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Almost 50 years ago Gaylord and Marsh (5)
and Marine and Lenhart (11, 12) showed that
thyroid tumors in hatchery-reared trout developed
from hypertrophied and hyperplastic thyroid tis
sue. The tumors invaded and replaced muscle and
bone; one tumor metastasized to the wall of the
rectum. Gaylord and Marsh classified the tumor
as a carcinoma, but Marine and Lenhart regarded
it as a severe endemic goiter, because (a) iodine
inhibited the hyperplasia, (6) the incidence of the
tumor was directly related to the quality of the
water, and (c) the tumor appeared in young fish
and often regressed with age. Schlumberger and
LÃ¼cke(15) suggested that all the thyroid tumors
in trout might not be alike ; most of them could be
extreme hyperplastic growths, while the one that
metastasized was a true carcinoma.
The present report will describe the develop
mental stages of the thyroid tumor in inbred
laboratory-reared
Montezuma swordtails. The
thyroid tissue of these fishes will be compared to
similar material obtained from wild swordtails
taken from their natural habitat and fixed at the
site of their capture, in Mexico.
MATERIALS AND METHODS
The laboratory-reared
swordtails have been
propagated since their initial introduction in 1939
by methods described by Gorbman and Gordon
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York 24, N.Y. Aided by a grant from the National Cancer In
stitute, National Institutes of Health of the U.S. Public
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(8) and Gordon (9). The fish have been kept in
well conditioned fresh water that, for many years,
has been used over and over again. The condi
tioned water has been interchanged among the
tanks containing members of six other species of
xiphophorin fishes. The diet of all fishes contained
dried, shredded ocean shrimp, liver, cereal, and
living tubificid worms; in addition, the young fish
were fed live daphnids.
The present report is concerned primarily with
an analysis of the thyroidal tissue in two laborato
ry strains of swordtails (Figs. 1 and 2 and Chart 1).
The fish of strain 38s represent seven generations
of inbreeding, the last three being brother to sister
matings. The members of strain 43 have a similar
genetic history for the first four generations; the
last three generations represent close inbreeding
but not by brother to sister matings.
For a histological study of the thyroid follicles, the lower
jaw of each fish was removed and fixed in Bouin's fluid. The
jaws of the older fish required dÃ©calcificationwith nitric acid
and phloroglucin. The tissues were sectioned at 6 p and stained
with either Mayer's hematoxylin-eosin or Masson's trichrome
stain.
The height of the epithelial cells of the thyroid was meas
ured by a modification of the method suggested by Rawson and
Starr (14), who measured the greatest height of one epithelial
cell from each of 200 different follicles. Because most Montezumas did not have 200 follicles, we measured either one cell
from each follicle or one cell from each of 50 different follicles.
To avoid measuring the same cell twice, 24 sections were
skipped between critical sections.
Since the epithelial cells in each follicle varied greatly in
size in fishes with hypertrophied tissue, the proper selection of
a particular cell for measurement was difficult. Preliminary
test analyses were made, first by measuring the smallest, then
an intermediate, and finally the tallest thyroid follicle cells in
each of several fish. In each series the mean height of epithelial
This
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CHART1.â€”Thegenetic history of two laboratory strains of
Montezuma swordtails, 883and 48. They are the seventh-gen
eration descendants of those collected in 1939 from Mexico.
All the members of the seventh generation developed tumors,
although tumors appeared in appreciable numbers in members
of the third and fourth generations. The tumors develop earlier
in the members of strain 38s than in the members of strain 43.
Note that the members of strain 38s have been produced by
three generations of brother-to-sister matings.

The mating procedure followed may be illustrated by trac
ing the history of tumorous fish 383. In the mating of 33-5 and
33-15 the female and male were non-tumorous but some of
their siblings were tumorous. To diagram this mating the hori
zontal line connects the white areas of the circle and the square.
In the next mating, below, a tumorous female (38-1) was mated
to a non-tumorous male (38-11). In this instance, the horizon
tal line connects the black area of the circle to the white area
of the square.
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cells increased as the thyroid tissue become more abnormal.
The standard errors were lowest in the series of measurements
of the smallest cells; hence, these are the measurements which
were used.
The distribution of the thyroid tumors between the sexes
was noted. The length of each fish was recorded as the distance
between the anterior tip of the snout and the end of the urosome, to determine whether a relationship exists between the
size of the fish and stage of development of the tumor.

