flounder (Figure 3), the current study found a significant
decline in WAA in only females of one age for each species. The GARM found declines for
these two species, as well, though it did not investigate differences between sexes. In the current
study, lowered WAA was seen for pre-recruit Georges Bank yellowtail flounder in 1992—-1995
(Figure 9), which reflects the GARM’s observation that these fish “exhibited smaller than
average sizes at age between 1990 and 1997 but have rebounded slightly since then” (NEFSC
2005).

However, the current analysis did not find evidence of reduced WAA for Gulf of Maine winter
flounder (Figure 7) or increased WAA for southern New England winter flounder (Figure 5), as
did the GARM. No comparison could be made for southern New England yellowtail founder,
due to a lack of data.

This analysis relied on different data sources than those used in the GARM (i.e. fishery-
independent data, from NEFSC surveys). This avoids the necessity of using the Rivard (1982)
method to extrapolate weight from fish lengths in commercial samples, and is therefore not
susceptible to the biases of either this method or changes in fishing practices over time.

The current analysis also was able to investigate trends in WAA for each sex, whereas sexes
were combined in the GARM. In addition, sex ratio was investigated as a possible complicating
factor in WAA trends for flatfish. However, no species showed significant trends in both WAA
and sex ratio, which indicates that changes in sex ratio are not likely to have created artificial
declines in WAA for these species. In fact, the (non-significant) reductions in the abundance of
males for American plaice and witch flounder would act to inflate the WA As for unsexed fish.

Summer flounder was the only species shown to have a change in the sex ratio, although it did
not correspond to a significant change in WAA. Even so, the change in sex ratio may affect the
accuracy of weight estimations for unsexed fish when static L/W relationships are used. The
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observed change in sex ratio has occurred in conjunction with an increase in the abundance of
older males and is likely to be related to increased minimum size limits within the fishery.

Other effects still remain that could produce an artificial change in WAA, such as immigration of
slower-growing stocks and changes in natural mortality. These may impact the populations of
American plaice and witch flounder. However, the coincidence of declines in both WAA and
LAA, and changes in condition, indicates that, for American plaice and witch flounder, the
observed declines are likely due to real changes in growth rates. Even so, this analysis has not
found evidence of an overwhelming decline in WAA among flatfishes.

Various biological causes may explain the observed declines in WAA for American plaice and
witch flounder. It is possible that the American plaice fishery may have a direct influence on
plaice WAA, because older American plaice that had been recruited into the fishery showed a
significant trend, whereas pre-recruits did not. However, more research should be conducted in
order to prove a connection, and to investigate what other potential environmental and fishery
effects are related to these declines in WAA.

There are various limitations of this study, which are likely to reduce the effectiveness of these
methods in detecting real trends in WAA. Truncation of age classes restricted the analysis of
post-recruit age classes in many stocks, though this could be avoided by selecting other age
classes for further analysis. Another limitation was the short time period (13—15 years) for which
both survey age and weight data are available, though this time-series will be extended as time
goes on. Furthermore, the linear assumptions of the product-moment correlation coefficient may
have prevented detection of non-linear changes within the study period, as may have occurred
for Georges Bank yellowtail flounder. More powerful statistical models are available, which do
not rely on these assumptions.
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Table 1. Correlation coefficients (r) of weight-at-age vs. time for all stocks and species. In the age column, pre-
recruit age is listed before post-recruit age; for sex group, M = Male, F = Female, and C = Combined sexes.
Significant results (P < 0.0010) are shown in bold.

