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ABSTRACT 

A set of five endocrine physiology experiments are described. 

The work was conducted at a commercial Green sea turtle farm (formerly 

Mariculture, Ltd. now Cayman Turtle Farm, Ltd.) on Grand Cayman Island 

in the British West Indies. The goals of the project were: a) to make 

a contribution to comparative endocrinology by studying an unusual rep

tile and b) to begin to develop a physiological understanding which 

might benefit the conservation and culture of this "endangered species." 

During the summers of 1973-1975, intact (not hypophysectomized), 

sexually immature Green sea turtles from known populations were inject

ed with exogenous mammalian hormones. Experimental animals ranged in 

weight from 3.14 ±0.16 kg (one year old) to 40.21 ±0.63 kg (4.5 years 

old). Analysis of variance and the Student-Newman-Keuls multiple range 

test were used to interpret the multiple treatment experiments. 

Despite the sea turtle's large size, it responded significantly 

to low doses of somatotropin (i.e., 7 mg total dose of growth hormone). 

Males demonstrated high sensitivity to low doses of gonadotropins, while 

females were only marginally responsive at the dose levels employed. 

The results of these experiments in sea turtles should be 

qualified by the immaturity of the animals and by the lack of hypo-

physectomy techniques, however, several preliminary observations and 

conclusions are indicated by the data. 
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a) The testis of the immature male Green sea turtle responds to 

exogenous follicle stimulating hormone (FSII) or pregnant mare 

serum gonadotropin (PMSG) by an apparent increase in both sperm

atogenesis and steroidogenesis. The evidences for FSH induced 

steroidogenesis in the male are: increased epididymal size, elongat

ed tails, increased mating behavior and elevated testosterone levels 

(after four days of FSH treatment). The FSH induced spermatogenesis 

appears to have been facilitated by growth hormone (GH). On the 

other hand, commercial preparations of luteinizing hormone (LH) 

and human chorionic gonadotropin (HCG) had no detectable effect 

on the male testis. These results tend to support the hypothesis 

of a single functional gonadotropin in the Reptilia. 

b) A homogenate of Green sea turtle anterior pituitary material appears 

to have increased spermatogenic and steroidogenic activity in the 

testis. 

c) FSH caused a slight increase in ovarian weight and follicular size 

in the immature female, however, there was no evidence of steroid

ogenesis. LH, HCG, prolactin (PRL), GH, progesterone and estradiol-

dipropionate (ED) did not appear to affect the ovary. Several 

of these hormones (e.g., LH, GH, PRL and ED), when tested in 

combination with FSH, did not facilitate ovarian development. 

d) Testosterone-propionate (TP) induced tail elongation, epididymal 

hypertrophy and testicular interstitial cell size reduction in the 

male. Endogenous circulating testosterone was found to be present 

in the immature (4.5 years) male, but was undetected in the female. 
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We were able to use this characteristic as an accurate sexing 

technique. 

e) In the female, ED induced weight loss, oviducal hypertrophy, serum 

calcium and total protein elevations and appetite reduction. 

Similar effects were noted with diethyl stilbestrol but not with 

progesterone. 

f) In the Green sea turtle, at three ages (one, two and four years), 

GH was a more potent somatotropin than PRL. Long term somatotropic 

responses suggest the possibility of antibody formation against 

mammalian GH and PRL in four year old turtles, and against GH in 

two year olds. Similar long term effects were not seen in one 

year old turtles. 

g) Sexing of several farm hatched and reared populations of turtles 

indicated highly skewed sex ratios. Data on the irregularity of 

the sex ratios among farm populations suggests a possible tempera

ture sensitive gonadal differentiation mechanism. 



CHAPTER I 

INTRODUCTION 

Sea turtles combine several unique reproductive strategies 

and adaptations which, as they occur separately in terrestrial 

vertebrates, foster considerable behavioral and physiological research 

interest. One may ask what other amniote: a) produces several 

hundred large eggs per nesting season, b) lays multiple clutches 

(2-9) within a few months, c) performs long-distance migrations to 

home nesting beaches, d) nests on a multi-annual cycle, e) exhibits 

elaborate courtship behavior, and yet, f) will mate and nest in 

captivity (and on an annual basis), as if to defy its own rules in 

nature (Ulrich and Owens, 1974)? All of the above adaptations must 

have a number of regulatory hormonal components. 

The lack of information on sea turtle endocrinology contrasts 

markedly with the existing high degree of scientific interest in the 

reproductive strategies of this peculiar group of animals. The 

literature is replete with hundreds of published accounts of re

productive ecology in sea turtles (Hirth, 1971; Hendrickson and 

Hendrickson, in prep.), with not a single one reporting on the hormonal 

physiological processes of reproduction. The endocrinology of sea 

turtles has received little attention from comparative endocrinologists 

This is not difficult to understand when one considers the problems 

of working with and obtaining sea turtles, as compared with the 

1 



2 

relative lack of problems in acquiring and maintaining small reptiles 

such as Ariolis or Thamnophis. 

Until a few years ago it would have been virtually impossible 

to plan a detailed study of endocrine roles in the physiology and 

behavior of the Green sea turtle. Now, however, the advent of 

commercial turtle culture on a large scale has provided the opportunity 

to carry out such work on this esthetically revered and economically 

important species. The studies presented here provide a first step 

in determining possible hormonal mechanisms underlying behavioral 

patterns which are now becoming fairly clear. 

Research Objectives 

The Green sea turtle, as well as five other sea turtle species, 

are on the IUCN threatened species list (Collette and King, 1973). The 

situation for two other marine turtles, the hawksbill, Eretomochelys 

imbricata and the Caribbean ridley, Lepidochelys kempii, is even more 

critical as they are considered to be fully endangered species. The 

condition of nearly all sea turtle populations is indeed tenuous. 

Some comparative endocrinologists have agreed that a primary direction 

of comparative endocrine studies should be towards applied problems 

of importance to the conservation and culture of non-mammalian species 

(Bern, 1972; Dodd, 1975). It is no longer necessary to justify a 

comparative problem in terms of its potential application to mammalian 

and human physiology. A central concern in undertaking the present 

study was to begin to understand the reproductive physiology of sea 

turtles, for the sake of sea turtles. 
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During the summer of 1973, a major breakthrough occurred 

when wild Green sea turtles were bred in captivity at a commercial 

sea turtle farm (Mariculture, Ltd.) in the Caribbean (Ulrich and 

Owens, 1974). The production was impressive, as more than 12,000 

eggs were laid by 17 separate females. During the past two summers 

similar results have been obtained, with the addition of the first 

farm-hatched-and-reared turtle having nested in 1975 (James Wood, 

pers. com.). Despite this success, nearly half of the wild breeders 

available at the farm have failed to reproduce, while many of those 

that are laying have shown a distinct drop in fertility. These are 

areas of primary concern, as completing the life cycle in captivity 

and maximizing the egg production are essential if true domestication 

is to be accomplished. If the life cycle can not be closed in cap

tivity, farming of sea turtles should be strongly discouraged. Many 

of the remaining wild stocks simply can not withstand further stress 

if they are to recover from their currently depleted states (Hendrick-

son, 1972, 1974; Ehrenfeld, 1974). 

Reptiles are possibly the least known group of vertebrates 

from an endocrine standpoint. Considerable research interest in 

reptiles has developed however, during the last decade. Chelonians 

have received little of this attention, with most of the work being 

concentrated on the squamates. Thus, it was our hope to undertake 

a study on this unique sea turtle species which would be of value 

in gaining a better understanding of the evolutionary relationships 

of hormones in chelonians particularly, and in the Reptilia in 
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general. Bearing in mind the dual goals of making both a comparative 

endocrine contribution and a contribution to the culture and con

servation of a unique animal, the following specific project 

objectives were established: 

I. Elucidate the basic physiological activities 

of the well-understood mammalian gonadotropins 

in the Green sea turtle. 

II. Develop an understanding of the role of gonadal 

steroids in the expression of primary and 

secondary sexual characteristics in the Green 

sea turtle. 

III. Describe the relative physiological activities.of 

prolactin (PRL) and growth hormone (GH) in the 

reproduction and growth of the Green sea turtle. 

Reptilian Reproductive Endocrinology 

The following discussion will deal with the primary literature 

germane to the objectives of this project. A recent comprehensive 

review of reptilian endocrinology was presented by Licht (1974a). 

Other reviews with particular relevance to steroid hormones are those 

of Callard, Chan and Potts (1972) and Dodd (1960). 

Gonadotropins 

The data of Licht and Papkoff (1974b) indicate that chelonians 

have two distinct gonadotropins which can be separated from pars dis-

talis tissue of the pituitary. These two molecules appear to 
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correspond to the mammalian follicle stimulating hormone (FSH) and 

luteinizing hormone (LH). Squamates on the other hand, may not have 

LH in their pituitaries, according to evidence from in vitro anuran 

ovulation bioassays using extracts from pituitaries of many snake and 

lizard species (Licht, 1974b). Licht reports that this same assay 

technique shows a high degree of LH activity using the pituitaries 

from several turtle and crocadilian species, including mydas. He 

suggests that this difference between squamates and other reptilians 

may represent a major dichotomy within the Reptilia (Licht, 1974b). 

The concept of a single gonadotropin within the squamates is 

also supported by experiments in which ovine gonadotropins have 

been used in a hypophysectomized lizard (Licht and Tsui, 1975). In 

these data ovine FSH has been shown to stimulate spermatogenesis, 

ovarian growth, steroidogenesis and ovulation in Anolis carolinensis. 

The possibility of LH contamination accounting for some of these 

actions was eliminated by the concomitant injection of a highly 

specific LH antisera. 

Considering the recent observation that both FSH and LH occur 

in several chelonian species (Licht and Papkoff, 1974b; Licht, 1974a), 

it is somewhat anamalous that in the males of two turtle species, 

Kinosternon subrubrum and Pseudemys scripta, both spermatogenesis and 

steroidogenesis were apparent when FSH was given alone, while LH 

preparations were relatively ineffective and non-specific (Licht, 

1972a). Thus, one may ask: What raison d'etre can turtle LH have? 

Licht (1972a) also reports however, that immature females of another 
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turtle species, Chrysemys picta, were insensitive to either gonado

tropin, even in the presence of growth hormone. 

Chan and Callard (1974) on the other hand, report in vitro 

evidence that purified mammalian LH, but not FSH, will stimulate 

steroidogenesis in a turtle (Pseudemys) and a lizard (Dipsosaurus). 

Based on this lack of stimulation with FSH in vitro, they have 

suggested that the earlier in vivo steroidogenic effects with FSH 

(Licht, 1970; Licht and Stockell-Hartree, 1971) may have been "in

direct through an increase in the amount of steroidogenic tissue (i.e., 

a growth effect) rather than a direct action on steroidogenesis." 

Eyeson (1971) has also presented iji vivo data for the lizard 

Agama agama which suggests that LH may have the typical mammalian type 

steroidogenic activity in this animal. 

More recently, Klicka and Mahmoud (1974), using the ovarian 

ascorbic acid depletion assay in the snapping turtle and Crews and 

Licht (1975) using steroid radioimmunoassays on in vitro turtle ovarian 

preparations (Kinosternon, Sternotherus, Gopherus and Chelydra), have 

shown that LH will stimulate steroidogenesis. Most importantly, how

ever, the paper by Crews and Licht (1975) presented good evidence 

that several preparations of FSH from sheep, Chelydra (snapping turtle) 

and even Green sea turtle sources produced significantly higher steroid

ogenic activity than did LH preparations from the same species. This 

latter work has provided the first evidence of the actions of reptilian 

gonadotropins in a homologous system (e.g., Chelydra gonadotropins on 

the Chelydra ovary). 
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From the above discussion it should be obvious that, although 

much progress is being made, we are still a long way from under

standing reptilian gonadal control. Licht (1972b, 1974a) has shown 

the tremendous importance of temperature in reptilian gonadal function, 

and suggests that this environmental factor may account for some of 

the discrepancies in the literature. There is also the likelihood of 

evolutionary modifications of hormone structure and/or cellular re

ceptor specificity within the vast assemblage of the Reptilia. Thus, 

species homone specificity may also account for some of the apparently 

contradictory data. 

There are examples which demonstrate varying protein hormone 

structures even within the Reptilia. For instance, turtle (Chelydra) 

PRL was highly potent in juvenile post-metamorphic toad (Bufo boreas.) 

growth tests while PRL from other reptiles was not (Nicholl and Licht, 

1971). Another demonstrated source of variation involved FSH prep

arations from several chelonian species (Licht and Papkoff, 1974a). 

These preparations have been shown to exhibit biochemical specificity 

in sialic acid content as assessed by neuraminidase inactivation. The 

characteristic appears to follow evolutionary lines, with dependence 

on sialic acid for activity having apparently been lost in one major 

assemblage of the suborder Cryptodira (Kinosternon, Pseudemys and 

Chelydra). In other Cryptodiran turtles however, Licht and Papkoff 

(1974a) report that sialic acid was essential for activity (e.g., 

Chelonia and Trionyx). 



8 

Growth Hormone and Prolactin 

Both mammalian growth hormone (GH) and prolactin (PRL) enhance 

lean body growth in juvenile snapping turtles (Nichols, 1973). Electro 

phoretic separation and bioassay of GH (Nicholl and Nichols, 1971) and 

PRL (Nicholl and Licht, 1971) from two turtle species indicates the 

presence and probable importance of the two separate hormones in the 

Chelonia. 

Callard and Ziegler (1970) report that in the female lizard 

(Dipsosaurus dorsalis) mammalian PRL inhibits the usual ovarian growth 

induced by pregnant mare's serum gonadotropin (PMSG). A lack of in

hibition by PRL on testicular activity in males of two other species 

of lizards was discussed by Licht (1974a). Meier (1975) has reviewed 

the literature on PRL in vertebrates, particularly as it applies to 

circadian corticosterone production. He has demonstrated the critical 

nature of the temporal synergism between PRL and adrenal steroids in 

the fattening of several vertebrate species, including the lizard 

Anolis carolinensis (Meier et al., 1971). 

Growth hormone (GH) has also been implicated in the reproduc

tive physiology of reptiles. Callard and Ziegler (1970) found that 

GH is required in the exogenous stimulation of the ovary of I), dorsalis 

By contrast, A. carolinensis does not appear to require GH, as evi

denced by complete FSH ovarian stimulation of hypophysectomized 

animals by Licht (1974a). 
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Steroids of Reproduction 

Androgens have been shown to be of primary importance in the 

expression of secondary sexual characteristics in several chelonian 

species (see review by Dodd, 1960). The elongation of the tail at 

puberty is particularly applicable to Chelonia mydas where, in the 

male, the tail becomes virtually prehensile. In addition, testosterone 

has a strong stimulatory effect on mating behavior of the few reptilian 

species tested (Dodd, 1960). 

Estrogens in the turtle have been shown to increase the plasma 

levels of calcium-binding, lipophosphoprotein complex known as 

plasma vitellin (see review by Dessauer, 1970). In addition, the ovi

ducts of reptiles respond markedly to exogenous estrogens (Callard, 

Bayne and McConnell, 1972 ). These same workers have demonstrated 

a possible hypothalamic feedback involving estrogen as an inhibitor 

of gonadotropin secretion. 

