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INTRODUCTION
Scientists studying the growth patterns of penaeid shrimp have never been
really satisfied with “traditional” growth models used in fisheries research.

The won Bertalanffy function is most frequently used, but with many sets of

data, one {inds Lhat the relattonshly betweea length ot some L tme (ape) t and
length at time t+l is not really linear with time (age), and that the very
exlstence of a meaningful asymptotic length is questionable. Other models'witﬂ‘
fixed parameters are used, but they too may show analogous indications of "lack
of fit". Quite possibly, shrimp growth rates are too sensitive to environmental
changes, particularly seasonal changes, to allow a good fit with any fixed para-
" meter growth model, even if the basic model were correct under constant
conditions.

Alternative approaches need to be explored, including incorporating tem-
poral or upattal (or both) vartationns fnto nlogle formalnt hmn.- I’hnr}"n (1980)
has completed one analysis of seasonally-varying growth of white shrimp.by
expressing tail length as a function of degree days. Here, I will present
another alternative, modeling growth"rate directly as a function of shrimp size
(tail length) and temperature, using data from mark-recapture experiments on

white shrimp Penaeus setiferus L., in Louisiana, from 1977-1980.

DATA

White shrimp mark/recapture experiments have been conducted in both inshore
and open Gulf waters by the NMFS's Galveston Laboratory and Louisiana Department
of Wildlife and Fisherles siuce July 19/7. A description ol proceduren can be
found in Emiliani (1971) and Phares (1980). Data used in this paper include
shrimp returned by 1 December, 1980. Records for which sex, tail length at
release, tail length at recapture, and days at large data were incomplete were
not included. Records for which the recorded recovery date preceded the release

data were also rejected. -
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Water temperatures were recorded continuously at Caillou Lake, Louisiana,
the primary inshorg release site. Data were available from July 1977 to August
1979, with gaps from 8 August to 6 September, 1977; 21 November to 31 December,
1978; and 1 March to 1 April, 1979. For this work, the continuous data were
sunwarized as average temperature fér each calendar day. Gaps in the data were
filled with the average of the last record before the first record after each
kop, ercept for the November December gap, which wan f1lled with a lnear drop o
temperature betweep the available records.

To take advantage of additional releases beyond the existing temperature
data, a cosine function was fit to the existing data (using BMDP3R; Dixon and
Brown, 1979), and used to simulate temperatures for dates beyond the data. The
cosine representation is not completely accurate (actual temperatures were
slightly warmer in spring and fall, with a sharper miﬂimum in the winter), but a
cosine does serve as a reasonable approximation. Fig.l shows the inshore tem—
perature data, and the simulated extension of those data.

Ne rnnrinunus_offshnrn temperature data were avaflahbhle. 1 supplemented
data taken on the offshore tagging cruises with monthly data reported by Lindner
and Anderson (1956), and constructed a cosine function representing the annual
cycle at about 10 fathoms depth (Fig.2).

All shrimp released inshore were assumed to have lived in the environment
described by the inshore temperature curve of Fig. 1. All shrimp released
offshore were assumed to have lived under the temperature regime described by
Fig. 2. Because individual shrimp may have moved anywhere in the spatial tem-
perature gradient between release and recapture, the information lost by using

simulated temperatures is probably small.
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MODéL CONSTRUCTION

Growth rate at any instant, as the change in tail length per ﬁnit time, was
assumed to be a function of tail length, temperature, and length x temperature
interaction. The sexes were analyzed separately. Change in tail.length (aL)
divided by time at large (At) was used as an approximation of instantaneous
growth rate. Length corresponding to each individual growtﬁ rate estimate was

approximated by release length plus recapture length divided by 2. The

, -
B

cotteppomding temperstute wan approxlmated an the pum of the dally femperaturen
while at large, divided by the days at large. The effects.of‘the léngth and
temperature approximations are minor, although they do become more important
with increasing time at large. The AL/At approximaﬁion presents some problems
that must be expanded.

There are two major sources of difficulty in using AL/At as an estimate of
instantaneouskgrowth rate:

1) The errors in méasuring tail length appeared to be large.

2) As the rates of 2 random variables, the distribution oonLﬁaf will have

“"heavy tatls”,
In combination, these problems giveal/at a disfribution with an unpleasantly
large variance, and “too many” implausibly high (+ and ~) observations.

