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Circulating levels of plasma estradiol-17& androgens, thyroxine, triiodothyronine, immunoreactive insulin, plasma fatty acids, and protein were measured at interval during the
period of final gonadal maturation, prior to spawning of male and female sea lampreys.
Plasma estradiol levels fluctuated significantly and generally covaried in males and females
through time. In females, possibiy in relation to environmental changes, mean plasma estradiol levels peaked four times during the final spawning period but decreased sharply at
the time of ovulation. In males, mean plasma estradiol peaked seven times during the final
prespawning period and, in contrast to females, peaked significantly at the time of final
spermiation. Plasma androgens were extremely low and covaried in males and females
through time. Like plasma steroid profiles, there were coordinated changes in plasma triiodothyronine and thyroxine levels in males and females through the prespawning season.
There was a slight increase in plasma insulin during the terminal maturation of the lampreys.
However, at ovulation, the insulin levels abruptly decreased in females, whereas in males
they remained unchanged. Plasma protein and fatty acid levels gradually decreased until
ovulation/spermiation.
At ovulation plasma fatty acid levels increased. 0 1985 Academic
Press, Inc.

After a period of up to several years of
feeding in the sea, or in a large lake, the
anadromous
lamprey,
like the Pacific
salmon, stops feeding, ascends freshwater
streams, spawns, and dies. This life cycle
pattern imposes severe and unusual adaptive demands upon intermediary
metabolism and its endocrine regulation. On the
one hand, gonadal integrity must be preserved and vitellogenesis
must be completed even after feeding has ceased. On the
other hand, the energetic demands of the
upstream migration must be met by catabolism of stored carbohydrate, fat, and even

i Part of this study was reported at the XII Conference of European Society of Comparative Endocrinologists, Sheffield, England, 1983. This study was
aided by grants from the U.S. National Science Foundation (PCM 8215041) and the Great Lakes Fishery
Commission.
? Present address: Department of Zoology, University of New Hampshire, Durham, N.H. 03824.

protein. Relatively little is known about the
roles of the anabolic and catabolic hormones in lampreys during this period.
Steroids have been identified
in the
plasma of sea lampreys (Weisbart et al.,
1980) and in gonadal tissue (Botticelli et al.,
1963; Callard et aE., 1980). Replacement
with testosterone
or estradiol has been
found to normalize development in gonadectomized lampreys, implying active steroid involvement
(Evenett
and Dodd,
1963). However, these steroids do not induce precocious development in &act lampreys (cf. Larsen, 1980). Furthermore,
there have been no studies correlating
plasma sex steroid concentrations with the
different reproductive stages.
It has been reported by Leloup and
Hardy (1976) and Lintlop
and Yousctn
(1983) that the levels of both thyroid hormanes, thyroxine (TJ and tr~odothyr~~i~~
(Ts), are lower in maturing P. marinus than
in metamorphosing
ammocoetes and young
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parasitic adults. These observations have
been based on small numbers of animals
whose sex has not been distinguished. No
detailed study has been reported of circulating thyroid hormone levels during the
final maturational
stages in lampreys, nor
has there been any correlation of thyroid
hormones with those of reproductive hormones during these same stages.
Circulating
plasma insulin levels (IRI),
and the levels of various metabolites have
been measured in the anadromous Baltic
lamprey (L. Jluviatilis)
in the final migratory phase (Ivanova-Berg
and Sokolova,
19.59; Bentley and Follett,
1965; Plisetskaya, 1975; Plisetskaya et al., 1976; John
et al., 1977; Larsen, 1969, 1980). With the
exception of the data of Plisetskaya (1975)
and Larsen (1980), the levels of the various
substrate compounds such as glucose, protein, plasma fatty acids (PFA), glycogen,
and fat have been compared on only two
occasions; the first, when the lamprey is
entering freshwater from the sea, and the
second at, or immediately
after, the time of
spawning.
In this study we have tried to provide
some initial information
concerning simul-

I .
18 21

.
25
RAY

28

1

.
ii

11

taneous cyclic changes in plasma levels of
insulin, an anabolic hormone; of thyroid
hormones, which may be anabolic; and sex
steroids, which may be specifically anabolic, at least for the ovary. Furthermore,
we have sought to contrast the hormone
levels found in females with those in males,
working on the supposition that spermatogenesis poses far less of an anabolic requirement than does ovogenesis.
MATERIALS

