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Mortality was higher in the pond with insufficient food. The

advantages accruing to those tadpoles in the pond with adequate food

were offset in part by a limited die-off in early surrmer which was

possibly caused by the combined effects of decomposing vegetation,

low oxygen tension, and the saprophytic fungus, Saprolegnia.

Bullfrog tadpoles fed non-selectively on algae with one

exception: Chara was never found in any tadpole gut, even though

that alga was the dominant plant in one pond. Vascular plant material

may have been a starvation food. Spawning occurred from May to

August, and most tadpoles transformed the following surmner between

July and September. Apparently there was no growth from December to

early April, although tadpoles continued to feed.
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SIZE VARIATION AND FOOD 11A131T5 OF LARVAL BULLFROGS,
CATESBEIANA SHAW, IN WESTERN OREGON

CHAPTER 1

INTRODUCT ION

The possible causes of the differences in size of anurans at the

time of transformation have received the attention of many investi-

gators. Factors which have been shown to play a role in this phenom-

enon in the laboratory are the crowding effect (Richards, 1958, 1962;

Rose, 1960; Akin, 1966; Licht, 1967), hormones produced by the thyroid

gland (Etkin, 1964), inanition (D'Angelo, Gordon, and Charipper, 1941),

and the composition of the diet and the presence or absence of certain

growth factors (Emmett and Allen, 1919; Janes, 1939; Savage, 1952).

Some workers have made field studies of those factors which

reduce the size of anurans at transformation. Savage (1961), working

with Rana temporaria L., showed that froglets in one pond were smaller

than those in another pond because of lack of food. In another case,

froglets in one pond were smaller than those in another pond because

of a poorer quality of food. Differences in the size of tadpoles of

the same stage in different colonies within a pond were attributed to

differences in behavior and inheritance. Brockelman (1969) produced

evidence that relative food limitation was the main mechanism by

which reduced individual transformation size was brought about in
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Bufo americanus Holbrook. Richmond (1947) noted relatively great size

differences between Scaphiopus hoibrooki Harlan tadpoles at the same

stage of development within a single pond, but did not establish what

the causative factors were, Rose and Rose (1965) observed bullfrog

tadpoles, Rana catesbeiana Shaw, whose size was inversely proportional

to their density in three different ponds; the crowding effect was

cited as the cause of stunting.

The season at which eggs are spawned may influence the length of

larval life without affecting the size at transformation (Martof,

1956). Low temperatures at higher altitudes or more northerly

latitudes prolong larval life without necessarily reducing the size

at which transformation occurs. Bullfrogs which spent two winters

as larvae in New York transformed at an average body length of 45 mm

(Raney and Ingram, 1941), whereas those which transformed the same

season in which the eggs were spawned in Louisiana had attained an

average length of only 40 mm (George, 1940). Turner (1962) has sug-

gested that overwintering may not effectively prolong larval life

if one ignores the winter months, during which the larvae are dormant.

A field study of the causes of reduction in transformation size

of anurans necessarily involves a study of food habits. A review of

field and laboratory food habit studies was presented by Savage
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(1952). Some phycologists have made studies of tadpoles as samplers

of pond algae (Farlow l928 Kamat, 1962). An intensive study of the

food habits and selectivity of larval Rana clamitans Latreille was

made by Jenssen (1967).

The present study was an investigation of those factors which

might influence growth rates and the size at transformation of larval

bullfrogs, Rana catesbeiana, in some ponds in western Oregon. An

analysis was made of the food eaten and of possible feeding selec-

tivity. Some information on larval life history was obtained.



CHAPTER 2

MATERIALS AND METHODS

Study Areas

4

The major study area consisted of two farm ponds on the private

property of Frank Nordyke 2.5 km SSW of Philomath, Benton County, Ore-

gon. The upper pond, Trout Pond, is stocked with rainbow trout and

is used for sport fishing. The lower pond, Irrigation Pond, is used

for storage of water for the irrigation of summer pasture. The ponds

are about 115 m above sea level on the south facing slope of foothills

of the Coast Range. Drainage is by way of Evergreen Creek and Muddy

Creek into Marys River, a tributary of the Willamette River. The

study ponds presumably were colonized by descendants of bullfrogs

which were introduced from their original range east of the Rocky

Mountains into the Willamette River sometime before 1939 (Gordon,

1939). Additional study of larval bullfrogs was carried out at the

eight Soap Creek fish ponds 10 km N of Corvallis and at Brown Swamp

in William L. Finley National Wildlife Refuge 14 km S of Corvallis,

Benton County, Oregon.

