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Introduction

The Importance of analyzing blological data for the Subareas 0 and 1 shrimp stocks has
been stressed by the Standing Committee on Fishery Sclence (STACFIS) of NAFO In recent years.
The difficulties In applying traditional fishery models to shrimp have necessitated a
dependency on annual research surveys and monitoring fleet performance to detect changes In
stock size. Blologlcal data also provide some qualitative estimates of survival and
recrultment. The beneflits of an In-depth study of a time serles of blologlical data can be
two-fold In that 1) any changes observed might be related to effects of the environment (eg.
temperature, predators) or fishing pressure and 2) estimates of parameters for use In
quantitative analyses (eg. mortallty, recrulitment Index) might be forthcoming. More
generally, In any study of the population dynamics of a specles, an Intimate knowledge of Its
blology Is essentlal.

In response to the concerns of STACFIS, the following analyzes blologlical data obtalned
from research and commerclal trawlers flshing for shrimp In Davis Stralt between 1978 and
1981. The results may have some appllication In the assessment of the Subarea 0 + 1 shrimp
stocks In advance of the 1984 fishlng season.

Materlals and Methods

A total of seven (7) samples was avallable for analysis from the Store Helleflske Bank
between 1978 and 1981 (Fig. 1, Table 1). These were taken by research (1978 and 1979) and
commercial trawlers (1980 and 1981) In the August-September period. Although samples were
chosen from the same general area (Div. OA and 1B), depths ranged from 260 to 350 m. Samples
were pooled for each year resulting iIn sample sizes of 719, 806, 652, and 312 for 1978 to
1981, respectively. Pooling was conslidered appropriate after a cursory examination of the
maturity data revealed no major differences between samples within years. The commercial
samples were the only ones avallable for 1980 and 1981, therefore, the cholce of avallable
samples for 1978 and 1979 was |imited to the range of areas and depths encountered in the
former two. Since the commercial sampling was opportunistic rather than systematic, strict
sampl Ing procedures (as recommended at the Shrimp Ageing Workshop of NAFO) could not be
fol lowed.

Shrimp were measured to the nearest 0.1 mm for carapace length and, when possible, to the
nearest 1.0 mm for total length. Carapace length interval was increased to 0.5 mm for most
analyses. Sex was determined by observation of the flrst pleopod and maturity, by observation
of the gonads, and for very small animals, the second pleopod. These were macroscoplc
examinatlions and, consequently, the maturity data have no histological verliflcatlion other than
that the descriptions followed closely those glven by Berkeley (1930). Thus, sex was
determined as Juvenile, male, transitional or female and maturity as Immature, mature and
ovigerous. The slze of the ovary also was noted to determine spawning potential In any
particuiar year. Sternal splnes were examined as described by McOrary (1971) and presence of
ab?$rlgal paraslites also was recorded. In studies of maturity and age, the latter were
omitted.
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A total length/carapace length relationship was derlved by least squares regression for
164 animals covering a wide range of slzes. A preliminary Interpretation of age was made by
examining stages of sexual development and a Cassle (1954) analysls of a polymodal group of
Juvenlles and males. Estimates of natural moratality were derived by Pauly's (1980) multiple
regression equation relating M to L ® and K of the von Bertalanffy growth equation and
temperature.

Results

Sex and Maturity

The breakdown of sexual components for the samples In each year (Fig. 2-5) iIncludes an
undifferentiated length frequency (°/,.) and separate frequencies for males, a composite group
of translitionals and first year females (interpreted to be the same age group), multiple
spawners and ovigerous females. Although the frequencies differ In the relative strength of
Individual size/sex groups, there appears to be some similarity between years In the slzes of
each component. In 1978 (Fig. 2), males (Including a few Juveniles) were dominant up to
24 mm. Transitionals and first year females were unimodal at 25-25.5 mm and multiple spawners
averaged around 26.5 mm. No ovigerous animals were present In the August 1978 samples. The
following year (Fig. 3) males agaln were dominant up to 24 mm but the proportion of
transitionals and first year females was very low.. There was a peak of multiple spawners at
26.5 mm and ovigerous females were numerous In August of 1979. These ovigerous animals
occurred at the same sizes as the transitional-first year female group.

In 1980, males dominated the smaller size groups to 24.5 mm (Fig. 4). Transitlionals and
first year females occurred around 25.5 mm but there Is some evidence (albelt only one polint)
of bimodallty. Multiple spawners peaked at 27.0 mm and the few ovigerous females Indicated
bimodality at 25.5 and 27 mm. The sample size In 1981 was low compared fo the other years.
Males agalin were dominant up to 24 mm (Fig. 5), the transitional-first year female and
ovigerous groups were of similar sizes and indicated bimodality. Multiple spawners were
unimodal at 26.5 mm.

