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Abstract Migration and reproduction of the Caspian
Lamprey, Caspiomyzon wagneri, in the Shirud River
were investigated during late-March to early-May at
water temperatures ranging from 11 to 21.25°C. We
examined the effect of water temperature on timing of
spawning migrations. There was a significant negative
relationship between temperature and intensive migra-
tion of Caspian Lamprey (p<0.05). The most intensive
migration of lampreys was at night (21:00-3:00 h) and
when the water temperatures averaged 16°C (34.43%).
The overall sex ratio (male to female) was 1.07 to 1.
The individual absolute fecundity was 31 “758-51" 198
eggs (mean+SD—41,924+5382). The egg diameter
was 0.780-1.151 (0.92+£0.081) mm. The individual
relative fecundity varies from 80.3 to 148.1 (107.2+
15.1) eggs per 1 mm of length and from 260.8 to 677.4
(397.6+£93) eggs per 1 g of weight. The gonadosomatic
index (GSI) of females was 5.83—31.44 (11.22+4.30).
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Introduction

Throughout their distribution, lampreys (Petromy-
zontiformes) are of significant ecological, cultural
and economic importance (Hardisty 1986; Renaud
1997; Kelly and King 2001; Lucas and Baras 2001;
Jang and Lucas 2005). Only the parasitic species
migrate upstream from lakes or the sea where they
spend the feeding stage. At the time when migration
starts, lampreys stop growing and begin to mature
sexually (Larsen 1980). Spawning areas are normal-
ly stony or gravelly stretches in running water. They
spawn in pairs or groups, laying eggs in shallow
depressions created by lifting away stones with their
suckers (Maitland et al. 1994; Salewski 2003).

The Caspian Lamprey is a Eurasian species. It
occurs in the Ponto-Caspian province (North Ponto-
Caspian and South Ponto-Districts) of the European-
Mediterranean Subregion within the Holarctic
Region. Caspiomyzon wagneri is endemic to the
Caspian Sea and rivers in its northern, western, and
southern watershed (Hol¢ik 1986), and migrates to
the Volga, Ural, Terek, and Kura rivers (Hol¢ik and
Olah 1992; Coad 2008). The Caspian Lamprey in the
southern Caspian basin (Iran) migrates to such rivers
as Shirud, Talar, Babolrud, Gorganrud, Tajan, Haraz,
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Sardabrud, Aras, Tonekabon, Polrud, Sefidrud and
Anzali Lagoon (Kiabi et al. 1999; Nazari 2007). The
habitat of this species in the southern Caspian Sea
proper is unknown although some specimens have
been caught in the Caspian Sea at 600-700 m
(Jolodar and Abdoli 2004; Coad 2008).

Data and analysis of Pravdin (1913b) by Holcik
(1986) clearly indicates that in the autumn and
winter of 1911, at least two schools of Caspian
Lamprey entered the Volga Estuary. The first entered
on September 28, and the second, on October 10.
Movement upriver only occurs at night, near the
surface when dark and on the bottom when the moon
is out. During the day, the lampreys hide among
stones (Hol¢ik 1986; Coad 2008). Ginzburg (1969,
1970) examined the reproduction of this species
below the Volgograd Dam on the Volga River and
similar conditions may occur in Iran (Coad 2008).
Caspiomyzon wagneri spawns from the end of
March to the beginning of July (Pravdin 1913a, b;
Abdurakhmanov 1962; Ginzburg 1969, 1970;
Agamaliev 1970, 1971; Koblitskaya 1981) according
to geographical location of the river and the distance
of the spawning sites from the estuary (Hol¢ik 1986).
Females release all their eggs but males may spawn
again with other females, ammocoetes hatch after 8—
10 days at 17-23°C and metamorphosis of ammo-
coetes occurs at 8.0-11.0 cm in October in Iran
(Coad 2008). The duration of the Caspian Lamprey
larval stage is estimated to be 3 years in the Volga
River (Dyuzhikov 1956; Ginzburg 1970) and 2 to
4 years in the Kura River System (Hol¢ik 1986). The
adult life of this species is at least 1 year and
5 months.

