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greater than between some species (Voss, 1977). Other structures
and characters such as sucker dentition and funnel organs, and
radulae have been examined. The diagnostic value of these
characters cannot be determined until their variation at the
individual, population, and specific levels can be ascertained.

The statolith is perhaps the most extensively used hard part
for distinctive descriptions (Clark, 1978). Clark (1978)
described general features as well as specific characteristics of
the teuthoid statolith. Similarly he described distinctive
features of statoliths of the orders Sepiodea and Octopoda. When
using this as a taxonomic tool, it is necessry to be aware of the
morphological changes that occur in them as the animal progrésses
through the life stages. Thus the statolith structure studied
through the entire size range of Illex is thought to be a
valuable taxonomic tool.

The internal shell of the teuthoid cephalopods, the gladius,
has gained attention in recent years as a possible taxonomic
character (Toll, 1981). The shape of the gladius aided Roper et
al., (1969) in identifying a new species of Illex - Illex
oxygonius. Comparison of shapes of gladii of living species with
fossil remains have contributed to differentiation between the
line of origin of various cephalopod groups (bonovan, 1977). The

gladius of adult Illex illecebrosus has been described in great

detail by Verrill (1879). However, to date an examination of

gladii from a wide range of size classes of Illex illecebrosus

has not been completed.

In our sampling program for Illex illecebrosus established in

1977, a large number of specimens have been accumulated from all
stages of its life cycle. These range from egg and larval stages
from tank experiments (O'Dor et al., 1980) and very early
Rhynchoteuthion stages to mature animals in the field
(Amaratunga, 1980). In this repdrt morphometric measurements of
I. illecebrosus ranging from the earliest juvenile stage
(post-Rhynchoteuthion stage) to maturity are studied.
Characteristic features of the gladius and statolith from

representative size classes are also presented.
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Materials and Methods
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microstructure of the statolith. A statolith from a squid of
230 mm DML was fractured by tapping it gently with a small metal

rod and examined using a Stereoscan 250 scanning electron

microscope.

Upon completion of morphometric studies, gladii from three
representative mantle length sizes of squid were removed and
examined for variation through growth. By cutting the mantle
ventrally the gladius could be seen along the dorsal side of the
mantle and could be easily removed by pulling it gently with
forceps from the apex of the tail fin. Gladii were removed from
squid of DML 80, 180, and 210 mm. They were then washed inv
distilled water and dried with absorbent tissue. Cross-sections
were' taken at four points along the length of each gladius - at
distances 10%, 25%, and 60% of the total length from the anterior
end and the fourth section was taken at the narrowest point on
the gladius (Fig. 2). The four sections were mounted in
plasticene and the series was photographed.

Juvenile Illex illecebrosus ranging from post-Rhynchoteuthion

stage to 100 mm mantle length were collected during research
cruises between January and June of 1978 and 1979 in areas
outside the Scotian Shelf break extending through the Gulf Stream
and into the Sargasso Sea. Animals of mantle lengths greater
than 100 mm were obtained inshore and offshore in NAFO Subarea 4
between May and August of 1980. Detailed morphometric
examination was conducted on 2,271 Illex by taking measurements
on 15 parameters as listed in Table 1 and shown in Figure 9.
Juvenile Illex were measured using calipers while larger animals
were measured with a ruler. All measurements were recorded to
the nearest millimeter, with the exception of fin angle which was

recorded to the nearest degree.

Means and ranges were calculated for all parameters measured.
Relationships between fin length and mantle length; fin angle and
mantle length; and head length and mantle length were

determinined by regression analysis.
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relationships between statolith dimensions and mantle length are
expressed by the equations:

DOME WIDTH

it

0.0020 DML + 0.1655

DOME LENGTH

0.0025 DML + 0.2220

TOTAL STATOLITH LTH

0.0032 DML + 0.3987

Figures 5a, b, and c are scanning electron micrographs of
internal surfaces of an I. illecebrosus statolith. The
microstructure of the teuthoid statelith is one of aragonite
calcium carbonate crystals arranged in radiating. needles
(Kristensen, 1980). According to Clarke (1978) the crystals of
the statolith radiate from a centre but depending on the order of
cephalopod being examined their configuration may have different
effects on the surficial appearance of the statolith. The
crystalline subunits of the statolith, the statoconia, may be
irregularly arranged or stacked with their long axes parallel.
It appears in I. illecebrosus that the latter is true (Figs. 5a,

b, and c).

