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Introduction

The squid I1lex illecebrosus is a seasonal migrant to Newfoundland inshore waters. Immature
juveniles arrive inshore Tn late June or July and depart generally in November by which time many of the
males are mature although females remain in the immature state (Squires, 1957, 1967; Mercer, 1965, 1969).
Spawning areas and times are unknown but Squires {1957) has suggested winter spawning offshore at an age
?;Gg?e year; the species is presumed to be monotelic and to die after spawning {Mercer, 1965; Squires,

The following preliminary account proposes a simple unambiguous series of maturity stages for
males and describes seasonal, year to year and areal variation in maturities and sex ratios. As female
squid remain in the immature state during their sojourn in Newfoundland inshore waters, female maturities
will not be discussed in this paper.

Materials and Methods

Specimens examined

A1l specimens were taken by handline and jigger in inshore waters of less than 20 metres depth
(Fig. 1}. Conception Bay samples were taken at various localities in 1965 and all were obtained at
Holyrood in succeeding years. Hermitage Bay samples were taken at various localities in 1966 and at
Rencontre West only in 1965 and 1967.

Dorsal mantle lengths were measured to the nearest centimetre from the antero-dorsal

protuberance to the apex of the tail fin. Maturities were classified according to the scale defined
below and testis weights recorded to the nearest 0.1 g.

Maturity stages

Stages of maturity for males were determined by gross visual inspection of the vas deferens and
the spermatophoric organ and sac (Fig. 2) as follows:

Immature: Spermatophoric organ thin and transparent to translucent. Vas deferens thin and
transparent. spermatophoric sac empty.

Maturing Stage I: Spermatophoric organ with a thin white mid-lateral streak. Vas deferens
thin and transparent or with a slight white streak. Spermatophoric sac empty.

Maturing Stage II: Spermatophoric organ with a white mid-lateral streak. Vas deferens thick
and creamy white. Spermatophoric sac empty or containing a few whitish particles {no complete
spermatophores),
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Mature: As for previous stage except that the spermatophoric sac contains spermatophores.

The stages represent sequential changes in the appearance of only part of the genitalia during
the course of spermatophore formation but these stages are unambiguous and have been found not to offer
problems of reproducibility between workers. The definitions purposefully exclude reference to
attendant changes in size, appearance or histology of the testis,

Data analysis

Maturities. The technique applied to analysis of the maturity data was that developed for
comparison of dosage-mortality data (Bliss, 1935a.b¥. The technique is widely applied in bicassay {see
Finney, 1952) and has previously been used in analyzing maturity data {see Fleming, 1960). As adapted
here, maximum 1ikelihood estimates of a and b for the probit equation Y = a + bx were obtained by an
jterative scheme; the program was modified from Subroutine PROBT of the IBM System 360 Scientific
Subroutine Package. The procedure assumes normality in the distribution of critical values.

Numbers at each length in each maturity stage were summed by month for each year and area, The
samples were "dosed” with mantle length, the resultant Matsg values obtained being the mantle length (cm)
at which 50 percent of the specimens leave or enter the given maturity stage. While size frequency
distributions of the immature and mature stage animals present sigmoids the intervening maturing I and
maturing II stages fall in normal distributions. To render these into sigmoids the maturing classes were
summed with the adjacent immature or mature classes and Matsg values were then obtained for immature,
fmnature + maturing I, maturing II + mature, and mature specimens.

Between year comparisons of size at 50 percent maturity in a given month and area were made
employing a one-sided t test, the one-sided test being applicable as the ordering of the Matgg values
was by prior hypothesis. The t test application to the probit equations of s1ightly differing slope is
here considered equivalent to its application to comparison of skewed and thus slightly non-normal
distributions; the robustness of the test indicates 1ts applicability in this circumstance. Sample sizes
of specimens cannot be used in the analysis as numbers examined at the ends of the range outside the zone
where the change in maturity cliass is occurring are irrelevant and their inclusion would bias the analysis.
Probit weighting factors were employed instead of the sample sizes. For purposes of this paper time
precluded the covariance analysis which is the most suitable test.