Over half of all lamprey species are considered to
be endangered, vulnerable, or extinct in at least a
portion of their range (Renaud 1997). The Caspian
Lamprey is vulnerable in Europe generally (Lelek
1987; Maitland 1991; Renaud 1997); sharply declin-
ing numbers in Russia (Pavlov et al 1985; Renaud
1997); extirpated from the Sefid River and rare in
Anzali Lagoon and tributaries, Iran (Renaud 1997).
It is vulnerable because it migrates into rivers which
are polluted and dammed and because of its
restricted and declining distribution (Coad 2008).
These conditions apply particularly in Iran, although
there is some evidence for spawning based on
captures in the 1990s (Hol¢ik and Olah 1992). The
loss of spawning grounds is the major cause of
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decline in the population size of Caspian Lamprey in
Iranian water bodies (Kiabi et al. 1999), and this
species is in the “near threatened” category (IUCN
1996; Kiabi et al. 1999). These problems have led to
the need for special protection of the species in many
localities.

There are surprisingly few papers and informa-
tion about the migration and reproductive ecology
of Caspian Lamprey in the southern Caspian Sea
basin rivers, and few studies have been conducted
(Noori 1990; Ghasempouri 1993; Kiabi et al. 1999;
Shirazinejad and Saremi 2000; Jolodar and Abdoli
2004).

The purpose of this paper is an investigation of
reproductive biology and migration of the Caspian
Lamprey in the Shirud River during the spring
migration in 2006 for conservation purposes. The
main objectives of this study were: (1) investigation
of correlation between water temperature and spawn-
ing migration; (2) determination of sex ratio, gona-
dosomatic index (GSI), egg size and fecundity; and
(3) investigation of total length, total weight, length—
weight relationship and size distribution.

Materials and methods
Study area

The study was carried out in the Shirud River (34°
44 '-36° 51" N, 50° 48'-50° 49" E; Fig. 1). The
Length of this river is about 36 km, width in the
estuary 50-80 m, and depth 1.5-2.5 m. The upper
substrate is composed of pebbles mixed with gravel
and sand and below them it is mostly sand and mud.
The River has a high water flow and high water
clarity.

The study site was located at Shirud Bridge
(~200 m upstream from the river mouth). Caspian
Lamprey alternate between swimming activity and
resting, fixed by means of the oral sucker to the
concrete bottom under Shirud Bridge or other
convenient support structures. Among the rivers along
the southern Caspian Sea basin (Iran) that are still
colonized by the Caspian Lamprey, the Shirud River
has the largest population of this species (pers. obs.).
This river supports the largest fisheries of Caspian
Lamprey and southern Caspian Kutum (Rutilus frisii
kutum) in Iran (Nazari 2007, pers. obs).
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Fig. 1 Map of the study area in the Shirud River. Caspian
Lamprey were monitored at Shirud Bridge, 26 March-2 May
2006

Lamprey count, collection and investigation
of reproduction

Caspian Lamprey spawners initiate their migration in
the Shirud River in mid-March depending on the
meteorological conditions. We observed a migratory
group of Caspian Lampreys for the first time in the
Shirud River from September 21 to late-October 2006.
Their migration period is shorter than the spring group
migration period (Nazari 2007; H. Nazari and A.
Abdoli, unpublished data). This observation was
strengthened by information gathered from interviews
with local fishermen and poachers used to gain a better
understanding of the species status.

Adult lampreys moved upstream exclusively at
night. Only night migrating lampreys were caught and
counted. Although we monitored lampreys for their
upstream migration from 12 March—10 May in 2006,
specimens were only collected from 26 March—2 May
for other reproductive characteristics of this species.
Visual counts of adult lampreys under the Shirud
Bridge were made daily (from sunset to sunrise). A
total 575 of lampreys were counted during the study
period. Of these, 364 were returned to the river some

300 m above the study site. Of the 575 lampreys
counted, ~15 (2.6%) were collected by hand net (cast
net, mesh size 8 mm). For further study, 211 were
preserved in 10% formalin to facilitate sex determi-
nation and measurements.