JUNE

AND METHODS

Landlocked adult sea lampreys were captured by
trap in the Cheboygan River in May 1982 on their
anadromous spawning migration, which follows completion of their parasitic lake phase. They were transferred to the Hammond Bay Biological Station where
they were retained in raceways supplied with flowing
lake water at ambient temperature ranging from 5.5
to 20”.
Twenty lampreys (10 males and 10 females) were
anesthetized with ethyl m-aminobenzoate methanesulfonate (MS 222), sampled for gonadal tissue (small
anterior section) and blood biweekly at the same time
of day (1300 hr) from 18 May to 2 August 1982. Individual lengths and weights were recorded for every
lamprey at each sampling after which the lampreys
were killed. Blood was collected by cardiac puncture
with heparinized syringes and centrifuged. The gonadal tissues were dehydrated in a series of alcohols,
embedded in paraplast, sectioned at 8-10 pm, and
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1. Plasma estradiol of male and female sea lamprey during final maturation and spawning in
1982. Vertical bars: SEM
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RESULTS
Lengths and weights did. not change or
vary significantly between male and female
lampreys throughout the time of observation (Table 1).
Sexual development
in both males and
I
18 7.5 1
n 15 22 29 7 14 20 !a 2
females progressively
changed through
JULY
MAY
JUNE
AUG
FIG. 2. Plasma androgens of male and female sea time. In May, at the start of the upstream
lamprey during final maturation and spawning in 1982. migration,
the period of vitellogenin incorporation appeared to be complete when assessed histologically, with the oocytb nuclei
stained with hematoxylm and eosin. The plasma was peripheral in location; the testes at this time
drawn off and stored frozen at - 20” until assayed for consisted largely of primary and secondary
estradiol-17& total androgens, T,, T,, IRI, protein,
spermatocytes. By the first of June, more
and PFA.
than
half of the testes examined contained
Plasma e&radio1 and total androgens were deterspermatids
in addition to the spermatomined in 100 ~1 of plasma by radioimmunoassay
cytes;
two
of
the testes examined contained
(RIA), as described by Sower and Schreck (1982). The
RIAs were validated for adult sea lamprey plasma.
mature sperm. At the same time, the ooThe validation of the estradiol RIA has been described
cytes contained granular yolk, and alrnQs~
by Sower et al. (1983). Antitestosterone (1 I-BSA) was
every
ovarian tissue sample contained at
obtained from Dr. G. Niswender. This antibody crossleast one or two small eggs which had thickreacts with testosterone (loo%), ll-ketotestosterone
(112%), and 5-dihydrotestosterone
(69%). The anti- ened enveloping follicular layers. Also, in
body binding efficiency ranged between 38 and 49% microscope
fields of about half of the
in the assays. Each plasma sample was extracted twice
ovarian samples, at least one or two eggs
with hexane:benzene (2: 1). The i&a-assay and interwere noted that displayed an elevation of
assay coefficients of variation for the androgen RIA
the
follicular layer at one pole. On June 22,
of lamprey plasma were 4.6% (n = 11) and 9.3% (n
in the majority of ovaries studied, there
= 9), respectively.
Plasma T, and T, were determined, by an RIA valwere a few large eggs that had invaginations
idated for lamprey plasma, as previously described
or concave zona pellicida.
In one ovary
(Plisetskaya et al., 1983a). Ethanol-extracted plasma
there
were
oocytes
in
which
the yolk had
was used for all analyses. Absolute ethanol (200 pl)
started
to
Iiquify
(vacuoles
present and
was added to 100 pl of plasma, placed in an ice bath
for 30 min, centrifuged for 10 min at 3000 rpm, and granular margins becoming indistinct).
the extract stored at - 20” until assayed. The extractestes at this time contained mainly spertion efficiencies for RIAs ranged from 75.5 to 84.4%.
matids and some mature sperm. By July 7,
Ahquots of 50 ~1 of extracted plasma were measured
most ovaries displayed
yolk, that was
in duplicate. Standards were diluted in 66% ethanol.
mostly
liquified
with
some
possible polar
Plasma immunoreactive insulin (IRI) levels were
measured in 50 pl of plasma at the Diabetes Research
development. The eggs containing,liquifiedCenter, Seattle, in mammalian RIA system, according
yolk were distinctly, ,smaller in drameter
to the double antibody methods of Morgan and Lacompared to eggs in May and June. It is not
zarow (1963).
clear
whether the pole development
is a
Protein was measured in 100 p,l of plasma as described by Hartree (1972) after pooling the samples positive process or whether it is :a passive
from 10 lampreys of each sex at each sampling time.
result of the liquifaction of the yolk. A maFatty acids were measured in 50 ~1 of plasma ac- jority of testes contained
late s’permatjd
cording to the method of Noma ef al. (1973).
stages and ‘mature sperm. During the rest
Data for length, weight, and hormone concentrations were evaluated by analyses of variance. In all of July, ooqytes contained eithe~‘~r~~~~ar
or liquified yolk with some polar developtests, the difference between means was considered
significant at P < 0.05.
ment or variable proportions of b&h types.
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TABLE
WEIGHTS