Gladius

Verrill (1879) described the gross-morpholgy of the
I. illecebrosus gladius. Subsequent description of the gladius
of this species is extremely limited., Figures 6, 7, and 8 are
photographs of cross-sections of gladii from animals of DML
80 mm, 180 mm, -and 210 mm respectively. The basic features of
the gladius can be seen in these figures. Figures 6a, 7a, and 8a
are cross-sections of the anterior end of the gladii. The
midrib, or rachis, can be seen at the centre of each section and
shows little variation with size of squid. The flattened portion
on either side of the midrib, the vane, appears to display no
obvious variation in the three figures. However, variation
between animals of different DML is apparent in the structure of
the lateral ribs which lie along the outer margins of the vane.
In smaller squid (Fig. 8a) two well-defined grooves are visible
along the ventral side of the lateral ribs. The lateral ribs

appear to be composed of three ribs united on each side. As the

Al
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squid increase in size the ventral grooves are less defined and

the lateral ribs appear more

compressed (Figs. 6a and 7a). The

lateral ribs appear thicker and stronger in larger animals,

perhaps adding strength as the squid grow.

As the cross-sections

become more narrow (Figs. 6b, 7b, 8b, 6c, 7c, and 8c) variation

between the structures becomes less distinct.

Cross-sections of

the narrowest point of the gladii are shown in Figures 64, 74,

and 8d. Very little variation is seen in these sections. The

gladius at this point consists of the midrib and the united

lateral ribs. Ventrally the

edges of the lateral ribs form a tip

which is not as obvious in the smaller squid (Fig. 8d).

Morphometrics

Table 3 presents the means and ranges for 10 mm DML size class

of morphometric parameters measured during the study. Means and

range of characters measured

are listed for all 10 mm size

classes sampled (Table 3). Changes in the gross morphology of

the squid are reflected by changes in relationships between

various morphometric parameters through growth. As dorsal mantle

length increases the dorsal

antle length:fin length ratio

decreases. Conversely, dorsal mantle length:head length ratio

increases with growth. At mantle lengths below 40 mm mean fin

angles were high, ranging from 36° to 66°; however, at greater

DML®s no observable changes
seen., Fin angles were withi

than 40 mm.

Statolith

The cephalopod statoliths
statocysts, within the carti
the best developed equilibrit
Their structure is elaborate

linear and angular accelerati

n fin angle through growth were

the 40-50° range at DML greater

Lscussion

lie in two paired cavities, the
lage of the skull. Statocysts are
im organs found among invertebrates.
and they are able to detect both

on (Budelmann, 1977). Statoliths

are usually less than 2 mm in length and consist of calcium

carbonate in the aragonite f¢

>rm (Clarke, 1978). Cephalopod




-8 -

statoliths have been frequently used in identifying foséil
cephalopods and identifying stomach contents of cephalopod ‘eaters
(Clarke, 1978).

A statolith may change slightly in form during growth;
however, the adult form is considered to be characteristic of the
species. Both the size and shape of the statolith may be used as
tools of identification. For example, the greatest distinction

between statoliths of Illex illecebrosus and Loligo pealei may be

made on the basis of the shape of the lateral dome. 1In

I. illecebrosus the lateral dome is smooth and rounded while in
L. pealei the statolith is wedge-shaped with an angulated margin.
Statoliths of L. pealei are usually larger for a given mantle
length, reaching lengths of greater than 2 mm while

I. illecebrosus statoliths are rarely greater than 2 mm in
length,

The statolith of I. illecebrosus may be characterized by a
number of features. The lateral dome is relatively smooth and
the margin almost circular (Fig. 3a). In some species the
lateral dome may have distinct lobes named according to their
position (Clarke, 1978). However, in I. illecebrosus the only
obvious lobe is the inferior lobe (Fig. 3a). Along the ventral
edge of the inferior lobe of the lateral dome is the posterior
dome groove. This structure is variable in occurrence in
different species but in I. iliecebrosus it separates the lateral
dome from the dorsal end of the rostrum and the wing on the
posterior side. Although the rostrum may bear small lobes none
are apparent in I. illecebrosus. The rostrum and lateral dome
meet at the rostral angle which may be obtuse, acute, or in some
species indistinct (Clarke, 1978). 1In I. illecebrosus this angle
is obtuse.