Length-gonad weight Equafions were computed using the equation W = ¢LP in which W = testis
weight, L = mantle length and c and b are constants which were estimated from a least squares regression
of the logarithmic transformation Y = a + bx in which Y = Jog;ol, a = log pc and x = Togyol.

Sex ratios. Each sample was examined for deviation from numerical equality of the sexes. The
x2 test was applied (1 df) and all probability values are tabulated, a 10 percent probability of
inequality being considered "significant" enough to merit discussion in the results,

Results

Maturity

Maturation was found to be related to the correlated variables squid size and season and between
year and areal variation was observed (Table 1, Fig. 3). Goodness of fit to the probit equation varied
considerably. For instance in September 1967 at Rencontre West where only 4 of 950 specimens examined
were mature x2 = 2.00 and P = .98 whereas at Holyrood where 252 of 795 specimens were mature y2 = 32,98
and P = ,00052.

Seasonal variation. At the time of their arrival inshore in late June or early July all squid
were found to be immature and, except for ome 21 cm maturing I squid taken at Holyrood on July 12, 1971,
all squid sampled in July were classified as immature. In August 1566 at Holyrood immature males ranged
to 25 cm mantle length but in subsequent months the largest were 23 cm. S1ze at which 50 percent of the
samples left the immature stage dropped from 22.6 to 21.8 cm from August to September 1966 and more
slowly thereafter. Whereas in August only 14.3 percent of 14 specimens 24 cm or larger were in stage
maturing 1I, in September 57.5 percent of 137 specimens of this size were maturing II or mature. The
trend is consistent for all years and areas studied, size at which 50 percent of the specimens leave the
jmmature and both immature and maturing 1 stages and enter the maturing I and mature stages decreases
over the season. The only anomalies occurred in November (1966 Fortune Bay and Holyrood immature class,
and 1967 Holyrood mature class) involving small sample sizes and/or poor fits to the probit equation,
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Areal variation. Various comparative data are available for Conception Bay (Holyrood),
Fortune Bay and flermitage Bay in 1966-67. Sizes at 50 percent exit from immature-maturing I in September
1966 were 24,03, 23.91 and 23.37 cm respectively in the three areas, the paired comparisons by one-sided
t test being highly significant (P << .0005). Other comparisons of immature and immature-maturing I
animals result in a similar ordering of Matsg values. Matgg values for mature animals on the south coast
are higher than at Holyrood (Conception Bay? and few mature animals were taken in south coast samples.
However, maturing II stage animals bulked larger in south coast samples (Fig. 4).

Between year variation. Comparative data are available for three years from Holyrood only.
Most increasing Matsg vaTues fall in order of years 1967, 1971, 1966 {Table 1) which is the order of
decreasing water temperatures. Based on the hypothesis that more rapid maturation occurs under warmer
temperature conditions (see Richard, 1966) one-sided t tests were used to compare differences observed at
Holyrood in September of each of the three years (Table 2). Three of four comparisons indicated highly
significant differences (which would also be highly significant in a two-sided test). Anomalies from
this trend are seen in comparisons of Matso values for immature squid at Holyrood for August
1966 and 1971 and for November 1967 and 1371 immature-maturing I and mature squid.

Testis weights. Testis weight Increases as a function of mantle length and with advancing
maturity {Fig. 5 ang BJ. Calculations from the fitted regressions (Fig, 6) indicate testis weights of
0.8, 2.2, 4.0 and 5,7 g for 23 cm immature, maturing I, maturing II and mature squid respectively.

Sex ratios

Data for the years 1966, 1967 and 1971 are given in Fig. 7, Males predominated significantly
(P < ,05) in only 1 of 32 south coast samples in 1965-67, this being taken early in the season (Sept. 13,
1966). Females predominated significantly in most of the other samples (P < .05 for 19 samples and
P < .1 for 1 sample}, this preponderance being most striking late in the 1966 season.