AND

LENGTHS

OF MALE

AND FEMALE
Weight

Date
18 May
21 May
25 May
28 May
1 June
4 June
11 June
15 June
22 June
25 June
29 June
2 July
7 July
9 July
14 July
16 July
20 July
23 July
27 July
30 July
2 August
aX

Female
248
212
231
226
233
212
2.52
236
217
211
207
173
206
182
217
171
221r
223

t
_e
+
-c
-t
+
k
+
k
-c
rt
*
k
f
i
*

21
16
19
18
25
16
18
1.5
13
19
20
17
23
13
21
22
9
+ 18

196 t 18
260 2 25

GORBMAN

1
DURING

LAMPREYS

THEIR FINAL

(g)

SPAWNING

Length
Male
213
189
211
161
162
192
239
240
234
218
223
216
176
196
194
192
233
225

+
?
i
‘r
i
i
*
f
I
k
+
+i
k
i
i
r

PERIODS

(cm)

Female

Male

20
14
16
11
19
20
33
10
22
19
16
9
18
16
18
23
45
18

49.1
46.8
46.9
48.1
41.2
44.7
50.3
47.9
46.4
43.3
46.7
44.5
41.9
45.1
45.2
43.4
46.9
48.4

t
TL
f
+
i
i
k
t
t
i
+
+
?
i
+*
f
F

1.6
1.0
1.6
1.3
1.4
1.3
1.5
1.2
0.7
1.5
1.5
1.3
2.0
1.2
2.0
1.3
0.7
1.5

47.4
46.1
47.3
44.3
44.2
45.3
47.3
46.8
45.9
44.5
46.3
47.7
40.4
46.3
44.3
48.2
45.9
49.5

t 6.6
+ 1.4
i 1.4
* 0.9
k 1.4
t 1.4
YL 1.6
2 1.1
k 1.5
k 1.2
i 1.1
‘- 0.8
+ 2.0
I!T 1.2
i 2.1
k 2.3
k 1.4
i 1.3

227 5 20

42.4
46.3

+ 1.3
+ 1.7

46.1

t

1.1

-t- SE (n = 10).

The testes up until their time of spermiation
(i.e., when milt could be stripped from the
males by hand-pressure)
were fairly uniform, containing
late stages of spermiogenesis and/or mature sperm. Generally,
the testes consisting of spermatids and/or
mature
sperm (the later half of the
spawning period) tended to have moderately to well-developed interstitial cells.
Plasma estradiol levels fluctuated significantly and generally covaried in males and
females through time (Fig. 1). In females,
mean plasma estradiol levels peaked four
times during the final spawning period. The
greatest increase occurred between 2 July
and 7 July from 0.85 ? 0.31 to 2.86 & 0.42
rig/ml. Plasma estradiol then decreased on
9 July, followed by an increase of 2.47 f
0.41 rig/ml and then a very sharp, decrease
to 0.60 I 0.06 nglrnl on 2 August, the time
of ovulation. In males, mean plasma estradiol values peaked seven times during the
final spawning period. As in females, the

greatest increase in plasma estradiol in
males occurred between 2 July and 7 July
(from 0.91 + 0.15 to 3.03 rt 0.79 rig/ml).
The final prespawning peak of 2.69 2 0.46
rig/ml occurred on 30 July, the time of spermiation.
Plasma androgens also covaried in males
and females through time (Fig. 2). Plasma
4.0

FEMALE
.-..... MALE
I

I

.

16 25
MW

I.

1..