The sex was determined by external sex characters
(male with well-developed urogenital papillaec and
sperm (number: 11), female with obvious eggs in the
abdominal cavity and/or swollen base of second dorsal
fin and a crescent-shaped extra ‘anal fin’ (number: 15),
Hol¢ik 1986; Cochran et al. 1993; Yamazaki et al
1998; Gibson 1953; Kelly and King 2001) or by
dissection in the case of weakly expressed sexual
dimorphism (number: 185). Secondary sex characters
first appeared at the end of March. The cloacal
swelling among females was observed first on 29
March before spawning. A urogenital papilla was
observed first among some males on 7 April.

We determined total length (TL+0.01 mm), total
weight (W£0.01 g), and female gonad weight
(£0.01 g). The length—weight relationships were
determined according to the allometric equation
(Biswas 1993):

W =alL?

where W is the total body weight (g), L the total length
(mm), and a and b are constants.

The individual absolute fecundity (IAF) was
determined by the counting—weighing method, the
number of eggs in 1 g being counted (Kucheryavyi et
al. 2007). The fecundity was determined according to
the following formula:

N =nW/w
where N and n are the total and a partial number of
eggs, respectively, and W and w the total and a partial
weight of eggs, respectively (Yamazaki et al. 2001).
Total length is used in this study as the measure of
size to relate to fecundity (Docker and Beamish
1991). The individual relative fecundity (IRF) was
calculated in relation to the body weight and total
length (Kucheryavyi et al. 2007). Gonads of female
lampreys were dissected out and weighed for calcu-
lation of gonadosomatic index (GSI=gonad weight/
body weightx100) (Fukayama and Takahashi 1985).
The gonadosomatic index (GSI) was used to deter-
mine the spawning time of the species. The GSI value
shows that spawning occurs when the GSI reaches its
highest level (Biswas 1993; Abdoli et al. 2002). It

@ Springer



90

Environ Biol Fish (2010) 88:87-96

was used in 59 female lampreys for determination of
fecundity and egg diameter. The egg diameter was
determined using a binocular Nikon microscope at
magnification 4X. Measurements of 40 eggs from
each ovary were obtained.

Water and air temperatures were recorded by a hand-
held thermometer at intervals of six hours. The
relationship between the frequency of migration and
water temperature was determined daily. River temper-
atures are variable during the migratory period, with an
average river temperature of 16.31°C from beginning to
end. Furthermore, diurnal fluctuations of the tempera-
ture were observed (see Fig. 2). To estimate potential
migration timing thresholds, we assessed cumulative
lamprey passage distributions in relation to water
temperature using 1°C increments (Keefer et al. 2009).

Data analysis

SYSTAT version 9.0 and Excel 6.0 were used to carry
out the statistical analyses. Significance differences in
the sex ratio were estimated with the Chi-Square test.
Significance differences in mean length and weight in
both of sexes were estimated with the Student’s r-test
and Covariance, respectively. Mean dates were com-
pared using ANOVA test. All analyses were performed
with a significance level of P=0.05.

Results
Spawning migration

During the spring spawning migration periods (16
March-2 May) in 2006, we observed adult Caspian
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Fig. 2 Typical temperature profile for the Caspian Lamprey
migration in the Shirud River, 26 March-2 May 2006
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Fig. 3 The pattern of Caspian Lamprey migration in the Shirud
River, 26 March-2 May 2006. Bars indicate night migration.
The same capture effort was expended each day

Lamprey migration and swimming behaviors. Numb-
ers of lampreys observed per night ranged from 1 to
60, averaging 17 individuals during the sampling
period. The peak migration was between 26 March—
10 April and 15 April-25 April (Fig. 3).

The patterns of lamprey migration are shown in
Fig. 3. During the sampling period, 56% of lampreys
migrated between 26 March and 7 April before
ending movement on 2 May. Lampreys are apparently
absent here during the summer months but start to
appear on 21 September. They occur sporadically
during the 16 March until 26 March, but they were
not caught; after 26 March, the numbers rise again to
2 May and then none are seen until the following
autumn.