Pooling the data from all years permitted generalization of conditions for the four years
in question (Fig. 6). The smaller size Intervals consisted entirely of male shrimp with the
exception of a few Juveniles at the very smallest sizes. The other stages began to occur at
slzes greater than 22 mm and the length at 50% males was around 24 mm (Fig. 7)« Transitionals
were unimodal at 25.5 mm, the few first year females (with spines) averaged 25.3 mm and,
comb ined, both groups averaged 25.5 mm. Females which had spawned previously (no spines) were
unimodal at 26.5 mm. Ovigerous females occurred around 25 mm.

The maturity data also indicated that a small percentage of the transitional and female
shrimp would not spawn In a glven year. The Inabllity to spawn was Interpreted from
transitional and female shrimp with small, undeveloping ovaries. The percent of non-spawners
of all transitional and female shrimp was 3.5, 2.9, 1.5, and 1.4 for 1978 to 1981,
respectively (Table 2). The percentage for all years combined was 2.4. The data also showed
that only one of these was a flrsf-time spawner. Therefore, of the multiple spawner group,
7.0, 3.7, 2.5, and 2.4 percent mlght not have spawned In 1978 to 1981, respectively (Table 2).
These percentages are slightly overestimated because some ovigerous multiple spawners are not
Included In the total.

Age Interpretation

Ageling of shrimp from these samples was attempted through an interpretation of the sexual
components and a graphical breakdown of a polymodal group of Jjuveniles and males. The pooled,
four year data set (Fig. 6) was used to average length-at-age over a number of years for
transitionals and female components. The Cassie analysls for males proved more difficult as
slze groups were not conslistently represented each year and the pooled data were Inconclusive.
From the yearly data (Fig. 2-5), evidence of flve modal groups was observed but not In each
year. It was declided to pool 1978 and 1980 because the former best Illustrated the first
three modes and the latter the two largest male groups (Fig. 8).
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As mentioned previously, the transitionals and females with sternal spines (first year
females) were considered to be a single year-class and the average slize of this modal group of
25:5 mm (see previous sectlion) was chosen as the mean length-at-age. Multiple spawners
(females without spines) had an average length of around 26.5 mm. This group Is |lkely made
up of a number of year-classes which cannot be separated and, therefore, the average length
may be somewhat overestimated for the dominant cohort.

Results of the Cassie analysis are given in Figure 9 and Table 3. Five components were
estimated for mean and standard deviation. The smallest group around 8.0 mm was Interpreted
to be age group 0, age 1 at 12.0 mm, age 2 - 15.0 mm, age 3 - 19.5 mm, and age 4 - 22.5 mm.
The smallest/youngest group consisted of Juvenlles and immature males. The second size group
were all Immature males and the third, partly Immature and partly mature. The two largest
groups were exclusively mature males. A summary of length-at-age and maturity Is glven In
Table 4.

Natural Mortal ity

Pauly (1980) developed the following equé+lon for the estimation of natural mortality (M)
for flsh stocks:

log M = =0.0066 = 0.279 log L @ + 0.6543 log K + 0.4634 log T

where L ® and K are parameters of the von Bertalanffy growth equation
and T is an estimate of mean water temperature where the fish live.

Subsequently, Pauly et al. (1981) applied the same equation to estimate M for Penaeid
shrimp stocks. The equation was used in this analysis to derive an estimate of M for the
shrimp stocks In Subareas 0 + 1.

Based on mean length-at-age from the previous section, the von Bertalanffy growth
equation was derlived (Marquardt method) using the APL program by Rivard (1982). Pauly's
procedure recommends that L @ be expressed In cm, preferably using total length. A total
length/carapace length relationship was derived from the 1978-81 samples (Fig. 10).

t1 = 4.53 ¢l + 15.34  (r2 = 0.96)

Von Bertalanffy parameters were estimated both for carapace length and total length (Table 5).
Length at age 0 was not Included because It Is very iikely that problems of selectivity and
avallabllity of this size/age group significantly Influence the observed mean size. L « was
ostimated at 38.4 mm cl and 189.7 t| while K was estimated at 0.17. The values

L ®=18.97 cm, K = 0.17 and T = 4.0°C were used In Pauly's equatlion which generated an
estimate of M = 0.26. The value 4° was used as an estimate of effective physlologlical
temperature as recommended by Pauly (1980) for cold water specles. Thls corresponds to the
environmental temperature range of 3-4°C for shrimp concentrations in the Davis Stralt (eg.
Kannewor ff 1983, Dupouy et al. 1979, Parsons 1979). Even with thls conversion, Pauly (1980)
suggests an additional conversion factor of 1.3 for polar fishes which would increase the
above estimate to 0.34.

