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SOME ASPECTS OF THE BIOLOGY OF THE DEEP 
SEA HOLOTHUROID PAELOPATIDES SP. 

I. INTRODUCTION 

In 1843 Edward Forbes, a pioneer in marine biology, observed 

the diminution of the number of animals with increasing depth of the 

ocean beyond the littoral zone and established what he called an 

"azoic zone ": that no life existed below 600 meters. The scientific 

world at that time believed that life could not exist in great depths. 

It was not until 1860 that there was positive proof for the existence 

of animal life in the deep sea; a broken submarine telegraph cable 

from a depth of 2000 meters in the Mediterranean Sea was recovered 

with bivalve molluscs, gastropods, hydroids, and worms attached 

(Marshall, 1954). 

Interest in the biology of the deep sea fauna is of recent date 

and information is sparse. Environmental conditions in the abyssal 

zone (i. e. , below 2000 meters) are known to be stable and uniform 

over broad geographic areas (Marshall, 1954). The abyssal sea 

floor environment differs from that of shallow waters in absence of 

solar light, of seasonal change, and of primary organic productivity. 

The temperature and dissolved oxygen content of the water are always 

low. It is a region of great pressure and slow currents. The abyssal 

benthic animals must depend for nutrition upon organic materials that 
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drift out from the littoral zone or that fall from the illuminated 

superficial layers of the ocean. It is this factor which limits the 

abundance of animal life in the deep sea. Populations are relatively 

sparse (Marshall, 1954). 

Deep sea animals are either carnivores or detritus feeders, 

dependent upon dead bodies of plants and animals produced in the 

upper water layers ultimately sinking to the greater depths. Much 

of the surface production is broken down, however, by bacterial 

action or utilized as food by animals within the upper or intermedi- 

ate layers and is lost to the dependent abyssal life. 

How do abyssal organisms accommodate reproductivity to their 

environment? Our knowledge of the life cycles of abyssal inverte- 

brates is limited. Records on the reproduction of abyssal animals 

are also very sparse. How do individual males and females meet to 

reproduce in this environment of low population density where organ- 

isms are generally slow- moving? In an unchanging environment in 

time and space there are no environmental cues to bring the two 

sexes together. How are organisms specialized to insure fertiliza- 
tion of gametes ? How does reproduction in the deep sea compare 

with that in other waters ? Is it a unique situation? It is known that 

some deep sea species of invertebrates produce large yolky eggs 

which are few in number. What about the survival of the eggs and 

larvae; are the eggs and larvae pelagic? All these questions remain 
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generally unanswered for the majority of abyssal fauna. 

The study presented here attempts to follow critically the 

reproductive activity and related phenomena in the deep sea holo- 

thuroid, Paelopatides sp. , and to delineate pertinent periodicities 

if present. It is hoped that the results of this study will add to the 

sparse information that exists on the biology of the deep sea and in 

particular our knowledge of abyssal holothuroids. 

Interest in the study of the physiology and ecology of marine 

invertebrate reproduction is of recent date and has developed largely 

in the last 40 years. Systematic records of breeding in deep sea 

animals are not available in the literature. Only scattered data 

exist for a few deep sea species (Thorson, 1950). The abyssal zone 

has been summarized as an area in which organisms are dependent 

only on the directly surrounding environment and show a general 

tendency towards continuous breeding and non - pelagic development 

(Thorson, 1946). In the deep sea the echinoderms have been best 

studied and discussed. Mortensen (1921) states that the largest 

percentage of echinoderms have large eggs and probably abbreviated 

development. Detailed information is not available on reproductive 

cycles in the deep sea. 

Data on the reproductive cycles of holothuroids are diffuse in 

the literature, and many of the published accounts fail to delineate 

the cycles clearly. The most complete survey of holothuroid 
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reproductive physiology lists only 51 littoral species whose cycles 

are known (Boolootian, 1966). Most of the available data suggest 

possible cyclical activity, but information on all phases of the repro- 
ductive cycle exists for few species. Direct data on reproductive 

periodicities of abyssal species are listed by few reviewers. 

The Red Sea, the Mediterranean Sea, the New England Coast 

of the United States, Puget Sound in the northwest United States, and 

the Japanese islands are the primary locations where studies on 

holothuroid reproduction have been made. 

Mortensen (1937, 1938) made observations on the breeding 

season of 15 species in the Red Sea. These studies made in shallow 

water were of short duration, however, and it was not possible to 

delineate the annual reproductive cycles for the different species. 

The studies of Ludwig (1898) on Phyllophorus urna, and Selenka 

(1876) on Holothuria tubulosa and Cucumaria doliolum, in the subtidal 

region of the Mediterranean Sea were primarily developmental biology 

rather than reproductive biology. 

Valuable data have been gathered on the spawning of a few New 

England coast holothuroids. Costello (1957) found that Leptosynapta 

inhaerens and L. roseola breed during June and July. Bumpus 

(1898) and Colwin (1948) previously reported that Thyone briareus 

also breeds in June and July. 

Johnson and Johnson (1950) dealt with early life histories and 
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development of several shallow water Puget Sound holothuroids. 

Their observations, made during limited periods of the year, indi- 

cate that the species there are spring breeders. 

The studies of Tanaka (1958) and Choe (1962) on Stichopus 

japonicus are perhaps the most detailed accounts of holothuroid 

reproductive cycles. These two studies made at two different 

Japanese coastal localities revealed that seasonal changes of gonadal 

tissue occurred throughout the year, indicating an annual reproduc- 

tive cycle. Tanaka's investigation showed two distinct peaks in the 

gonad index ( gonad vol. 
dry wt. of animal X 100) over a 17 month period. The 

highest peak occurred in July of 1956. The second high was attained 

between June and July of 1957. Choe's results were similar. 

Paelopatides sp. studied in this project is like Paelopatides 

confundens (Theel) and fits the description of P. confundens taken 

on the Albatross in 2000 meters near San Diego (Ludwig, 1894). 

Elisabeth Deichmann (personal communication) concluded that this 

animal is very much like P. confundens but that it differs significant- 

ly in the arrangement of tube feet on the ventral side of the animal 

and in the formation of the gonad. 

Paelopatides was first described by Theel (1886) from the 

Challenger collections and was placed in the family Aspidochirotae. 

Theel described three new species from the Challenger collections: 

P. confundens, P. aspera, and P. appendiculata. The genus was 
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rediscribed from Albatross collections off the west coast of Central 
America by Ludwig (1894) who described two additional new species: 
P. agassizii and P. suspecta. At about the same time, the genus 

Paelopatides was transferred under the family Synallactidae. 

Oshima (1915) worked with the Albatross collections from the north- 

west Pacific Ocean and reported a new species from the fragments 

of three individuals but never gave a specific name to the animals. 

Paelopatides was not studied again until the works of Baranova 

(1955). However, her work contains little physiological informa- 

tion on this sea cucumber and is basically the description of a new 

species. 

Paelopatides sp. (Figure 1) is a deep violet, abyssal sea 

cucumber whose body is very much flattened and depressed. In 

preserved specimens the length is generally two times the width 

with the anterior and posterior extremities obtuse and rounded 

(Theel, 1886). The mouth, completely ventral in position, is 

surrounded by 19 or 20 retractile tentacles. The anus is poster- 
iorly on the dorsal side. The length of the largest specimen ob- 

tained was 1 75 mm. , with a breadth at the middle of the body of 

74 mm. 