Progesterone is present in the blood of the snake, Natrix 

sipedon pictiventris, (Chan, Ziegel and Callard, 1973). A clear role 

for progesterone is not yet evident, although Callard, Chan and Potts 

(1972) have shown that progesterone levels correlate with the 

growth and regression of corpora lutea. This suggests that these 

glands are the hormone's major source. The latter authors postulate 

that progesterone in the lizard, Sceloporus cyanogenys, may first 

facilitate ovulation and then at higher levels prevent further develop

ment of ovarian follicles. 
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Field work by Booth and Peters (1972) indicates characteristic 

behavior for C^. mydas, before, during and after distinct mating recep

tivity periods. Crews (1973) has shown a correlation between the 

time of ovulation and mating receptivity in A. carolinensis. He 

postulates that mating receptivity is regulated by the release of 

ovarian steroids. 

Summary 

There is evidence that the Green sea turtle may possess two 

distinct gonadotropins. The data, however, are not apparently in 

agreement on a unique function (if any) for LH in the Reptilia. Re

ports are also too few and conflicting to generalize about possible 

synergistic hormones in gonadal development. The presence and 

probable importance of gonadal steroids in reptiles however, has 

been established, although the exact physiological roles remain obscure. 

Both GH and PRL appear to be present in turtles, but once again, endo

crine somatic and gonadal axes are very poorly understood. 



CHAPTER II 

MATERIALS AND METHODS 

All of the experimental work described herein was conducted 

at the Goat Rock facility of the Mariculture, Ltd. turtle farm on 

Grand Cayman Island, British West Indies (latitude 10°23'N, longitude 

81°24'W). The facilities and operations of this private company have 

been described by Hendrickson (1972, 1974). 

Facilities 

During the experiments the animals were maintained outdoors 

in round 2,800 liter fiberglass tanks (Fig.l). The tanks were supplied 

with a constant flow of sea water at a rate of about one volume per 

hour. Water temperatures varied diurnally and depended on solar input 

(28°-31°C), but were constant (within 1°C) among all tanks at any one 

time. This temperature range is well within that available in nature 

during a turtle's normal daily activity. With the exception of 

Experiment IV (described below), ten animals were randomly assigned 

to each treatment group. The treatment groups were then in turn 

randomly assigned to tanks in the linear series (Fig. 1). 

The turtles used in these experiments were removed as freshly 

laid eggs from nesting beaches and flown to Grand Cayman for hatching 

and rearing. The populations available for each experiment, their 

11 



Figure 1. Fiberglass Tanks Used 
for Experiments I - IV. 

12 
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origin, age, sex ratio, mean weight and the duration of each experi

ment are shown in Table 1. 

In all experiments the animals were fed floating pellets 

manufactured by Central Soya in Fort Wayne, Indiana. These are high 

protein diets (35-45%) which contain a vitamin supplement. Over the 

course of the three years of experiments, the feed and feeding routine 

evolved both in response to world economic changes and as a result of 

nutritional research conducted at the farm. In all cases, the modifica

tions in procedure and diet tended to improve the turtle's nutritional 

state and conversion efficiency (James Wood, pers. com.). None of the 

660 animals used in this work died or became sick during the course 

of an experiment. Individual feeding regimes are discussed below 

with each experimental design. 

At the conclusion of each experiment (excepting Exps. IV and 

V), the animals were sacrificed and dissected with the assistance of 

professional butchers in Mariculture's modern abattoir (Fig. 2). Fresh 

glands and organs were weighed and preserved at these times. Histology 

was studied using preserved tissues which had been shipped back to 

The University of Arizona in Tucson. 

General Procedures 

For each experiment the animals were selected from a single 

large tank which contained approximately 1,000 turtles of common 

origin. The selection procedure at this point cannot be considered 

random, however, we did move haphazardly around the periphery of the 

large tank and, with our eyes turned away, seized animals "blindly" 
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'Table 1. Experimental Animals. — Under the experiment number, a de
scriptive name has been assigned each experiment. Origin = nesting 
beach where eggs were acquired. Farm number is Mariculture, Ltd. 
population reference. Initial age and weight determined at start of 
each experiment. 

Exp. No. 
and Name Origin 

Farm 
Number 

Initial 
Age 

(yrs) 

Initial Mean 
Sex Ratio Weight 
M:F (kg) 

Experiment 
Duration 
Dates 

1-1973 
Pre
dominantly 
Males 

Ascen
sion Is. 

004 3.42 141:29 33.52 ±0.49 23 July -
1 Sept. 

11-1974 
Mixed Sex Surinam 005 4.0 41:89 35.17 ±0.62 12 

26 
June -
July 

III-1975 
Female Costa 

Rica 
006 4.83 1:119 40.21± 0.63 10 

15 
July -
Aug. 

IV-1975 
Somato
tropin 

Surinam 007 

012 

4.0 Not 
„ _ Determined 
Z • U u 

32.79 ±1.31 

9.05 ±0.40 

29 
14 

June -
Oct. 

015 1.0 II 3.14 ±0.16 

V-1975 
Sexing Costa 

Rica 
006 4.8 7:113 Not 

Determined 
6 June -
12 June 
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Figure 2. Abattoir Facility. 

Figure 3. Blood Collection Technique. 
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as they swam by. The disturbance caused by this procedure tended to 

induce constant swimming by all turtles in the tank, which in turn 

increased randomization. Siezed animals were rejected if they were 

extremly stunted (<20 kg) or if they were noticeably ill or diseased. 

Occasionally a minor eye, ear or skin infection was not noticed at the 

time of selection. These conditions were recorded when the protocol 

was initiated. In all cases the infections disappeared within a few 

weeks, presumably due to the decreased densities in experimental tanks 

as compared to regular farm tanks. 

Pre-experiment controls were not used; however, each summer 

large numbers of turtles from the same populations drawn on for 

experimental subjects were being slaughtered by the farm during the 

period of our experiments. These animals, as well as all of our in-

experiment controls were very immature sexually as assessed by macro

scopic and histologic observation of gonadal and accessory sexual 

structures. Preliminary data from the farm indicate that sexual 

maturity in the female (e.g., nesting) may take nine years, while in 

the male maturity may be reached (e.g., persistent mating) in seven 

or eight years (James'Wood, pers. com.). Witham (1970) reports that 

a female maintained in an aquarium mated at just under ten years of 

age and released small clutches of eggs at about 11 years of age. 

We were not able to develop an accurate technique for sexing 

immature turtles until the final year's work (see Results, Exp. V). 

Consequently, the sex ratios which occurred in the experiments (Table 1) 

approximate those of the particular tank population as a whole (see 

Appendix). 
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Staggering the start and finish of treatment groups on a 

random basis was necessitated by a maximum abattoir slaughter capacity 

of 30-40 animals per day (e.g., 3-4 treatment groups). Thus, for 

example, in Experiment I the first injections were given on 24, 27 

and 29 August and the animals were sacrificed two to three complet~ 

days later on the 28, 30 August and 1 September. In each experiment, 

two or three days . elapsed from the time of the final injection to 

the time of slaughter. Table 1 summarizes the duration of each 

experiment. 

All injections were given intramuscularly in the area 

between the turtle's neck and foreflipper. For each of the experiments 

the injections were given in the afternoon between 1300 and 1500 hours. 

In Experiments I and II (1973 and 1974) the injections were given to 

the animals while two assistants held the turtle's foreflippers over 

the edge of the tank. In 1975 (Exp. III - V), the tanks were partially 

drained so that the turtles were resting on the bottom. It was then 

possible for one person to more quickly give the injections, while 

at the same time reducing the handling stress to which the animals 

were subjected. 

In Experiments III - V blood samples were taken from some or 

all of the animals. The technique required restraining the turtle 

on a bench or platform so that the turtle's head could be forcibly 

flexed downward below the level of the plastron. With the turtle's 

neck extended , a l Yz" needle on a lOcc syringe was inserted at a 90° 

angle into a point on the dorsal side of the neck. This was done 
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approximately midway between the anterior edge of the carapace and 

the posterior edge of the skull and one to two cm lateral of the 

midline on either side. Figure 3 shows the technique being used. 

The whole blood was left at 24°C for from one to two hours 

before it was centrifuged and the serum removed and frozen (- -20°C). 

The sera were kept frozen in dry ice during transport back to the 

United States. 

Tissues which had been preserved in buffered formalin or 

Bouin's solution were embedded in paraffin, sectioned and stained in 

Ehrlich's hematoxylin and eosin. 

Data Analysis 

Most of the data accumulated in the first four experiments 

were analyzed by analysis of variance (ANOVA) on a CDC 6400 computer 

using the Statistical Package for the Social Sciences (S.P.S.S.) (Nie, 

Bent and Hull, 1970)". Further analyses were carried out using the 

Student-Newman-Keuls (SNK) multiple range test for discriminating 

between means in multiple treatment experiments (Sokal and Rohlf, 1969). 

This a^ posteriori test was used at the 5% significance level in all 

cases. Although it was necessary to use only the a. posteriori test 

during the first experiment, in subsequent experiments sparing use of 

planned comparisons (a priori testing) was employed. This was just

ified by the marked stimulation of gonadal and accessory tissues 

observed in Experiment I with the FSH-type hormone PMSG (Table 7). 

Based on these results, we did Dunnett's tests between the control 

groups and selected treatment groups in Experiments II and III. 
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Dunnett's test Is specifically designed for testing a control against 

any number of treatments (Steel and Torrie, 1960). 

Testis and epididymis weights were transformed logarithmically 

to normalize the variances, as they were found to increase consider

ably with increased treatment means. Although it was originally 

planned to express testis and epididymis weights as percentages of 

total weight, analysis of the 1973 data (Experiment I) indicated no 

significant correlation between these measurements. 

Specific Procedures for Each Experiment 

Experiment I (Predominantly Male) 

A variety of commercially available hormones was tested for 

five weeks in this first experiment. In addition, a homogenate of 

turtle anterior pituitaries was tried at two dose levels. This 

information, along with total dosages, is summarized in Table 2. 

External sexing of immature mydas is extremly difficult. 

We were, however, able to choose a population that had shown a high 

male-to-female sex ratio in earlier slaughter records. Another, 

predominantly female, population was available in 1973 but males 

were judged more suitable for the initial experiment for two reasons. 

First, males of certain chelonian species have been shown to develop 

secondary sexual characteristics (e.g., penis and claw lengthening) 

under the influence of androgens (Evans, 1952a, 1952b), while females 

do not undergo obvious external changes. Second, spermatogenesis 

in certain turtle species has proven to be relatively more sensitive 

to hormone stimulation than has ovarian development (Licht, 1972a). 
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Table 2. Treatment Groups for Experiment I. 

Group No. Treatment Total Dose/Animal 

1 Stress control "A" (animals not touched 
during course of 

2 Stress control "B" experiment) 

3 Water control 30 ml of water 

4 Oil control 30 ml of sesame oil 

5 Pregnant mare serum gonadotropin 750 IU (international 
(PMSG)a units) 

6 Pregnant mare serum gonadotropin 7,500 IU 
(PMSG)a b 

7 Sheep luteinizing hormone (LH) 1.5 mg equivalent 

8 Sheep luteinizing hormone (LH)^ 15.0 mg equivalent 

9 Estradiol-dipropionate (ED) 0.1 g 

10 Estradiol-dipropionate (ED) 1.0 g 

11 Testosterone-propionate (TP)^ 0.1 g 

12 Testosterone-propionate (TP)^ 1.0 g 

13 Turtle anterior pituitary 3 turtle glands (eq. 
homogenate vol. of homogenate) 

14 Turtle anterior pituitary 30 turtle glands (eq. 
homogenate vol. of homogenate) 

15 Immune reaction control (PMSG) 3,000 IU 

16 Immune reaction control (LH) 6.0 mg equivalent 

Sigma Chemical Co. no. G-4877. This was the material expected to have 
FSH-like activity with minimal LH-like activity (Zarrow, Yochim and 
McCarthy, 1964). 

^Nutritional Biochemical Co. (now ICN Pharmaceuticals Inc.). Activity 
equivalent to the activity of Armour standard "(80-85% pure electro
phoresis)." Control no. 3366, prepared by Reheis Chem. Co. 

CSigma Chemical Co. no. E-9125. 

^Sigma Chemical Co. no. T-1875. 
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Over a four day period 160 animals were selected, tagged, 

weighed and randomly assigned to 16 treatment groups of 10 animals 

each. The animals were fed commercially prepared pellets containing 

37% to 45% protein and a vitamin supplement. Food and feeding 

schedules (0800 and 1700 hrs) were identical with the normal farm 

procedure to which the animals were accustomed, but the experimental 

animals were fed to satiation in the afternoon instead of the normal 

heavy meal. The morning feeding for all animals was a light meal. 

Since we were not certain what effect regular handling would 

have on the animals, both untouched stress controls and placebo 

controls were used. The stress controls consisted of two treatment 

groups (e.g., total of 20 animals); one placebo control group received 

injections of sterile demineralized water (protein injection medium) 

and a second placebo control group received sterile sesame oil 

(steroid injection medium). 

All injections were adjusted to 2 ml volume. Injections were 

given on Monday, Wednesday and Friday afternoons (15 incremental 

injections in all, except for the immune reaction controls described 

below). 

The turtle anterior pituitary homogenate was prepared from 

glands obtained from farm stock of the same age as the experimental 

subjects. It is important to note, therefore, that these glands 

were from animals which had not yet reached sexual maturity. The 

complete pituitary glands were removed within one hour of death 

(during normal slaughter operations on the farm) and were immediately 
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placed in pure, chilled acetone. They were then kept at room temp

erature and put through five daily changes of acetone, after which 

they were stored in a deep freeze until needed. Batches of glands 

were later air-dried, the neurohypophyseal portions removed, and 

the material was divided into daily dose batches according to a 

mean dry weight which had been determined from a group of 33 glands 

(x = 7.4 mg). The daily dose batches were then stored, dry, in a 

standard deep freeze until they were used for injections. On the 

day of injection, each batch was prepared with a manual tissue 

grinder and sterile, demineralized water. After grinding for 15 

minutes, the homogenate was centrifuged and the supernatant diluted 

to appropriate volumes for individual injections. 

It has been suggested that antibody formation may inhibit 

activity in lizards when mammalian hormones are used (Licht and 

Donaldson, 1969). C_. mydas is known to have an efficient antibody 

system (Benedict and Pollard, 1972). Based on the assumption that 

an early stimulation of gonadal tissue might be negated and lost 

over the period of the five week experiment, immune controls were 

established in which treatment groups received the standard high 

doses of PMSG and sheep LH per animal for two weeks only (total of 

.3,000 IU PMSG; total of 6 mg equivalent LH), after which they were 

slaughtered and examined for evidence of shorter term hormonal effects. 

Data were accumulated on individual weights before and after 

the experiment to determine general metabolic effects. Increase in 

tail length was measured as an index of androgen effect. This 
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measurement was done by first inserting a ruler firmly in the 

groove above the tail and below the carapace. Then by pulling 

the tail straight (and nearly standing on one's head!) the distance 

to mid-cloaca (nearest 0.5 cm) was measured. 

