BIOMETRY OF THE ONTOGENIC DEVELOPMENT OF
FIVE CHAETOGNATH SPECIES IN GREEK WATERS
(EASTERN MEDITERRANEAN)

By G. KEHAYIAS. C. KOUTSIKOPOULOS. N. FRAGOPOULOU & J. LYKAKIS

Abstract: Sagina enflata. Sagina serratodentaia atlantica. Saginta bipunctata. Sagina minima and
Sagina setosa were numerically the most important chaetognath species in two neritic areas. Kisamos
and Patraikos Gulf. in Greek waters (eastern Mediterranean ). By the use of biometrical data. that came
from seasonal studies in the above areas. the variation of some morphological characters during the
development of all the above five species was estimated. The relation of body length to tail length. the
ovary length and the seminal vesicle width was studied in order to get informations about the growth and
development of these species and to reveal their differences. The tail length and the seminal vesicle
width showed a linear increase with the increase of body length. while the length of the ovaries
increased as a power function of the body length. This was true for all five species studied although there
were differences in the equation coefficients between them reflecting differences in their growth and
development.
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development because there is considerable variation on the degree of protandry
among them (Alvarino. 1992). The study of the relation among the different
morphological charatters of the chaetognath species provides information about
their growth and development. Morphometrical studies in relation to the ontogenic
development of the chaetognaths in the Mediterranean Sea are rather scarce
(Furnestin. 1957: Massut-Oliver. 1958).

Sagina enflata (Grassi. 1881). Saginta bipuncrata (Quoy & Gaimard. 1827).
Saginta serratodentara (Krohn) atlantica (Thomson. 1947). Sagirta minima
(Grassi. 1881) and Sagirta serosa (Miiller. 1847) were numerically the most
important species in two areas of Eastern Mediterranean. Kisamos and Patraikos
Gulf (Kehayvias. 1996). In the present study the relation of body length to some
morphological characters such as tail length. ovary length and seminal vesicle
width of the above five chaetognath species was studied in order to attain
informations about the growth and development of the various species and to
reveal their differences.

Materials and Methods

Zooplankton samples were collected from two neritic areas in Eastern
Mediterranean (Fig. 1). Kisamos Gulf (23° 40" E. 34° 35'N) located in NW of Crete
Island (Cretan Sea) and Patraikos Gulf (21° 43’ E. 38° 14’ N) located in western
Greece (Ionian Sea). In Kisamos Gulf zooplankton was sampled in five stations on
six sampling occasions (25 September and 20 November 1988. and 22 February. 8
April. 23 May and 29 July 1989). On each occasion double oblique hauls were
conducted in the upper 50m with a WP-2 net (200um mesh size). The towing speed
of the two nets was approximately 2.5 knots. In Patraikos Gulf the samples were
collected in two stations on six sampling occasions (28 February. 19 March. 3
April. 22 May. 23 June and 28 August 1992). with the same net (WP-2 net. 200um
mesh size). The net was towed vertically from 50m to the surface with a speed of
about 1m.s!. After collection all samples were preserved in 4% formaldehyde
buffered solution. In the laboratory. chaetognath specimens were extracted from
the samples. and they were further sorted to species. The chaetognaths were then
classified to maturity stages based on the development of the ovary and the seminal
vesicles. using Kehayias et al. (1992) classification key. as follows: Stage I. young
without visible ovaries: Stage II. immature with visible ovaries but no visible
seminal vesicles: Stage ITI. seminal vesicles present. ova visible. a few large: Stage
IV. filled seminal vesicles and large ova.

From each sample a number of random selected chaetognath specimens were
examined and measured under a Wild M5 stereomicroscope. Body length (BL)
was measured from the top of the head to the end of the tail. excluding the tail fin.



Fig. 1. The two sampling locations. A: Patraikos Gulf and B: Kisamos Gulf.



Results

Sagina enflara Grassi. 1881). Saginta serratodentata (Krohn) atlanrica
(Thomson. 1947) and Sagina bipuncrata (Quoy & Gaimard. 1827) were the three
most abundant species in Kisamos Gulf (Kehavias er al.. 1992). while Sagirra
minima (Grassi. 1881) and Sagirra setosa (Miiller. 1847) were the most abundant
species in Patraikos Gulf (Kehayias. 1996). Among the above only S. setosa is a
pure neriuc species.