The equation also was used with carapace length, although Pauly suggests that total
length Is preferable. Despite the large discrepancy between 3.84 cm cl and 18.97 cm 11, the
estimate of M using the former only Increases to 0.40 and when multiplied by 1.3, to 0.52.

Discussion

The foregoing represents preliminary interpretations of a limited time serlies of
biological Information on shrimp In Subreas 0 + 1. Other interpretations are possible and
hopeful ly will be put forward as this study recelves critical review. Nevertheless, some
dliscussion of the results as presented here s warranted.

No obvious differences between years were noted In the sizes of shrimp at different
stages of sexual maturity. Certalinly, no differences in size/age of sex change as noted by
Charnov (1980) In a developing shrimp fishery at Skagerrak were apparent from the Davls Stralt
samples. These similarities between years might Indicate some stability In the stock under
exploitation.
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The 1979 data suggest that females spawning for the first time deposit their eggs earlier
than the females which had spawned In the previous year(s). This Is reflected in the slize of
ovigerous animals which coinclides very well with the sizes of the transitional and first year
female group. - This also may be Interpreted from the 1981 samplie, although samplé size Is low
relative to other years.

The maturity data presented here are consistent with those of Dupouy et al. (1981) which
Indicated that most transitionals and females have well-developed ovaries. Non-spawners were
less than 5% of all transitionals and females examined for each year and most had spawned
previously. Dupouy and Fontalne (1983) observed lower percentages of ripening ovarles In 1982
than In previous years and suggested that up to 50% of females without spines might not have
spawned [n that year. This potential "spawning fallure' Is much greater than that observed In
previous years from both the French and Canadlan data. Departure from 'average' condlitions of
this magnitude should be seriously considered in assessing the status of the stock. Indeed,
the French authors qualitatively predicted low recruitment because of the conditlions observed
In 1982, [1+ should be noted, however, that some late season commercial length frequencles
did not suggest spawning failure of this magnitude (Parsons et al. 1983)1. Data from the
flishery and research surveys should be analyzed In detall, especially during the next few
years, to verify this prediction as soon as possible. Such analyses of future and historic
data also should include the determination of the proportions of non-viable eggs which may be
another Indicator of reproductive success. ’

The determination of first year spawners versus multiple spawners Is not possible after
the eggs have been deposited. In fact, during the periods considered in this study (August-
September), some females were very close to laying eggs and had moulted Into ‘'breeding dress'.
I+ 1s possible that the proportion of flrst year females has been underestimated 1f sternal
splnes were lost Just prior to egg laying. Smidt (Horsted and Smidt 1956) stated that 'the
best plcture of growth, sexual maturlty, and sex reversal Is glven by the sampies collected In
August, because at this time all year-classes and development stages are represented'. Since
“that time, however, McCrary (1971) showed that flrst year spawners could be separated from
multiple spawners based on the conditlion of the sternal spines. |If It Is desirable to make
this distinction, then a better time for sampling might be a I1ttle earllier In the year,
perhaps late July, before the eggs are layed and before females acquire full breeding dress.

The significance of bimodality (if any) In the transitional-first year female group in
1980 (and to some extent 1981) Is uncertain. Varlation In the data Is one explanation but
differences In growth rates and maturity of various age groups also are possible.
Difficulties in age Interpretation which may result from the latter have been addressed in
part by averaging (pooling) the data over four years.

The Interpretation of age given here Involved a number of assumptions. 1) The
transitionals and first year females (wlth spines) were considered to be a single year-class.
Only a few first year females were found in most samples and thelr sizes corresponded to the
slzes of the transitional group. As well, development of the ovaries were similar in both
groups. The only distinguishing feature was the remnants of the Inner lobe of the first
endopod In the transitionals. 2) The group of females which had spawned previously Is likely
a composite age group. An extrapolation of the von Bertalanffy relationship determined here
suggests that the largest animals encountered (31-32 mm) might be 9 to 10 years old. This
perhaps 1s possible, but as Dupouy and Fontaine (1983) suggest, females which do not spawn in
a glven year |ikely grow, perhaps accounting for these larger sizes. 3) Another assumption Is
that the flve modes of Juveniles and males represent age groups and are not merely artifacts
of the data. Dupouy et al. (1981) Indicated three modes of male shrimp from the French
commerclal data. Dupouy and Fontaine (1983) Indicated that the smallest group was age class
1, thereby conceding that the young of the year were not avallable to the commercial gear. It
Is possible that age class O Is partially represented by the mode at 8.0 mm In these samples.
These slizes of shrimp also were found in cod stomachs off Labrador and Interpreted |ikely to
be young of the year by Bowering et al. (1983). However, five age groups have not been
Interpreted from previous data. If flve do exist, It will have some affect on predictions of
recruitment made during previous meetings. The Interpretation of age In this study predicts
sex change at age 5 which corresponds with Type A development described by Smidt (Horsted and
Smidt 1956) for the Disko Bay and Godthaab District. Although the Disko Bay Is, more or less,
adjacent to the area where the samples In this study were taken, hydrographic conditions may
differ greatly.