Thyroid Tumors

HISTOLOGY
OF THETHYROIDTISSUEOF THELABORATORYREAREDMEMBERSOF THESEVENTHGENERATION
OF
THESWORDTAILS,
STRAIN383

Both parents of the members of strain 38s had
large, externally visible thyroid tumors. Fifteen of
their offspring were sacrificed for a study of the de
velopment of the thyroid tumor.
Two fish were fixed on their day of birth; one
had 22, the other 23, thyroid follicles. In all sig
RESULTS
nificant respects, the follicles resembled those of
HISTOLOGY
OF THETHYROIDTISSUEFROMWILD
the immature wild fish fixed in the field.
MONTEZUMA
SwOHDTAILS
PRESERVEDAT
Two fish were fixed 1 month after birth. They
THEIR SITE OF CAPTURE
had twice as many follicles as did the 1-day-old
Fourteen wild swordtails (six immature, three
adult females, and five adult males, fixed in 10 per animals. The new follicles appeared to multiply by
budding from the older follicles. The epithelial
cent formalin at their site of capture) were ex cells
of the follicles were columnar, 4-6 /x in
amined. The thyroid elements in the wild swordheight, and were significantly taller (!,, = 3.18)
tails, as in most teleosts, were unencapsulated
(Gudernatsch [10]) and consisted of isolated fol than those of the wild fish. The nuclei of the
licles distributed in the stroma along the ventral epithelial cells are centrally located in one fish and
aorta and the bases of the first, second, and third basally in the other.
Five fish were sacrificed 2 months after birth.
aortic arches. They were most numerous between
lengths were in the same range as those of
the first and second arches, and just anterior to Their
the immature wild fish (14-21 mm.). The thyroid
the third arch; none were in the gills.
glands in the laboratory-reared fish had very much
The variation in the number of follicles was
great, being 13-35 in immature fish (Fig. 2), 33- less stroma and many more thyroid follicles than
75 in seven of the mature fish, and 108 in one male. the glands of the wild fish. The follicles extended
The number of follicles tended to vary directly from the first aortic arch posteriorly to the fourth
aortic arch. The blood vessels and capillaries near
with the size of the fish (r = + 0.88).
In thirteen of the fourteen wild fish fixed in the the follicles were engorged with red blood cells,
some of which lay outside the vessels. The epi
field, each follicle was composed of flat to low thelial
cells were 7-9 /Â¿high; their nuclei were
cuboidal epithelial cells, 2-4/i in height (Fig. 2),
eccentric
in position (Fig. 3). No lumen was pres
with centrally located, elongated nuclei. In the
ent
in
some
follicles; others contained homogene
fourteenth, an exceptional wild male with 108 fol
licles, the epithelial cells in several follicles were ous, acidophilic colloid in scant amounts. These
columnar. The columnar cells contained a colloid- glands were typical of hyperactive thyroids as de
like substance at the basal ends and nuclei at the fined by Cowdry (4). Two mitotic figures were
found in the thyroid epithelial cells of one fish;
apical ends.
In mature wild fish the epithelial cells inclosed a they were the only mitoses observed in all the
lumen filled with dense, sometimes granular, acido- swordtails examined.
Two fish were sacrificed at 2Â£months of age.
philic colloid in which occasional epithelial cells
Both
contained over 125 follicles, many of which
were suspended. In the immature fish the colloid
were either distorted in shape or partially disinte
was sparse.
grated. They extended from the first to the fourth
aortic
arches. The follicle cells were of the same
HISTOLOGY
OF THETHYROIDTISSUEOF LABORATOKYsize and shape as those of the 2-month-old fish and
BEAREDSWOHDTAILS
OF THEFIRSTGENERATION,
occasionally contained a colloid-like substance.
STRAIN21
Four fish were sacrificed at 5 months of age.
Three adult fish from strain 21, representing the
first generation of laboratory-reared Montezumas,
Their thyroid tissue extended from the first aortic
arch to the base of the ventral aorta. A few large
fixed in formalin in 1940, were available for analy
sis. Unfortunately, after 12 years the fish were in a colloid-containing follicles bounded by cuboidal or
poorly preserved state, and their tissues did not columnar epithelial cells were found near the first
react favorably to histological technics. The com aortic arch, at the base of the ventral aorta, and at
plete distribution of the thyroid follicles could not the ventral margin of the lower jaw. The rest of
be determined, but thyroid follicular structure was the thyroid tissue was composed of hypertrophied
similar to that of the adult wild fish fixed in epithelial cells. Their nuclei were swollen and
basal in position; their cytoplasm was acidophilic
Mexico.
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and occasionally contained a granular, colloid-like
substance. Some of the epithelial cells were single,
others formed small groups, still others were ar
ranged in cords or in microfollicles. The epithelial
cells did not extend into the gills, or around the gill
cartilage or bone, but in one animal they sur
rounded some of the opercular musculature (Figs.
4 and 5). The over-all histological picture was one