The testis and epididymis from one side of each male 

individual were weighed fresh, then preserved entire in Bouin's 

solution. In ten of 131 males the testis or epididymis could not 

be macroscopically distinguished or satisfactorily dissected free 

from the surrounding connective tissue. In these instances, a minimum 

wet weight of 0.75 g for testis or epididymis was estimated and re

corded for that animal. 

In order to determine the effects of the hormone treatments 

on the size of testicular interstitial cells and their nuclei, four 

randomly chosen males from each of nine selected treatment groups 

(e.g., groups 3-6, 8, 10 and 12-14 of Table 2) were further examined. 

For each of these 36 animals, 5]i sections of the testis were mounted 

and stained as described above. Using a light microscope at 450X, 

15 interstitial cells with clear nuclei from each animal (one section 

on one slide) were photographed on panatomic X film. This was accom

plished by searching in a nonoverlapping manner until three distinct 

cells were simultaneously visible in one field. Five frames were 

taken to obtain 15 cells per animal. The film was developed as 

positives, mounted and projected in a standard 35 mm slide projector. 

Outline tracings of each cell and nucleus were made on standard 

duplicator paper. These were then cut out and weighed on a Mettler 
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balance. The gravimetric data were analyzed by ANOVA and SNK 

procedures as a relative index of cellular size. 

The smaller number of females (N = 29) in the treatment 

groups of this experiment did not permit statistical analysis of 

changes in oviducal or ovarian tissue. However, these organs were 

dissected out, weighed, and preserved in Bouin's fixative. 

On 22 August an error was made in the hormone administration, 

the net result of which was that the high-dose pituitary homogenate 

group received 500 IU each of PMSG. The result of this treatment is 

presented, nevertheless, as it appears to provide an indication of 

the activity of the pituitary homogenate. 

Experiment II (Mixed Sex) 

The purpose of this experiment was to test several additional 

hormone preparations not utilized in 1973. The treatments and doses 

are summarized in Table 3. We were particularly interested in 

determining: a) if FSH had the same stimulatory effect on males as 

PMSG had in 1973, b) if a hypothalamic releasing factor would have 

a measurable effect, c) if human chorionic gonadotropin (HCG) might 

have any effects, d) if prolactin (PRL) and/or growth hormone (GH) 

might act in a synergistic way to induce sexual maturation, e) if 

PRL and GH are somatotropic in sea turtles. 

As with the previous experiment, each treatment ran for five 

weeks on a staggered start and finish basis. Hormones were dissolved 

in sterile saline and administered as a one ml injection volume on 

Monday, Wednesday and Friday afternoons. 
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Table 3. Treatment Groups for Experiment II. 

Group No. Treatment Total Dose/Animal 

1 Control Saline 

2 GH (low)a 0.282 IU=0.306 mg 

3 GH (high) 2.82 IU=3.06 mg 

4 PRL (low)^ 10 IU=0.54 mg 

5 PRL (high) 100 IU=5.4 mg 

6 FSH (low)c 5 units 

7 FSH (high) 50 units 

8 LHd 25 mg equivalent 

9 LH and GH 25 mg+3.06 mg 

10 FSH and GH (low) 5 units+0.306 mg 

11 FSH and GH (high) 50 units+3.06 mg 

12 FSH/LH releasing factor6 1 mg 

13 HCGf 7,500 IU 

aBovine growth hormone (GH) , NIH-GH-B17 has a potency of 0.92 IU/mg. 

^Bovine prolactin (PRL), NIH-P-B4 has a potency of 18.5 IU/mg. 

Porcine follicle stimulating hormone (FSH), Sigma Chemical Co. lot 
53C-2320 no. F-8001. 

^Ovine luteinizing hormone (LH), ICN Pharmaceuticals Inc. (Formerly 
Nutritional Bio. Corp.) Activity equivalent to activity of Armour 
standard "(80-85% pure electrophoresis)" Prepared by Reheis Chem. Co. 

eNIH synthetic LH/FSH releasing factor (amide form), Abbott lot 19-192AL. 

^Human chorionic gonadotropin (HCG) from human pregnancy urine, Sigma 
Chemical Co. no. CG-5, lot 13C-3510. Preparation also contained 
phosphate buffer and 100 mg mannitol/5,000 IU. 
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The feed was the same as used in Experiment I, however, the 

method of feeding was somewhat different. The animals were fed 

ad lib three days a week for one hour in the morning and one hour 

in the afternoon. 

Data were accumulated on changes in weight, curved carapace 

length and tail length. Curved carapace length was measured just to 

the right of the mid-line on the longest part of the shell. In 

addition, the following organs were weighed when the animals were 

sacrificed: heart, kidney, gonad, epididymis, oviduct, spleen, and a 

large fat pad located under the carapace. There were sufficient 

numbers of both male and female turtles to allow separate analysis 

of reproductive characteristics using the techniques previously 

described. 

It was necessary to determine if weight gains observed with 

PRL and GH were true somatic growth or merely water retention. To do 

this, a 10 g piece of each turtle's liver was lyophilized in a 

commercial freeze-dryer at the turtle farm. When the liver pieces 

had reached a constant weight, they were re-weighed and the weights 

recorded as an index of tissue water content. 

Experiment III (Female) 

The purpose of this experiment was to make an all-out effort 

to stimulate the ovaries of the immature females. We had had little 

success at this in the first two experiments. We attempted to 

increase the effectiveness of the hormonal stimulation by increasing 

the total hormone dose as well as increasing from three to five the 
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number of injections per week. In an attempt to test for a 

possible synergistic combination which might influence the ovary, 

the following combinations were included: FSH + LH, FSH + GH, FSH + 

PRL, and FSH + estradiol (Table 4). A progesterone treatment was also 

employed for the first time. 

The duration of these experiments was reduced to four weeks, 

while the staggering start-finish procedure was once again necessary. 

The animals were fed 35% protein diet at a daily rate of 0.75% of the 

treatment group's initial weight. The daily ration was divided into 

five portions and fed at 0800, 1000, 1200, 1400 and 1600 hours. 

During Experiment I, in 1973, it had been noticed that the 

groups on estradiol did not appear to feed as well as the controls. 

We therefore decided to attempt quantification of appetite in the 

present experiment. An indirect measure of appetite would be how 

quickly the turtles began to eat once food was introduced. At 

haphazardly chosen feeding times, one minute after the floating 

pellets were thrown in, a count of the number of feeding turtles 

was made. Thus, for each tank, a maximum value at each observation 

time would be ten (treatment group size). Since most animals were 

always hungry, this technique was primarily sensitive to animals who 

were not hungry. As a consequence of the non-normal variances 

obtained with this technique; the AN0VA analysis, used in other 

procedures, was not appropriate. The Kraskal-Wallis non-parametric 

test was used in lieu of the single classification ANOVA. For 

comparing the several groups, an <a posteriori non-parametric test 
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Table 4. Treatment Groups for Experiment III. 

Group No. Treatment Total Dose/Animal 

1 Saline i control Saline 

2 Oil control Corn oil 

3 FSH3 100 mg 

4 FSH and GHb 100 mg and 10 mg 

5 FSH and PRLC 100 mg and 10 mg 

6 FSH and LHd 100 mg and 100 mg 

7 LH 100 mg 

8 FSH and 
6 

Estradiol 100 mg and 40 mg 

9 Estradiol 40 mg 

10 LH and GH 100 mg and 10 mg 

11 Progesterone^ 40 mg 

12 FSH/LH releasing factor^ 10 mg 

Ovine follicle stimulating hormone from Dr. Harold Papkoff, Hormone 
Research Lab, U. of Cal., San Francisco, potency -0.2-0.4 of NIH-FSH 
standard (Papkoff, pers. com.). 

^Bovine growth hormone, NIH-GH-B18 has a potency of 0.81 IU/mg. 

CBovine prolactin, NIH-PRL-B4 has a potency of 18.5 IU/mg. 

^Ovine luteinizing hormone from Dr. Harold Papkoff, Hormone Research 
Lab, U. of Cal., San Francisco, potency - 0.2 of NIH-LH standard. 

eEstradiol-3, 17-dipropionate (ED), Sigma Chemical Co. no. E-9125. 

^Progesterone, Sigma Chemical Co. no. P0130. 

%IH synthetic FSH/LH releasing factor (amide form), Abbott lot 26-306AL. 
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known as STP was employed. This technique utilizes the critical 

values of the Mann-Witney U Statistic. Sokal and Rohlf (1969) 

present a thorough discussion of the above two techniques. 

An important drawback to the sampling technique described 

above is the lack of independence between the different times of 

observation (e.g., the same tank and same animals were observed 

repeatedly). Independence is an assumption for all of the statistical 

tests used. No way was found to get around this problem; the data 

are presented, but must be considered with these facts in mind. 

Before the animals were sacrificed, a blood sample was 

taken as described previously. Increase in weight and curved carapace 

length, as well as paired ovarian and oviducal weights were analyzed. 

Experience indicated that it was necessary to increase the sensitivity 

of the curved carapace measurements previously described. This was 

accomplished by using the average of measurements on both the right 

and left side of the median line of the shell. 

The frozen sera were carried back to Tucson and randomly 

selected specimens were analyzed for total serum protein and serum 

calcium. The biuret colorimetric technique (described in Sigma 

Chemical Co. technical bulletin no. 540) was used for total protein 

determination. Readings were taken on a Coleman Junior II model 6/20 

spectrophotometer. Sera were carefully blanked for turbidity. 

Serum calcium determinations were done in triplicate using the 

EDTA titration method and employing hydroxy napthal blue as an 

indicator dye. 
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Experiment IV (Somatotropin) 

From the results of Experiment II, as well as evidence in the 

literature (Nichols, 1973), it was obvious that turtles have a somato

tropic response to both GH and PRL. In an effort to examine this 

response more closely, I decided to compare three ages of immature • 

turtles in one experiment (Table 1). The question was, do turtles 

of different ages have a similar response to somatotropins? 

A second question was also examined in this experiment. In 

the present chapter, under Experiment I, I discussed the possibility 

of sea turtles developing immunity to exogenous mammalian hormones. 

If an antibody was formed to a hormone given in an initial series of 

injections (first challenge), a subsequent series of injections 

(second challenge) might give a greatly reduced somatotropic response. 

I therefore administered hormones in this experiment over a more 

prolonged period in the following sequence: three weeks acclimation, 

three weeks on hormone, three weeks off hormone, three weeks on 

hormone and three final weeks off hormone. 

The one, two and four year old turtles were all hatched from 

eggs taken from the same nesting beach in Surinam. We therefore 

assumed for purposes of this work that these animals were from the 

•same or similar genetic populations. The 40 animals of each age class 

were randomly divided into four treatment groups of ten animals each. 

At this point a slight modification of the completely random design 

was inserted. The total animal weight for each treatment (within an 

age class) was approximately equalized by exchanging (one for one) a 
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maximum of eight animals among the four treatment groups. The group 

size of ten was maintained. 

Within each age class the following four treatments were 

randomly assigned; a)control, b) GH (same preparation as Table 4), 

c) PRL (same preparation as Table 4) and d) diethyl stilbestrol (DES). 

This latter synthetic hormone was used as it has been found to be 

somatotropic in domestic fowl and cattle. 

The one, two and four year old turtles used in this experiment 

were given IM injections in volumes of 0.1 ml, 0.5 ml and 1.0 ml 

respectively. Corn oil was used for the DES injection medium while 

saline was used for the GH and PRL. The controls were given saline 

during the first three weeks of injections and corn oil during the 

second three week injection period. 

Other variables, introduced by the comparison of animals of 

three different sizes, were minimized by the following procedures. 

A. Stocking density— The four treatment groups of four 

year olds were maintained in separate tanks as in the 

previous experiments. Only two tanks were used for the 

four groups of smaller two year olds. Each tank was. 

divided in half with a treatment on each side of the 

divider to accomodate the four groups (Fig. 4). For 

the one year old turtles (smallest size), all four 

treatment groups were placed in a single tank which had 

been quartered by partitions (Fig. 5). Considering the 

area required by the wooden and wire dividers, this 
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Figure 4. Divide d Tanks. 

Figure 5. Quartered Tank. 
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procedure approximately equalized stocking densities. 

B. Feeding — Each treatment group was fed at a level which 

has been found (farm records) to produce optimal growth 

rates and minimal wastage of food for that age class 

(Table 5). 

Table 5. Feeding Regime for Experiment IV. 

Feed Protein % Body Wt. 
Age (yrs) Level (%) Fed/Day 

1.0 45% 1.50 

2.0 35% 1.00 

4.0 35% 0.75 

C. Hormone Levels — Klieber (1961) and Hemmingsen (1960) have 

reviewed and discussed the literature very convincingly 

concerning the concept that the bigger the animal, the slow

er its metabolic rate. Intuitively, one can easily see that 

it would be unwise and probably dangerous to give a 100 kg 

animal a dose of drug or hormone 100 times larger than that 

given successfully to a 1 kg animal. These authors show 

that metabolism tends to increase as a function of weight 

3/4 
to the three fourths power (W ). It was reasoned that 

this factor would correct for metabolic differences in our 

three sizes of turtles. We therefore calculated our hormone 
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doses based on W , which is commonly known as metabolic 

weight. The total growth hormone and prolactin doses for 

each three week injection period were given at 0.25 mg/kg 

metabolic weight, while diethyl stilbestrol was given at 

2 mg/kg metabolic weight (Table 6). 

Experiment V (Sexing Technique Using Radioimmunoassay) 

We were unsuccessful in two attempts to sex four year old 

turtles using external morphology (e.g., tail length and the ratio 

of tail length to carapace length). Hendrickson (pers. com.) has 

also been unable to sex immatures using external characteristics. 

Direct examination of the gonads of an 18 kg female and a 6 kg male 

was achieved by inserting a proctoscope in a 3 X 3 cm hole cut in the 

plastron. The animals recovered satisfactorily from the sodium 

pentabarbitol anesthesia as well as from the operation, but the tech

nique was judged too laborious for use in mass experiments. I there

fore decided to test an indirect technique based on the assumption 

that immature turtles (males) have measurable circulating testosterone. 

In June 1975, 120 Costa Rican turtles (4.5 years old) were 

tagged using monel steel tags (National Band and Tag Co.). A blood 

sample was taker, from each animal prior to, as well as one to two 

hours after each turtle completed a four day treatment of 1.33 mg 

NIH-FSH-B1 (0.33 mg/day). It was reasoned that if the males' en-

dogenously produced testosterone was not measureable, then the 

steroidogenic effect of the FSH, noted in previous experiments, 

might increase the titer to a detectable level. The sera were shipped 
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Table 6. Hormone Doses for Experiment IV. 