Like all holothuroids, Paelopatides sp. possesses one gonad. 

Internally a thin bundle of genital tubes, branched several times, 

is located along the anterio - posterior axis on either side of, and 



Figure 1. Paelopatides sp. on the bottom at NH -65 (photo by Carey, Kulm, and Fowler) 
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attached to, the dorsal mesentery. In the adult the most anterior 
tubes are comparatively small and immature while the posterior 
ones are mature, pigmented, and greatly distended. These tubules 
empty their products into a common duct which opens, to the exter- 
ior near the buccal podia. 

Giese (1959) defined the reproductive cycle as a "series of 

events from the time of activation, growth, and gametogenesis in 
the gonad to spawning of the gametes and recession of gonadal activ- 
ity to a relatively sustained resting level, and including the duration 
of the rest period. " Terms describing various reproductive phases 
are not consistent in the literature. For discussion in this paper, it 
is important that the following definitions be understood. Reproduc- 
tive cycle refers to the total course of events regardless of the time 
period. The breeding season or reproductive period is the time dur- 
ing which fertilizable gametes are present. Spawning is defined as 
the shedding of gametes whether it occurs once or more than once 

in a cycle. 
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II. MATERIALS AND METHODS 

Sampling 

Specimens of Paelopatides sp. were collected every three 

months from October 1966 to October 1967 from an area 120 km 

(65 miles) west of Newport, Oregon in the Northeast Pacific Ocean. 

This is a permanent station (44°39.1' lat. , 125°35.0' long.) regu- 

larly sampled by the Department of Oceanography at Oregon State 

University (Figure 2) and is designated, NH -65. The depth at this 

station ranges from 2810 to 2860 meters. Cascadia Abyssal Plain 

where this station is located, occupies an area of about 170, 000 

square kilometers, and is bounded roughly by lines joining northwest 

tip of Vancouver Island, Cobb Seamount (400 km west of Astoria 

Oregon) and Cape Blanco, Oregon (McManus, 1964). Cascadia 

Abyssal Plain is a semi - enclosed basin bordered on the north, west 

and south by hills and s eamounts , and ranges from 2, 377 meters 

in depth in the north to 2, 926 meters in the south. The sediment is 

silty clay. Carey (personal communication) has determined the 

average percent of sand, silt and clay present in the top 10 cm of 

surface sediment at NH -65; the percentages are 6. 9% sand, 51. 8% 

silt, and 41.3% clay. 

The animals were obtained from the sea floor with a 7 -meter 



Figure 2. Location map of the sampling station, NH -65. (Redrawn from McManus, 1964) 0.1 0 
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semi - balloon shrimp otter trawl (Marinovich Trawl Co. , Biloxi 

Miss.) made of 3. 8 cm stretch mesh with a 2. 1 meter liner of 1.3 

cm stretch mesh sewn in the cod end. The otter trawl was towed 

for two hours at the speed of approximately 1. 5 to 2. 0 knots; the 

maximum possible distance covered by a tow was about seven 

kilometers. However, the trawl is not necessarily on the bottom 

the maximum length of time. The trawl was lowered and returned on 

a single wire at a rate of 35 meters per minute. The cable scope 

was 1.8:1. 

One trawl haul during each cruise provided enough specimens 

for the project. The cod -end liner retained a broad size range of 

the holothuroids. However, the larger organisms were selectively 
retained due to the relatively small area of the net lined with small - 

mesh. The total number of animals from each sample and the col- 
lection locations and dates are shown in Table 1. More animals 

were not obtained due to lack of ship time. A standard trawling 
operation takes seven hours at a depth of 2800 meters. 

Animals collected for these studies included a wide range in 

size. When possible, preliminary observations were made on each 

specimen as it was removed from the net. A few animals from 

each trawl sample eviscerated gonadal tubules and part of the lower 

gut through the anus. Later in the laboratory it was discovered that 

over 64% of all the individuals studied was missing the lower gut and 
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in 12. 3%, part of the gonadal system. Those animals with part of 

their gonadal system missing were not used in this study. Possibly 

the evisceration was caused by turbulence, abrasion, and changes in 

temperature or pressure during sampling and retrieval of the trawl. 

Handling of the organisms when sorting the trawl sample on deck 

or fixing them with preservatives in the shipboard laboratory also 
might have caused this organ loss. 

At sea all samples were preserved in neutral formalin -sea 
water (40 %) except for those few animals placed in a special buffered 

formalin (100%) for histological study. To insure good preservation 
of the gonad, 10% formalin -sea water was injected into the body 

cavity using a standard 10 cc hypodermic syringe and needle. All 

further work on the animals was undertaken at the laboratory at 

Oregon State University. 

Characteristics of the Bottom Environment 

Water temperature and salinity samples were obtained approxi- 

mately 30 cm from the bottom using a Fjarlie water bottle with deep 

sea reversing thermometers attached to a Smith - McIntyre grab 

sampler (Carey and Paul unpublished data) (Figure 3). The bottle 

was rigged to trip just before the grab touched bottom. The unit 

was lowered and raised with 3/16 inch (4. 8 mm) steel hydrographic 

cable on a motorized winch. The temperature data were reducedwitha 



Figure 3. Smith - McIntyre grab sampler with Fjarlie water 
bottle and pinger attached (photo by Carey) 

Figure 4. Fowler -Kulm multiple corer with plastic liners 
(photo by Fowler -Kulm, 1966) 

0 
w 



14 

standard computer program used by the Department of Oceanog- 

raphy, Oregon State University. 

Temperature and salinity data were obtained during October 

1966, January, July, and October 1967, but not during April 1967 

because of equipment failure. However, temperature and salinity 

have been measured in the water column above this station (NH-65) 

for the last seven years (1960 -67) by the Department of Oceanog- 

raphy at Oregon State University. The data for April 1967 was 

obtained 200 meters off the bottom and the temperature and salinity 

data fit closely with the values obtained with the grab - mounted 

Fjarlie bottle in October 1966, January, July and October 1967 

(Table 4). The temperature and salinity for April 1967 contribute 

to the overall picture of the annual temperature and salinity cycle. 

Paelopatides is assumed to be a deposit- feeder, ingesting the 

surface sediment. In order to study variation in the food supply as 

a possible trigger for the reproductive process, sediment samples 

were obtained with a Fowler -Kulm multiple corer (Fowler and Kulm, 

1966) and analyzed for organic carbon. 

The multiple corer consisting of five barrels with plastic 

liner (5. 1 cm inside diameter) in each barrel (Figure 4), was low- 

ered over the side of the ship with 3/16 inch (4. 8 mm) steel cable 

on a motorized winch. When approximately ten meters from the 

bottom, the corer was allowed to free -fall into the sediment. 



15 

Aboard ship each plastic liner containing a sediment sample was 
removed from the corer and placed on a stand for easier handling. 
A 1/4 inch (6.3 mm) diameter rubber tubing was used to siphon off 

a flocculent layer on the sediment surface from all four barrels. 
This flocculent sample was deep- frozen for future organic carbon 
estimates. 

The core was then extruded and the top one centimeter of 

consolidated surface sediment lifted off four randomly picked cores 
and was placed in a pint glass jar and deep- frozen for future organic 
carbon analyses. Sufficient material for determination of organic 
carbon was thus obtained. 