Cumulative lamprey passage distributions at
Shirud Bridge showed that 37% lampreys passed
before water temperatures reached 13°C (Fig. 4). On
average, about half the run had passed before ~14°C.
About 75% of the run had passed by the time water
temperatures reached 16-17°C. A migration pause
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Fig. 4 Cumulative mean proportions of Caspian Lamprey
counted passing at Shirud Bridge by mean daily Shirud River
water temperature in 1°C increments, 26 March—2 May 2006
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occurred when Shirud River water temperatures
exceeded 21°C, usually on ~2 May.

During the study periods, the water and air
temperatures were 11-21.25°C (mean+SD—16.31+
2.63) and 10-19.25°C (14.40£2.29), respectively.
The most intensive migration lamprey was in the
water temperature 16°C (34.43%) (Fig. 5). A linear
relationship between the frequency of migratory
lampreys and water temperature was observed (p<
0.05). The linear regression revealed that mass
migration negatively correlated to the increasing
water temperature during the sampling period.

Our specimens showed strong daily patterns of
movement during the spawning migration, moving
mainly at night. Peak migratory activity was reached
about 2 hours after sunset (~21:00) and generally
declined until about 03:00.

Total length, total weight and length—weight
relationship

The body length of males of this species varied within
271451 (mean+SD—383.4+£30.6) mm, of females
within 310-485 (386.5+44.95) mm. The body
weights of males and females were 34.5-145.15
(103.6£19.9) g and 59.36-164.1 (106.7£18.3) g,
respectively. The largest specimen was observed on
18 April. The length—weight relationships were
separately evaluated for females and males. The
exponent b demonstrated allometric growth. Compar-
ing the length—weight relationships of the sexes using
covariance analysis, no significant difference was
found (p>0.05); but positive correlation was observed
between total length and weight in both sexes. The
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Fig. 5 Variations of Caspian Lamprey frequency in water
temperatures during spawning migration in the Shirud River, 26
March-2 May 2006
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Fig. 6 Size distribution (20-mm size classes) of Caspian
Lamprey during spawning migration in the Shirud River, 26
March-2 May 2006

equation for the relationship was W=0.0005 x L***

(R*=0.74) for females, and W=0.0008 xL*>°7 (R*=
0.80) for males. The size distributions of the
migrating lampreys are shown in Fig. 6.

Gonadosomatic index, fecundity, egg size and sex
ratio

Mean gonad weight of females varies within 6.15—
19.67 g (mean+SD—11.72+2.85). The gonad weight
suddenly increases in mid-April. The gonadosomatic
index (GSI) of females was 5.83-31.44 (11.22+4.30).
Mean GSI values in the female lampreys rose from a
mean of 8.85+1.13 in late March rose from to a peak
(20.49+6.82) in mid-April (significantly different, p<
0.05; Fig. 7). Lower GSI values after mid-April were
related to slower maturing of some unspent individ-
uals. The increase of GSI values was well in accord
with an increase in the absolute weight of ovaries
which averaged 13.85+3.36 g in mid-April. The GSI
results revealed that spawning occurred after mid-
April, when the GSI reached its highest level.
However, the presence of mature individuals in late
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Fig. 7 Variations of gonadosomatic index (GSI) for female of
the Caspian Lamprey during spawning migration in the Shirud
River, 26 March-2 May 2006. Numbers represent sample size.
Vertical bars indicate SD
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Fig. 8 The relationship between relative fecundity and total
length of Caspian Lamprey during spawning migration in the
Shirud River, 26 March-2 May 2006

April showed that reproduction may continue at a
reduced rate during May. The appearance of female
post-anal fins (or cloacal swelling) and a change in
the form of dorsal fins occur in females on 7 April.
Also, two fully spent female lampreys were collected
on 21 April (18.5°C) near the study site (~50 m
downstream), still alive, the maximum temperature
reached by the river before then being 21°C on 14
April. No dead spent lampreys were observed.

