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Abstract

There is little knowledge about the egg developmehtfreshwater crayfish Astacus leptodactyllis
Especially, some aspects of the postembryonic dpwetnt of A. leptodactylushave been described in
previous studies. However, all embryonic developmeh A. leptodactylusspecies, which has a long
incubation period (5-6 month) has not been desdrida this study, embryonic and post embryonic
development of\. leptodactyluspecies was studied by a stereomicroscope uri@matary conditions which
have similar temperature conditions withes in their natural habitat between 8 -15C. The eggs of this
species hatched in 1608 degrees x days under toesktions. After 7-8 days of hatching, juvenilegs |
reached to juvenile stage Il with changing firstuttoAfter 9-10 days of first moult, juvenile stageeached

to juvenile stage Il with changing second moult.

Key words Embryo, developmen#stacus leptodactylué\stacidae, crustacea
Tathsu kereviti (Astacus leptodactylus Eschscholtz, 1823)’ un Embriyonik ve Postembriyotki Gelisimi

Ozet

Tathsu kerevitlerindemstacus leptodactylism yumurta gekimi hakkinda cok az bilgi vardir. Ozellikle
A.leptodactylusin post embryonik gefimin bazi yapilari tanimlangtir. Fakat dger tirlerden farkl olarak
uzun bir inkiibasyon suresine (5-6 ay) sahip dlateptodactylusun embryonik gekimleri tanimlanmanstir.

Bu calgmadaA. leptodactylusun yumurta gekiimi, yumurtlamadan Ill. dénem larvgamasina kadar, del
ortamlarindaki sicaklikartlarina benzer olarak glurulan laboratuagartlari altinda & ile 15°C’ ler arasinda
fotograflandirilarak cafiimistir. A. leptodactylusun yumurtalari belirtilersartlar altinda 1608 giin/derece de
aclimstir. Yumurta aciimindan 7-8 gin sonra, |. donemvdtar ilk kabuklarini dgistirerek Il. déneme
ulasmislardir. Ik kabuk dgisiminden 9-10 giin sonra Il. dénem larvalar ikincbiklarini dgistirerek Il
déneme ulgmiglardir.

Anahtar kelimelerEmbriyo, gelsim, Astacus leptodactylugstacidae, Kabuklular

INTRODUCTION

The crayfish species in the world are threatendd population decline or extinction
(Taylor 2002). Non-indigenous species in Europe ramnumber indigenous crayfish
species 2:1, and Non-indigenous crayfish may domim@mpletely in the next few
decades. A decline in the stocks of indigenousfigtagpecies has been recorded in many
countries in the face of increasing populationsa@f-indigenous. In addition, indigenous
crayfish are not only under the threat of non-iedigus crayfish but also habitat loss,
deteriorating water quality, overfishing, climatbaoge and crayfish plague (Holdich,
2009).

Freshwater crayfisi. leptodactylusindigenous crayfish species of Europe have been
harvested commercially in Turkey since the 1960sh@Rand Soylu 1989). In 1985 and
1986, crayfish catch numbers collapsed catastrafihidue to crayfish plague (Furst and
Soderhall 1987; Baran and Soylu 1989; Timur 1980nost all populations are affected
by this disease either disappeared completely oe weamatically reduced (Svoboda et
al., 2012).
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Decreasing stocks of indigenous crayfish shouldinoeeased in their natural and
artificial areas, so that juvenile the culturefofleptodactylusnay be made improvement
to the natural stocks. The success of the cultuifdoes increased with the knowledge of
embryonic and postembryonic development of spe&ieksal (1984) studied embryonic
and embryonic a post stage/Afleptodactylusin the present study was presented whole
embryonic and embryonic post stageg\ofeptodactylus.

MATERIALS AND METHODS

The females oA\. leptodactyluscarrying sperm tube (20 individuals) were transfer
to the laboratory from their natural habitat Egirtlake (Isparta, Turkey) in February
2011. The females were placed in each aquarium)(#&3L two individuals. Water
temperature of experiment was kept similar to theatural habitat (9-15C). The
dissolved oxygen rate always ranged from 8 to 10"ménimals were exposed to a 12:
12 h light/dark cycle. PVC tubes (15 cm diamet&rcm long) were used as a shelter in
aquaria. The females were fed with shrimp feed. [Meeeggs were taken from the pleon
of the mother with tweezers and put into petri dsshilled with tap water for observation
in microscope every day. The photographs of eggs larvae photographed with a
stereomicroscope (Nikon SMZ-U DIA STAND). The embmic phases were determined
according to Celada et al. (1987; 1991). The pasbrgonic phases were determined
according to Holdich (1992).