Correlation

Species Age Sex Group coefficient P-value
American Plaice 3 M -0.793 0.0012
American Plaice 3 F -0.687 0.0095
American Plaice 3 C -0.773 0.0019
American Plaice 6 M -0.641 0.0182
American Plaice 6 F -0.814 0.0007
American Plaice 6 C -0.783 0.0015
Witch Flounder 6 M -0.682 0.0145
Witch Flounder 6 F -0.852 0.0004
Witch Flounder 6 C -0.760 0.0026
Witch Flounder 9 M -0.575 0.2329
Witch Flounder 9 F -0.677 0.0950
Witch Flounder 9 C -0.622 0.0549
Summer Flounder 1 M -0.075 0.7907
Summer Flounder 1 F 0.091 0.7481
Summer Flounder 1 C 0.011 0.9690
Summer Flounder 4 M -0.127 0.7276
Summer Flounder 4 F -0.308 0.3570
Summer Flounder 4 C -0.497 0.1196
Winter Flounder (SNE) 2 M 0.547 0.0532
Winter Flounder (SNE) 2 F 0.664 0.0133
Winter Flounder (SNE) 2 C 0.660 0.0141
Winter Flounder (SNE) 5 M -0.319 0.3393
Winter Flounder (SNE) 5 F 0.115 0.7373
Winter Flounder (SNE) 5 C -0.398 0.1995
Winter Flounder (GB) 2 M 0.368 0.2392
Winter Flounder (GB) 2 F -0.165 0.6088
Winter Flounder (GB) 2 C 0.076 0.8055
Winter Flounder (GB) 5 M 0.460 0.1806
Winter Flounder (GB) 5 F 0.301 0.3420
Winter Flounder (GB) 5 C 0.270 0.3727
Winter Flounder (GOM) 3 M 0.246 0.4174
Winter Flounder (GOM) 3 F 0.283 0.3485
Winter Flounder (GOM) 3 C 0.314 0.2960
Winter Flounder (GOM) 6 M -0.450 0.3113
Winter Flounder (GOM) 6 F -0.359 0.2788
Winter Flounder (GOM) 6 C -0.673 0.0232
Yellowtail Flounder (SNE) 2 M 0.428 0.1648
Yellowtail Flounder (SNE) 2 F 0.608 0.0360
Yellowtail Flounder (SNE) 2 C 0.655 0.0151
Yellowtail Flounder (GB) 2 M 0.567 0.0344
Yellowtail Flounder (GB) 2 F 0.508 0.0636
Yellowtail Flounder (GB) 2 C 0.587 0.0275
Yellowtail Flounder (GB) 5 M 0.470 0.3464
Yellowtail Flounder (GB) 5 F 0.381 0.1990
Yellowtail Flounder (GB) 5 C 0.426 0.1465
Yellowtail Flounder (GOM) 2 M 0.725 0.0033
Yellowtail Flounder (GOM) 2 F 0.459 0.0987
Yellowtail Flounder (GOM) 2 C 0.601 0.0229
Yellowtail Flounder (GOM) 5 M 0.053 0.9095
Yellowtail Flounder (GOM) 5 F -0.282 0.4307
Yellowtail Flounder (GOM) 5 C 0.219 0.5423
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Table 2. Correlation coefficients (r) for sex ratios vs. time for all stocks and species. Age range indicates the age
classes that were pooled to calculate the percentage of males. Significant results (P < 0.0056) are shown in bold.

Correlation
Species Age Range coefficient P-value
American Plaice 3-7 -0.511 0.0747
Witch Flounder 4-9 -0.563 0.0454
Summer Flounder 2-5 0.839 0.0001
Winter Flounder (SNE) 2-5 0.027 0.9316
Winter Flounder (GB) 2-5 0.396 0.1800
Winter Flounder (GOM) 2-5 -0.437 0.1357
Yellowtail Flounder (SNE) 2-5 -0.155 0.5977
Yellowtail Flounder (GB) 2-4 -0.549 0.0422
Yellowtail Flounder (GOM) 2-4 0.215 0.4600
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Figure 1. Survey sampling area.
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for significant correlations only.
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and the lower panel is pre-recruits; triangles indicate males, diamonds indicate females, and circles indicate combined
sexes. Lines are drawn for significant correlations only.
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Figure 11. Trend in sex ratios (expressed as the percentage of males) over time for summer flounder. The line
indicates a significant regression through the data.
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Figure 12. Trend in length-at-age for post-recruit female American plaice. The line indicates a significant
correlation.
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Figure 13. Trend in length-at-age for pre-recruit female witch flounder. The line indicates a significant correlation.
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Figure 14. Predicted length/weight curves for American plaice. The years which were contrasted in the ANCOVA

are shown with heavier lines.
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Figure 15. Predicted length/weight curves for witch flounder females. The years which were contrasted in the

ANCOVA are shown with heavier lines.
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