The individual absolute fecundity was 31 758-51
198 eggs (meantSD—41 924+5.382). The egg diam-
eter was 0.780-1.15 (0.92+0.081) mm. The individual
relative fecundity varied from 80.3 to 148.1 (107.2+
15.1) eggs per | mm of length and from 260.8 to 677.4
(397.6+93) eggs per 1 g of weight. There was no
significant relationship between absolute fecundity and
total length. Relative fecundity decreased with total
length and differed significantly (Fig. 8, p<0.05).

The overall sex ratio of male to female lampreys
(1.07:1) was not significantly different (»p>0.05). The
male to female ratios for each week are presented in
Table 1. The proportion of females was lower at the

Table 1 Sex ratios of Caspian Lamprey during spawning
migration in the Shirud River, 26 March-2 May 2006

Week number n % Sex ratio

Male Female Male Female 434 29

1 24 17 5854 4146 141 1
2 16 22 4211 5789 0.62 1
3 17 18 48.57 5143 094 1
4 23 19 5476 4524 121 1
5 29 26 5273 4727 112 1
Total 109 102 5854 4146 1.07 1
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beginning and end of the spawning migration, but
there is no significant difference in sex ratio each
week (p>0.05).

Discussion

Caspian Lamprey spawners initiate their migration in
the Shirud River on the 16 March, with the migration
peak between 26 March—10 April and 15 April-25
April. In the Kura River of Azerbaijan, the peak of
this run is in December and January. The spawning
migration in the Volga takes place from the middle of
September to the end of December (HolCik 1986;
Coad 2008). Ginzburg (1969) demonstrated the
maximum migration at Volgograd in February. Hol¢ik
(1986) reported that construction of river barriers in
the Volga and Kura Rivers negatively influenced the
upstream migration of Caspian Lamprey and evident-
ly caused a change in its season.

In this study we observed most lamprey migration
during the night (21:00-3:00 h) and lampreys often
alternate between swimming activity and resting,
fixed by means of the oral sucker to the concrete
bottom under Shirud Bridge. Similar observations
have been shown for some other lampreys species
(e.g., Malmqvist 1980; Kelly and King 2001;
Almeida et al. 2002; Quintella et al. 2004; Almeida
et al. 2007; Andrade et al. 2007; Binder and
McDonald 2008; Quintella et al. 2009). A similar
pattern of migration has been described for the
landlocked Sea Lamprey, whose peak of migratory
activity was reached about 2 hours after nightfall and
generally declined until about 02:00 hours (Hardisty
and Potter 1971; Almeida et al. 2002). Robinson and
Bayer (2005) reported that swimming activity of
Pacific Lamprey (Lampetra tridentata) occurred only
during the 8 to 12 hours of darkness each day. The
light-dark cycle plays a crucial role in shaping the
activity of Sea Lamprey (Binder and McDonald 2007).

In this study we found a significant relationship
between mass migration of Caspian Lamprey and
temperature, as increasing water temperature was
negatively correlated to the mass migration. Similar
results have been reported by Keefer et al. (2009) for
the adult Pacific Lamprey (Lampetra tridentata) in
the Columbia River. In the Volga and Kura Rivers,
migration is stimulated by decreasing temperature and
increasing water level (Hol¢ik 1986). In the northern
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Caspian Sea, the most intensive migration was
observed at a water temperature of 6 to 11°C (Pravdin
1913a, b; Abdurakhmanov 1962; Hol¢ik 1986), but in
this study the most intensive migration was in the
water temperature 16°C (34.43%) and about 75% of
the run had passed by the time water temperatures
reached 16-17°C. Binder and McDonald (2007)
reported that temperature plays a role in controlling
daily activity in upstream migrant Sea Lamprey.
Applegate (1950), who studied the spawning migra-
tion of the landlocked Sea Lamprey, Petromyzon
marinus, noted a strong correlation between temper-
ature and migration. Tesch (1967) did not find any
correlation between numbers of migrants and hydro-
graphical factors, but suggested lunar influence
initiated the migration.