A LECO induction furnace and gas analyzer were used to deter- 
mine the percent (by weight) of organic carbon (Curl, 1962) in the 

sediment. Subsamples of both the frozen sediment and flocculent 
layer were placed in disposable paper cups and dried in a CENCO 

forced air oven at 65°C for three days. After drying the subsamples 
were removed and ground with mortar and pestle, weighed on a 

Mettler analytical balance on glzscline powder paper in O. 25 or 0.50 
gram lots, and then stored in a desiccator until time for organic 

analysis. 

The weighed samples were placed in ceramic crucibles and 

burned in the LECO induction furnace. The resulting carbon diox- 
ide was trapped and measured in the gas burette to determine the 
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total carbon present in the sample. 

Another subsample was used to determine CaCO3 content by 

measurement of CO2 produced by acidification of the sample. The 

sample was heated, 6N HCL added and stirred vigorously. CO2 was 

again liberated and conducted to the gas burette for measurement. 
Organic carbon was estimated by subtracting the CaCO3 carbon from 
the total carbon in the sediment. 

Laboratory Analyses 

Seventeen or more individual sea cucumbers were used from 
each seasonal collection for the analysis of reproductive activity. 

Length, width, and wet weights of each specimen were determined 

initially. 

The gonads were then removed by opening each individual 

anterio - posteriorly down the ventral side of the body. By entering 
the body cavity through the ventral side no damage occurred to the 

gonad which is located along the anterio - posterior axis and attached 

to the dorsal mesentary. The gonad was carefully removed from 
each animal and placed in an individual vial containing 10% formalin 

for later determination of the reproductive state. 

Three methods were used in determining the course of the 

reproductive cycle of Paelopatides: (1) gonad index, (2) egg appear- 
ance and diameter, and (3) gonad histology. In the first method the 
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ratio of the volume (in ml) of gonadal tissue to the dry weight (in gr) 

of the whole sea cucumber was determined; this ratio, called the 

gonad index (GI) (Moore, 1937), is based on the assumption that 
gonads build up in size for spawning. Following spawning, the gonads 

retrogress and are much reduced in size; then they build up again for 
the next spawning period (Hyman, 1955). Volume of each gonad was 

measured by displacement of fluid and found to range from negligible 
to 4. 5 ml. 

Dry weight of the whole animal minus gut and gonad was 

obtained for each animal. As the amount of sediment in the gut of 

the animals varied considerably, it could affect significantly the 

weight of the specimen. The body of each individual minus the gut 

and gonad was dried in a disposable aluminum container in a drying 
oven at 65° C for one week. After one week successive weighings 

demonstrated that the individual dry weights varied only 2%. 

The second criterion for reproductive activity was based on 

the general appearance of the eggs in the gonad and the egg diameter. 
Eggs with the largest diameter are considered to be ripe. Size 

ranges were determined; reproductive stages were defined accord- 
ing to the size groups of oocytes. Percentages of animals in each 

reproductive stage were then calculated. 

Fifty eggs were measured in the tubules for each of the 122 

animals. These eggs were teased from the gonad and randomly 



18 

measured with a dissecting microscope using an ocular micrometer. 
Egg diameters ranged from 0 to 1.44 mm. The eggs were not pro- 
vided with a fertilization membrane. They were full of yolk material 
and opaque so that internal changes could not be determined. 

Costello (1957) objected to the use of the egg diameters as a 

criterion of the reproductive cycle because large size alone does not 
guarantee the egg to be ripe and fertilizable. However, when used 
with other criteria, such data provide a more complete description 
of the reproductive activity. 

The third criterion was based on a study of histological prepa- 
rations. Since there is no previous work on the reproductive activity 
of Paelopatides, it became necessary to determine a reference point. 
By examining many stained sections of five gonads from each sea- 
son, I could define the stage in the gonadal cycle within the following 

categories: (a) growth or gametogenesis beginning, (b) gonads con- 
taining ripe gametes, (c) free gametes present in gonads and ducts, 
(d) gonads spawning or partially spawned out, (e) gonads completely 
spent (Giese, 1959). 

Five gonads were randomly selected from the samples from 
each season except for the fall where a total of seven gonads from 
October 1966 and October 1967 were grouped together. Tissues were 
fixed in buffered neutral formalin (nine parts distilled water and one 

part 100% formalin neutralized with monobasic and dibasic sodium 
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phosphate). The tissues were then washed in tap water and embedded 
in agar. The agar was embedded in paraffin for rigidity and sec- 
tioned at l011 with a rotary or freezing microtome. The sections 

were then stained with iron hematoxylin and alcoholic eosin. 

Analysis of Data 

The significance of the gonad index and related phenomena was 

tested statistically. An analysis of variance (Petersen, 1967) was 

undertaken to analyze possible periodic changes in gonad index with 

the effect of size of the animals "minimized" and secondly the effect 

of size with the seasons "minimized ". A regression analysis was 

used to determine if a linear relationship existed between gonad 

index and gonad volume with the length and weight of the animals. 
The two methods were integrated into a Least Squares program 

for use with the CDC 3300 computer. 



20 

III. RESULTS 

Description of Animals 

Animal Abundance and Size 

The lengths and numbers of animals in each sample are plotted 
in Figure 5. The average length of animals is quite similar in the 

five samples. No age groups could be discerned by length frequency 
analysis. This is probably due to a large population of slowly grow- 

ing adults and small continuous recruitment of young into the popula- 
tion. These factors would blur the age groups. 

Photographs of the bottom at NH -65, taken May, 1967, with an 

Edgerton, Germeshausen and Grier deep sea camera system (model 

200), reveal that Paelopatides sp. lives on the top of the sediment 
surface (Figure 1) (Carey, unpublished data). The animals were 
widely scattered over the bottom, and no aggregation in numbers or 

segregation by size were discernible in the photographs. The numer- 
ical density of animals determined from 268 photographs appeared to 
be about one animal per 2, 200 square meters. 

Anatomy of the Gonad 

One hundred and twenty -two animals were dissected; 15 of these 
animals lacked gonads, probably caused by evisceration (Table 1). 
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Table 1. Total number of animals examined with the date and location of collection. 
Date Locations Depth No. of No. of animals used 

animals in Gonad analysis 
Smears Histology 

1966 

1967 

1967 

1967 

1967 

10 -12 

1 -9 

4 -5 

7 -25 

10 -29 

44°39.1' lat. 
125°35.0' long. 

44 ° 39.6' lat. 
125°34.2' long. 

44 ° 44.4' lat. 
125°35.5' long. 

44°45.2' lat. 
125 ° 3 6. 7' long. 

44°49.0' lat. 
125°39.5' long. 

2862 ni 

2830 m 

2810 m 

2810 m 

2810 m 

17 15 

31 28 

20 18 

32 26 

22 20 

5 

5 

5 

5 

2 

N 
N 
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The gonad is located anteriorly in the coelom in the dorsal inter - 

radius. The gonad is composed of a large cluster of multi- branched 

tubules joined together at the end of the gonoduct and attached to the 

left side of the dorsal mesentary (Figure 6). The gonad is suspended 

from the anterior region of the gut. The tubule walls are lined with 

germinal epithelium; they contain muscle fibers and are covered 

externally with peritoneum. The gonoduct runs dorsally to the 

gonopore which is located mid - dorsally behind the tentacular collar 

(Figure 7). Gonad color ranges from white to clear, and females 

can be identified by observing eggs through the tubule walls. 