Another feature which is variable in occurrence is the
posterior indentation. 1In I. illecebrosus the posterior
indentation is easily recognized between the dorsal dome and wing
on the posterior side.

All the characteristics previously mentioned are evident in

adult forms of the statoliths and to a lesser degree in
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atolith from a squid of DML 130 mm,

A number of features examined in Figure 3a can be recognized in

Figure 3b.
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growth. As the squid grows, changes occur, most notably in the

lateral ribs (Figs. 6, 7, and 8) which become thicker and more

consolidated. The ventral grooves described by Verrill (1879)

become less apparent as mantle length increases.

Morphometrics

Allometric descriptions of morphometric characters is
essential if any of these characters are to be used in
identification. To simply study morphometric characters in adult
squid would be misleading. Means and ranges of these characters
through growth is a more accurate representation of the species.
As can be seem from Table 3 the relationships between these
characters is not always constant through growth. The trends in
these relationships as previously described must be applied when

identifying I. illecebrosus throughout its growth stages.
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Parameters observed in detailed mor

phometric study of

DORSAL MANTLE LENGTH
FIN LENGTH

FIN WIDTH

FIN ANGLE

MANTLE DEPTH

MANTLE WIDTH 1
MANTLE WIDTH 2
MANTLE WIDTH 3

HEAD LENGTH

HEAD WIDTH
HEAD WIDTH
ARM LENGTH
ARM LENGTH
ARM LENGTH
ARM LENGTH
SEX -1

2

WD

MALE
FEMALE
UNSEXED

3

Table 2. Mean statolith dimensions for 10 mm DML size classes.

MANTLE STATOLITH DOME DOME DOME LENGTH: DOME WIDTH:
LENGTH LENGTH LENGTH WIDTH STATOLITH STATOLITH
LENGTH LENGTH
RATIO RATIO
21-30 .3226 .2581 .1613 .800 .500
31-40 .4108 .2581 .1785 .628 -435
41-50 .5081 «3333 «2527 .656 -497
51-60 5708 .3505 .2949 .614 .482
61-70 .6185 .3954 .2986 .639 .483
71-80 .6332 .4065 .3161 .642 .500
81-90 .7419 °* -4516 .3548 609 .478
101-119 .8602 .4839 .4731 <562 +550
111-120 .8387 .5161 4677 2615 .549
121-130 .8802 .4783 .4700 .544 .534
131-140 .8249 .4839 .4608 «587 559
141-150 . 7419 .5540 .5355 . 748 .723
151-160 9677 .5806 .5161 .600 .533
201-210 -1.0645 .6452 .5484 .606 .515
211-220 1.0913 .7339 .5968 .673 «547
221-230 1.1254 .7193 .6839 .639 .608
231-240 +9355 «7473 .6237 .799 . 667
241-250 1.1398 .7635 .6236 .669 «547
251-260 1.1694 .7871 .8452 .673 .723
261-270 1.1290 .7259 .5968 .643

.529
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Figure 3.(a,b,c)
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1 inferior lobe
2 posterior dome groove
3 rostral angle

4 posterior indentation

Photographs of statoliths of Illex
illecebrosus. 3a - dorsal mangle length (DML)

is 220 mm, 3b DML is 130 mm, 3c DML is 60 mm.
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ILLEX ILLECEBROSUS
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VENTRAL VIEW

(Fig. 9 ) Morphometric .measurements.
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-Fin width
. Fin length
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Mantle width (3)
Arm length

Head length
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. Fin angle
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