Table 1 shows the size range. the mean and the standard deviation of the
morphological characters studied for each species and developmental stage.
Sagirta enflara was the largest in length among the five species studied while
Sagirta minima was the smallest. The tail length (TL) of all five species showed a
linear increase with the increase of body length (BL). as shown in Figures 3-7. This
linear increase was described by the equation:

TL=a+bBL (1)

The parameters a. b of this linear model as well as the correlaton coefficient
and the standard error of the estimates is presented in Table 2. Equation 1 leads to
TL/BL = a/BL + b. From this second equation derive that the ratio of tail length to
body length (TL/BL ) becomes lower as the chaetognath grows and this was the fact
for all five species studied. The ovaries first appear in specimens having body
length greater than 3mm in Sagirta enflata. Sagirta bipunctata and Sagirta
serratodeniara atlantica, while in the smaller species thev first appear in
specimens having body length greater than 3mm (Sagirra minima; and 2mm
(Sagirta serosay. The ovaries can reach to a considerable length in S. serratodentara
arlantica (the max OL measured was 5.05 mm) being as much as the 41% of the
BL. On the contrary. in S. enflara the ovaries can be only 10% of its BL. while for
the rest three species the proportion of the OL/BL lies between the above values.
The length of the ovaries (OL ) increases as a power function of the body length for
all five species (Figures 3-7). giving the general equation:

OL=a4BLl (2)
Considering that the coefficient b in most cases is greater than 2 (Table 2) it
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Fig. 2. Definition of the morphological characters measured: BL. body length.
TL. tail length. OL. ovary length. SVW. seminal vesicle width.
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appears that the proportion of the ovaries in the body increases as the cheatognath
grows (from equation 2: OL/BL = aBL®-1). The only exception concerns Sagirta
serosa for which b is less than 2. The seminal vesicles first appear in specimens
having body length greater than 10mm in Saginta enflata and 6mm in Sagira
bipunctara. Sagina serratodentata atlantica and Sagirta serosa. The width of the
seminal vesicles (SVW7 increases directly with the body length (Figures 3-71.
giving the general equation:
SVW=a+bBL (3}

In S. entlara. S. bipuncrara and S. serratodentara arlantica the SVW was on
average slightly higher than 0.20mm in mature specimens that belong to stage I'V
according to the present classification system. In S. serosa the mean SVW was
0.10mm. while no measurements of the seminal vesicles for S. minima specimens
were taken because of their small size (less than 0.05mm.

Discussion

Sagina enflara. Sagina serratodentara atlantica, Sagitta bipuncrara and Sagirta
minima are chaetognath species common throughout the Eastern Mediterranean
Sea. while Sagira serosa has a rather limited geographical distribution: it has been
found abundant in the North Adriatic Sea and the Black Sea (Furnestin. 19791
while it showed low abundance in parts of the North Aegean Sea (Kehayias. 19961
This species 1s characterising the low salinity areas. such as the N. Adriatic Sea.
while its abundance decreases from northern to southern areas (Ghirardelli. 15751
In Patraikos Gulf. which is in direct contact with the Ionian Sea. the population of
S. serosa must has came from this Adriatic reservoir { Kehavias. 1996..

There are only few studies concerning changes in morphological characters
during the ontogenic development of the above chaetognath species in the
Mediterranean Sea. Furnestin (1957} and Massut-Oliver (1958) have presented
this tvpe of information for S. enflata. S. serratodentata atlantica. S. bipunciara
and S. minirma in Western Mediterranean and Furnestin (1938 for S. serosa in the
Black Sea. Indeed. there are several references providing data on morphological
characters such as the body. tail and ovary length for the five chaetognath species.
There are small differences between our data and those of previous studies (Table
3. probably due 1o the different sampling strategies ¢ gear. sampling depth. season)
used in each of the above studies. as well as to the different number of chaetognath
specimens examined. There was only one substantial disagreement between our
data and those of Furnestin's (1961) for Sagirra serosa {Table 3). She found that
this species in the Black Sea could reach 22mm in body length having ovaries as
long as 6.1lmm. Considering Black Sea a part of the Mediterranean Sea. these
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Fig. 5. The relation of body length (BL) to tail length (TL ). ovary length (OL}
and seminal vesicle width { SVW) for Sagina serratodentata atlanrica.
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(OL) for Sagirra minima.
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values are the highest found for this species in this area ( Andreu & Riera, 1990).

Warm water chaetognaths are known to produce more than one clutch of eggs
spawning in batches over several days or weeks (Reeve. 1970 and Reeve and
Cosper. 1973). Spawning leads to the reduction of the ovary and seminal vesicle
size in adult individuals having reproductive activity. Thus. during this process.
there must be a constant underestimation of the size of the ovary and the fullness of
the seminal vesicles in the adult chaetognaths. However. the fact that in the present
study we have used measurements taken during several periods of time. reduces the
influence of this phenomenon.