Gonad Changes 

Oogenesis 

Oocytes of many sizes are present in the ovaries throughout 

the year; ovaries in the spent condition are the one exception to this. 

Two distinct size classes of oocytes are apparent in the ovarian 

smears: (1) larger, opaque, yolk - filled ones and (2) smaller, semi- 

transparent ones. 

Only two cell stages of oogenesis were found in the histological 

sections of 22 ovaries: oogonia and primary oocytes (Figure 8). No 

other stages were discernible. The oogonia are always present 

along the follicle wall scattered in small numbers. Primary oocytes, 
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Pollan vesicles 

Gut 

Gonad 

Longitudinal 
muscle band 

Cloaca 

25 



26 

8a. Growing stage 

8c. Growing stage 

8b. Spent stage 

8d. Mature stage 

Figure 8. Histological sections of the ovaries. 
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characterized by an extremely large nucleus ( -35k) and a nucleolus, 

range in diameter from about 0.16 mm to 1.44 mm. A mature 

oocyte is very large and yolky (-1.40 mm). Spawning releases all 

the oocytes, and a spent gonad is completely void of primary oocytes. 

A careful study of the histological sections revealed that differ- 

ent gonad follicles of the same animal exhibit a widely different de- 

gree of development, though no definite pattern could be discerned. 

Formation of functional gametes shows no pattern in the gonad. 

Some tubules may be highly developed with ripe ova, while in the 

same animal other tubules are in earlier stages of development. 

Large yolk - filled primary oocytes can be found irregularly dispersed 

in a tubule with other smaller oocytes. Again no pattern is followed. 

Discrete size classes of oocytes are evident in the smears of 

the ovaries. The sizes were estimated by randomly counting and 

measuring the diameter of 50 oocytes per animal. The size range, 

0 to 1.44 mm, was divided into three groups: 0.16 mm to O. 60 mm, 

0.75 mm to 1.39 mm, and larger than 1.40 mm. There were no 

eggs between O. 60 and O. 75 mm in size; eggs larger than 1.40 mm 

were very uniform in diameter. 

The development of the ovaries in the population was followed 

b y measuring the oocytes in the animals collected and arbitrarily 
classifying the gonads into three stages based on egg diameter: 

(a) growing oocytes, (b) mature and shedding stage, and (c) the 
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spent stage. It was assumed that the size distribution of the oocytes 

of each generation is normal, and animals were classified only when 

more than 80% of the oocytes were in the same degree of ripeness. 

Histological sections were compared to the three arbitrary stages 

and seemed to justify them as progressive stages. 

A resting stage could not be determined. In Paelopatides sp., 

a spent gonad is completely void of primary oocytes. The tubules 

are in a contracted state. The resting stage is defined by Tanaka 

(1958) as that stage where the gonad of both males and females are 

shrunken significantly. A distinction between spent and resting stage 

could not be made. 

The three stages observed can be described as follows: 

(a) Growing stage. The follicle wall protrudes towards the 

lumen of the tubules. The nucleus and nucleolus are clearly seen 

in all oocytes. In the histological sections, many oocytes appear 

still connected to the follicle wall. A young oocyte is less than 0. 24 

mm in diameter. It was found that the mean egg diameter increases 

with size of animals (Figure 9). 

The proportion of animals in the growing stage for the five 

samples was 57% in October 1966, 49% in January 1967, 30% in 

April 1967, 53% in July 1967, and 49% in October 1967, suggesting 

that growth of the gonad is continuous throughout the year (Table 2). 

(b) Mature and shedding stages. In the mature stage the 

, 
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Figure 9a. Increase. in mean egg diameter with length of Paelopatides sp. 
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Figure 9b. Increase in mean egg diameter with length of Paelopatides sp. 
for Winter, 1967. Line drawn by Least Squares. 
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Figure 9c. Increase in egg diameter with length of Paelopatides sp. 
for Spring 1967. line drawn by Least Squares. 
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diameter of the tubule wall is enlarged and full of large oocytes 

which have one nucleus and nucleolus. Egg diameter ranges from 

0.75 mm to 1.39 mm. The greatest number of mature eggs found 

in an ovary was 127. Immature. ova, if present, were usually located 

in the anterior end of the gonad. However, in a few gonads immature 

oocytes were found growing along the ripe ova. Ova in earlier stages 

of oogenesis were practically non - existent. 

Table 2. Percentage of animals in the reproductive stages 

Date 
Growing 

stage 

Mature and 
shedding 
stage 

Spent 
stage 

1966 
10-12 57% 25% 18% 

1967 
1-9 49% 28% 23% 

1967 
4-5 30% 43% 27% 

1967 
7-25 53% 20% 2 7% 

1967 
10-29 49% 25% 26% 

In the shedding stage, the ripe ova appear loose in the 

tubules. The ova are round in shape and uniform in diameter (i. e. , 

1.40 mm) having one nucleus and nucleolus. The shedding stage was 

not placed in a separate classification because there was no evidence 
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that these are spawning individuals. The ova may be stored in this 
state for long periods of time. It is thought that development is slow 

in the deep sea (Moore, 1958). 

The proportion of animals in the mature- shedding stage for 
the five samples was 25% in October 1966, 28% in January 1967, 43% 

in April 1967, 20% in July 1967, and 25% in October 1967 (Table 2). 

These data again indicate reproductive activity over the entire year. 
The percent of individuals in the mature stage for April is much 

higher than the other samples. This may represent a period of 

maximal breeding; it coincides with a high gonad index (21.5) and a 

high percentage of spent animals (27 %) for the same period. This 

seems to reinforce the possibility of maximal breeding occurring 
during this period. The gonad index for July (i. e. , 22.4) is slightly 
higher than that for April, but the number of animals in the mature 
stage for July is only 20 %. The gonad index will be discussed more 
fully later in this section. 

(c) Spent stage. In this stage there are no unspawned ova in the 

tubules. The tubule wall is very thin and in a contracted state; it 

appears partially segmented. Microscopic observations reveal the 

following number of animals in the spent condition: 18% in October 

1966, 23% in January 1967, 27% in April 1967, 27% in July 1967, and 

26% in October 1967 (Table 2). These data again indicate reproduc- 
tive activity throughout the year. 
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The value (18 %) for October 1966 is unusually low. This is 

reflected in the high percentage (57%) of animals in the growing stage 

for that month. 

Males 

None of the 122 individuals examined could be shown to have 

male reproductive organs or tissues, so that information on the male 

germ cell production is completely unknown. Detailed microscopic 

study of gonad smears of 107 animals and histological sections of 22 

animals failed to show any structures that could possibly be consid- 

ered male. 

Histological sections were made from 22 gonads taken from 

throughout the year. These gonads were found to be in three stages 

of development: (1) gametogenesis beginning, (2) growing stage, or 

(3) mature stage. All gonads were found to be female. There was 

no sign of hermaphrodism. Even in the smallest animal sampled 

(5. 0 cm in length), the gonad contained only young oocytes. 

In a well - developed gonad, the tubules are transparent and the 

oocytes can be seen clearly with their large nucleus. Smaller gonads 

do not have clear tubules, so they were teased for their gametes and 

used in smears. No stages of spermatogenesis were found. 