The large number of tagged shrimp available for this study helps reduce the
effects of these problems. However, for many needed combinations of length and
temperature, the data are very sparse. Tables 1 and 2 show the numbers of
observations available for different length and temperature ranges. Inclusion of
impiausible values in the sparse regions would result in a model Fhat predicted
impossible growth rates just outside the region of the data. Two actions were
necessary to minimize this effect:

1) removing any implausibly extreme growth rate values

2) operating with mean growth rates over small ranges of length and

temperature



The “"heavy talln” cauned by extreme al/at vnlues are reflected in the cur—
vature of normal probability plots of the data (Figs. 3 and 4). Elimination of
impossible rates was necessary, but any decision on the boundaries had to be
subjective. I included all estimates between -0.5 and +1.5 mm per day,
rejecting as toé implausible the 10% of the observed rates (9% male, 11Z<female)
outside that range. The distributions of the accepted data were nearly normal.

The relationship betwen growth rate and length and temperatufe was explored
by plotting mean observed rates over 2? C and 5 mm length intervals ("cellsf"h
Figs. 5 and 6). Non-systematic variability was high, particularly for males,
but in most cases the aberrant cells were those with low numbers of obser-
vations (see Tables 1 and 2). Two general points were suggested by Figs. 5 aund
6: |

1) The relationship betwen growth and length at a given temﬁerature does
not decline linearly with length, but passes through a maximum. The
maximum growth rates occur at greater 1engths‘with decreasing’temf
peréture (males and females both).

2) The reiationship between growth and temperature, given length 1s
described well for only a sﬁort span of lengths in these data. For
males, growth rate increases with increasing temperature more slowly
at higher témperatures and larger shrimp, but no maximum was
apparent. The female pattern was similar, but larger females may have
a ma#imum within or near the range of the data.

The simplest fupction that can capture the pattern suggested by the plots

is:

G = by + bjL + by L2 + b3T + b4TZ + bsLT

with G the instantaneous growth rate; L, the length; T, the temperature; and the

b's as parameters. The coefficients of the model were estimated by linear



‘regfessioﬁ (using BMDPY9R; Dixon and Brown 1979) performed on the cell means data,
welghted by the number of obuervattions in each cell. Tables 3 and 4 summarize
the results of those regressions. One additional constraint was then added to
the model: if prediéted G is less than zero, predicted G is set = 0. Figures:7
and_? map the predicted growth rates as a function of temperature and £311
length.

White shrimp generally recruit to open inshore waters beginning at about
45 mm tail length, although some as small as 30 mm are encountered (data of
Lindner and Anderson, 1956, Loesch 1965; total to tail length conversions of
Brunenmeister, 1980). The distributions of the data points were shown in Tables
1 and 2, and the approximate limits are outlined in Figures 7 énd 8. The pre-
dicted rates are probably valid down to recruitment in the opeﬁ inshore waters
at 45 mm. Predicted rates below 45 mm (outside the range of the data) are not
consistent with observed rates for very small shrimp (see Lindner and Cook
1970), so I'recommend against using the predicted rates below &5‘mm;

The model predicts temperatﬁre—dependent maximum sizes for both males and
females weil outside the ranges of the data. The existence of such maxima is
probably quife real, but because the predicted maximum values are so far removed
from the data, the accuracy of the specific values is questionable. Setting a

predicted upper limit to the predicted growth rates, analogous to the 45 mm

lower limit, will really depend on the speclific application intended.

Figures 9 and 10 show length vs time curves for a hypothetical sequence of
cohorts recruited at 45 mm tail length from late June to November (2 weeks
apgrt), To produce these curves, each’cohort was assumed to exist in the tem-
perakdf; regime described by the inshore cosine curve fit to the Caillou Lake
data'(Figure 1) until early October. After that, once the predicted tail length
for a cohort exceeded 54 mm, the temperature regime was assumed to follow the
of fshore curve (Figure 2). This approximates the fall emigration of shrimp at

the sizes deseribed by Pullen and Trent (1969) for Galveston Bay.