Age 
Group 
Yrs. Hormone 

July 19 
x Wt. 3/4 

(kg) 

First 3 Week 
Dose/Turtle 

(mg) 

Aug. 29 
x Wt. 3/4 

(kg) 

Second 3 
Week Dose/ 
Turtle 

Total 
Dose 
(mg) 

4.0 Control 14.00 - 14.54 - -

4.0 PRLa 14.00 3.50 14.61 3.65 7.15 

4.0 GHb 14.10 3.52 14.97 3.74 7.26 

4.0 DES° 13.70 27.40 13.77 27.54 54.94 

2.0 Control 5.69 - 5.91 - -

2.0 PRL 5.45 1.36 6.07 1.52 2.88 

2.0 GH 5.53 1.38 6.26 1.57 2.95 

2.0 DES 5.48 10.96 5.61 11.22 22.18 

1.0 Control 2.56 - 3.02 - -

1.0 PRL 2.65 0.66 3.08 0.77 1.43 

1.0 GH 2.63 0.66 3.09 0.77 1.43 

1.0 DES 2.65 5.30 2.91 5.82 8.47 

Prolactin, NIH-PRL-B4, 18.5 IU/mg. 

^Growth hormone, NIH-GH-B18, 0.81 IU/mg. 

CDiethyl stilbestrol, Sigma Chemical Co. no. D 4628. 
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frozen to Dr. Ian P. Callard and Dr. V. Lance at Boston University, 

where a testosterone radioimmunoassay was employed. 

Approximately 5% of the tags came off the animals' hind 

flippers during the first four weeks, while the serum analyses were 

being conducted. Suddenly during the fifth week, 55% of the tags 

were lost due to corrosion of the monel metal. Efforts to determine 

the reason for this high deterioration rate have been unsuccessful. 

The 35 still-recognizable animals were retagged during week five and 

these individuals were sexed when they were sacrificed. 



CHAPTER III 

RESULTS 

The results of each experiment will be discussed separately. 

Rather involved tables have been used to summarize most of the data and 

statistics. Although diligence is required in reading the tables, this 

method of presentation has the distinct advantage of allowing the reader 

to compare the results for several response variables among all treat

ments simultaneously. A glance at the SNK column for each variable will 

greatly facilitate understanding the tabular material. 

Using the SNK Analysis Column 

Table 7 on the following page will be used as an example. For 

the first variable (% Body Wt. Gain), one needs to ascertain the 

treatments which have common letters under the SNK column. For example, 

treatments 1-8 and 11-14 are not statistically different one from 

another (5%) with respect to this parameter, since they all share the 

letter B. On the other hand, animals in the two ED treatment groups 

grew significantly less than in all other treatment groups, since they 

have the letter A, but not the letter B. In addition, the two ED 

treatment groups are not significantly different from each other 

(e.g., they have a letter in common). As another example, for the 

Testis Weight variable, treatment group six (PHSG - high) is signif

icantly different from (larger than) all others, since it has the 

lone E. Group 14, (pituitary homogenate - high) is also seen to be 
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Table 7. Males from Experiment I. — Mean and standard error for variables used to evaluate the 
effects of hormone treatments. Student-Newman-Keuls procedure (SNK) shows significant differences 
between means at the 5% level. Significance occurs when means do not have at least one letter in 
common. Log Values were used for data analysis of testis and epididymis weights; however raw data 
are presented here as more meaningful. 

Group Total % Body A Tail Testis Epidid. 
Treatment Dose (N) Wt. Gain SNK Length (cm) SNK Wt. (g) SNK Wt. (g) SNK 

1,2 Stress - (17) 5.78 ±0.92 B 0.35 ± 0.23 A 1.49± 0.15 AB 1.74 ± 0.24 A 

3 Water - (8) 5.71 ±0.87 B 0.81± 0.16 AB 1.74± 0.07 ABC 1.78± 0.18 AB 

4 Oil - (6) 10.21 ±1.10 B 0.95 ± 0.53 ABC 1.22 ± 0.20 A 1.75± 0.29 AB 

5 PMSG (low) 750 IU (9) 6.06 ±1.74 B 1.25 ± 0.28 ABC 1.92± 0.22 ABC 3.33± 0.28 CD 

6 PMSG (high) 7500 IU (8) 7.56 ±1.45 B 2.13 ± 0.39 CD 8.58 ± 1.20 E 11.09 ± 1.76 E 

7 LH (low) 1.5 mg (7) 4.84 ±1.78 B 0.64± 0.36 AB 1.57± 0.08 ABC 1.66± 0.25 AB 

8 LH (high) 15 mg (10) 5.52 ±1.69 B 0.80 ± 0.20 AB 1.76 ± 0.15 ABC 2.00± 0.25 AB 

9 ED (low) 0.1 g (8) -5.36 ±1.58 A 0.03 ± 0.33 A 2.76 ± 0.36 BC 5.41± 0.53 D 

10 ED (high) 1.0 g (9) -5.18 ± 0.83 A 1.06 ± 0.30 BC 2.18 ± 0.25 C 5.49± 0.66 D 

11 TP (low) 0.1 g (7) 10.57 ±0.97 B 1.71± 0.32 BCD 1.61± 0.27 ABC 9.70 ± 1.86 E 

12 TP (high) 1.0 g (8) 6.87 ±1.51 B 2.75 ± 0.21 D 1.60 ± 0.18 ABC 13.60± 2.00 E 

13 Pit. (low) 3 glands (8) 8.50 ±1.50 B 1.13± 0.26 ABC 2.19 ± 0.22 BC 2.94 ± 0.28 BC 

14 Pit. (high) 30 glands (10) 11.25 ± 0.91 B 0.80 ± 0.21 AB 3.66 ± 0.52 D 4.67± 0.49 CD 

15 Immune PMSG 3000 IU (8) 2.97 ± 0.65 - 0.44 ± 0.33 - 3.00 ± 0.29 - 4.73 ± 0.73 -

16 Immune LH 6.0 mg (8) 1.76 ± 0.41 - 0.56 ± 0.15 - 2.16 ± 0.31 - 1.47 ± 0.41 -
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significantly different from all other treatment groups, e.g., testis 

weight is significantly smaller than in group six but significantly 

larger than in all other treatment groups. 

Experiment I 

Males 

The data for four quantitative parameters used to assess the 

effects of the treatments are found in Table 7. Four additional 

qualitative parameters are summarized in Table 8. In this latter 

table, selected groups have been compared with controls by the 

following relative index: a) a strong positive increase (+ +), b) a 

mild positive increase (+), c) no difference detectable (0) and d) a 

possible negative effect (-?). 

Gonadotropins. The high dosage level of pregnant mare serum 

gonadotropin (PMSG) caused a significant increase in testicular weight 

as compared to all other groups, including controls. (Table 7 and 

Fig. 6). In addition, the epididymis weight in the PMSG high group 

was significantly larger than all groups except those receiving TP. 

The low dose PMSG caused a significant increase in epididymal weight, 

compared to all controls, while the slight increase in testis weight 

was not significant. Sheep luteinizing hormone (LH), on the other 

hand, had no significant effects (compared to controls) on either male 

reproductive organ at the two dosage levels used (Table 7, Fig. 6). 

Histologically, the PMSG high dosage caused a marked prolif

eration of spermatogonia and spermatocytes as compared with the controls 
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Table 8. Qualitative Effects of Hormone in Experiment I. 

Treatment 
Spermato
genesis 

Glans Penis 
Development Oviduct Ovary 

1. PMSG (high) 
PMSG (low) 

+ +a 

+ 
(8)b 

(9) 
0 
0 

(8) 
(9) 

0 (2) 
+ + (1) 

0 (2) 
0 (1) 

2. LH (high) 0 (10) 0 (10) (0) (0) 

3. Pit. Homogenate 
(high) 

+ (10) 0 (10) (0) (0) 

4. Estradiol-
dipropionate (high) 

_? (9) 0 (9) + + (1) 0 (1) 

5. Testosterone-
propionate (high) 

-1  (8) + + (8) + (2) 0 (2) 

Strongly affected organs indicated by + +, mildly effected +, no 
effect 0, possible negative effect -?. 

^The number of animals for the relevant sex is indicated in parenthesis. 



Figure 6. Testis Histology, Experiment I. 

All photomicrographs at 200X. 
A. Control - A few spermatogonia line the seminiferous 

tubules and the interstitial cells appear 
small. A typical immature condition. 

B. LH High Dose ~ No discernable differences from 
control except that the spermatogonia are 
more closely appressed to the tubule wall. 

C. PMSG High Dose - A marked enlargement of the semini
ferous tubule with proliferation of 
spermatogonia, spermatocytes and possibly 
spermatids. The lumen has started to clear. 
Hypertrophy of both the interstitial cells 
and the interstitial cell nuclei is 
obvious. 

D. Pituitary Homogenate High Dose - Interstitial cells 
much larger than controls. Seminiferous 
tubules enlarged with some spermatogonial 
proliferation and a few spermatocytes forming. 
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Figure 6. Testis Histology, Exp eriment I. 
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(Fig. 6 and Table 8). Completed spermiogenesis, however, is not 

apparent although numerous spermatids are present in some individuals 

from the group. Interstitial cells and interstitial cell nuclei are 

significantly larger than in all other groups (Table 9 and Fig. 6). No 

major testicular changes were noted in the histology of the high dose 

LH group. The SNK procedure indicates no significant differences in 

relative sizes between the control and LH interstitial cells (Table 9). 

The high dose of PMSG also had a significant stimulatory effect 

on the secondary sexual characteristic of tail elongation when compared 

with the stress or water controls (Table 7). 

Turtle Anterior Pituitary Homogenate. As stated earlier, a 

mistake in administering the high dose of the crude homogenate result

ed in a net PMSG contamination of 500 IU per animal for this group. 

Despite this, the significantly greater mean testis weight compared to 

the low dose PMSG (each received 750 IU) would indicate probable in

trinsic activity of the homogenate (Table 7). Histologically, spermat-

ogonial proliferation, spermatocyte formation and enlarged seminiferous 

tubules are also apparent (Fig. 6). The interstitial cells from the 

high dose homogenate group are significantly larger than all groups 

except the PMSG high dose. In addition, interstitial cell nuclear 

diameter is increased, though not significantly according to the 

rigorous SNK statistical test (Table 9). 

The low dose homogenate group also indicates possible stimula

tion of testicular androgenesis; e.g., interstitial cell stimulation 

causing epididymal hypertrophy (Table 7), though once again not 

significantly so. 
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Table 9. Interstitial Cell Changes. — The mean and standard error 
for two gravimetric variables used as indexes of interstitial cell 
size. Selected groups from Experiment I were analyzed (See Table 2). 
Refer to Chapter II under Experiment I for a discussion of how the 
data were obtained. 

Group 
# 

Treatment 
Dose (N) 

Interstitial 
Cell, Relative 
Size Index SNK 

Interstitial 
Cell Nucleus, 

Relative 
Size Index SNK 

3 H2° 
Control 

(8) 0.422 ± 0.010 B 0.076± 0.002 AB 

4 Oil 
Control 

(6) 0.408± 0.016 B 0.078± 0.001 AB 

5 PMSG (low) 
750 IU 

(9) 0.374 ± 0.017 AB 0.077± 0.004 AB 

6 PMSG (high) 
7,500 IU 

(8) 0.769 ± 0.035 D 0.118± 0.005 C 

8 LH (high) 
15 mg 

(10) 0.415 ± 0.017 B 0.076± 0.003 AB 

10 ED (high) 
1.0 g 

(9) 0.326 ± 0.019 A 0.071± 0.006 A 

12 TP (high) 
1.0 g 

(8) 0.318 ±0.019 A 0.067± 0.002 A 

13 Pit. Homo, 
(low) 3 glands 

(8) 0.373 ± 0.026 AB 0.079± 0.002 AB 

14 Pit. Homo. (10) 
(high) 30 glands 

0.572 ± 0.022 C 0.091± 0.005 B 
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Immune Controls. The two week PMSG treatment of 3,000 IU 

per animal indicates epididymal hypertrophy when analyzed with all 

data in a separate SNK procedure (not presented) as discussed in 

Chapter II on methods. The LH immune control group at 6 mg equivalent 

did not exhibit discernable activity based on gonadal weight (Table 7). 

Steroid Hormones. Both testosterone-propionate (TP) and 

estradiol-dipropionate (ED), at each dosage level, stimulated signif

icant epididymal hypertrophy (refer to Table 7 for all comparisons in 

this paragraph). The TP stimulation was significantly greater than 

that produced by ED. The two ED doses produced significantly larger 

testis weights than in the oil controls, while the TP doses did not. 

TP also induced tail elongation (significant only at high dose) in the 

males. The most striking effect of ED was the greater-than-5% de

crease in body weight for both doses compared to 4.84 - 11.25% gains 

in all other groups. 

Histologically, both steroids affected the testis in that the 

interstitial cells are significantly small in comparison to controls 

(Fig. 7 and Table 9). In the ED group alteration of spermatogonia is 

also apparent but it is difficult to evaluate what these changes are. 

In addition to tail elongation with TP, a very striking hypertrophy 

of the glans penis was noted in the high dose group (Table 9). As 

the animals were removed from their tanks, it was noticed that the glans 

was extended 7-8 cm beyond the cloacal opening. This extension was 

not observed with any other treatment. The organs were approaching 

adult size (Glenn Ulrich, pers. com.). In controls, the glans was 



Figure 7. Testis Histology for Steroid Treatments . 

All photomicrographs at 200X. 
A. Testosterone-propionate High Dose - Interstitial 

cells significantly smaller than controls. 
Spermatogonia are appressed to the tubule 
wall. 

B. Estradiol-dipropionate Low Dose - Interstitial 
cells are very small. Spermatogonia 
appear altered but it is difficult to 
say if they are dividing or disintegrating . 
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rudimentary with no obvious differences between males and females. 

Mating behavior was not noted in this experiment, however, regular 

observations of each tank were not conducted. 

Females 

As explained earlier, this experimental population had few 

females (4.9:1 sex ratio). Consequently all observations on this 

sex must be qualified by the very low N numbers for individual treat

ment groups. Table 8 summarizes the limited data on females. 

The high and low doses of PMSG (N = 3 and 2) produced no 

obvious changes in ovarian development. Unfortunately no females 

were found in the high dose LH or pituitary homogenate groups. In 

addition, a lack of ovarian response was noted with both doses of each 

steroid (Table 8). 

In the single female from the low dose PMSG group, an anomalous 

oviducal hypertrophy occurred, while the oviducts of the two high dose 

PMSG females were unaffected. Marked oviducal development also occurred 

with the steroid hormones. One female on the ED low dose had near-adult-

sized oviducts. In other individuals from both the TP and ED groups, 

enlargement was localized at the base of the oviduct (Table 8). 

In contrast to males, elongated tails did not develop in two 

females each, from either the high dose PMSG or TP groups. One of two 

females in the high TP group did develop an enlarged glans penis. 
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Experiment II 

. Males 

When compared with the controls by means of a Dunnett's test, 

both the FSH and the FSH + GH high dose treatments showed significant 

testicular hypertrophy (Table 10). According to the SNK procedure, 

however, only the FSH + GH group was significantly different from the 

control. The Dunnett's test for epididymis weight and change in tail 

length also demonstrated significant increases over controls in both 

of these treatments (Table 10). 