months of age, were fixed for the purpose of com
paring the early and late developing tumors.
Five fish were sacrificed at 6-65 months of age.
Four of the five had 52-58 thyroid follicles with
dense colloid. Their epithelial cells were either low
cuboidal, high cuboidal, or columnar; they were
neither swollen nor hypertrophied but for the most
part were taller than those in the wild fish. (The

CHART2.â€”Representative thyroid follicles from Monteznm.-iswordtails. Left: inactive thyroid follicle from a normal,
wild swordtail; note the low cuboidal epithelial cells at the
periphery and the evenly dispersed colloid in the center. Right :

hypertrophied follicle from a pretumorous, laboratory-reared
swordtail; note the high columnar epithelial cells with eccen
trically placed nuclei and the sparse colloid. Camera lucida
drawing. Mag. X330.

of a solid mass of cells in a highly vascular area
that was frequently hemorrhagic. Very little con
nective tissue stroma was present.
Fifteen fish, of the same brood, now 7Â§months
old, are still under observation; one of them, a
male, shows externally the beginning of a thyroid
tumor.

glands apparently were highly active but not
atypical.) The remaining swordtail was 65 months
old and had 165 small, compact follicles with
columnar epithelial cells.
Two fish were sacrificed at 7 months of age. One
had many follicles with comparatively low epi
thelium and predominantly basophilic colloid.
The other had very few follicles, all filled with
sparse acidophilic colloid and lined by greatly
hypertrophied epithelial cells with swollen nuclei.
The epithelial cells of this abnormal male were
compared to those of a normal swordtail in Chart
2.
Three fish were sacrificed at 10-11 months of
age. They had hypertrophied and hyperplastic

HISTOLOGY
OF THETHYROIDTISSUEOF LABORATORYREAREDSWORDTAILS
OF THESEVENTH
GENERATION,STRAIN43

The male parent of strain 43 had a small, macroscopically visible thyroid tumor; the female did
not. The thyroidal tissues of two of their 5-monthold young were examined and found to be normal.
Fifteen of their offspring, between 5 and 12
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tissue comparable to that of the iaj-month-old
members of strain 383.
One fish fixed at 10 months and two others sacri
ficed at 12 months of age had tumorous thyroid
tissues comparable to those in the 5-month-old
members of strain 38s. The first externally visible
thyroid tumor appeared in a 10-month-old male.

STANDARD

LENGTH

The relative positions of the two regression lines
and their slopes illustrate the differences in the
rate of increase of the thyroid follicles in the vari
ous strains of fish. In Chart 3, the regression line
for strain 383 is to the left and that for the wild
fish to the right, indicating that young wild sword
tails have fewer follicles than laboratory-reared
swordtails. The slope of the left regression line is
much steeper than that of the right, showing that
the increase in the number of thyroid follicles is
more rapid in pretumorous than in wild sword
tails.
Furthermore, Chart 4 shows that the increase
in the number of thyroid follicles is more rapid in
those swordtails that will develop tumors after 6
months than in those that do not develop tumors
until they are 1 year old.
MACROSCOPIC
APPEARANCE
OF THETHYROIDTTJMOR
IN SWORDTAILS
OP VARIOUSAGES

MM

CHABT3.â€”Therelationship between the number of thyroid
follicles and the length (growth) of Montezuma swordtails.
Right: white circles (o) represent normal, wild swordtails
fixed at their site of capture in Mexico. Note the gentle slope
of the regression line indicating that as the fish increase in
length there is a gradual increase in the number of their thy
roid follicles. Left: black circles ( â€¢
) represent laboratory-reared,
tumor-susceptible swordtails of strain 38s. Note the steep slope
of the regression line, indicating that as the fish grow there is a
rapid increase in the number of their thyroid follicles.