Sex determination and differentiation in many marine animals 

follow unusual patterns (Montalenti, 1960). Cognetti (1954) has 
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observed proterogynic hermaphrodism in the asteroid, Asterina 

pancerii, in which an initial female phase is followed by a short 

male phase. Barnes (1963) mentions that the holothurian, Cucumaria 

laevigata, is believed proterogynic with a testicular portion of the 

gonad forming as coelomocytes destroy a preceding female section. 

Sperm production then occurs following egg production. 

Gonad Index 

Figure 10 shows the changes in the relative gonad index (= gonad 

volume X 100 /dry body weight minus gut and gonads) in the samples 

collected for this study. The means of the gonad indices increase 
from October to July 1967. This study was limited to one year so 

no information is available to show if the gonad index will increase 
gradually through the next winter. 

All the sea cucumbers used in determining the gonad index 

were mature (possessed adult characteristics), varying in dry weight 

from 0. 248 grams to 10. 594 grams. Gonad volumes ranged from 

negligible to 4. 5 milliliters. Even in a population of mature animals 

of similar size there is a considerable variability in gonadal develop- 

ment at a given time. During the period, some individuals contained 

well - developed and large gonads, whereas others had shrunken or 

underdeveloped ones. The variability of gonad size is considerably 

smaller when the gonads are immature or spent. 
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The gonad index of three animals from the January 1967, sam- 
ple were unusually high. The gonad of one of these animals was sec- 
tioned and found to be similar histologically to other animals with 

much smaller gonad volume taken during this period. 

The increase in gonad indices from fall to summer may not be 

accurate. The gonad index of the fall 1966 sample, in particular, 
consists of some of the smallest animals sampled. The mean size 
of the animals in the fall, 1966 sample is smaller than for the other 

samples; this would tend to decrease the mean gonad index. Small 

animals tend to have proportionately smaller gonad indices (Figure 

11); therefore the value for October 1966, is probably low. 

The gradual increase in mean gonad indices from October 1966 

to July 1967 indicates that the gonads are building up in size for 

spawning. However the percentage of animals in the different repro- 
ductive stages for the four seasons suggest year -round spawning for 
a portion of the population (Table 2). The gradual increase in mean 

gonad index suggests a gradual climb to maximal breeding during 

the spring months to July although some of the population is breeding 

throughout the year. 

A variant of the gonad index method involving the relation 

between gonad volume and some linear dimension of the animal was 

attempted. The only correlation that could be found was the increase 
of the gonad index with length of the animals. 
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Figure 11a. Gonad index increase with length of Paelopatides sp. 
for Fall 1966. Line drawn by Least Squares. 
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for Spring 1967. Line drawn by Least Squares. 
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Statistical Analysis 

A statistical analysis was run to determine the significance of 

the gradual increase in gonad index over the year and to analyze peri- 
odic changes in gonad index with the effect of size "minimized ", and 
secondly the effect of size with the effects of season "minimized ". 

An analysis of variance suggested a seasonal effect on the gonad 
index at both the 1% and 5% levels for the winter, spring, and summer 
samples (Table 3). This would seem to correspond to the maximal 
breeding that occurs in the spring and probably part of the summer. 

Since the size, range, and frequency of the animals in the 

samples could not be kept constant, it is possible that some of the 

differences between the gonad indices for the five samples are due 

to differences in the sizes of the animals. A regression analysis 
has shown that the increase of gonad index with increase in length is 

significant at the 1% level. The same test was run on dry weight 
(minus gut). Increase in gonad index with increase in dry weight of 

animals is significant for October 1966, April, July and October 
1967 at the 1% level. However, the increase is insignificant for 
January at the 1% level. 

The samples of this study with relatively more small animals, 

especially that of October 1966, probably have smaller mean gonad 

indices than they would if they had been comprised of a greater 
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proportion of larger animals. However, the seasonal changes 

appear to be a real feature of the reproductive cycle of Paelopatides. 

Table 3. An analysis of variance table with seasonal results. 

Source Degree of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Season 
Error 

3 

76 

.02957 
4.11125 

.00986 

.05410 
Total 79 4. 14082 

Number 12.000 22.000 17.000 29.000 
Least Squares 
Difference (LSD) LSD 05 = .07285 LSD 01 = . 09639 

Fall Winter Spring Summer 
Season LSD .111 . 168 . 167 . 155 

Environmental Factors 

The factors which induce the reproductive condition and events 

which occur in a reproductive cycle can be categorized as: (1) a 

series of endogenous or internal events which build up inside the 

organism; (2) the operation of various exogenous factors of the 

environment such as temperature, light, salinity, and food availa- 

bility; or (3) a combination of endogenous or exogenous factors. It 

is of interest to correlate the growth of the gonads with temperature, 

salinity, or food supply to determine what factors might control the 
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cyclical phenomenon noted. As far as the effect of an endogenous 

factor (biological clock) is concerned, there are no experimental 

data available. 

Temperature 

Variations in temperature of the habitat of Paelopatides sp. 

were studied at the same time the specimens were collected. Tem- 

perature was obtained about 30 cm from the bottom for all collections 

of Paelopatides sp. except April 1967. This value was inferred from 

data taken 200 meters off the bottom in hydrographic studies (Depart- 

ment of Oceanography, Oregon State University, unpublished data). 

Temperature and salinity data are presented in Table 4. 

Table 4. Variation of temperature and salinity from October 1966 
to October 1967 at NH -65. 

Date Temp (C°) Salinity %o 

10 -12 
1966 1.68 34. 662 
1 -9 
1967 1.81 34.656 
4 -5 
1967 1.75 34. 641 

7 -25 
1967 1.74 34.596 
10 -29 
1967 1.71 34.078 
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The temperature varies less than 0.13°C. from October to 

October. This variation must be called small from a biological 

point of view. The lack of periodicity in the homothermal environ- 

ment of the abyss has long been recognized (Sverdrup, 1942). Tem- 

perature is probably not a significant factor in the reproductive activ- 

ity of Paelopatides sp. However, the temperature values have been 

taken at seasonal intervals and one cannot assume what happens dur- 

ing the time between observations, nor can one say with certainty that 

these animals are insensitive to minute temperature fluctuations. 

Salinity 

Variations in salinity were studied at the same time Paelopatides 

sp. were collected. All values come from 30 cm above the bottom 

except for April 1967. Like the temperature, this value was inferred 
from hydrographic data from 200 meters above the bottom. Table 4 

shows that the variation in salinity between October 1966 and October 

1967 varied only 0.584%0 S. The greatest seasonal variation was 

between July and October 1967 (0.518%0 S.). This variation must 

be called negligible from an ecological point of view. Koczy (1950) 

has written that the very slight variations in the salinity close to 

the bottom cannot be of any biological importance. 
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Food Supply 

Paelopatides is a deposit feeder, ingesting the surface sediment 

(Carey, personal communication). Though organic carbon in the sedi- 

ment is probably not the complete food supply of Paelopatides, and is 

not all utilizable as food, it is an indicator of the available food sup- 

ply. The organic carbon was determined from sediment samples ob- 

tained seasonally with a Fowler -Kulm multiple corer (Fowler and 

Kulm, 1966). Results are in Table 5. Values range from 3.3% to 

3. 7% by weight for the flocculent layer, and 1.3% to 1. 9% by weight 

for the top one centimeter of consolidated sediment. Although these 
are small differences in the organic content from time to time, these 
may simply reflect differences in sampling area, and present data 

are insufficient to correlate with reproductive activity. 