RESULTS

Embryonic and postembryonic development stages Asfacus leptodactylus
incubation period and incubation temperatures \geren in Table 1 and Table 2.

Table 1.Embryonic development period Af leptodactylusnd incubation temperatures

Incubation Incubation Incubation
temperatures period degrees period
(°C) x days (D) (days)

Embryonic development stage
I 9 - -
Il 9 117 13
-1v 9 270 30
V-VI 9 405 45
Vil 11 600 60
VI 11 870 87
IX 11 960 96
X 13 1078 98
Xl 13 1111 101
Xl 15 1476 123
XMl 15 1536 128
XV 15 1608 134
Mean temperature 12
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Table 2. Post-embryonic development period #f leptodactylusand incubation
temperatures

Incubation Incubation Incubation
temperatures  period degrees period
(°C) x days (O) (days)
Post embryonic development
Juvenile stage | 15 1608 134
Juvenile stage I 15 1713-1728 141-142
Juvenile stage I 15 1743-1758 150-151
Mean temperature 15

Embryonic development

Phase |: New spawn egg. Cleavage process is not clear inuter surface of egg. This
phase was showed in Figure 1Phase |l: The eggs reached this phase at 117 degrees X
days The appearance of cleavage cells on the surfaegghre clear in this phaskis
period has been photographed-igure 1.2 Phase|1l: Blastosphere formation have been
seen. In the present studfis period has been reach2@0 degrees x days. (Figure
1.3)Phase 1V: 270 degrees x days. The embryo with entodermal discsooerm
formative zone, cephalic lobes and thorocic abdaimpates.This period could not be
photographedPhase V: The eggs reached this phase at dé§rees x days. Embryo with
semicircular gastral furrow have been seen in phase. (Figurel.4Phase VI: 405
degrees x day€Embryo with circular gastral furrow. Photograph wast taken in this
phase.Phase VII: In this study,the eggs reached this phase at 600 degrees x alays.
Embryo with existing blastopore was determined iguFe 1.5a.b. Blastopore (bl) in
closing process was seen in Figure 1Mase VI11: Theeggs reached this phase at 870
degrees x days. Embryo with mandibular anlanger) (mag shown in Figure 2.6 Bhase

IX: This phase was observed %80 degrees x days. Embryo with naupliar appendages.
atl, at2 and md is characterised in phase IX. (Eigu6 b).Phase X: 1078 degrees x
days. Embryo with the anlagen of masticatory appgad (mx1, mx2, mxpl). The
maxilliped 2 and maxilliped 3 are under the abdomEme antennae (at2) have forked
(Figure 1.7)Phase XI: In the present studyhis period has been reachatdl111 degrees

x days. Embryo with anlagen of pereiopods. The @hess shown in Figure 1.8hase
XII: This period has been reachatll476degrees x days. Embryo with pulsating heart
was observed in this phase. (Figure 1.8hase XIIl: This period has been reachatd
1536 degrees x days. Embryo with eye pigment was sedhisnphase (Figure 2.10).
Phase XIV: This period has been reachatl1608degrees x days. Embryo with strongly
developed posterior hepatopancreas lobes was shmowsigure 2.11. Shortly before
hatching (Figure 2.12).
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Figure 1. The embryonic development @éfstacus leptodactylus. PhaseNew spawn egg.
(Figure 1.1)Phase Il The appearance of cleavage cells on the surfacel@ar. (Figure 1.2),
Phase Il Blastosphere (Figure 1.3}hase YEmbryo with semicircular gastral furrow. (Figure
1.4), Phase VIi. Embryo with existing blastopore (Figure 1.5aplastopore (bl) in closing
process (Figure 1.5b).
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Figure 2. The embryonic development distacus leptodactylus. Phase VIEmbryo with
mandibular anlangen (md) (Figure 2.6 Rhase IX Embryo with naupliar appendages (Figure 2.6
b), Phase XEmbryo with the anlagen of masticatory (Figuré)2Phase XI Embryo with anlagen
of pereiopods (Figure 2.8)Phase Xl Embryo with pulsating heart (Figure 2.®hase Xlli
Embryo with eye pigment (Figure 2.1Mhase XIV Embryo with strongly developed posterior
hepatopancreas lobes (Figure 2.11), Shortly béfatehing (Figure 2.12).
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Post-embryonic development