1 4

15
J”“e

22

29

79

76
July

23

,

‘302
*“gust

FIG. 3. Plasma triiodothyronine
of male and female
sea lamprey
during final maturation
and spawning
in
1982.
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FIG. 4. Plasma thyroxine of male and female sea lamprey during final maturation and spawning in 1982.

androgens were low during the entire final
spawning period, ranging from 0.099 rt
0.009 to 0.211 -i- 0.058 nglml in females and
from 0.096 t 0.009 to 0.223 t 0.050 nglml
in males. The small fluctuations
that did
occur in plasma androgen levels generally
coincided with those of estradiol in both
males and females.
Like plasma steroid profiles, there were
coordinated changes in plasma T, and T,
levels in males and females through time
(Figs. 3 and 4). In females, mean plasma T,
increased markedly between 18 May and 15
June, from 1.00 t 0.13 to 3.00 2 0.09 ng/
ml. Plasma T, then decreased on 22 June,
followed by two increases on 9 July and 2
August (time of ovulation).
In males,
plasma T, generally followed a similar pattern. In females, plasma T, significantly increased between 18 May and 1 June, from
1.31 I 0.22 to 2.91 t 0.45 ngiml. Thyroxine levels remained elevated until 7 July
and then decreased; this was followed by
increases on 16 and 30 July; there was an
abrupt decrease on 2 August. In ‘males,
fluctuations in plasma T, levels were less
pronounced.
Plasma T, levels in males
were slightly elevated between 18 May and
22 June, decreased, on 7 July and then significantly increased again on 30 July at the
time of spermiation.
There was a slight progressive increase
in plasma IRI during sexual maturation of
the lampreys. However,, at the later period,
the IRI levels abruptly decreased in fe-
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males, whereas in males they remained unchanged (Fig. 5). PFA levels fluctuated
until ovulation/spermiation.
At ovulation
PFA levels in females were high, whereas
in males they decreased (Table 2). About 2
weeks before spawning, plasma protein
concentration in females began to decline;
the most abrupt drop occurred at ovulation.
No substantial changes took place in the
males at this time (Table 3).
The temperature profile during this final
maturation and spawning period is depicted
in Fig. 6. No apparent correlations
were
noted between hormone concentrations
and ambient water temperature.
DISCUSSION
Steroid Hormones
In Agnathans, the cellular site of steroid
synthesis and the physiological role of the
sex steroids have yet to be clarified. Results from recent research suggest that steroid secretions and functions in lampreys
differ from those of teleosts and higher vertebrates. Katz et al. (1982) ,demonstrated
the presence of androstenedione, estradiol,
and estrone in similar quantities in both
male and female adult sea lampreys; this
may indicate a lack of sex differentiation of
sex-steroid synthesis and/or similarities in
their biological activities in these animals,.
Furthermore,
Colombo-Belvedere
and Colombo (1983) have shown that testicular
and ovarian steroidogenesis are similar in
the quantity and type of steroids they produce in vitro from two precursors, pregnenolone and testosterone, in the Brook lamprey, Lamp&a
zanandreai.
Our findings support the general conclusions derived from the research of Katz. et
al. (1982) and Colombo-Belvedere
and Colombo (1983). Plasma estradiol levels fluctuated significantly and generally covaried
in males and females throughout final gonadal maturation. However, a striking contrast occurred at ovulation and at spermiation: plasma estradiol decreased sharply
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TABLE
THE

CONCENTRATION

OF PLASMA

FATTY

ACIDS

DURING

AND GORBMAN
2
UPSTREAM

MIGRATION

OF Petromyzon

marinus

PFA h-4

Date

t (“Cl

May 18
May 25
June 1
June 4
June 15
June 22
June 29
July 9
July 16
July 23
July 30’
August 2’

5.0
5.6
10.5
8.9
9.4
12.8
15.6
10.0
11.1
14.4
18.9

Male

Female
0.85
0.58
0.76
0.77
0.75
0.58
0.64
0.62
0.59
0.59
0.42
0.68

zt 0.03
4 0.04
+ 0.05
4 0.08
2 0.07
i 0.06
k 0.02
+- 0.04
rt 0.03
+- 0.06
i: 0.08
zkz0.02

(7)
(ll)b
(6)
(6)
(6)
(lO)b
(10)
(5)
(9)
(9)
(10)
(5)b

0.88
0.76
0.73
0.73
0.75
0.54
0.66
0.64
0.71
0.35
0.36

* 0.03
+- 0.07
r 0.01
f 0.05
AI 0.09
+ 0.06
k 0.04
i 0.03
* 0.03
+ 0.09
-+ 0.07
-

(9)
(8)
(6)
(6)
(6)
(9)b
(5)
(6)
(10)
(7)b
(10)

a Number of samples in parentheses.
b Significant changes as compared with a previous sampling date.
c Spawning.