At Holyrcod the pattern is somewhat different. In considering samples collected July 6 to the
end of September males predominated significantly in 5 of 12 samples (P < .05 in 3 and P < .1 in 2) in
1966, in 5 of 10 samples (P < .05 in 3 and P < .1 in 2) in 1967, but in only 1 of 10 samples (P < .02)
in 1971 and 0 of 4 in 1965. In only one early season sample taken 1966-71 (July 19, 1971) were females
preponderant {P < .01}, but in 1965 females comprised a significant majority in 3 of 4 samples
(P <.054n 1and P < .1 in 2). Late in the season the pattern changed. Females were significantly
more abundant in 6 of 13 samples (P < .06 in 4 and P < .1 in 1) and males in only 2 (P < .001 in 1 and
P < .,1in 1}, both of these latter being in 1967,

Females were more abundant in all 5 samples taken at Englee Aug. 11-Sept. 14, 1965 but in only
the last was the difference significant (P < .1).

In a Trinity Bay sample taken July 27, 1965 males were preponderant (P < .01} but females
comprised a majority in the 4 remaining samples taken Aug., 18-Sept, 9 {P < .05 in 2).

Discussion

Squires {1957) reported no mature males prior to September but in September to November he
reported “early" or "late" spermatophores in 75 percent of specimens examined. (Terms were not defined.)
Squires noted an increase In testis weight for squid at a given lTength throughout the season but he
supplied no supporting data. The maturatfon of males at progressively smaller sizes later in the season
is consistent with available information on maturation i~ cephalopods, Wells and Wells {1969) described,
in an octopod, a negative feedback system involving the optic glands and testes {or testicular ducts)
which is a functional analogue of the pituitary system in mammals. This system explains the prolonged
maturity of males, compared with females, where there is apparently no ovarian hormone. Richard (1968)
found that photoperiod affected maturation of female cuttlefish (Sepia officinalis) and it is likely that
the same situation obtains in males. The pattern observed was a quickening of maturation with decreasing
day length and our data on maturation of male Il1lex illecebrosus are consistent with the same Situation
obtaining for this species.

In controlled rearings of female cuttlefish, Richard {1966) demonstrated the accelerating effect
on maturation of elevated temperatures. Observations reported here indicate that year to year and
regional differences in maturation of male Illex illecebrosus in the Newfoundland region may also
relate to temperature differences with more rapld maturation occurring under warmer temperature
conditions,
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The dearth of mture specimens and higher Matsp values for the mature class in south coast
samples may reflect reled catchability of mature squids possibly related to offshore migration
(Mercer, 1969). The Wmer proportion of males in the catch late in the season {Fig. 7) supports this
conjecture,
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Table 2. Betwmem year comparisons {one-
a) pass e stages immature and matu
in Septemtw. A'ir temperatures given are the means of daily
for the pried July 1-Sept. 30 at Torbay.

low surface temperatures at Holyrood July 5-Sept. 24.

ring T and b) enter

sided t test) of size at which 50 percent of squid
the mature stage at Holyrood
high and low air temperatures

Water temperatures are means of daily high and

Sept. Mean 3mg_{T) Immature-maturing I Mature
Water  Rir Matgg t df P Matgq t df p
1967 1.4 6.5 23.09 24.15
52.92 416 << 0005 36.06 ki) << 0005
1971 8.8 W.7 23.69 25.33
20.75 256 << 0005 1.02 122 .15<P<.20
1966 - ¥.a 24.03 25.40
Table 3. Mumbers of testis weights used in computing the regressions in Fig. 6,
Length No. samimed Immature Maturing I Maturing Il Mature

15 1

16 5

17 9

18 24

19 33

20 52 1

21 59 8 2

22 52 40 4 1

23 14 60 15 14

24 3 29 23 59

25 1 4 10 88

26 1 56

27 3

28 1

Totals 253 142 53 224
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Fig. 1. Map of Newfoundland showing place names mentioned in the text,
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Fig. 2. Lateal wiews of the spermatophoric organ and sac and vas deferens of Illex illecebrosus
from Newfousfand. Top to bottom: maturing stage I, maturing stage 1I, mature. See texi for
descriptions.
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Fig. 5. Testss of I1lex illecebrosus of mantle length 23 cm collected at Holyrood
October 3,1967.” From left to right: mature, testis weight 7.6 g; maturing
stage II, testis weight 6.0 g; maturing stage I, testis weight 4.5 g.
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