The estimate of natural mortality of 0.34 from Pauly's (1980) equation applied to total
length is low compared to mortality after spawning of 1.5 used in a previous assessment (ICNAF
1977). The estimate of 0.52 using carapace length falls within the range estimated for shrimp
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In the Gulf of St. Lawrence (Fréchette and Parsons 1983). The relationship Is not extremely
sensititive to elther parameter, especially L ®, and even with approximate values, reasonable
estimates of M may be obtainable. |f mortality for females Is relatively high after second
spawning, then K might be underestimated and consequently M as well. As the von Bertalanffy
equation only provides an approximation of the discontinuous growth of shrimp (Frechette and
Parsons 1983), estimates of M by the above method are only as biologically meaningful as the
parameters L @ and K, themselves.
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samples from Subareas 0 + 1, 1978-81.

Sample . Depth Time
no. Type Date Lat. (N) Long. (W) (m) NST  Div. n
1 Research 09/08/78 68°29.2' 56°59.3' 351 0839 B 452
2 Research  10/08/78 67°32.0' 58°09.2' 265 0713 0A 267
3 Research 11/09/79 68°01.7' 57°00.1' 262 1023 1B 451
4 Research 14/09/79 67°41.3' 57°42.7' 261 1121 18 355
5 Commercial 26/08/80 67°51.0' 57°56.0' 300 0925 18 345
6 Commercial 17/09/80 68°04.0'  58°33.0' 335 0630 0A 307
7 Commercial 21/09/81 68°10.0' 58°46.0' 285 1255 0A 312
Table 2. Incidence (n) of non-spawners estimated from samples taken in
Subareas 0+1, 1978-81.
ATl

1978 1979 1980 1981 years
Transitionals and females 256 243 333 144 976
Non-spawners 9 7 5 2 23
Percent 3.5 2.9 1.5 1.4 2.4
Multiple spawners! 128 161 199 82 570
Non-spawners 9 6 5 2 22
Percent 7.0 3.7 2.5 2.4 3.9

1 Qvigerous animals not included.



Table 3. Results of Cassie (1954) analysis on pooled data for juveniles and

males, 1978 and 1980.
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A B C
Length™ Length* S
Group at 50% at 99.99% B-A C/3.72 % of total n
0 8.0 10.0 2.0 0.54 2.3 17.8
1 12.0 14.5 2.5 0.67 4.7 36.3
2 15.0 19.0 4.0 1.08 10.0 77.3
3 19.5 23.5 4.0 1.08 27.0 208.7
4 22.5 27.5 5.0 1.34 56.0 432.9
TOTAL 100.0 773

* lengths estimated to the nearest 0.5 mm.

Table 4. Mean length-at-age and maturity for shrimp from Subarea 0+1,

1978-81.
Carapace
- Age Tength Maturity
0 8.0 Juveniles and immature males
1 12.0 Immature males
2 15.0 Immature and mature (maturing) males
3 19.5 Mature males |
4 22.5 Mature males
5 25.5 Transitionals and first year females
6+ 26.5 Multiple spawners
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Table 5. Estimation of von Bertalanffy growth parameters for shrimp from
Subarea 0+1, 1978-81. :

Carapace length (mm) Total length (mm)

Age Observed  Expected - Observed txpected
0% | 8.0 51.6
1 C12.0 1.6 69.7 67.9
2 15.0 15.8 . 83.2 86.9
3 19.5  19.4 - 103.6 103.0
4 - 22.5 22.4 117.2 116.5
5 25.5 24.9 130.8 127.9
6+ 26.5 27.0 135.3 137.6
| Lo 38.4 189.7
K 0.17 0.17

* length at age 0 not used in estimation of parameters.
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Fig.2. Separation of length distribution by stages of sexual
development for a sample of P. borealis from Davis Strait 1978.
d* = male, g"= transitional, 9'= females with sternal spines,
Q"= females without sternal spines, g9°= ovigerous females.
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Fig.3. Separation of length distribution by stages of sexual
development for a sample of P. borealis from Davis Strait 1979.
0" = male, g” transitional, @'= females with sternal spines,
Q"= females without sternal spines, g°= ovigerous females.
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Fig.4. Separation of length distribution by stages of sexual
development for a sample of P. borealis from Davis Strait 1980.
0" = male, ¢ = transitional, Q'= females with sternal spines,
Q"= females without sternal spines, g°= ovigerous females.
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for male shrimp, Subareas 0 + 1, 1978 and 1980.
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Cassie analysis of polymodal length frequency of male

shrimp given in Fig.8. ( 0.5mm precision ).
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