and significantly in females, but it increased
in males. Plasma androgens, which were
very low, also generally covaried in absolute values and over time in males and females throughout final gonadal maturation
and also at spermiation and ovulation. As
Katz et al. (1982) have suggested, the estrogens in the sea lamprey, at least during
final maturation, may not be sex-specific in
their physiological
roles; however, further
work to assess the distribution and quantity
of steroid receptors at presumed target
tissue would be needed to verify this conclusion.
Thus, the role of estradiol in reproduction during this period is unclear. It is possible that certain “sex” steroids which are
similar in quantity in both males and females may be involved
in the complex
spawning behavioral
processes as suggested by Hardisty and Baker (1983). Certain areas of the brain have been demonstrated to accumulate 3H-labeled estradiol
in the river lamprey (Kim et al., 1980) indicating a potential influence of estrogens
on sex behavior mediated by brain receptors, as has been shown in higher vertebrates (Hardisty and Baker, 1983).
In our studies there is, in female lam-

preys, a general increase in plasma estradiol prior to ovulation, followed by a fall in
the levels of estradiol at ovulation.
This
general increase in plasma estradiol before
ovulation coincides with the time of liquifaction of the yolk in oocytes. Furthermore,
plasma estradiol has been shown to in-

i Petromyzon

Lamp&a

marinus

fluviatilis

FIG. 5. The relative changes of plasma IRI in sea
lamprey (Petromyzon
marinus)
and in Baltic lamprey
(Lampetva
fluviatilis)
during final maturation and
spawning in fresh water. The columns represent the
IRI levels in relation to the lowest IRI level at
spawning time. The number of plasma samples (males
and females together, unless otherwise specified) is
indicated at the base of the columns. The long arrow
indicates the completion of vitellogenesis. Short arrows indicate spawning. Data on L. fluviatilis
according to Plisetskaya et af. (1976).
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FIG. 6. The temperature profile at Hammond Bay Biological Station in 1982.

crease following gonadotropin or GnRH injections,
which also induce ovulation
(Sower et al., 1983). In salmonids, temporal
complex interrelationships
of gonadotropin
and estradiol during gonadal development
have been established (Fostier et al., 1978;
Whitehead et al., 1983). Elevated estradiol
levels and low gonadotropin
levels exist
prior to ovulation; subsequently, there is a
decrease of estradiol just before and at ovulation and an elevation of gonadotropic
levels. This apparent negative feedback relationship is similar to that seen in higher
vertebrates, and it appears in part to occur
in lampreys.
The earlier experiments
of
Evenett and Dodd (1963) and Larsen (1973)
showed by hypophysectomy
and mammalian gonadotropin injections that there is a
relationship
between the lamprey adenohypophysis and gonadal function. Although
gonadotropin(s) have not been identified in
the lamprey,, nor is it clear that they have a
role in ‘final gametic maturation and ovulation. These phenomena are only partly addressed by our data as reported here, and
it will require more research for their fuller
elucidation.
Katz et al. (1982) have demonstrated the
apparent absence of Sa-dihydrotestosterone (D&IT) and testosterone in the sea
hamprey blood during final sexual maturaiion. The levels of total androgens (which
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include DHT, testosterone, and 11, ketotestosterone) which were measured in the sea
lamprey in the present study were very low
and showed no distinct pattern over time.
Testosterone
incubated
with testicular
tissue of L. jluviatilis
has been reported to
be rapidly converted in vitro into unusual
15-hydroxylated
derivatives
(Kime and
Rafter, 1981). 15-Hydroxysteroids
have not
been identified in the endocrine glands of
other vertebrates,
nor have they been
shown to have any biological activity (cf.
Kime and Rafter, 1981). Seiler et al. (1983)
reported considerable hydroxysteroid
dehydrogenase activity in studies of testosterone metabolism
which indicated that
3p, 17@-dihydroxy-5a-androstane
is formed
as a &reduced
metabolite of testosterone.
These authors suggest that the presence of
such testosterone metabolites may indicate
that they have an active physiological role
in lampreys. The functional role of various
sex steroids will not be resolved until we
have identified the steroids in lampreys and
correlated these steroids with biological actions during reproductive processes.
Thyroid Hormones,

IRI, and ~etub~i~t~s

The levels of thyroid hormones we have
observed at the time of spawning do not
coincide
with the levels reported
by
Hornsey (1977) for the same species of
rine lamprey (though not landlocked). In a
single fully matm-e female, Hornsey (1977)
measured 80 rig/ml of T4. IIJ our previous
investigation
on Pacific lamprey (&ztosphenus tridentata)
(Plisetskaya
et ak.,
1983a) (which were maintained
for more
than 2 months in the laboratory), we measured T, levels as high as 37, ngiml in specimens. The more natural conditions under
which the anadromous adult lampreys were
kept at Hammond
Bay Station may possibly explain why T, levels were not so
high.
During smoltification
of salmon there are
surges of both plasma Ez and T, and these
surges clearly coincide (Sower et al., 1983).
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TABLE