Juvenile Stage I: In this study, Stage | juveniles hatched from etg08 degrees x
days). Stage | juveniles have sessile eyes, tlapaee is globose, 4 pleopods present on
each somite, the rostrum is small and curved vintrBhe telson is large and roundish.
There is a small notch in the centre of the pastedlson margin. The large chelipeds are
equipped with strongly recurved hooks on the progaahd dactylus. (Figure 3.1a). The
juvenile crayfish is connected to the mother via tklson thread. One end of the telson
thread is attached to the posterior hooked spifdkeotelson of Stage | juveniles. The
other end is connected to the egg shell whicht&héd to the maternal pleopods (Figure
3.1b). No feeding activityThe juveniles changed its first moult after 7-8 sigfigure
3.2a), and they reached to stage Il. (Figure 3.2b).

Juvenile Stage I1: Juvenile stage Il have the following appearanderd@ is less yolk
in the body, and the thoracic region is not as gsebas in juvenile stage |. The eyes are
equipped with a short stalk. rostrum emerging betweyes (3.2a, 2b, 2c). Many setae
occur on the body surface. The telson, in particisaequipped with long plumose setae.
Feeding activityTotal length and weight of the juvenile stage lrevdetermined as 9-11
mm and 30-60mg respectively. In the present stjdsgnile stage Il changed its second
moults after 9-10 days, and they reach to stagéHigjure 3.3a).

Juvenile Stage I11: After the second postembryonic moult, the crayfi§hjuvenile
stage Il look more or less like miniature versiafishe adults (Figure 3.3a). The uropods
have unfolded, and the tail fan is complete (FigdiBa). The plumose setae of the telson
are somewhat shortened and the same type of plusetae occurs on the margin of the
uropods (Figure 3.3a). The gonopores become ingigimder steromicroscope. Total
length and weight of the juvenile stage Il werdgedsined as 12-14 mm and 60-90mg
respectively.
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N
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Figure 3. Post-embryonic development @éfstacus leptodactylus.Juvenile StaggHigure
3.1a, 1b)Juvenile Stage I(Figure 3.2a, 2b, 2cjuvenile Stage lil (Figure 3.3a)
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DISCUSSION
Embryonic development

In the present study, water temperatures of exmatinwas attempted to keep
equivalent those of their natural habitat. In th@nditions, incubation period foA.
leptodactyluswas determined as 1608 degrees x day} 4D9- 15°C. Zehnder, (1934)
determinated as 8 mounths at 6°C2embryogenesisf Astacus astacushich belongs to
this genus. For same species, Palows et al. (2btigated that embryogenesis of
A.astacuslasted 2100 Dat 8 + 2C. Celada et al., (1991) described as 82 daysl(D2)7
at 15.5°C embryonic processes fdustropotamobius pallipesCelada et al. (1987)
determined as 70 days (1085)Dat 15.5°C embryonic processes fdPacifastacus
leniusculus However, Mason (1978) reported 1387 &mbryonic processes for this
species. All of above species are coldwater speuiésthese species spawn in autumn-
winter and hatching takes place in spring-summeubation processes for these species
is long.

In previous studies in warm water species, incobagirocesses indicated as 40 days
760 D at 19°C for Cherax destructoSandeman and Sandeman, 19928-31 days
(728-806 D) at 26.0°C for Cherax quadricarinatugGarcia Guerrero et al., 2003), 17
days (388 D) at 22.8°C for Procambarus clarkii(Suko,1956). Differences between
incubation periods of the same species might beacedufrom applied temperature
difference.

When it is looked at the embryonic characters;hie present study, embryo with
semicircular gastral furrow was observed at BO%t 9°C for A. leptodactylusPalows et
al. (2010) observed first semicircular germs of ¢énebryo at 592 Pat 8 +2°C for A.
astacus.In these two studies both, although almost the stanmgerature practice was
applied until this stage, same incubation processze not observed for that stage. The
reason of this might be their being from differesptecies. Embryo with semicircular
gastral furrow was described as 43%ab15.5°C for A. pallipes(Celada et al., 1991), at
201.5 Dat 15.5°C for P. leniusculugCelada et al., 1987).