Trout Pond is continuously fed by permanent springs flowing

through an adjacent pasture. The .43 ha pond has a maximum depth of
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4.3 m. Irrigation Pond, with an area of .53 ha and a depth of 5.5 m

is 17 m S of Trout Pond and 5.2 m below it; the two ponds are separated

by the dam which forms Trout Pond. Irrigation Pond is filled inter-

mittently with water from Trout Pond by a pipe through the base of

the dam. A few Oregon white oaks, Quercus garryana Dougi., shade

10 m2 of the surface of Irrigation Pond when the sun is directly

overhead. Trout Pond is unshaded by trees.

The ponds are about seven years old. Irrigation Pond was

worked by bulldozer in 1967, 1968, and 1969 to increase the height

of the dam. Trout Pond was last worked in 1967. The results of this

differential treatment are evident in the much lusher growth of

aquatic plants and lower turbidity in Trout Pond. Neither pond has

been fertilized. During the course of my study from May, 1970, to

October, 1971, the water level of Trout Pond varied about .45 m and

that of Irrigation Pond varied about 1.3 m. Irrigation Pond was

drained in December, 1971, except for what water stood below the level

of the drain pipe. This permitted direct observation of most of the

bottom of the pond.

A vegetational analysis was made of the ponds in September,

1971. Vegetation within 1.5 m of the shore was sampled using a wire



enclosing a 30 cm x 30 cm square. The wire square was laid down on

the pond bottom 0 cm, 30 cm, and 90 cm from the shore every 5 m around

each pond. The percentage of the area covered by each plant species

enclosed by the square was estimated visually. A rough estimate of

the percent cover for the bottom from 1.5 m to 12.5 m from shore was

made with the use of a 0.8 cm mesh net with a 30 cm x 30 cm opening.

The net was supported in such a way that the opening remained perpeñ-

dicular to the bottom as the net was dragged toward shore by rope.

The percent cover in each sample was estimated from the volume of

vegetation caught in the net. The net was dragged through the ponds

at 18 m intervals around the perimeter. The central portions of the

ponds were not sampled. Observation of the bottom of Trout Pond from

a boat and of Irrigation Pond after it was drained gave subjective

support to the results obtained by this method of sampling.

Amphibians known to breed in the study ponds are Rana catesbei-

ana, Rana aurora Baird and Girard, Hyla regilla Baird and Girard,

Taricha granulosa Skilton, and Ambystoma macrodactylum Baird. Am-

ystoma gracile Baird may be present. Predators known to frequent

the ponds are Ardea herodias L. and Thamnophis sirtalis L. Pre-

dacious insect larvae, chiefly nymphs of Odonata, are abundant.
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Trout Pond is stocked with rainbow trout, Salmo gairdneri Richardson.

Largemouth bass, Micropterus salmoides (Lacepede), have recently been

introduced into Irrigation Pond; several bass about ten cm long were

found when the pond was drained at the end of 1971, indicating that

the fish had bred successfully in 1970 and were well established in

the pond.

Sampling and Measuring

The study ponds were sampled once or twice a month from June,

1970, to November, 1971. Tadpoles were caught within wading distance

of the shore using a dip net with 0.8 cm mesh, or a 1.2 m seine with

0.5 cm mesh. Small tadpoles were collected with a minnow net with

0.1 cm mesh. An effort was made to catch 30 tadpoles of each year

class in each pond at each visit. At least once a month several tad-

poles from each pond were preserved in 107. formaldehyde for later

analysis. During the summer months the shoreline of the ponds was

searched for egg masses.

Tadpoles were staged in the field according to Gosner's (1960)

system in which feeding begins at stage 25 or 26 and the fully ineta-

morphosed froglet with completely resorbed tail stump is stage 46.

Body length was expressed as the distance from snout to ventral fold
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between the belly and the base of the vent for stages 25 to 40.