3

THE CONCENTRATION
OF PLASMA PROTEIN DURING
UPSTREAM SPAWNING MIGRATION
OF

Petromyzon marimd
Protein (mg/ml)
Date
May
May
June
June
June
June

18
25
1
4
15
22

June 29

July 9
July 16
July 23
July 30
August 2

Female

Male

22.6
27.5
26.6
26.3
21.2
25.9
27.9
20.7
18.0
18.0
9.6
9.9

26.3
26.3
25.4
27.6
27.2
29.5
29.2
23.0
22.5
24.8
27.5
23.0

a Values represent pooled samples from 9 to 10 lampreys.

A similar tendency of these two hormones
to vary in concert can be observed in
lampreys during late pre-spawning
and
spawning periods. We found no clear correlation between levels of estradiol and T,.
There are recent reports concerning the
stimulatory action of thyroid hormones on
insulin secretion in fish (Plisetskaya et al.,
1983b, c). The nonhomologous
RIA system
used in this recent study probably has a low
or inefficient
cross-reaction
with insulin
(Emdin and Steiner, 1980). Therefore, no
definitive conclusions can be drawn concerning the absolute levels of circulating insulin. Nevertheless, the relative changes in
IRI circulating levels in two species of lampreys that have been studied by use of heterologous RIAs are very similar in pattern.
Baltic lampreys enter fresh water in the
Leningrad area in October-November
and
stay in the rivers over winter, before
spawning. Spawning begins in May-June
at particular limiting water temperatures.
At the time when the lampreys enter the
river mouth, the growth of the oocytes and
the very beginning of vitellogenesis can be
observed histologically
in the ovary. Vitellogenesis proceeds slowly during the au-
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tumn and early winter, and is completed in
March. At the same time the IRI levels,
which have been decreasing gradually
during the winter, begin to increase until
the fish approach the spawning period (Plisetskaya et al., 1976).
Histological
examination of the ovaries
of P. marinus in the present study indicates
that vitellogenesis was virtually completed
before the time that we began plasma sampling for hormone levels. Therefore, we can
recognize that there is a similarity in the
circulating IRI profiles in both lamprey species, probably reflecting the similarity
of
metabolic requirements and of regulation of
metabolic processes during this period of
life cycle.
Since we only measured the plasma concentrations of protein and PFA, we are not
able to generalize about the metabolic
events in these anadromous fish; but some
parallels between L. jluviatilis
and P. marinus can be suggested. The plasma protein
concentrations
in Baltic lampreys when
they enter the river are about 50-55 mg/ml
(Ivanova-Berg and Sokolova, 1959; Larsen,
1980). By the time of spawning and at the
end of the nonfeeding period the values
drop to 19-20 mg/ml (Ivanova-Berg
and
Sokolova, 1959). Sex differences were not
investigated
in these studies. The same
trends in circulating
protein profiles appeared in P. marinus, but in addition we
found substantial differences in plasma protein concentrations between male and female lampreys. We can speculate that the
lower plasma protein values in females may
reflect the much greater metabolic expenditure on gonadal growth relative to that of
the males. The decline in insulin and T4
levels in female lampreys could be responsible for the depleted levels of metabolites
in blood. The decline in E, correlates with
the completion of hepatic vitellogenesis and
the exhaustion of lipid stores. In males, neither E,, insulin levels or protein concentrations appeared to change.
Recent studies using in vitro salmon he-
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patocytes provide evidence that insulin, as profiles and metabolic changes. Furtherwell as E,, stimulate protein secretion from
more., the progressive changes in hormonal
hepatocytes, whereas T, has no such effect levels over time show at least that the met(Bhattacharya et al., 1984; Plisetskaya e.t abolic events we have considered occur in
al., 1984a). We do not know whether this a changing endocrine environment...ft is fair
phenomenon
occurs in lampreys and to to conclude that this changing endocrine
what we can ascribe the large changes in environment must be a factor in the imporand biochemical events
plasma circulating
protein in lampreys at tant physiological
this stage. Furthermore, it is not even clear that characterize preparation
for mating
whether the degenerating lamprey liver can and death of the anadromous sea lamprey.
be the source of plasma proteins. Future
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