No feeding studies were made, but deep sea photographs show 

Paelopatides sp. on the surface and it probably feeds from the surface 
and does not burrow into it. The large variation (31.5 %) in organic 

material in the upper one centimeter of consolidated sediment may 

trigger some aspect of the reproductive process, but the significance 

cannot be determined with present evidence. A longer study is neces- 
sary. 
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Table 5. Fluctuations in the average percent organic carbon in the 
sediment at NH -65 from October 12, 1966 to October 29, 
1967 (Percent by weight.), 

Date Flocculent 
layer 

Top consolidated 
layer 

1966 
10-12 3. 7 1.9 
1967 
1 -9 3.3 1.3 
1967 
4 -5 3.5 1.5 
1967 
7 -25 3.5 1.5 
1967 
10 -29 3.4 1.8 
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IV. DISCUSSION 

Systematic records of breeding in deep sea animals are not 

yet available. Only scanty results are found in the literature on a 

few deep sea invertebrate species (Thorson, 1950). The echinoderms 

have been the best studied and discussed in this research area. Re- 

sults indicate that many have continuous breeding and produce large 

yolky eggs; many brood their young (Thorson, 1950). Orton (1920) 

has suggested that where biological conditions do not vary signifi- 
cantly, marine animals will breed continuously. 

In the tropics where environmental conditions are fairly stable, 

many marine invertebrates show no apparent periodicity in their 
breeding (Paul, 1942). Stephenson (1934) studying the breeding of 

echinoderms, coelenterates, molluscs and crustaceans in the Low 

Isles of the Great Barrier Reef off Australia observed that breeding 

takes place in every month of the year, with many forms such as 

the crustacean, Thalamito stimpsoni, and the coelenterates, 

Myrionema amboinensa and Poriles haddoni, more active in one 

part of the year than the remainder. 

Aiyar (1935) found that he could obtain ripe gametes from the 

tropical coastal echinoid, Salmacis bicolar, in all months of the 

year with an intense breeding period in the summer months. Hyman 

(1955) is of the opinion that two tropical species of holothurians, 
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Synapta hydriformis and Chiridota rotifera, breed throughout the 

year. 

There are indications that continuous breeding exists in the 

deep sea. Hjort (1912) has found many deep sea fishes sexually 

mature at a minute size of only a few centimeters. This suggests 

possible continuous breeding. A species of Cyclothone, a deep -sea 

fish (2000 m), shows continuous breeding with more forms ripe at 

one period of the year than the rest. Jespersen and Tanning (1926) 

discovered that the fish, Maurolicus pennanti, spawning throughout 

the year in the deep Mediterranean. Sanzo (193 5) found the same 

condition but noted that the winter ovaries were more developed than 

those at other seasons. 

Mortensen (1921) is of the opinion that the deep sea echinoid, 

Laganum diplopora, breeds continuously throughout the year and 

produces pelagic larvae. Runnstrom (in Thorson, 1950) has found 

the holothurian, Leptosynapta inhaerens , to breed continuously 

through the year. This abyssal animal produces small eggs but 

shows non - pelagic development. 

Madsen (1956) found that the abyssal asteroids, the Porcel- 
lanasteridae, produce small numbers of large yolky eggs throughout 

the whole year. He assumed that non - pelagic development is the 

general rule for all truly abyssal species, and according to the 

egg -sizes of the Porcellanasteridae, considered these forms to 
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also follow the rule. 

Paelopatides sp. produces a small number of large, yolky eggs 

and breeds continuously throughout the year with a maximal breeding 

period suggested in the spring months. The fact that Paelopatides sp. 

was found to breed asynchronously, i. e. , some individuals in early 

stages of maturation, some getting ready to spawn, some spawning, 

and still others spent, indicated an extended breeding season. 

Paelopatides sp. shows a similar reproductive pattern to those 

abyssal species for which data are available. It spawns continuously 

throughout the year. The statistical analysis demonstrated that 

there might be a maximum in reproductive activity occurring during 

the spring and summer months. This suggests that some environ- 

mental factor or factors are involved. Temperature, salinity and 

food supply were considered during this investigation as possible 

factors inducing some aspect of the reproductive process. 

The importance of seasonal temperature fluctuations for syn- 

chronization of the reproductive periodicities of marine temperate 

species has been shown in many studies as reviewed by Thorson 

(1950), Gunter (195 7) and Giese (1959). 

Salinity has been shown to affect reproduction but to a lesser 

degree than temperature (Remane, 1940). Diurnal and annual salin- 

ity variations are usually not as pronounced and as regular as 

temperature variations in the oceanic environment. 
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It has become increasingly evident from numerous papers 
(Kinne, 1956, McLeese, 1956) that both factors should be consid- 

ered together. There exists a complex correlation between the 

biological effects of temperature and salinity: temperature can 

modify the effect of salinity and change the salinity range of an 

organism; and salinity can modify the effects of temperature. The 

abyssal zone, however, is usually considered to be stenothermal 
and stenohaline over long time periods (Sverdrup, 1942). 

Temperature and salinity data obtained at the bottom at NH- 65 

demonstrate the lack of significant environmental periodicity in the 

abyss (Table 4) . It could be concluded that temperature and/or 
salinity are not significant factors in the reproductive activity of 

Paelopatides sp. However, temperature was measured only at 
seasonal intervals and it is not known what happens between obser- 
vations. It has been recognized that the gradient or range of tem- 
perature is important (Kinne, 1963). A slowly rising or falling 

temperature can induce gonadal development, and then a sharper or 

more sudden change in the same direction may lead to spawning. 

Yamamoto (1951) stated that spawning in the scallop Pecten yesso- 

ensis is induced by a sudden rise of 0.5°C. within the effective tern- 
perature range at a depth of 900 meters and that the stimulus is most 

effective at the time of greatest gonadal development. 

The greatest change measured in the present study was 0.13° C. 
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between October 1966 and January 1967. However, there is the 

possibility of a greater change occurring during the period when no 

observations were taken. The possible effect of temperature in 

timing the reproductive cycle of Paelopatides sp. is not excluded. 

Fluctuations of food are often suggested as being important 
for the synchronization of the reproductive activity in deep sea 
animals (Giese, 1959). In the present study a large variation (31.5%) 

was found in the average percent of organic carbon of the top one 

centimeter of sediment between fall and winter, but the significance 

of this variation on the reproductive activity of Paelopatides sp. is 

not clear. 

The importance of food for larvae must also be considered as 

a factor of some significance for benthic fauna and one which might 

account for timing of some aspect of the reproductive cycle, although 

causative factors and relationships are obscure in past work 

(Boolootian et al. , 1959). 

Since Paelopatides sp. were not kept alive in the laboratory 
and no males were found, nothing is known of its larvae. Thorson 

(1950) writes that the dominance of non - pelagic development found 

in the arctic and Antarctic seas seems also to hold for the deep sea. 

The mature egg of Paelopatides sp. is very yolky, and the larva may 

be independent of its environment for food for a long time. How- 

ever, Mortensen (1931) has suggested that large yolky eggs are, 
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per se, not proof of non - pelagic development. Mortensen discovered 
that the echinoid, Brisaster fragilis , has a pelagic larval stage 
even though it produces large yolky eggs, and in neritic waters 
yolky eggs often float to the surface and have pelagic larvae. 
Marshall (1954) states that pelagic larvae are known in the benthic 

deep sea (2000 m) decapod crustaceans, the Eryonidae. Eryoneicus 
spinoculatus produces large yolky eggs and its larvae have been taken 
in mid -water nets fishing at 600 meters. Examination of the stomach 
contents of several E. spinoculatus larvae revealed diatoms, various 
protozoa, and stinging cells of siphonophores. This study also re- 
vealed that as the larvae grew, there was a descent into deeper wa- 

ters. Runnstrom (in Thorson, 1950) has shown that holothurian 
Leptosynapta inhaerens has direct development in spite of very small 
eggs. Thus there are exceptions to the rule. 