5



DISéUSSION

The apparent existence of a maximum in the relationship between growth rate
and shrimp length was unexpected. ‘Traditionally a linear (or at least
gomotonic) decline in growth rate with increasing length is hypofhesized. At
first, I doubted the reality of. the maximum suspecting that the smaller shrimp
may have been “"too small” to tolerate the tag. However, the shift of the maxi~l
mum to larger sizes at lower temperatures would be unlikely if interference from
the tag were the main cause of reduced growth rates at snaller sizes.

The model predicts that shrimp recruited in June and July will reach about
140 mm tail length the following summer. Such sizes are uncommon. Either mor-
tality is so great that most of the early cohorts are essentially eliminated in
less than one year, or the sizes predicted by the model overestimate the true
sizes, or boﬁh.

Cohorts reéruited in June, July, and early August will grow “down the
ridge” of high growth rates in Figures 7 and 8 throughout the summer,~fall, and
winter. Not until the following spring does growth rate show a sharp decline.
(Dr. Susan Brunenmeister has pointed out that this predicted spring decline

coincides with the onset of reproductive activity). The high rates predicted

for midsummer cohorts are in contrast with the low rates predicted tor tall
recruits. The model predicts that shrimp recruited in November will remain
inshore, and show essentially no growth until the following spring. The model's
structure for handling emigration to offshore waters is crude, but the pattern
is in accord with length-frequency observations of Lindner and Anderson (1956) -
nnd:Loésch (1965), which show essentially static modal sizes inshore during the

winter.



Variation between the predicted rates and observed cell means was large
(note the RZ in Tables 3 and 4), but systematic variation was not obvious.
However, many of the sparser cells were filled by data from single release
groups. Clearly, temperature and size do not completely determine growth rates,
but I believe that much of the truly seasonal.component of vafiation has been

captured in the model. The limitation is that other, non-seasonal components

exint with mognitades of fmportance roughly on a par with geauonnl variat fon.

CONCLUSTONS

The mechanistic nature of this growth model is its most abpealing feature.
Allowing growth rate to respond directly to other variables‘appears to be both
realistic and powerful. Only temperature and size were considered here,.but
other variables could be included if desired. The model is completely general,
in that no specific size-at-age function is required, although it 1is cépable of
creating curves of specific functions if the daté warrant.

The major difficulty with this approach is that the data évailable Qere
"lll-cuudlt,i(‘mcd" for obtalnlng parameter estimates. This problem will probably
exist for any field-oriented growth experihents. Data were sparse for many com—
binations of the independent variables. This exacerbated the difficulties
caused by using AL/At as an approximation to instantaneous growth rate.
Subjective decisions about the data had to be introduced. Residual variation
reméined large, in part because individual growth variations were probably
large, 1n part because measurement errors were large, and became magnified
using a AL/at approach.

Problems in applications of the model for white shrimp stem primarily from
extrapolation beyond the range of the data, which unfortunately, fu voually

required. I remain suspicious of the predicted growth rates above about 90 mm



tail length. and of the size-at-time curves at those sizes. The seriousness of
the problem depends on the application. The problem should be minimalyﬁhen

using this model in yield in weight functions assoclated with yield per recruit

models.
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Figure 1. Inshore temperature vs time. Data from Caillou Lake,
Louisiana. The smooth curve after August, 1979 is a
cosine curve fit to the 1977-1979 data.
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Figure 2. Simulated offshore bottom temperature vs time.
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Figure 4.
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Figure 5a. Observed mean growth rates ve. tall length, maleu. -
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Figure 5b. Observed mean growth rate vs temperature, males (To
reduce the number of curves presented, this figure
is plotted with 10 mm length groupings. The original
*cell"” summaries used 5 mm groupings).
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Figure 6a. Observed mean growth rates vs tail length, females.
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Figure 6b. Observed mean growth rates vs temperature, females.
(To reduce the number of curves presented, this figure
is plotted with 10 mm length groupings. The original
"eell®™ summaries used 5 mm groupings) .
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Figure 7. Predicted growth rates vs temperature and tail length, males.
Growth rate contours are in mm per day.
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Figure 8.

Predicted growth rates vs temperature and tail len

Growth rate contours are in mm per day.
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Figure 9. Tail length at time for a sequence of cohorts, males.
The cohorts "recruit® at 45 mm tail length at 2 week
intervals.
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Figure 10. Tail length at time for a hypothetical sequence of cohorts, females.
The cohorts "recruit" at 45 mm tail length at 2 week intervals.,
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