Eight fish, six females and two males, now 17
months old, are still alive; all except two females
have externally visible thyroid tumors.

Thyroid tumors were detected externally in 27
of the 34 members of strain 382,which has been in
bred for six generations. The first tumor appeared
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NUMBEROP THYHOIDFOLLICLESIN RELATIONTO
STRAINop FISH

At birth both normal and tumorous Monte
zuma swordtails have few thyroid follicles. As the
fish develop, the number of follicles increases; but
there is a distinct difference in their rate of multi
plication in normal and tumor-susceptible sword
tails. They increase slowly in wild swordtails,
quite rapidly in laboratory swordtails of strain 43
(in which tumors develop at the end of a year),
and extremely rapidly in members of strain 383
(which become tumorous 5 months after birth).
In Chart 3 the number of follicles is plotted
against the lengths of the wild fish and of the fish
from strain 383. In Chart 4, the number of follicles
is plotted against the age of the swordtails of
strains 43 and 38s. The comparisons are made as
indicated, because no age records are available for
the wild fish and no young swordtails of strain 43
were examined. Each of the two comparisons is
valid because, from birth to sexual maturity, the
age and length of poeciliid fish are positively cor
related (Chavin and Gordon [3]).
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CHART4.â€”Therelationship between the number of thyroid
follicles and the age of Montezuma swordtails. Right: white
circles (o) represent laboratory-reared swordtails of strain 48.
(Members of this strain develop tumors when 12 months old.)
Note the slope of the regression line indicating that as the fish
age there is a fairly rapid increase in the number of their thy
roid follicles. Left: black circles (â€¢)represent laboratory-reared
swordtails of strain 383. (Members of this strain develop tu
mors when 6 months old.) Note the steep slope of the regression
line indicating that as the fish age there is a more rapid increase
in the number of their thyroid follicles.

in a 24-month-old female swordtail. Ten months
later 27 of the 34 fish had visible thyroid tumors
(Table 1). Four of the remaining seven, without
visible tumors, were dissected. Each had a small
tumor at the base of its tongue.
The growth of one tumor was closely observed
after it was first detected as a small, pale, almost
invisible lump in a 30-month-old female. At 34
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6

months the tumor extended beneath the opercula
where it grew rapidly and spread to the gill region.
At 35 months the female became moribund and
was sacrificed. Her right operculum was dissected
away, exposing a large, firm, white tumor that
projected from the gills to the heart, was almost as
wide as the body cavity, and was f the size of the

tern of each fish was recorded in broods of strain
382 (Table 2). The analysis demonstrated that
there was no linkage between the presence of Sp,
TABLE 2

THYROIDTUMORINCIDENCEIN MEMBERSOFTHE
SIXTH GENERATION
INBREDSTRAIN,38Â»,
OFTHE
SWORDTAIL X. montezumae,

28 MONTHS OLD

MACROMELANO-PBOBE

TABLE 1

PATTERNSpotted-caudalSpotted-sidesNoneFEMALESTumor445No
tumor175MALESTumor
tumor0No

AGE AT WHICH THYROIDTUMORSIN 34
MEMBERSOF THE SIXTH GENERATION
INBREDSTRAIN,382,OFTHE SWORDTAIL
X. montezumae
NALLY
ADE
(months)

WERE DETECTED

FEUALES
Tumor
No tumor

i
is

24
20
34

22

25
IS

4

EXTER

MALES
Tumor No tumor

0
2
5

8
6
3

BftKtÂ«.

CHART5.â€”Anadult female Montezuma swordtail showing
a large thyroid tumor in the region of the gills which developed
in less than 5 months. The tumor is J of the size of the head
and extends from the gills to the region of the heart. Mag. X4.

head (Chart 5). This tumor, one of the largest in
this species, is noteworthy, because it grew to its
large size in less than 5 months.
POSSIBLEGENETICLINKAGE

Since the development of thyroid tumors in
swordtails is evidently under some polygenic con
trol, it seemed possible that some of those genes
might be linked to some of the known color pattern
genes. The Montezuma has two dominant genes
that control the distribution of macromelanophores or large black pigment cells on the body:
Scfor macromelanophore spotting in the caudal fin,
Sp for similar spots on the body proper. The reces
sive is indicated as + and denotes the absence of
macromelanophores. The macromelanophore pat