Since phytoplankton can only assimilate and multiply in the 

uppermost water layers, only these layers seem sufficiently rich in 

food to support a long pelagic larval development. If a deep -sea 
species reproduces with planktotrophic larvae with a long pelagic 
life, the larvae will have to rise through the water column often 

2000 to 4000 meters above the bottom to the food - producing surface 
layer. The same distance would be travelled in descent to the 

bottom after completion of their pelagic life. During the ascent 
and descent the larvae are exposed to the lack of food in the 
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midwater and to predators. 

It is unlikely that Paelopatides sp. has a pelagic larval stage 
and utilize plankton as a food supply. However, the nature of its 
larval stage can only be determined by maintaining Paelopatides sp. 

in the laboratory and identifying the larvae and its development. 

Then collections for the larvae can be made in the surface waters 
or near the bottom. 

This paper reiterates the apparent singular lack of correlation 
between periodicity of the reproductive process of echinoderms and 

ecological factors found by workers in this field (Giese, 1959). It 

is difficult to distinguish whether a factor which correlates with the 

process is triggering the animals to ripen their sexual products, or 
is inducing the animals to spawn where the environment shows such 

small change. 

As males were not found, a complete description of the repro- 
ductive activity of Paelopatides sp. is not possible at this time. 
Problems of sex determination and differentiation have plagued many 

researchers over the years (Montalenti, 1960). In studying life 

cycles of some organisms, researchers found they could not deline- 
ate the reproductive cycle because either no males or females could 

be found or because the animals possessed some kind of sex reversal 
or simultaneous functional hermaphrodism which could not be deter- 
mined. 
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Probably the most detailed account of sex determination in 

echinoderms is by Bacci (1951) on the starfish, Asterina gibbosa, 

one of the few examples of hermaphrodism in this phylum. At 

Naples, Italy, Bacci found a population of Asterina with sex rever- 
sal occurring in all sizes, whereas in a population from Plymouth, 

England, it occurred only between the sizes 9 and 16 mm. The 

transitional phase, in which both male and female germ cells are to 

be found in the gonad, is short; this explains why it has been over- 

looked by the majority of observers. Bacci concluded that the time 

at which sex reversal occurs is caused genetically but that it can be 

modified by environmental factors. 

Whether Paelopatides sp. shows a transitory sex reversal or 

whether no males were found due to sampling procedures cannot be 

determined from this study. The mesh size of the otter trawl deter- 
mined the size of the animals collected. There is the possibility 

that very small functional males may not be retained in the net. 

However, no males were found in 122 individuals studied; it is 

hypothesized that a possible sex reversal takes place. In future 

study it will be necessary to look for two possibilities: (1) pro - 

tandry, individuals are first functional males then become females, 

or (2) proterogyny, individuals are first females then become males. 
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V. SUMMARY 

Results of this study have shown Paelopatides sp. spawns 

continuously through the year; a maximal spawning occurs in the 

spring. 

Three methods were used in determining the course of the 

reproductive activity for Paelopatides sp. The first method was 

based on the criteria of the general appearance of eggs in the gonad 

and egg diameter as a measure of reproductive activity. Data ob- 

tained suggest that reproductive activity occurs continually over 

the year with a maximum in spawning occurring in the spring. 

The second method for assessing the reproductive condition 

was based upon the ratio of gonad size to body weight. It was as- 
sumed that in individuals large enough to be mature, a spent or 

immature gonad is small, whereas a ripe gonad is large and well - 

developed. Spent gonads are assumed to have lost their gametes 

through spawning. The gonad index, obtained with this method, is 

considered to be a measure of the average state of the reproductive 

population in each sample. 

The mean gonad index for Paelopatides sp. gradually increased 
from October 1966, to July 1967. This increase represents a climb 

to maximal spawning during the spring months; however some por- 
tion of the population mature continuously throughout the year. 
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The third criterion for reproductive activity was gonad state 

as determined by a study of histological preparations of the gonad 

tubules. Since there has been no previous work on the reproductive 

activity of Paelopatides sp., a reference point in the activity was 

determined by study of sections of 22 gonads. No males were 

present in the samples collected. 

A statistical analysis of variance was run on the data to deter- 
mine if there was a seasonal reproductive activity for Paelopatides 

sp. Results of the statistical test show that there is a significant 

seasonal effect on the gonad index of Paelopatides sp. at the 1% 

level for winter and spring. 

Attempts were made to correlate the activity of Paeloptatides 

sp. with various factors of the bottom environment, however, no 

correlation could be demonstrated. The lack of correlation with 

temperature and salinity suggested that their cyclic variation was 

insignificant from a biological point of view, but substantiating data 

are needed. The importance of food for larvae and gonadal develop- 

ment was studied. Relationships and causative factors are obscure 

in this case. Studies on the relation between food and spawning and 

the reproductive cycle indicate an interesting field for further inves- 

tigations. 
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APPENDIX 

Season 

1966 Fall 

Length 
(cm) 

Width 
(cm) 

Wet 
weight 
(gr) 

Dry 
weight 

(gr) 

Gonad Egg 
volume diameter 
(ml) (mm) 

1 14.2 5.4 68.9 4.08 0.15 0.36 
2 12.6 3.7 54.8 negligible 0.16 
3 17.1 7.4 273.8 10.59 0.10 0.16 
4 10.3 4.6 65.0 3.52 0.05 0,20 
5 13.1 4.2 85.4 6.25 0.30 0.28 
6 11.9 4.4 84.0 5.17 0.30 0.38 
7 14.5 5. 7 137.4 5. 53 4.50 1.40 
8 13.0 4.5 80.7 4.89 0.40 1.24 
9 14.9 5.0 145.4 7.23 0.50 1.28 

10 13. 9 4. 6 77. 6 -- negligible 0.16 
11 13.5 4. 2 74.9 4. 64 0. 20 0. 32 
12 9.3 3.3 39.1 2.11 0.20 0.16 
13 13.1 5.5 108.3 5.80 0.40 0.28 
14 5.0 2.3 7.5 0.34 0.05 0.20 
15 5.0 2.3 6.9 0.28 0.15 0.16 
16 11.2 4. 5 61.6 3. 4 7 0. 10 empty 
17 11.3 3.9 55.3 4.21 0.05 empty 

1967 Winter 
1 11.5 5.4 96.1 4.50 1.0 1.40 
2 14.6 5.4 172. 2 2. 80 0. 50 0 20 
3 14.7 6.6 184.3 3.15 0.20 0.16 
4 12.0 4.5 69.7 1.85 0.05 0.16 
5 16.1 4. 6 147. 1 4. 74 1.30 1,40 
6 12.3 4.9 97.1 4.61 0.30 0.48 
7 13.8 5. 9 125.3 5. 67 0. 05 empty 
8 12.2 4. 1 63.2 3. 63 0. 10 0,16 
9 11.4 4.4 66.6 3.21 0.15 0.24 