Histologically the FSH + GH group had moved farther along 

the spermatogenic series than had the animals treated with FSH alone 

(Fig. 8). Table 11 compares the data for the seven males in these two 

groups. Three of four males in the FSH + GH group had started spermi-

ation , while only one of three males in the FSH group had even begun 

to form spermatids. Table 11 also shows that, although the mean body 

weight of the two groups was initially comparable, during the ex

periment the FSH + GH group underwent a greater somatotropic response. 

By the Dunnett's test, the low dose levels of both the FSH and 

FSH + GH groups also produced significant tail growth, but not primary 

sex organ growth (Table 10). Histologically, both of these treatments 

demonstrated an obvious increase in spermatogonia with occasional 

spermatocyte formation. 

Irregular observations of each group during feeding and weighing 

procedures revealed limited mating behavior in turtles receiving FSH. 

One male from the FSH high dose group (#547, Table 11) was observed 



Table 10. Results for Males in Experiment II. — The mean and standard error of three variables 
for males. Log values of testis and epididymis weights used in the analyses, but the actual 
measurements are presented here. Comparisons of FSH groups with the control are presented by 
the Dunnett's Test (D-Test). Significance = S (5%, one tailed), non-significance = NS. 

Group Treatment Testis D- Epidid. D- Tail D-
# Dose (N) Wt. (g) Test SNK Wt. (g) Test SNK Length (cm) Test SNK 

1 Saline 
Control 

(5) 4.30± 0.90 A 6.18 ±1.21 AB -0.10± 0.37 A 

2 GH (low) 
0.306 mg 

(1) 3.40 A 3.80 AB 0.00 AB 

3 GH (high) 
3.06 mg 

(4) 5.72± 0.25 A 7.08 ±1.03 AB 0.12 ±0.43 AB 

4 PRL (low) 
0.54 mg 

(2) 4.10± 0.70 A 4.00 ±2.30 A 1.00 ± 0.50 AB 

5 PRL (high) 
5.4 mg 

(2) 6.15 ± 2.45 A 8.55 ±4.65 AB 0.00 ±0.50 AB 

6 FSH (low) 
5 Units 

(6) 5.53 ± 0.87 NS A 6.33 ±0.59 NS AB 1.17 ±0.17 S AB 

7 FSH (high) 
50 Units 

(3) 29.13 ±12.80 S AB 28.50 ±6.15 S B 1.33 ±0.44 S AB 

8 LH 
25 mg 

(1) 5.80 AB 8.40 AB 0.50 AB 

9 LH+GH 
25mg+3.06mg 

(4) 8.52 ±1.62 AB 7.75 ±2.54 AB 0.75 ±0.32 AB 

10 FSH+GH (low) 
5U+0.306mg 

(4) 5.75 ±1.18 NS A 5.05 ±0.74 NS AB 1.12 ±0.43 S AB 

11 FSH+GH (high) 
50U+3.06mg 

(4) 32.35 ±9.64 S B 19.92 ±3.40 S AB 1.88 ±0.43 S B 

12 ' FSH/LH RF 
1 mg 

(2) 5.20 ±1.10 A 4.20 ±0.20 AB 0.50 ±0.50 AB 

13 HCG 
7500IU 

(3) 6.93 ±2.24 AB 4.53 ±0.53 AB 0.67 ±0.60 AB 



Figure 8. Testis Histology, Experiment II. 

All photomicrographs at 200X. 
A. Control - The lumina of the seminiferous tubules 

are nearly closed with a single row of 
spermatogonia. 

B. FSH + GH - Spermatogenesis completed in greatly 
enlarged seminiferous tubules. Note 
nuclei of interstitial cells which are 
larger than those of the control. 

C. LH - Testis is not noticably different than the 
control. 

D. FSH - Note an accumulation of spermatids without 
spermiation. 
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Figure 8. Testis Histology, Experiment II. 



Table 11. Comparison Between FSH and FSH+GH Males. 

Treatment Initial Weight Paired Paired 
and Weight Gain Spermatogenic& Testes Epidid. 

Animal No. (kg) (kg) Stage Sperm Wt. (g) Wt. (g) 

FSH 

547 36.56 1.13 Abundant None 23.1 34.6 
spermatocytes 

1055 31.52 0.00 Abundant None 10.6 16.2 
spermatocytes 

1278 50.80 1.36 Abundant None 53.7 34.7 
spermatids 

X 39.63 0.83 29.13 28.5 

FSH + GH 

1062 25.17 2.95 Abundant None 9.2 12.6 
spermatogonia 

1074 29.94 2.04 Abundant Transforming 25.8 16.7 
spermatids, spermatids 
a few sperm 

1087 54.66 4.31 Abundant Normal sperm 54.1 22.1 
sperm 

1382 44.0 3.18 Abundant Transforming 40.3 28.3 
spermatids, spermatids 
a few sperm 

X 38.44 3.12 32.35 19.92 

3 

spennatogenic stages are spermatogonia, spermatocytes, spermatids and sperm. 
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on two separate days mounting and attempting to mount other individuals 

in the group. An unidentified animal in the low dose FSH group was 

seen courting (e.g., circling above and neck biting) on one occasion. 

Mating behavior was not observed in any'of the other 11 treatment groups. 

The LH or LH + GH groups showed no significant change in tes

ticular size or histology. Since similar negative results were ob

tained in Experiment I, it seemed advisable to test the activity of the 

LH preparation being used. In an jLn vitro anuran ovulation assay 

(Licht, 1974b) the preparation which had been used for Experiment II 

demonstrated minimal activity (Licht, pers. com.). Unfortunately, 

the preparations had undergone three separate air shipments at ambient 

temperatures prior to the anuran test. 

Neither human chorionic gonadotropin (HCG) nor FSH/LH releasing 

factor had discernible effects on any of the males (Table 11). 

Females 

Table 12 summarizes the results obtained for the females. FSH 

caused a significant increase in ovarian weight while a slightly 

less pronounced effect in the FSH + GH group was not statistically 

significant. There were no obvious changes in the oviducts with any 

of the treatments. 

The ten largest follicles from one ovary of each female were 

measured and found to average significantly larger than comparable 

follicles of controls in the case of the FSH + GH low treatment. This 

was not the case in the other FSH groups, though they also appear 



Table 12. Results for Females in Experiment II. — The means and standard errors of three variables. 
There were no statistical differences among groups using the SNK procedure. A comparison of FSH 
groups with the control is presented by Dunnett's Test (D-Test). S = significant, NS = not 
significant (one tailed test, 5%). 

Ovary Oviduct Follicle 
Group Treatment Weight Weight Diameter 

# Dose (N) (g) D-Test (g) D-Test (mm) D-Test 

1 Saline 
Control 

(5) 4.02 ± 1.07 1.14± 0.13 1.74 +0.05 

2 GH (low) 
0.306 mg 

(9) 5.32 ± 0.71 1.80± 0.14 1.81 ±0.10 

3 GH (high) 
3.06 mg 

(6) 6.28 ± 0.93 1.44± 0.19 1.98 ±0.04 

4 PRL (low) 
0.54 mg 

(8) 4.20± 0.73 1.44 ± 0.23 1.76 ± 0.06 

5 PRL (high) 
5.4 mg 

(8) 5.06 ± 0.72 1.24 ± 0.19 1.97 ±0.04 

6 FSH (low) 
5 Units 

(4) 3.78± 0.39 NS 0.98± 0.18 NS 1.81 ± 0.07 NS 

7 FSH (high) 
50 Units 

(7) 7.24± 1.02 S 1.36± 0.25 NS 2.11 ± 0.05 NS 

8 LH 
25 mg 

(9) 3.46± 0.50 1.16 ± 0.15 1.91 + 0.10 

9 LH+GH 
25+3.06 mg 

(6) 5.22 ± 1.06 1.40± 0.12 1.94 ±0.17 

10 FSH+GH (low) 
5U+0.306 mg 

(6) 5.12± 0.59 NS 1.38± 0.30 NS 2.34 ±0.29 S 

11 FSH+GH (high) 
50U+3.06 mg 

(6) 6.18± 0.93 NS 1.50± 0.16 NS 2.00 ±0.03 NS 

.12 FSH/LH RF 
1 rag 

(8) 4.12 ± 0.67 1.16± 0.21 1.90 ±0.14 

13 HCG 
7500 IU 

(7) 5.81± 1.49 1.51± 0.24 1.90 ±0.15 
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subjectively to have responded (Table 12)* Despite the significant 

Dunnett's test, with the FSH + GH group, the increase was slight and 

did not prove significant in the ANOVA procedure for all 13 treatments. 

Luteinizing hormone (LH) and human chorionic gonadotropin (HCG) 

were not effective in stimulating the ovary, oviduct or follicles. 

Somatotropins 

In each of the treatments that received a high dose of growth 

hormone (GH) or prolactin (PRL), a significant increase was observed 

over the control in % weight gain (Table 13). Group five (high dose 

of PRL) also showed a significant increase over the control in the 

length of the carapace. In the GH treatments, there was also an 

obvious increase in carapace length, though not significantly so 

(Table 13). 

Since the overall ANOVA was significant for % body weight gain, 

it was possible to do a_ posteriori comparisons of selected treatments. 

The control, the combined PRL groups (low and high) and the combined 

GH groups (GH high and low, FSH + GH high and low and LH + GH) were 

compared with each other in a separate ANOVA and SNK procedure. In

terestingly enough, the combined GH groups had significantly greater 

weight gain than the control, while the combined PRL groups did not. 

Of the various organ weights seen in Tables 13 and 14, only the 

spleen had a significant overall ANOVA using the actual organ weights. 

In the SNK analysis, the average spleen size for the FSH + GH (low) 

treatment was significantly larger than in the control (Table 14). 

Once again the control, combined GH and combined PRL treatments, were 



Table 13. Somatotropic Effects in Experiment II. — The means and standard errors are presented 
for four variables used to evaluate somatotropic effects. Except where noted, N = 1Q. ANOVA 
and SNK were not significant (NS) for Liver or Lyophylized Liver. 

Lyophylized Tail 
Group Treatment % Weight Length Liver (kg) Liver (g) Length 

# Dose Gain SNK (cm) SNK SNK-(NS) SNK-(NS) (cm) SNK 

1 Saline 
Control 

3.97 + 0.85 AB 0.20 ± 0.13 AB 0.99 ± 0.10 4.10 ±0.17 0.05± 0.23 A 

2 GH (low) 
0.306 mg 

5.78 ± 0.93 BC 0.40 ±0.19 ABC 1.34 ±0.09 4.66 ±0.19 0.45 ± 0.23 AB 

3 GH (high) 
3.06 mg 

8.30 ± 0.89 CD 0.75 ±0.13 ABC 1.17 ±0.11 4.24 ±0.26 0.10 ±0.23 A 

4 PRL (low) 
0.54 mg 

4.15 ± 0.43 AB 0.20 ±0.11 AB 1.30 ±0.20 4.44 ±0.18 0.15 ±0.29 A 

5 PRL (high) 
5.4 mg 

7.63 ± 0.73 CD 1.00 ±0.22 C 1.19 ±0.11 4.82 ±0.24 0.05 ±0.19 A 

6 FSH (low) 
5 Units 

2.69 ±0.76 AB 0.10 ±0.18 AB 1.08 ±0.07 4.31 ±0.21 1.25 ±0.15 B 

7 FSH (high) 
50 Units 

1.87 ±0.36 A 0.00 ±0.13 A 1.19 ±0.10 4.64 ±0.23 0.95 ±0.23 AB 

8 LH 
25 mg 

4.95 ±0.87 AB 0.30 ±0.17 ABC 1.27 ±0.13 4.61 ±0.15 0.75 ±0.31 AB 

9 LH+GH 
25mg+3.06mg 

9.17 ±0.85 D 0.80 ±0.20 BC 1.32 ±0.18 4.42 ±0.26 0.85 ±0.21 AB 

10 FSH+GH (low) 
5U+0.306mg 

3.47 ±0.61 AB 0.40 ±0.16 ABC 1.24 ±0.15 4.70 ±0.18* 0.65 ±0.25 AB 

11 FSH+GH (high) 
50U+3.06mg 

8.03 ±0.61 CD 0.70 ±0.19 ABC 1.20 ±0.14 4.58 ±0.16 1.30 ±0.43 B 

12 FSH/LH RF 
1 mg 

4.34 ±0.70 AB 0.15 ±0.11 AB 1.26 ±0.12 4.60 ±0.16 0.40 ±0.28 AB 

13 HCG 
7500 IU 

3.67 ±0.60 AB 0.30 ±0.19 ABC 1.14 ±0.15 4.66 ±0.33 0.75 ±0.20 AB 

*Only 9 liver samples were lyophylized from this group. 



Table 14. Somatotropic Effects on Selected Organs in Experiment II. — The means and standard 
errors for four organs are presented. By the SNK procedure (5% level), only group 10 in the spleen 
column is significantly greater than group 1. See first two paragraphs of Chapter III for explana-. 
tion of SNK use. The other three parameters had non-significant (NS) ANOVA and SNK results. 

Heart Kidney Carapace 
Group Treatment Spleen (g) (g) Fat (kg) 

# Dose (g) SNK SNK-(NS) SNK-(NS) SNK-(NS) 

1 Saline Control 21.2± 1.8 A 84.4± 6.0 101.4± 12.9 1.37± 0.14 

2 GH (low) 30.4± 1.8 AB 102.4± 4.4 124.0± 10.6 1.84+ 0.11 
0.306 mg 

3 GH (high) 29.0± 2.5 AB 96.0± 4.7 118.6± 8.2 1.87 ± 0.18 
3.06 mg 

4 PRL (low) 25.2± 2.9 AB 101.1± 9.4 118.1± 15.8 1.91± 0.30 
0.54 mg 

5 PRL (high) 25.3± 2.4 AB 87.9± 4.0 129.1± 10.9 1.77 ± 0.24 
5.4 mg 

6 FSH (low) 22.4± 2.0 AB 85.6± 5.2 89.5± 7.5 1.39 ± 0.16 
5 Units 

7 FSH (high) 25.8 ± 1.8 AB 89.9± 6.1 104.0± 9.3 1.75 ± 0.19 
50 Units 

8 LH 24.7± 2.5 AB 96.5± 7.4 114.8 ±12.8 1.65± 0.19 
25 mg 

9 LH + GH 29.3± 3.3 AB 108.4± 7.9 117.2 ±11.0 1.65 ± 0.20 
25mg + 3.06mg 

10 FSH + GH (low) 33.9± 4.0 B 94.0± 7.3 . 112.8 ±12.5 1.89 ± 0.27 
5U + 0.306 mg 

11 FSH + GH (high) 32.1± 2.7 AB 102.7± 8.5 127.6 ±14.9 1.97 ± 0.30 
50U + 3.06 mg 

12 FSH/LH RF 24.7± 2.1 AB 93.3± 7.3 114.2 ±11.0 1.67 ± 0.16 
1 mg 

13 HCG 29.2± 2.9 AB 96.7 ±6.9 115.2 ±12.4 1.51 ±0.17 
7,500 IU 
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run in a separate ANOVA and SNK to compare the response of the spleen. 