11
41
1
Total

13

1Â»

Sc, or the recessive (+) genes and the presence of
thyroid tumors.
DISCUSSION
The observations of Gaylord and Marsh (5) on
the development of thyroid tumors in hatcheryreared trout may be compared to those of Aronowitz (Berg), Edgar, and Gordon (1) on the de
velopment of similar tumors in laboratory-reared
swordtails. The salient comparative details are
presented in Table 3. Four changesâ€”namely,
hypertrophy of follicle cells, hyperplasia of fol
licles, reduction of colloid within the follicles, and
hyperemiaâ€”were characteristic of both tumors.
Hyperplasia of the connective tissue around the
follicles was found in the trout but not in the
sword tail.
In both kinds of wild fishes hypertrophy and
hyperplasia of the follicles are occasionally found,
but actual thyroid tumors, although rare, have
been found only in wild trout (Table 3).
Gorbman and Gordon (8) stated that one seem
ingly significant difference between the thyroid
tumors of the swordtails and those of trout is the
age at which they develop. In trout the tumors are
relatively large in young animals, but they later
diminish or regress in some older animals. On the
other hand, the growths appear at maturity in the
fifth generation laboratory-reared swordtails and
grow until death intervenes. The tumors in the
seventh generation swordtails are fully formed by
5 months. Apparently, tumors develop earlier in
members of the more highly inbred tumor-bearing
strains, suggesting that the time of tumor develop
ment depends to some degree upon their genetic
constitution.
The Montezuma represents one of the seven
species of xiphophorin fishes that have been main
tained by inbreeding for many generations under
practically identical environmental conditions.
In only two species, montezumae and pygmaeus, the
majority of a brood becomes tumorous. Gorbman
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and Gordon (8) suggested that the laboratoryreared Montezumas may have an extremely high
iodine requirementâ€”one which exceeds the ordi
nary dietary supply. They pointed out, however,
that the dried ocean shrimp, which composes a
large part of their diet, has a high concentration of
iodine. It is worth noting that Nigrelli (13) and
Schlumberger and LÃ¼cke(15) have reported that
several species of marine fishes maintained under
aquarium conditions develop thyroid tumors.
In following up the lead on a high iodine re
quirement, two series of experiments are now in
progress: (a) the raising of young swordtails in
iodized water of known concentration and (6) the
treating of tumorous animals with potassium
iodide, thyroxine, or whole dessicated thyroid.

riÃ±eand Lenhart (11, 12) rather than that of Gaylord and Marsh (5) and regard the thyroid tumor
of the trout as a severe endemic goiter rather than
a true carcinoma. It is difficult to differentiate be
tween cancerous and benign thyroid tumors in
trout and swordtails where the two criteria, invasiveness and metastasis, are not applicable, be
cause (a) the thyroid tissue is not encapsulated,
and the point at which invasiveness begins cannot
be precisely determined, and (b) the tumors rarely
metastasize even when highly malignant.
The developmental pattern of the swordtail
thyroid tumor may be profitably contrasted with
the developmental pattern of malignant human
thyroid tumors. According to a review by Gorbman (7), the most malignant thyroid tumors in

TABLE 3

CHARACTERISTICS
OFNORMAL
ANDTUMOROUS
THYROIDAL
TISSUEINSPECIES
OF
WILDANDDOMESTICATED
TROUTANDMONTEZUMA
SWORDTAILS
PRETUMOBOUB
CHANGES

TCMOS
Wild
occasional

'olHypertrophy
of fc
licle cells
Reduction of colloid
in follicle
Hyperplasia
Hyperemia
Hyperplasia of con
nective tissue
incidence

TBODT
Hatchery
extreme

normal

extreme

occasional
absent
absent

extreme
present
present

very rare

endemic at
one time
by 4 months

time of de
unknown
velopment
time of re
gression
* Among approximately 1,000wild swordtails examined,
t Some are 3 years old, almost the maximal attainable age.