Hol¢ik (1986) and Coad (2008) reported that
spawning begins of Caspian Lamprey at 15-16°C,
usually in early June but sometimes at the end of
March through to the beginning of July, and temper-
atures during spawning are usually 15-23°C. Full
sexual maturity occurs at 13 to 18°C in the Kura basin
(Abdurakhmanov 1962). Many lampreys are known
to spawn in waters 10—12°C (e.g., Hardisty and Potter
1971; Kelly and King 2001; Takayama 2002), 10—
15°C (Close et al. 2002; Almeida et al. 2002;
Robinson and Bayer 2005), 15-24°C (Cochran and
Gripentrog 1992) and rarely in waters at 22-24°C
(Hardisty and Potter 1971). The water temperature
during this study for Caspian Lamprey was 11-21°C.

Holcik (1986) reported that female Caspian Lam-
prey are slightly larger than males, but in this study no
significant difference was observed between total
length and weight in both sexes. Similar result has
been reported for the Eastern brook lamprey
(Lethenteron reissneri) by Takayama (2002). The mean
total length of males and females from the Volga River
is 360 and 369 mm, respectively (Dyuzhikov 1956). In
the Kura River, total length of male varies from 426 to
432 mm, and females from 436 to 440 mm (Smirnov
1952), but in this study total length of males and
females of this species varied within 271-451 and
310-485 mm, respectively. Caspian Lamprey from the
Kura River are larger, as 81% of the whole catch is
composed of specimens 410 to 460 with mean
432 mm (Abdurakhmanov 1962) (Table 2).

The gonadosomatic index (GSI) of females reported
by various authors (Pravdin 1913a, b; Smirnov 1953;
Holéik 1986; Noori 1990; Shirazinejad and Saremi

2000) varies for pre-spawning from 2.67 to 11.7 and
for spawning from 12.12 to 33.55. These are similar
to our observations (Table 2). Ginzburg (1969) found
that the gonadosomatic index (GSI) in both sexes is
rather stable during the winter, but it strongly
increases in the spring months, correlated with
increasing water temperature. The gonadosomic
index of females showed a steady rise from a mean
of 8.85 in late March to 20.49 in middle April.
Holc¢ik (1986) showed in the fully ripened females in
the Kura River, GSI value rose to between 28 and
29. Fukayama and Takahashi (1985) observed for the
Japanese River Lamprey (Lampetra japonica) during
the period of upstream migration, mean GSI value in
female lampreys increasing gradually as vitellogen-
esis progressed, reaching 14.03+1.49 in April when
ovarian oocytes were near to the end of exogenous
vitellogenesis.

Caspian Lamprey have been reported to die after
spawning (Holcik 1986). Death after spawning is
probably closely correlated with exhaustion of body
reserves (Larsen 1980). Although, Michaels (1980;
1982) reported that some lampreys survived to spawn
a second time. The spent Caspian Lamprey captured
in a downstream migration of Shirud River were still
alive at the time of capture. During this study no dead
spent lampreys were observed. Chase (2001) reported
that it is not known if any were able to successfully
readapt to a saltwater existence and survive to spawn
a second time.

The sex ratio (male: female) of Caspian Lamprey
reported in the Volga River range from 1.13:1 to
1.94:1 (Pravdin1913a, b; Dyuzhikov 1956; Ginzburg
1969; Hol¢ik 1986). Noori (1990), Ghasempouri
(1993) and Shirazinejad and Saremi (2000) reported
that the sex ratio of Caspian Lamprey in the Babolrud,
Talar and Shirud Rivers is 2.33:1, 2.97:1 and 2:3,
respectively. In this study, a sex ratio of around 1:1
and increase in the number of females compared to
males in second and third weeks were found. Smirnov
(1953) reported that males predominate at the
beginning of the migration. This was similar to our
results. A similar sex ratio (~1:1) have been reported
for some other lampreys species (e.g., Mundahl and
Sagan 2005; Jang and Lucas 2005; Binder and
McDonald 2008; Beaulaton et al. 2008).