The combined GH groups were significantly larger than both the control 

and the combined PRL groups. The PRL groups were not, however, shown 

to be separable from the controls. 

One possibility which must be considered is that by chance, 

larger mean body weights for certain groups may account for the 

significant difference in spleen size. To test for this possibility, 

a separate ANOVA and SNK were run which used the organ weight variables 

as a percent of each animal's final weight. Using this procedure, there 

were no significant differences with the ANOVA. It should be noted 

however, that when the 13 treatment means for spleen/body weight are 

ranked, the GH treatments are all on the large end of the distribution 

at positions 8, 9, 10, 12 and 13. 

The heart, kidney, liver and carapace fat pad variables among 

the 13 treatments were not distinguishable by ANOVA. At first perusal 

these data appear to have certain trends, as many of the treatments 

have larger means than the control group. This observation is in part 

an artifact of the data, as a separate ANOVA and SNK which used the four 

variables as percentages of each animal's final weight showed no 

significant differences. In fact, this procedure tended to partially 

equalize the means for these four variables among all treatments. 

Tissue water content is indicated by the variable "Lyophylized 

Liver" (Table 13). The data presented actually indicate dessicated 

weight of whole liver pieces that originally weighed ten g. There 

were no significant differences among the treatments for this parameter. 
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Experiment III 

Gonadotropins 

Of 120 animals in this experiment, all but one (a male in 

the FSH + PRL group) were females. The ovarian stimulation in the 

various FSH groups was slight and varied erratically between in

dividuals. However, the mean ovarian size of FSH + PRL treatment 

group was significantly larger than the controls using Dunnett's test 

to compare each group with the control. The overall ANOVA for all 

12 groups was also significant at the 0.01 level. As Table 15 in

dicates, the rigorous SNK procedure designated only one significant 

difference in means of ovarian weights, e.g., between the FSH + PRL 

and progesterone groups. With the exception of the FSH + estradiol 

(ED) group, each of the groups which received FSH (#'s 3-6 of Table 15) 

appear to have been stimulated. The LH, LH + GH and FSH/LH releasing 

factor groups on the other hand appear to have been unaltered with 

regard to ovarian size (Table 15). 

The treatment which received both FSH and ED did not have 

the same degree of oviducal hypertrophy as did the group which had 

received ED alone (Table 15). 

Steroid Hormones 

Estradiol-dipropionate (ED) had a strongly negative effect 

on the animals' growth compared to the oil control (Table 15). This 

is indicated by a significant weight loss as well as a lack of 

normal carapace growth. In addition, the ED caused a striking hyper

trophy of the oviduct (Table 15). 



Table 15. Results of Female Experiment III. — The mean and standard error are presented for four 
variables. Except where noted, the number of animals per group was 10. The SNK column is read as 
explained in the first two paragraphs of Chapter III. The Dunnett's Test (D-Test) was used to 
compare the control with the various treatments. 

A Carapace Paired Paired 
Group Treatment A Weight Length Ovary D- Oviduct 

# Dose (mg) (kg) SNK (cm) SNK (g) Test SNK (g) SNK 

1 Saline 
Control 

0.54 ± 0.17 B 0.36 ± 0.10 BC 7.44 ± 0.98 AB 5.32± 0.63 A 

2 Oil 
Control 

0.01± 0.30 B 0.52 ± 0.12 C 7.67 ± 1.75 NS AB 4.05 ± 0.25 A 

3 FSH 
100 

0.56 ± 0.29 B 0.36 + 0.09 BC 12.66± 3.02 NS AB 5.85 ± 0.61 A 

4 FSH+GH 
100+10 

3.74 ± 0.33 D 1.92 ± 0.24 E 8.48± 0.93 NS AB 5.24 ± 0.43 A 

5 FSH+PRL 
100+10 

2.12 ± 0.25 C 0.97± 0.12 D *14.07± 3.91 S B *6.48 ± 1.43 A 

6 FSH+LH 
100+100 

-0.22 ± 0.33 B 0.39 + 0.06 BC 10.18 ±1.23 NS AB 6.22 ± 0.81 A 

7 LH 
100 

0.60 ± 0.30 B 0.51± 0.16 C 6.67± 0.84 NS AB 3.80± 0.16 A 

8 FSH+ED 
100+40 

-1.84 ± 0.24 A -0.18 ± 0.06 A 6.64 ± 0.57 NS AB 161.27± 11.22 B 

9 ED 
40 

-1.18 ± 0.25 A -0.02 ±0.06 AB 6.88 ±0.68 NS AB 200.02± 8.97 C 

10 LH+GH 
100+10 

3.72 ± 0.51 D 1.86± 0.13 E 6.95 ± 0.77 NS AB 7.10 ± 0.53 A 

11 Progest. 
40 

0.43 ± 0.21 B 0.36 ± 0.07 BC 5.96± 1.07 NS A 5.28 ± 0.43 A 

12 FSH/LH RF 
10 

0.31 ±0.23 B 0.29 ± 0.09 BC 6.48± 0.80 NS AB 5.32± 0.47 A 

*0nly nine females in FSH+PRL group. 
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A dramatic change was also noted in the blood chemistry 

of the groups that received ED. Table 16 summarizes the measured 

effects on serum calcium and total protein. The sera from ED treated 

groups lost all transparency and became very viscous upon thawing 

after having been frozen (Fig. 9). Calcium and total protein levels 

were significantly elevated in both the ED and FSH + ED groups as 

compared to all other treatments (Table 16). 

Appetite. Judging by the mean number of animals feeding one 

minute after food introduction, the ED and FSH + ED groups had the 

poorest appetites. The FSH + ED feeding was significantly lower than 

both controls, while the ED alone was significantly less than the 

saline control but not quite significant when compared to the oil 

control (Table 16). 

Somatotropins 

As pointed out earlier, the estrogens caused a significant 

reduction in both weight increase and carapace length increase (Table 

15). Both growth hormone groups (FSH + GH and LH + GH) grew much 

better than all other groups including the treatment that received 

prolactin. The prolactin, however, was a significant growth promoter 

when compared to the controls (see Group #5 of Table 15). 

Experiment IV 

The two criteria used to evaluate the somatotropic effects of 

growth hormone (GH), prolactin (PRL) and diethyl stilbestrol (DES) 

were the change (A) in weight and the change in carapace length. 



Table 16. Additional Results from Female Experiment III. — The mean and standard error are pre- . 
sented for three variables. The one minute feeding counts are from 25 separate observations of the 
same tanks. The STP procedure is discussed in Chapter II under Experiment III. 

Serum Serum 
Group Treatment One Minute Calcium Protein 

// Dose = (mg) Feeding Count STP mg/ml (n) SNK g/100 ml (n) SNK 

1 Saline Control 9.60± 0.42 A 0.088 ± 0.003 A 4.40 ± 0.22 A 
(10) (10) 

2 Oil Control 9.16± 0.21 AB 0.104 ± 0.009 A 5.09 ± 0.25 A 
(10) (2) 

3 FSH 9.24 ± 0.21 AB 0.097 ± 0.004 A 3.83 ± 0.83 A 
100 (6) (2) 

4 FSH + GH 9.32 ± 0.18 A 0.127 ± 0.007 A 3.68 ± 0.25 A 
100 + 10 (9) (10) 

5 FSH + PRL 9.56 ±0.14 A 0.102 ±0.004 A 4.00 ±0.35 A 
100 + 10 (5) (3) 

6 FSH + LH 8.80 ±0.29 AB 0.105 ±0.005 A 5.00 A 
100 + 100 (5) (1) 

7 LH 8.48 ±0.37 ABC 0.101 ±0.010 A -

100 (4) 
8 FSH + ED 6.20 ±0.60 C 0.732 ±0.032 B 12.06 ±0.12 C 

100 + 40 (10) (3) 
9 ED 7.36 ±0.44 BC 0.734 ±0.032 B 10.87 ±0.12 B 

40 (10) (10) 
10 LH + GH 9.76 ±0.09 A 0.106 ±0.007 A 4.40 ±0.34 A 

100 + 10 (8) (5) 
11 Progesterone 8.56 ±0.28 ABC 0.088 ±0.010 A 4.83 A 

40 (4) (1) 
12 FSH/LH RF 9.44 ±0.15 A 0.110 ±0.005 A 5.17 A 

10 (4) (1) 



Figure 9. Estradiol-dipropionate (ED) Induced Serum Changes. 

The five vials on the left are from ED treated turtles, while 

the five on the right are from control animals . The ED sera 

are extremely opaque and viscous, contrasting markedly to the 

clear control sera through which newsprint can be seen. The 

sera have been frozen and thawed. 
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In Table 17 these two variables have been summed for the two periods 

during which hormone was being administered. These summations for 

each age have been analyzed by ANOVA and SNK. 

The growth for each three week period (total of five periods) 

has been analyzed separately (Tables 18 , for four year olds; 19 , 

for two year olds and 20 , for one year olds). 

Four Year Old Turtles 

Growth hormone (GH) induced increases in carapace length and 

body weight that were significantly greater than each of the other 

three groups (Tables 17 and 18). Of particular note is the significant 

GH induced growth compared to prolactin (PRL). 

The PRL caused a significant increase in weight over the con

trols during period two (on hormone, Table 18). A non-significant 

but distinct increase in carapace length was also seen with PRL during 

the first injection series (period two). Neither of these effects, 

however, persisted during the second hormone injection series (Table 18, 

period four). In fact, the PRL group did better during the fifth 

period (when they were off hormone) than they had done in period four 

( on hormone). 

Diethyl stilbestrol (DES) caused a strong inhibition of both 

weight gain and carapace growth. It is interesting that the inhibitory 

effect of DES on carapace growth persisted through the observed 

periods when the animals were off hormone. The shells grew significant

ly less than in all other groups during the second period (on hormone) 

and the third and fifth periods (off hormone). The reduction in growth 
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Table 17. Turtle Growth While on Hormone Treatment. — The two 
variables shown below are the means and standard errors for weight 
and carapace length change. For each variable the growth for the two 
periods which the animals were given hormone have been summed. Growth 
for the three periods during which no hormone was given has been 
excluded. Group N = 10. 

E A 
E A Wt. Length 

Age Treatment (kg) SNK (cm) SNK 

Control 1.21± 0.26 B 0.71± 0.19 A 

4 PRL 2.04 ± 0.32 B 0.94 ± 0.25 A 
Years 
Old GH 3.84 ± 0.34 C 2.09 ± 0.15 B 

DES -1.88± 0.49 A 0.30± 0.15 A 

Control 1.52 ± 0.14 B 1.82 ± 0.20 B 

2 PRL 1.81± 0.17 B 2.38 ± 0.27 C 
Years 
Old GH 2.00 ± 0.20 B 2.93± 0.15 D 

DES 0.06 ± 0.22 A 0.19 ± 0.12 A 

Control 0.90 ± 0.10 B 2.26 ± 0.36 B 

1 PRL 0.87 ± 0.08 B 2.69 ± 0.18 BC 
Year 
Old GH 1.15 ± 0.08 B 3.19 ± 0.16 C 

DES 0.43 ± 0.11 A 0.76 ± 0.14 A 



Table 18. Growth of Four Year Old Turtles. — The means and standard errors for two variables used 
to determine the effects of somatotropins. Hormone was administered during the second and fourth 
periods while no hormone was given during the first, third and fifth periods. All treatments had 
ten individuals. 

A WEIGHT kg 

OFF HORMONE ON HORMONE OFF HORMONE ON HORMONE OFF HORMONE 
Treatment 1 SNK 2 SNK 3 SNK 4 SNK 5 SNK 

Control 0.84 ± 0.13 A 0.65 ± 0.16 B 0.95 ± 0.15 A 0.57 ± 0.13 B 0.62± 0.15 A 

PRL 0.70 ± 0.17 A 1.45 ±0.15 C 0.50± 0.16 A 0.59± 0.19 B 0.94 ± 0.28 A 

GH 0.98 ± 0.2.0 A 2.37 ± 0.16 D 0.58± 0.26 A 1.47 ± 0.29 C 0.78 ± 0.20 A 

DES 0.62 ± 0.14 A -0.83 ± 0.24 A 0.93± 0.20 A -1.05 ± 0.29 A 0.68 + 0.17 A 

A LENGTH cm 

Control 0.43± 0.15 A 0.52± 0.13 B 0.50 ± 0.11 B 0.19± 0.11 A 0.69 ± 0.09 B 

PRL 0.64 ± 0.15 A 0.52± 0.13 B 0.34 + 0.11 B 0.19± 0.16 A 1.15 + 0.26 C 

GH 0.68± 0.12 A 1.34 ± 0.09 C 0.69 ± 0.13 B 0.75 ± 0.14 B 0.60± 0.09 B 

DES 0.73± 0.11 A 0.16 ± 0.07 A -0.06± 0.11 A 0.14± 0.14 A 0.16± 0.04 A 



Table 19. Growth of Two Year Old Turtles. — The means and standard errors for two variables used 
to determine the effects of somatotropins. Hormone was administered during the second and fourth 
periods while no hormone was given during the first, third and fifth periods. All groups had ten 
individuals. 

A WEIGHT kg 

Treatment 
OFF HORMONE 

1 SNK 
ON HORMONE 

2 SNK 
OFF HORMONE 

3 SNK 
ON HORMONE 

4 SNK 
OFF HORMONE 

5 SNK 

Control 0.43 ±0.09 A 0.74 ± 0.05 B 0.50± 0.07 A 0.78± 0.10 B 0.75 ±0.08 B 

PRL 0.58 ±0.10 A 0.81± 0.08 B 0.67 ± 0.13 A 1.01± 0.12 B 0.95 ± 0.14 B 

GH 0.67 ± 0.10 A 1.12 ± 0.06 C 0.64 ± 0.15 A 0.87 ± 0.20 B 0.67 ±0.10 AB 

DES 0.59 ±0.08 A 0.00 ± 0.12 A 0.31± 0.07 A -0.06 ± 0.11 A 0.41 ±0.06 A 

A LENGTH cm 

Control 0.82 ± 0.12 A 0.91 ±0.09 B 0.82 ± 0.10 B 0.91± 0.14 B 0.91 ±0.43 B 

PRL 1.12 ±0.08 A 1.21± 0.12 C 0.83 ± 0.09 B 1.17 ± 0.16 B 1.07 ±0.13 B 

GH 1.11 ±0.11 A 1.76 ± 0.09 D 0.93 ± 0.11 B 1.17 ± 0.10 B 0.74 ±0.10 B 

DES 0.99 ±0.15 A 0.32 ±0.06 A 0.17 ± 0.07 A -0.13 ± 0.08 A 0.22 ±0.08 A 



Table 20. Growth of One Year Old Turtles. — The means and standard errors for two variables used 
to determine the effects of somatotropins. Hormone was administered during the second and fourth 
periods, while no hormone was given during the first, third and fifth periods. All groups had ten 
individuals. 