"43"

Labori tory

"38>"

occasionalnormaloccasional
extremeextremeextreme extremeextremeextreme

absent
absentnot

after S years

Preliminary results indicate that the tumors re
gress under these treatments and that potassium
iodide has a prophylactic effect.
The incidence of the thyroid tumor is 100 per
cent only in the most highly inbred strains of
Montezuma swordtails, suggesting that the in
cidence of tumors may be related to polygenes
which become homozygous upon inbreeding. Since
thyroid hyperplasia is found more frequently in
many species of fishes living under aquarium con
ditions than in the wild state, the role of the en
vironment, particularly the quality of the water,
will have to be carefully evaluated and correlated
with the genetic influences.
The basic similarity between the thyroid fol
licles of all vertebrates has been stressed by Gold
smith (6). According to Bullock and Curtis (2) and
Slye, Holmes, and Wells (16), spontaneous thyroid
carcinomas are found in the primate mammals and
are rare in all nonprimate and nonmammalian
vertebrates. These authors take the view of Ma

Wild

present
absent100

seen*SWORDTAILS
centby
per

present
absent100

centby
per

monthsnever
6

yearnever
1

has re
gressed in any fi

has re
gressed in any t

man originate from hypoplastic glands. The
growth of tumors in the swordtail and the trout
was preceded by hyperplastic growth of the thy
roid tissue. Therefore, the fishes' pattern of de
velopment is more typical of endemic goiter than
of true carcinoma. This inference is strengthened
by the knowledge that the thyroid tumors of
fishes regress when treated with iodine or thyrox
ine.
SUMMARY
The progressive stages in the development of
the thyroid tumor of the swordtail, Xiphophorus
montezumae, are as follows: 1. Day-old fish have
20-30 thyroid follicles, lined by flat or low cuboidal
epithelium, scattered in the stroma around the
ventral aorta, but not in the gills. 2. The follicle
cells increase in size and become high columnar.
3. The number of thyroid follicles increases; the
blood capillaries in the region of the follicles be
come and remain engorged with red blood cells.
4. The epithelial cells of the new follicles simul-
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FIG. 1.â€”Thyroid tumors in two adult laboratory-reared
Xiphophorus montezumae: male, above, with spotted (Sp) pat
tern; female, below, with spotted caudal (Sc) pattern. The tu
mor in the male is visible below the jaw. In the female the opercula are forced away from the head by tumor tissue. Mag. f
normal size.
FIG. 2.â€”Cross-sectionthrough the lower jaw of a wild, im
mature Montezuma Swordtail, preserved at its site of capture
in Mexico. Note the unencapsulated, normal thyroid follicles
scattered in the stroma between the branchial musculature and
blood vessels. Hematoxylin-eosin. Mag. X130.
FIGS. 3-5.â€”Sections through the lower jaws of laboratory-

reared swordtails of strain 38*. All sections are stained with
hematoxylin-eosin.
FIG. 3.â€”Froma 2-month-old swordtail. Note the absence of
lumina and the extreme vascularization of the stroma. Mag.
X510.
FIG. 4.â€”From a 5-month-old male swordtail. This thyroid
tumor was revealed by histological methods. Note the begin
ning of muscle invasion by tumor cells. Mag. X440.
FIG. 5.â€”From a 5-month-old male swordtail. This thyroid
tumor was revealed by histological methods. Note the absence
of follicular structure and the cordlike arrangement of cells.
Mag. X143.

taneously increase in number and size; some of the
blood capillaries rupture, and individual red blood
cells are found close to the follicular cells. 5. The
follicle configuration becomes distorted. 6. The
follicles disintegrate. 7. Tumorous growths de
velop composed primarily of a mass of epithelial
cells, microfollicles and hemorrhages. 8. Muscles in
the region of the ventral aorta are surrounded by
tumorous afollicular epithelial cells. 9. Tumor cells
destroy the deeper musculature, the gill filaments,
cartilage, and bone. (At this stage the thyroid
tumor is visible externally.) 10. Death may be due
to destruction of visceral gill arches and the conse
quential interference of normal respiration.
Highly inbred fish, from brother-to-sister matings between members of a thyroid tumor-suscep
tible strain, develop tumors earlier in life than
those from less intensely inbred strains. This sug
gests that genes influencing the growth of thyroid
cell elements accumulated in the members of the
inbred strains.
A comparison was made between the thyroid
follicles of wild young fish taken directly from
their natural habitat in Mexico, and young fish
laboratory-reared for seven generations. In both
wild and laboratory fishes the number of follicles
increase with age and length, but the increase is
far more rapid in the laboratory fishes.
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