In this study, while closed blastopore was obserabdut 600 D at 9-11°C for
A leptodactylusPalows et al. (2010) observed at 928ab8 +2°C for A. astacusThe
increase of difference between incubation process#tese studies can be sourced from
practicing ever-increasing temperature in the prestidy. Celada et al. (1987) indicated
closed blastopore at 294.5 Bt 15.5°C for P. leniusculusCelada et al. (1991) observed
this stage at 480.5°at 15.5°C for A. pallipes Garcia Guerrero et al. (2003) determined
closed blastopore 104-156 Bt 26°C for C. quadricarinatus

We observed at 960°Dat 9-11°C embryo with nauplius shape fé:leptodactylus
Palows et al. (2010) was be able to this stage PG 8 +2°C for A. astacusCelada et
al. (1987) indicated to this stage at 403dd 15.5°C for P. leniusculus Celada et al.
(1991) observed at 589°Dat 15.5°C for A. pallipes Garcia Guerrero et al. (2003)
determined this stage 182- 234 & 26°C for C. quadricarinatuslt is observed that
embryonic development processes of warm specigsster than cold species.

In the present study, active heart was seen at D78-15 °C for A.leptodactylus
Active heart was observed about 1500aD8 +2°C for A. astacugPalows et al., 2010),
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682 O at 15.5°C for P.leniusculugCelada et al., 1987), 775’ @t 15.5°C for A.pallipes
(Celada et al., 1991), 338-390 Bx 26°C for C. quadricarinatugGarcia Guerrero et al.,
2003).

We observed pigmented eyes 1536aD9-15°C for A.leptodactylusPigmented eyes
were observed 1800°at 8 +2°C before short a time from hatching fér astacus
(Palows et al., 2010), 852.5' Bt 15.5°C for P.leniusculugCelada et al., 1987), 992 &t
15.5°C for A. pallipes(Celada et al., 1991), 416-468 Bx 26°C for C. quadricarinatus
(Garcia Guerrero et al., 2003).

In this study, embryo with strongly developed postehepatopancreas lobes was
observed at 1608 DThis stage was determined at 945%f@ P.leniusculugCelada et
al., 1987), at 1116 Tfor A. pallipes(Celada et al., 1991).

Postembryonic development

In the present study, juvenil stage | reached 1808t 15°C. Garcia Guerrero et al.
(2003) indicated that observed to post-embryo gl stage | ) at 832-936°26 °C for
C. guadricarinatus In this study, The juvenile stage | changedfiitt moult after 7-8
days at 1713-1728 Tand they reached juvenile stage Il. Total leragid weight of the
juvenile stage Il were determined as 9-11 mm ar@@ag respectively. Garcia Guerrero
et al. (2003) determined post-embryo Il (juvendg Il) at 962-1066 T26 °C for C.
guadricarinatus Sandeman and Sandeman (1991) indicated thatijevetage Il was
reached 7 to 8 days later the hatchling at@%or Cherax destructor In the present
study, juvenile stage Il changed its second maafiesr 9-10 days at 1743- 1758, xnd
they reach to stage lll. Total length and weightha juvenile stage Ill were determined
as 12-14 mm and 60-90mg. Garcia Guerrero et aQ3Rihdicated that juvenile (juvenil
stage Ill) at 1092 D26 °C for C. quadricarinatus Sandeman and Sandeman (1991)
indicated that juvenile stage Il was reached l4sdater juvenile stage Il at 1€ for
Cherax destructor

The incubation period ofAstacus leptodactylueggs was 4.5 month in the present
study. Development structures of whole embryonid @ost- embryonic forAstacus
leptodactylusspecies were taken photograph and described asedex) days and days at
in this study.

Abbreviations

a, anus; ab, abdomen; atl, first antenna; s¢2ond antenna; bl, blastopore; md,
mandible; mx 1, first maxilla; rnx 2, second maxillmxp 1, first maxilliped; mxp 2,
second maxilliped; mxp 3, third maxilliped; opr, tiep rudiment; pl, posterior
hepatopancreas lobes; h, heart; ros, rostrum.
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