A WEIGHT kg 

Treatment 
OFF HORMONE 

1 SNK 
ON HORMONE 

2 SNK 
OFF HORMONE 

3 SNK 
ON HORMONE 

4 SNK 
OFF HORMONE 

5 SNK 

Control 0.31+ 0.03 A 0.39 ± 0.05 B 0.45 ± 0.05 A 0.51± 0.06 B 0.45± 0.07 A 

PRL 0.38+ 0.05 A 0.31± 0.04 B 0.49 ± 0.04 A 0.55 ± 0.05 B 0.35± 0.04 A 

GH 0.34± 0.05 A 0.45 ± 0.04 B 0.42 ± 0.06 A 0.70± 0.04 B 0.30± 0.06 A 

DES 0.36 ± 0.09 A 0.18 ± 0.04 A 0.32 ± 0.07 A 0.25 ± 0.08 A 0.26± 0.05 A 

A LENGTH cm 

Control 1.58+ 0.09 A 1.08 ± 0.14 B 1.27 ± 0.16 B 1.18±0.26 B 1.17 ± 0.17 A 

PRL 1.53+ 0.10 A 1.24 ±0.09 B 1.02 ±0.17 B 1.45 ±0.11 B 1.06 ±0.20 A 

GH 1.58± 0.12 A 1.55 ±0.10 C 0.97 ±0.14 B 1.64 ±0.09 B 0.91 ± 0.14 A 

DES 1.60+ 0.14 A 0.47 ±0.05 A 0.56 ±0.06 A 0.29 ± 0.10 A 0.59 ±0.10 A 
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during the fourth period (on hormone) was. not significantly less than 

the control (see A Length, Table 18). 

In contrast to the persistent inhibition of carapace growth 

after DES, weight gain returned to control levels as soon as the 

turtles were taken off the DES in periods three and five (Table 18). 

Two Year Old Turtles 

In the two year old turtles GH caused a significant increase in 

total carapace growth, compared to the other three treatment groups 

(Table 17). When both weight and length increases were analyzed 

separately, however, as in Table 19, only period two (first hormone 

period) was significantly greater— for both parameters— than all 

treatments. 

In the PRL treatment group there was a consistent but non

significant increase in body weight during the hormone periods (Table 

17). The combined data for carapace increase was significantly greater 

than controls and DES but significantly less than the GH group (Table 

17 and 19). 

Table 17 shows the significant reduction in weight gain and 

carapace growth caused by DES. This reduced growth persisted after the 

hormone treatment periods were completed, being significant for weight 

change during period five and for carapace growth during both periods 

three and five (Table 19). 
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One Year Old Turtles 

Growth hormone caused a significant increase in carapace growth 

compared to controls, while the slight weight increases in this age 

were not significant (Tables 17 and 20). Prolactin did not induce 

significant increases in either parameter. 

Once again, DES was markedly inhibitory to growth (Tables 17 

and 20). A persistence of the inhibitory effect was significant for 

carapace change in period three and although not significant, noticable 

during each off-hormone period for both parameters. 

Experiment V 

Sexing Technique 

Only seven of 120 animals given a four day treatment of 

FSH had detectable levels of testosterone, either before or after 

the injection series. Table 21 shows the initial testosterone levels 

and the significant (Mann-Whitney U test, P< 0.025) increase in 

testosterone levels after each animal received a four day treatment 

of 1.33 mg of FSH. 

Of 35 animals sacrificed for sexing, only the three shown in 

Table 21 were males. The other 32 animals were all females, none 

of which had shown detectable testosterone levels. 

Based on the presence of testosterone alone, we were 100% 

accurate in predicting the sex for the sample of 35 animals left 

identifiable after the high tag losses described (Chapter II, Exper

iment V) . 
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Table 21. Testosterone in the Immature Male. — Testosterone was 
measured both before and after a four day treatment with 1.33 mg 
Bovine FSH (0.33 mg/day). None of 32 verified females (not shown) 
had detectable testosterone before or after the FSH. The suspected 
males that were "Not sexed" had lost their tags and were unidenti
fiable. The (-) indicates no testosterone detected. We are not 
certain if these were errors or low testosterone values. 

Sample 
# 

Preinjection 
Serum Testosterone 

ng/ml 

Postinj ection 
Serum Testosterone 

ng/ml Notes 

30 - 8.4 Verified male 

43 0.85 < 22.0 Not sexed (tag lost) 

145 0.85 9.21 Not sexed (tag lost) 

161 1.45 2.50 Not sexed (tag lost) 

189 2.00 7.54 Verified male 

197 0.30 4.68 Verified male 

131 0.75 - Not sexed (tag lost) 

X ± s. e. 1.03 ± 0.24 9.06 ± 2.78 



CHAPTER IV 

DISCUSSION 

Chapter I contains a discussion of some examples of possible 

variation in hormone structure and function that occur within the 

poorly-studied Reptilia. The protein hormones used in the present 

set of experiments were nearly all derived from mammalian sources. 

Thus, there is the possibility that the Green sea turtle's own protein 

hormones might elicit different responses than those reported herein. 

However, Licht (1974a) has presented the case for what appears to be 

a general evolutionary conservatism in the basic structure and 

activity of at least one vertebrate gonadotropin, e.g., luteinizing 

hormone (LH). There is also evidence for generalized ovarian receptors 

within the Chelonia. Crews and Licht (1975) have shown that the 

ovaries from four species of turtles all gave qualitatively similar 

responses to both FSH and LH from three divergent sources (sheep, frog 

and snapping turtle). They suggest that this indicates a possible 

conservatism in receptor specificity. Since mammalian hormones have 

been used extensively, in both mammalian and non-mammalian systems, 

they provide the most thorough and complete reference for comparative 

endocrine studies among the vertebrate groups. 

Hypophysectomy is particularly valuable in elucidating pituitary 

hormone roles, when replacement therapy is employed (Zarrow et al., 1964). 

This operative technique, however, was not practical for use in the 

70 
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present experiments with such large animals. The extremely immature 

reproductive state of all the turtles used, as well as the male's 

marked and rapid response to gonadotropins suggests that the pituitary 

of these animals has been relatively inactive as far as gonadotropin 

secretion was concerned. This situation, using immatures, may be 

considered as a sort of substitute for actual hypophysectomy in the 

sexually developed adults. Indeed, other workers have utilized to 

good advantage similar natural lows in hormone secretion, suggesting 

that they also were taking advantage of comparable versions of such 

"physiological hypophysectomy" (Licht, 1970 and DiMaggio, 1961). An 

obvious deficiency in this otherwise useful train of reasoning is 

that the animals' own pituitary may respond to the exogenous hormones 

in some poorly understood manner. The result could be a misleading 

impression of the injected hormone's activity at the suspected target 

site. 

The Turtle Gonad 

Males 

PMSG and FSH. Judging by interstitial cell hypertrophy, 

epididymal enlargement and tail elongation, two FSH preparations 

(from Sigma Chemical Co.), as well as PMSG gave indirect evidence 

for steroidogenesis in the male sea turtle. In addition, Experiment 

V demonstrates that a third FSH preparation (NIH-FSH-B1) apparently 

induced an increase in testosterone levels after only four days. It 

has been suggested (Chan and Callard, 1974) that an earlier 
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observation of steroidogenesis induced by FSH in a lizard may have 

been due to a general testicular somatic growth which only second

arily caused the release of testosterone. In the present experiment, 

it seems unlikely that somatic growth could have caused an order of 

magnitude increase in serum testosterone levels in only four days, 

considering the low total dose of 1.33 mg administered. The LH 

contamination in this preparation was also minimal and, for such 

a low dose, LH would not seem to account for the steroidogenesis. 

In Experiments I and II, PMSG and FSH respectively promoted 

nearly complete spermatogenesis. The controls in both cases remained 

very immature. 

Licht (1974a) has summarized numerous data from several rep

tilian species which indicate that an FSH-type molecule may be the one, 

general-purpose gonadotropin for the entire class. Some workers 

have agreed with this possibility (Burzawa-Gerard and Fontaine, 1972; 

Reddy and Prasad, 1970) while others have been hesitant to accept the 

single gonadotropin theory due to their own apparently conflicting 

data (Eyeson, 1971; Chan and Callard, 1974). Our data, with intact 

immature male sea turtles, tends to support Licht's concept of a single 

functional gonadotropin. 

LH and HCG. Luteinizing hormone (LH) has been isolated from 

the pituitary glands of turtles, including Chelonia mydas (Licht and 

Papkoff, 1974a, and Crews and Licht, 1975). This same laboratory has 

not, however, been able thus far to demonstrate or to separate out an 

LH molecule in squamates (Licht, 1974a). From an evolutionary 
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standpoint, it is difficult to assimilate the concept that LH may 

have been lost in one segment of the Reptilia (Squamata) while being 

retained in the chelonians without any particular physiological function, 

nevertheless, this is where our thinking stands at the moment on the 

basis of what we can demonstrate at present. 

The immature male sea turtles did not respond in any way to 

two preparations of LH (both from ICN Biochemical) or to human 

chorionic gonadotropin (HCG) which is known to have primarily an LH-

like effect (Zarrow et al., 1964). Licht (pers. com.) found minimal 

LH activity (anuran ovulation bioassay) in the LH preparation used 

during 1974. This observation is disconcerting, but must be noted. It 

may be explained by decomposition during the necessary three separate 

long distance air shipments at ambient temperatures, or by a "bad batch" 

from the supplier. Nevertheless, the lack of male testicular stimula

tion by HCG during the same experiment in which other animals responded 

to FSH indicated a possible nonsensitivity to LH-type gonadotropin. It 

is important to note that Jones (1973) found that HCG stimulated the 

testicular interstitial cells of the lizard Leiolopisma laterale even 

when ovine LH would not. 

Green Sea Turtle Pituitary Homogenate. The slight but signifi

cant stimulation of testicular and epididymal tissues by the homogenate 

used in Experiment I demonstrates the efficacy of rather crude prep

aration of homologous gonadotropin. In addition, the glands would 

appear to have a fairly high amount of activity considering our relative

ly low dose (30 glands given per animal in five weeks). This observation 
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has been verified by Papkoff and Licht (pers. com.), who have been 

able to chemically separate and purify both FSH and LH from pituitary 

glands from the same source. 

Growth Hormone in Reproduction. In Experiment II, growth 

hormone (GH) appeared to enhance spermatogenesis when given along with 

FSH. The animals that received FSH alone did not complete spermiation. 

Although no unique reproductive role for GH has been previously demon

strated in reptilian males, Callard, Chan and Potts (1972) have sum

marized the literature which implicates GH as either being permissive 

or synergistic in promoting ovarian development. 

Extensive speculation on where or how the GH facilitated 

spermatogenesis would be premature considering this single observation 

on such a small number of immature animals. However, it should be noted 

that the GH also induced a marked increase in protein synthesis as 

indicated by carapace growth and weight increase. The gonadotropin may 

have been facilitated by GH in a non-specific way through generally 

increased efficiency of broad-spectrum protein synthesis. In this 

regard, it is notable that the carapace (proteinacious) of the FSH 

group stopped growing during the experiment (Table 13) while the FSH + 

GH group averaged 0.7 cm growth per turtle compared to 0.2 cm per turtle 

for the controls. 

Adult Green sea turtles appear to grow very slowly in the wild 

(Carr and Goodman, 1970) and in captivity (James Wood, pers. com.). It 

seems logical to speculate that this is due to the switching of the 

animals' physiological concerns toward reproduction. Hirth (1971) has 
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estimated that an average adult female will produce 21 kg of eggs, or 

about 17% of her body weight in one nesting season. This occurs in the 

relatively short time of 30 to 90 days when the turtle eats almost 

nothing. The male is also thought to concentrate his mating activity 

into the brief interval when the breeding population is first congre

gating near the nesting beach (Booth and Peters, 1972; Ulrich and Owens, 

1974). In reptiles, GH is well known to induce hyperglycemia (see 

reviews by Coulson and Hernandez, 1964; Licht, 1974a) and lean body 

growth (i.e., see Tables 13, 15 and 17). Considering the sea turtle's 

relatively massive expenditure of energy for both migration and 

gametogenesis, it appears plausible that a somatotropin such as GH 

could greatly facilitate the actions of the gonadotropin at these 

times. 

Mating Behavior. Observations of animals in Experiment II 

indicate that FSH caused certain males to initiate mating and courtship 

behavior. Kim Kritchley and James Wood (pers. com.) have noted that 

testosterone injections will cause an increase in mating behavior in 

farm-maintained Green sea turtles. Presumably, the mating behavior 

noted in Experiment II was due to the stimulation of testosterone 

secretion by FSH. 

Females 

PMSG and FSH. In Experiments II and III, FSH appears to have 

induced a slight, but significant, increase in the total weight of the 

ovary. Only one treatment (FSH + GH low dose) produced significant 
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follicular growth. In Experiments I and III, the immature oviduct 

responded very significantly to estradiol-dipropionate. Since an 

oviducal response in a treatment receiving a gonadotropin would have 

been a strong indicator of ovarian steroidogenesis, it is probable that 

the latter did not occur in any of our tests. However, I did not 

examine ovarian histology in an effort to verify this point. 

The above, somewhat marginal, responses may be explained by a 

number of possibilities: a) Licht (1972a) was unable to stimulate 

the ovaries of the turtle Chrysemys picta. He felt that an insufficient 

hormone dosage may have been responsible for this lack of response. 

Thus, the hormone levels used in our experiments may have been near 

the minimal effective dosage, b) The females used in our experiments 

were at least three and possibly five years from reproductive maturity. 

The thyroid has been shown to be important in gonadal maturation of 

some vertebrates (van Tienhoven, 1968). It would be informative to 

determine whether thyroxin could augment the low response obtained 

from the immature female sea turtle in the present work, c) The sea 

turtle ovary may require a still-unidentified synergist for normal de

velopment. I tested several combinations of hormones in Experiments 

II and III; the FSH + PRL group had the best ovarian growth in Experiment 

III, but the response was only slightly better and not statistically 

greater than in the groups treated with FSH alone. Thus, the addition 

of PRL in the above experiment was of questionable physiological 

significance. Callard and Ziegler (1970) found that GH was essential 

in promoting ovarian growth in the lizard Dipsosaurus dorsalis. 



Although in my sea turtle Experiments II and III GH was strongly 

somatotropic, it caused no apparent facilitation of the slight ovarian 

growth noted with FSH. 

Possibility (b) above seems to be the best suggestion for 

explaining the present circumstances; it would appear that ovarian 

immaturity precluded any marked response to the physiological levels 

of gonadotropin used. 

LH + HCG. Neither ovine LH or HCG appear to have had any effect 

on the immature female sea turtle. LH in combination with GH or FSH 

also had no quantitative effects on the parameters measured. This 

observation tends to agree with most other in vivo work (see reviews 

by Callard, Bayne and McConnell, 1972 and Licht, 1974a). 