10 12.6 4.7 71.9 2.80 0.05 0.20 
11 13.8 4.9 100.7 3.25 0.10 empty 
12 10.8 3.0 31.1 1.80 0.05 empty 
13 12.2 6.0 82.7 2.46 0.50 0.16 
14 12.4 4.0 64.5 2.14 0.40 0.28 
15 11.1 4.1 62.8 2.12 1.10 1.40 
16 12.4 4.0 58.2 3.38 Missing 
17 12.1 3.9 67.2 2.36 0.10 0.24 
18 13.7 4. 5 68.1 2.4 6 0. 05 empty 
19 12.0 4.3 55.7 2.27 0.40 0.32 

-- 
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Season Length 
(cm) 

Winter (Cont'd) 

Width 
(cm) 

Wet 
weight 

(gr) 

Dry 
weight 

(gr) 

Gonad Egg 
volume diameter 

(ml) (mm) 

20 11.8 3. 8 4 7. 3 1. 75 negligible O. 16 
21 12.5 3.6 51.1 1.67 2.00 1.40 
22 10.9 3.8 42.6 1.74 0.05 0.20 
23 12.5 3. 7 50. 0 2. 04 0. 10 0. 24 
24 11.1 2.5 35.7 1.53 0.30 0.24 
25 11.2 3. 0 38, 3 1. 65 Missing 
26 11.8 4.1 38.7 1.96 Missing -- 
27 10.7 3.0 29.2 1.56 0.05 0.24 
28 10.7 3.5 36.4 1.56 0.30 0.24 
29 12.1 2.9 39.2 2.42 0.15 0.20 
30 13.8 4.3 66.2 2.36 0.50 0.36 
31 12.0 3. 0 41.1 2. 32 0. 10 empty 

1967 Spring 
1 15.0 5. 3 202.2 5.44 0.50 0. 3 6 
2 14.2 5. 2 176.8 4. 54 1.00 1. 32 
3 13.5 5.3 141.0 3.03 2.00 1.44 
4 12.4 5.7 133.5 3.65 0.30 0.16 
5 11.0 2. 9 65. 7 1. 71 0. 70 1.40 
6 12.9 5.4 173.0 4.16 1.45 1.32 
7 13.2 4.7 146.1 2.96 0.05 empty 
8 10.5 4.0 101.8 2.62 0.50 0.72 
9 13.8 5. 0 143.9 3. 5 7 0. 70 0. 75 

10 10.9 3.4 40.6 1.97 0.10 0.24 
11 9.4 5.9 122.1 3.17 0.05 0.17 
12 12.2 5.5 120.3 3.00 0.90 0.40 
13 13.0 5.3 105.5 2.90 0.20 0.18 
14 12.1 3.4 75.8 2.16 negligible empty 
15 5.0 1.5 8.1 0.21 0.10 0.16 
16 9.6 4.2 45.5 1.94 0.15 0.24 
17 11.3 3.9 41.1 1.96 0.05 empty 
18 10.4 2.5 35.2 1.67 0.05 empty 
19 10.4 2.9 30.0 1.74 0.10 0.22 
20 10.6 2. 3 ;'8. 5 1. 68 0. 20 0.16 

1967 Summer 
1 14.7 5.5 179.5 4.10 0.10 0.24 
2 15.6 6.7 200.5 5.00 0.15 0.17 
3 13.9 5.8 124.4 3.35 0.30 0.32 
4 11.8 5.5 92.1 3.74 0.20 0.16 

-- 
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Season Length 
(cm) 

Summer (Cont'd) 

Width 
(cm) 

Wet 
weight 

(gr) 

Dry 
weight 

(gr) 

Gonad 
volume 
(ml) 

Egg 
diameter 

(mm) 

5 17.0 7.0 24 7. 3 5.89 0.05 empty 
6 15. 1 5.3 141.9 3. 60 3. 00 1.40 
7 12.8 4.2 70.6 3.23 0.20 0.16 
8 13.4 3.5 71.0 negligible empty 
9 15.0 4.6 109.7 3.98 0.15 empty 

10 8.3 2.5 18.0 0.84 0.10 0.24 
11 15.4 3.8 75.9 3.41 0.10 empty 
12 11.4 3.0 38.7 2.39 1.50 0.16 
13 14.8 4.3 83.8 3.42 0.15 0.12 
14 11.1 2.5 29.1 2.03 0.15 empty 
15 14.7 4.7 113.2 3.05 0.20 0.20 
16 12.0 2.6 61.8 2.84 0.05 spent 
17 11.0 3.5 34.2 1.79 0.05 0.18 
18 11.5 2.3 0.5 2.31 0. 10 0.16 
19 11.5 2. 6 23.8 1.94 Missing 
20 9. 9 2. 2 20. 7 1. 74 0. 15 0. 32 
21 9. 7 2. 6 19.6 1. 3 6 0. 10 0. 20 
22 13.0 2.5 28.9 2.34 0.20 0.16 
23 12.6 3. 1 43.6 2. 33 1.00 1. 20 
a4 11.2 2.6 25.7 1.97 0.10 0.16 
25 11.4 2. 5 27. 0 1. 76 0. 05 0. 20 
26 12.0 2.7 28.2 2.23 0.05 0.16 
27 11.8 3.2 34.8 1.93 0.10 spent 
28 11.2 2.9 30.9 2.22 0.40 0.28 
29 10.7 3.0 Z7.8 2.22 1.10 1.40 
30 10.6 3.2 29.3 2. 14 1.50 1.40 
31 5. 0 1. 3 3. 2 0. 25 negligible 0. 20 
32 5, 6 1. 2 3. 0 0. 25 0.16 0. 25 

1967 Fall 
1 13.9 5. 3 102.0 4. 3 7 0. 05 0.16 
2 14.0 6.0 13 6. 3 4.89 0.40 0.28 
3 13.3 5.1 87.0 4.32 0.20 0.36 
4 12.0 3.1 4 8. 5 2.78 0.10 0.16 
5 12.6 5.4 106.2 4.17 1.10 0.40 
6 12.4 4.5 76.9 3.85 0.10 0.24 
7 14.2 6. 8 157.8 4. 20 O. 60 0. 76 
8 14.1 3.0 43.4 3.26 0.10 0.16 
9 14. 5 6.4 140. 3 5. 53 0. 10 0. 16 
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Season Length 
(cm) 

Fall (Cont'd) 

Width 
(cm) 

Wet 
weight 

(gr) 

Dry 
weight 

(gr) 

Gonad 
volume 

(ml) 

Egg 
diameter 

(mm) 

10 12.8 4.8 74.0 3.72 0.30 0.28 
11 13.0 4.5 82.1 3.55 3.00 1.44 
12 11.4 4.2 56.9 3.42 0.25 0.20 
13 15.0 5.8 125.2 5.76 0.80 0.16 
14 8.2 2.7 21.8 1.28 0.05 spent 
15 12.0 4.4 60.5 3.39 0.40 0.32 
16 10.3 4.2 54.2 2.30 0.05 0.16 
17 14.0 6.2 133.4 4.78 0.10 spent 
18 9.5 2.6 22.2 1.53 0.05 spent 
19 8.4 2.6 22.0 1.38 0.60 0.36 
20 15.0 5.4 140.2 5.53 0.10 spent 
21 15.3 6.1 75.8 3.47 1.35 0.91 
22 10.6 5.3 92.1 2.11 0.05 spent 