The development of chaetognaths is characterised by the increase in direct
proportion to overall length of the most body sections. except the size of the ovaries
(Pearre. 1991). Our results confirm this fact showing that the tail length and the
seminal vesicle's width increased linearly to body length while the ovary’s length
exponentially. This was true for all five species. The study of the ovary length in
relation to the body length revealed some discrepancies in the relative growth rate
of the ovaries betweeen species. The exponent (coefficient b of the equation 2 is
+.15 for Sagina serratodentara atlantica and only 1.79 for Sagirta serosa. This
means that the proportion of ovaries in the body increases faster in S.
serratodentara atlantica and covers a great part of the body in mature animals.
Whether or not these differences reflect different species specific reproductive
strategy remains unknown. Furnestin (1957) studied biometrical characters in S.
enflata. S. bipunciata. S. serratodentata atlanrica and S. minima in Western
Mediterranean and found that the tail length increased linearly with the body length
in all species. The ovary length increased exponentally in the first two species and
linearly in the two last probably because of the low number of specimens that she
had measured. Massuti-Oliver (1938 also found that the tail length of S. enflara
increased linearly with the body length while the ovary length gave a parabolic
curve. There were no references concerning the seminal vesicle width of
chaetognath species in the Mediterranean Sea or in other locations. The seminal
vesicles are the places where the mature sperm of chaetognaths is kept and they
break during copulation. Because of their fragility are often damaged and this must
be the reason why their size has not been considered in biometrical studies. Only
Furnestin (1937) has given some information about them. measuring their length.
but we consider their width to be a better developmental index because they
«swell» during their maturation.

In conclusion. the information provided by the present study is in agreement
with previous studies. but some new elements concerning the biometry of
chaetognaths in the Eastern Mediterranean. where no previous observations have
been reported. are provided.
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Table 3. Compilation of morphological parameters of the five chaetognath species studied
revealed from different authors and regions of the Mediterranean Sea and comparison with
the results of the present study. (BL. body length: TL. tail length: OL. ovary length and
SVW. seminal vesicle width).

Species
BL (mm) 44209 40 0 7.0-18.0 6.0-21.0 10.0-20.0 -

TL (mm) 0.85-3.30 0 - 1.50-3.10 - -

Sagina TL/BL 0.13-025 0.1 0.14-0.17 - 0.15-0.19 -
enflata OL 0.03-2.05 0.1-3.0 - 0.31-1.35 - -
OL/BL 0.01-0.11 0.02-0.17 - - 0.08-0.17 -

SVW (mm) 0.05-0.30 - - - - -

BL (mm} 45-17.2 6.5-18.0 6.0-12.0 - 8.5-12.7 -

TL imm) 1.25-3.85 1.94.0 - - - -

Sagina TL/BL 0.17-0.32 0 0.21-0.27 - 022027 B
bipunciara OL 0.154.90 - - - -
OL/BL 0.02-0.26 - - 7-0.15 -

Sagina - - - -
serratodeniata - - 0.25-0.26 -
arlanrica - - - -
1060 - 5.0-7.0 -

Sagim, 7-0.2 - 0.18-0.21 -

6.0-8 - - 7.8-12
= - — 9.4
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Ta edn Sagitza enflata. Sagitta serratodentata atlantica. Sagitta bipunctata. Sagitta
minima #u Sagitta setosa nrav 1a agBovoTepa €idn FAUTONABWY 08 OU0 VIIOLTLHES TE-
QLOYES MC Avatorzne Meooveiov. tov Korto Kiooduor =au tov Iatpai=o Kozto.
Me 0 #ONOT PLOUETOLAWY JEQOUEVIV. T OTTOIA TTQOMRBaV (0 ETOYLOHES OELYUATORT-
WAES OTIC TAQWTAVY TEQOYES. UELETOEE 1) LUETABOAT) OQLOUEVWV UOQGOX.OVIZWY ¥a-
QX TNOWY #ATA TN NAMAACI TN AVATILENS TV TODWTAvVe eld@v. Eudiotepa. uere-
THOTACY OL OYE0ELS TOU LIAOVS GOUATOS UE TO UMOS TTE OVQdS. TO WIL0S Twv wobn-
YOV ZOL TO TAQTOZ TWV OTTEQUATLALNY ZUOTEWV UE OAOTO TNV AVIANOY TANDOGOOIV
@ TV QUEN0T] AL TV OVETTUET TV TEVTE E0OV YU ToNabwy #al Tn depetvnon Twv
BV dagoomy Tovs. To Urog T oveds. Ofee ETONE %L TO TTAGTOS TWV OTIeD-
LTV AVOTERY EQELSAV WIL CUSEVOUY YOQUUUAA UE TV CUENOT| TOU WOV TOU G-
UQTOZ. £V TO U0 TV oodpov aventpe axorovBunvtas exfetd toometo. Ta
WTIOTEZE0UATA QUTA MTAV 2OV Z0L Y1 TA TEVTE €ldn yautonabun Tov ueremonmray
TAQOTL UTIMOSaY HAGOQES OTOVS OUVIELECTES TWV ESLOMOEWY OL OTTOES AVTAVAALOLY
OTLS MAGOOES TOVS 0TIV QUENOT #aL TNV QVEITTUEN.
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