Prolactin and the Ovary. Meier (1975) has reviewed the litera

ture on a proposed antigonadal role of prolactin (PRL). He points out 

the important relationship that exists between the actions of PRL and 

the level of circulating corticosteroids. Since corticosteroids have 

a demonstrated circadian rhythm in the only reptile examined (Chan and 

Callard, 1972), the time of day in which an exogenous injection of PRL 

is given may be of considerable importance. PRL given in the early 

afternoon along with FSH did not inhibit a significant ovarian weight 

increase in the immature sea turtle. In fact this group did better 

than all others, though not significantly so. Callard and Ziegler 

(1970) found that PRL inhibited the ovarian growth normally produced 

by pregnant mare's serum gonadotropin. 
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Steroid Hormones 

Testosterone 

Testosterone-propionate (TP) caused tail elongation and 

epididymal hypertrophy in my Experiment I. As mentioned above, 

it also stimulates mating and courtship behavior when given by in

jection (Kim Kritchley and James Wood, pers. com.). 

Testicular interstitial cells were significantly reduced 

in size in the treatment group that received TP. This suggests a 

possible negative feedback, although I cannot speculate as to whether 

this may have occurred directly at the testis or indirectly by re

ducing endogenous gonadotropin secretion. 

Testosterone also caused an abnormal basal hypertrophy of 

the female oviduct. 

There is no doubt that testosterone or possibly androstenedione 

are the major androgens responsible for male accessory sexual structures 

in reptiles (see review by Licht, 1974a). 

Testosterone may also promote spermatogenesis in reptiles. 

However, Licht (1974a) has raised several questions concerning the 

early data on which this observation was based. He suggests that a 

high dose level of testosterone, or a testosterone pellet implanted 

directly in the testis, might approximate the high circulating testos

terone normally found in the testis. He maintains that this procedure 

would constitute a good test of the role of androgens in gametogenesis. 

Our total dose of one gram would seem to have been very high 

considering the maximal stimulation of the glans penis to near adult 
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size in only five weeks. Spermatogenesis was, if anything, negatively 

affected since the spermatogonia had become appressed to the tubule 

walls and no proliferation of these cells had occurred. In addition, 

the weight of the testis for both high and low dose groups was slight

ly less than in the oil controls (Table 7). Based on this preliminary 

experiment, it would not appear that testosterone has a gametogenic 

function. 

Estrogen 

In my experiments, estradiol-dipropionate (ED) caused a marked 

loss of weight and a cessation of normal carapace growth. Accompanying 

this was a dramatic increase in total serum protein and calcium. It is 

probable that this alteration of the blood was caused by estrogenic 

mobilization of the calcium-binding lipophosphoprotein complex known as 

plasma vetellin. Dessauer (1970) has reviewed the data concerning the 

numerous reptiles in which this observation has been made. It is 

interesting to note that nesting turtles sampled at the turtle farm 

(unpublished data) had very much lower levels of total protein and 

calcium than did my ED-injected animals. Presumably the vitellin and 

calcium were being immediately deposited in the follicles and shells, 

thereby preventing an accumulation in the blood stream. 

The oviducal growth caused by ED was very normal and consistent 

along the organ's length with the 40 mg total hormone dose. However, 

the growth appeared abnormal and concentrated at the base in most of 

the individuals given ED at 0.1 g. This observation would appear to 
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give some indication of normal physiological levels of this important 

steroid. 

Appetite. The appetite of ED-treated turtles was very poor. 

We have also noted that adult nesting females at the turtle farm have 

relatively poor appetites (personal observation) and although they will 

feed (Ulrich and Owens, 1974), they seem to prefer to rest on the 

bottom in an inactive but alert state. 

The above observations invite some speculation concerning how 

a possible relationship between estrogen and appetite might fit into 

the animals' natural history. Most of the world's Green sea turtle 

nesting beaches are known to have minimal food prospects for the turtle 

(Hirth, 1971). If the females were hungry, they might expend a con

siderable amount of energy in search of food. According to Booth 

and Peters' (1971) observations of a female nesting reserve (e.g., a 

large number of females sitting together in a specific area apparently 

waiting for the right night to nest), and our own observation of rela

tively poor appetites in nesting turtles at the farm, it appears plausi

ble that the turtles are not wasting energy searching for food because 

they are not hungry. Could estrogen in the nesting turtle be acting on 

the appetite centers of the hypothalamus to inhibit hunger? More data 

are needed; however, it is worth noting that adult males in captivity 

maintain good appetites during the mating season, except when they are 

immediately involved in courtship or actual mating activity (personal 

observation). 
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Progesterone 

In Experiment III, progesterone was given at a single dose 

level. Table 5 shows that this group has a smaller mean ovary weight 

than any other treatment group. This relationship also holds when 

the ovarian weights are analyzed as a percent of body weight. This 

suggests mild ovarian inhibition. Callard, Bayne and McConnell (1972) 

show that progesterone inhibits ovarian growth in the lizard Sceloporus 

cyanogenys. Much more work is needed in this area. 

In my single treatment, progesterone did not effect the weight 

of the oviduct, the animals' rate of body weight gain or the serum 

calcium or protein levels. In short, it did not appear to have any 

of the effects found to be characteristic of estrogen. 

Somatotropic Effects 

In Experiments III and IV, bovine growth hormone (GH) was 

a more potent stimulant of somatic growth (e.g., weight gain and 

increase in carapace length) than was an equal weight of bovine pro

lactin (PRL). The PRL group from Experiment II had a slightly greater 

increase in rate of carapace growth than did the various GH groups. 

The PRL dose in Experiment II was nearly twice that of the GH, however 

in addition, each of the three GH groups showed slightly greater (not 

significant) gains in body weight than did those of the PRL treatment 

group (Table 13). 

The greater somatotropic efficacy of bovine GH compared to 

bovine PRL was also evident at three different ages in the Green sea 
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turtle. This greater response to GH, however, was not quite signifi

cant for weight increase in the one or two year olds or for carapace 

increase in the one year olds (Table 17). 

Nichols (1973) appears to have obtained similar somatotropic 

results for juvenile (8-13 g) snapping turtles. With ovine PRL, 

however, these very young snapping turtles experienced a striking 

hypertrophy of the spleen. In the Green sea turtle, splenomegaly was 

more pronounced with GH, and was not significant with PRL. Considering 

the differing mammalian sources for the hormones, the different sizes 

and ages of the turtles, and the phylogenic gap between the two species, 

it is not possible to say whether or not the difference in splenic hy

pertrophy has physiological meaning. 

A more efficient use of food has been suggested as the reason 

for increased somatic growth with GH in the lizard Anolis carolinensis 

(DiMaggio, 1961). This probability applies equally well to the Green 

sea turtle. In Experiments II, III and IV, feed-to-body-weight con

version was greatly increased with GH and to a lesser extent with PRL. 

Two lines of evidence indicate that these somatotropic observations 

were not due to increased tissue water retention. First, in nearly 

all cases, the significant increases in body weight were accompanied 

by proportional increases in the length of the proteinacious carapace. 

Second, liver tissue from GH and PRL treated animals in Experiment II 

did not differ significantly in water content from control tissues. 

Thus, it would appear that an increase in protein synthesis was realized 

by the turtles given GH or PRL. 
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Sage and de Vlaming (1975) have reviewed the literature 

relative to the fattening response which prolactin produces in many 

vertebrates (primarily adults have been studied). In Experiment II, 

the fat pads located under the carapace were compared. There were 

no significant differences among any of the groups (including PRL, GH 

and controls), before (Table 14) or after (not presented) the data were 

analyzed as a percent of body weight. In addition, the slight increases 

in fat noted in Table 14 with PRL or GH did not indicate a dose response 

when the high and low doses for these hormones are compared. Fat is 

deposited at several other sites in the sea turtle, and I am not certain 

that these data are representative for the organism as a whole. However, 

considering the significant increases in carapace length noted in this 

and other experiments with both PRL and GH, I doubt that these hormones 

are having merely an effect on fattening in the immature sea turtle. 

The control groups for the one, two and four year old turtles 

grew at a rate of 65%, 35% and 11% of body weight and 21%, 10% and 4% 

of carapace length respectively, during the 106 days of Experiment IV. 

Since the smaller animals were growing at a faster rate, it is not 

surprising that their body weight responses to GH were not as marked 

as the responses noted in the older animals. It is possible that 

endogenous somatotropins are at higher levels in younger animals. 

Diethyl stilbestrol (DES) had a profoundly negative effect on 

the growth at all ages. My data shows a similar negative response to 

estradiol-dipropionate (ED). The estrogenic properties of DES in other 

systems suggests that it may have mimicked the actions of estrogen in 
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the Green sea turtle. I did not check the sera for elevated calcium 

and protein (found in estrogen groups) nor was I able to sacrifice any 

of the animals to ascertain possible effects on the oviduct. The appe

tite of the DES groups did appear depressed as determined by spot checks 

using the behavior observation method employed in Experiment II. There

fore, with regard to appetite and somatic responses, DES appears to 

have mimicked ED in the Green sea turtle. 

A sensitive immune system in turtles might recognize mammalian 

hormones as foreign proteins. In the four year old turtles treated with 

GH and PRL (Experiment IV), there was a distinct drop in the somato

tropic response during the second series of hormone injections (second 

challenge?). A similar reduced response was noted only with GH in the 

two year olds, while the one year old turtles grew better during the 

second hormone phase. In a separate experiment with four year olds 

from the same nesting beach (Experiment II), a significant splenic 

hypertrophy was noted in GH treatment groups. It is possible that a 

better differentiated immune system in the older animals was induced 

to produce antibodies to the mammalian hormones. 

Summary 

1. The testis of the immature male Green sea turtle responds to 

exogenous FSH or PMSG by an apparent increase in both spermato

genesis and steroidogenesis. 

2. The evidence for FSH induced steroidogenesis in the male is: in

creased epididymal size, elongated tails, increased mating behav

ior and elevated testosterone levels (after four days of FSH). 



3. FSH induced spermatogenesis appears to have been facilitated 

by GH. 

4. Commercial preparations of LH and HCG had no detectable effect on 

the male testis. 

5. The above results (1-4) tend to support the hypothesis of a single 

functional gonadotropin in the Reptilia. 

6. A homogenate of Green sea turtle anterior pituitary material appears 

to have increased spermatogenic and steroidogenic activity in the 

testis. 

7. FSH caused a slight increase in ovarian weight and follicular size 

in the immature female, but there was no evidence of steroidogenesis. 

8. LH, HCG, PRL, GH, progesterone and ED did not appear to affect the 

ovary. 

9. Several hormones (e.g., LH, GH, PRL and ED), tested in combination 

with FSH, did not facilitate ovarian development. 

10. TP induced tail elongation, epididymal hypertrophy and testicular 

interstitial cell size reduction in the male. 

11. Circulating testosterone is present in the immature male, but un

detectable in the female. 

12. In the female, ED induced weight loss, oviducal hypertrophy, serum 

calcium and total protein elevations and appetite reduction. 

' 13. Diethyl stilbestrol caused weight and possible appetite loss in 

turtles. 

14. Progesterone did not have estrogenic effects in the female. 
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15. In the Green sea turtle, at three ages (one, two and four years), 

GH was a more potent somatotropin than PRL. 

16. Long term somatotropic responses suggest the possibility of anti

body formation against mammalian GH and PRL in four year old 

turtles and against GH in two year olds. Similar long term 

effects were not seen in the one year old turtles. 



APPENDIX 

OBSERVED SEX RATIOS 

A very fascinating observation, made possible by the advent of 

sea turtle farming, is the lack of a 1:1 sex ratio in any of the seven 

populations slaughtered to date (Table 22). The eggs were taken from 

natural nesting beaches as they were being deposited by the females. 

Since the farm incubation of eggs and rearing of animals is obviously 

different than what would occur in nature, it is difficult to predict 

whether or not natural populations might have similar unusual sex 

ratios. It would, however, be useful to speculate on what might be 

causing the unusual sex ratios. 

The first suggestion which must be considered, is that the 

unusual ratios are the result of a differential mortality by sex under 

farm conditions. In any intensive culture of animals, disease does 

take its toll. However, it is very difficult to envision a sex re

lated disease that would claim primarily males from the first set of 

eggs taken from Costa Rica, then switch to females in the second 

Costa Rican sample and finally take nearly all the males again in the 

third year's population (Table 22). In addition, this hypothetical, 

sex-related disease would have to be working at a very subtle axis, as 

we have shown very little sexual differentiation at the ages in question. 

A second possibility is that sex determination procedures have 

been inaccurate. It is very easy to sex (by direct gonadal observation) 

87 
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Table 22. Sex Ratios for Farm Reared Green Sea Turtles. 

Mariculture, Ltd. 
Population 
Reference # 

Nesting Beach 
Origin 

(year hatched) Males Females 

1:1 
X2 

Probability 

001 Costa Rica 
(1968) 

959 
40.8% 

1393 
59.2% 

< 0.001 

002 Ascension Is. 
(1969) 

214 
17.4% 

1019 
82.6% 

< 0.001 

003 Costa Rica 
(1969) 

727 
66.9% 

359 
33.1% 

< 0.001 

004 Ascension Is. 
(1970) 

437 
82.6% 

92 
17.4% 

< 0.001 

005 Suriman 
(1970) 

71 
26.4% 

198 
73.6% 

< 0.001 

006 Costa Rica 
(1970) 

26 
3.0% 

830 
97.0% 

< 0.001 

007* Surinam 
(1971) 

- 1 
0.4% 

= 250 
99.6% 

< 0.001 

*Recent data estimate furnished by James Wood. 
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the four to five year old turtles when they are slaughtered. In more 

than 50 verifications, I have never detected an error in sexing by any 

of the butchers involved (see Fig. 2). This contrasts markedly, how

ever, to their inability to sex turtles of this age by external charac

teristics. They maintain that they can, but, the four men I have 

tested (all very experienced turtle fishermen) were always inaccurate 

when using only external morphology of immature turtles. 

A third consideration is that the sampling may have been non-

random by sex. This is unlikely, as the populations are kept together 

as a unit from the time they hatch. As the animals grow, they are 

merely moved to larger tanks without altering the groups' composition. 

At slaughter, one tank is finished off before the butchers move to 

another tank. There is also no particular selection by size at 

slaughter. Subsamples from the same populations, sexed several months 

apart, have had nearly the same sex ratios (i.e., see Experiments III 

and IV of Table 1). 

The inconsistency of the sex ratios for different populations 

and for similar genetic stock taken from the same beaches but in 

different years, may also rule out an unusual sex determining genetic 

mechanism. In this regard, Makino (1952) reports that the Green sea 

turtle has female heterogamety (equivalent to XY sex chromosomes); a 

common system in vertebrates (van Tienhoven, 1968). 

Another possibility, which could account for these observed 

sex ratios, is a temperature sensitive gonadal differentiation system. 

Such a system has been demonstrated by Pieau (1972) in two species of 



90 

turtles. He reports that embryos of Emys orbicularis incubated at 

24-26°C develop a testicular gonad, while those incubated at 29-30°C 

develop an ovary. Similarly, in the tortoise, Testudo graeca, when 

eggs are incubated at 27°C, the embryos develop testes; however, 

from 31-33°C testicular development is inhibited. The eggs at the 

turtle farm were exposed to various incubation systems over the years. 

It is probable that incubation temperatures have also varied with 

season, type of hatchery, type of egg container, amount of watering 

and several other possible factors. This latter possibility would 

appear to be easily testable and may account for the unusual sex 

ratios observed. 
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