The fecundity of Caspian Lamprey reported by
various authors (Pravdin 1913a, b; Berg 1948;
Smirnov 1953; Ginzburg 1969; Hol¢ik 1986; Noori

@ Springer



94

Environ Biol Fish (2010) 88:87-96

Table 2 Changes in the

total length (mm), body River and date Stage Tl w (body) w (gonad) GSI N
weight (g), gonad weight,
and gonadosomatic index Volga (1) p - - - 724 ?
and spawning (S) Caspian Kura (2) p 442 115 - 3.4 ?
Lamprey. Mean (above) and Dec. 1949 - - _
range (below) Kura (2) p 447 124 - 42 ?
Jan. 1950 - - -
Kura (2) P 435 115 - 6.5 ?
Feb. 1950 - - -
Kura (2) P 388 88 - 11.7 ?
May 1950 - -
Kura (2) S 330 70 - 20.0 50
June 1950 - - -
Kura (2) S 363 140 - 28.0 ?
July 1950 - - -
Kura (2) P - - - - ?
Spring 1953 388-447 88-124 3.89-10.3 3.38-11.7
Babolrud (3) P 401.11 108.89 11.20 10.35 9
Spring 1990 345-455 80-130 8.4.143 8.92-11.45
Babolrud (3) S 382.24 92.8 12.79 14.59 29
Spring 1990 340-450 65-120 10.20-17.3 12.12-19.71
Shirud (4) P 38.43 96.91 10.80 11.15 6
. Spring 2000 366-394 87.57-110.30 9.45.12.68 10.15-11.69
(1) Pravdin (1913a, b); (2) .
Saremi (2000); (5) present 26 Mar—2May P 404.45 116.53 10.59 9.21 42
study. Division of pre- 2006 (5) 368-485 77.47-164.07 6.15-15.38 5.83-11.81
spawning (P) and .spawning 26 Mar.—2May S 364.94 91.13 14.99 16.84 17
(S) by GSI according to 2006 (5) 310-399 59.36-113.02 10.67-19.67 12.17-31.44

Holgik (1986)

1990; Shirazinejad and Saremi 2000) varies from
14,000 to 60,000. Our study result agrees with these
findings. Fecundity for Pacific Lamprey (Lampetra
tridentata) ranged from 98.000 to 238.400 eggs per
female (Close et al. 2002) and for the River Lamprey
(Lampetra planeri) ranged from 7,500 to 40,000 per
female (Kelly and King 2001). In present study, the
individual relative fecundity varies from 260.8 to
677.4 (397.6+93) eggs per gram body weight.
Relative fecundity for Pacific Lamprey (Lampetra
tridentata) ranged from 417.94 to 522.15 eggs per
gram body weight (Close et al. 2002) and for Brook
Lamprey (Icchthyomyzon jossor) ranged from 500 to
700 eggs per gram body weight (Vladykov 1951;
Beamish 1982). Absolute fecundity in many species
is positively correlated with female size (Bagenal
1966, 1973). Our data did not find any correlation
(R*=0.04) between the total length of lamprey and
the absolute fecundity. Similarly, Noori (1990) and

@ Springer

Shirazinejad and Saremi (2000) did not find any
correlation either, whereas Hol¢ik (1986) obtained
significant correlation between the total length of
lamprey and the absolute fecundity as well as
Beamish (1982) and Docker and Beamish (1991)
obtained such significant correlation in other lamprey
species. In this study, relative fecundity decreased
with total length. The decrease in relative fecundity
with female length has been observed for the
Ichthyomyzon gagei by Beamish (1982) and for the
Lampetra aepyptera by Docker and Beamish (1991).

In conclusion, we observed that increasing water
temperature negatively correlated to the mass migra-
tion. Further studies are required to examine the effect
of other environmental factors in the migration of this
species. We were unable to observe Caspian Lamprey
at spawning time and perform assessments of spawn-
ing habitat and spawning behavior in this study.
Future investigations should address the role of
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Shirud River in Caspian Lamprey spawning and
larval rearing. Also, further investigations are neces-
sary on the upstream migration distance, habitat
requirement and spawning grounds and downstream
migration distance of spent lampreys.
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