For stages 41 (cloacal tail piece lost) to 46, body length was de-

fined as the distance from the tip of the snout to the posterior part

of the median angle formed by the hind legs. Measurements in the

field were made to the nearest millimeter with a pair of dividers and

a 150 mm ruler. Tadpoles taken to the laboratory were weighed to the

nearest 0.1 gram on an Ohaus dial-o-gram balance. Empty and full guts

were weighed to the nearest 0.01 gram. Fat bodies and livers were

air dried for one week and weighed on a Mettler H2OT balance to the

nearest 0.0001 gram.

Two approaches were used to determine population indices. One

method involved making equal numbers of sweeps with a net through the

vegetation on the bottom of each pond and counting the total number

of tadpoles caught. The other method, the mark-recapture method, was

used only once. Tadpoles were caught on one day along all sides of the

ponds. A V-notch was cut in the lower tail fin and the animals were

released near the point of capture. The next day tadpoles were

caught in the same way and the numbers of marked and unmarked animals

recorded.
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224 Analysis

The whole digestive tract of the preserved tadpole was removed

nd placed in a watch glass. Gut contents from the stomach or

"manicotto" end were forced out until a quantity sufficient for

analysis was obtained. The volume of the sample was measured by

placing it in a standard 1 mm deep Sedgwick-Rafter counting chamber,

replacing the cover, and measuring the area covered by the gut con-

tents. The sample was diluted with water 100:1 and thoroughly mixed

with the aid of a medicine dropper.

The Sedgwick-Rafter cell filled with the diluted sample was

scanned at 40x and all larger organisms were identified, measured, and

counted. Ten fields 1. mm x 1 ruin x I rum were then examined at lOOx.

In each field the unicellular algal cells were identified to genus

and counted; filamentous algae were identified and the average diame-

ter and total length were determined; diatoms were counted but not

defined to genus. The area of vascular plant debris was calculated.

The above process was carried out twice for each tadpole gut sample.

The total volume per sample of cylindrical filamentous algae

and of spherical algal cells was simply calculated. In the case of

common species of irregularly shaped algae, e.g. Staurastrum alternans
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Brebisson, the volume of an average cell was calculated and that vol-

ume was then recorded in a reference table and used as the volume of

nil cells of that taxon. Volumes of vascular plant material, which

usually occurred in sheets, were calculated by arbitrarily multiply-

ing the area by ten. For diatoms, a drop of sample was placed on a

slide under a cover slip and examined at 400x. The volume of 40

diatoms picked at random was calculated, their mean volume determined,

and that mean was assumed to be the mean volume of all the diatoms in

that sample.

All measurements were made with a Nikon binocular microscope

and a ten mm2 Swift ocular micrometer. Volumes of food items were

calculated in cubic microns, and were expressed as percent volume

per unit volume of gut contents.

Pen Experiment

In April, 1971, I constructed eight pens using 4 cm x 4 cm fir

boards for the framework. Fiberglass screen with 1.25 mm mesh covered

all four sides. The bottom and top of the pens were left open. Four

pens were 90 cm x 90 cm x 90 cm, The other four were similar except
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that on the shoreward side they were only 60 cm deep in order t

accommodate to the steeply sloping bottom of Irrigation Pond. A

sheet metal skirt 15 cm wide was nailed around the bottom of each pen

to ensure an escape-proof seal between the pen and the bottom of the

pond. Four pens were placed in each pond so that the depth of water

in the middle of each pen was about 50 cm. Each pen was positioned

over an area that appeared to have 100% vegetation cover. Two pens

were placed one meter apart, thereby forming two pairs of pens in

Trout Pond and two pairs in Irrigation Pond. Pens numbered one to

four were in Trout Pond and those numbered five to eight were in

Irrigation Pond. The pens in Irrigation Pond had to be repositioned

May 4 because the owner raised the water level of the pond at that

time.

Tadpoles used in the experiment were netted from both ponds

early in April, 1971. Body length and stage were determined for each

of the 144 tadpoles used in the experiment. Eighty-five of the animals

were weighed. A V-notch was cut in the ventral tail fin of all the

tadpoles from Trout Pond. The notches were still visible in the tails

of the larger tadpoles until July, but they had begun to heal in the

smaller tadpoles in May. However, all the tadpoles from Trout Pond

were darker and had mottling extending Onto the venter and gular
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region, whereas the Irrigation Pond tadpoles were lighter and had no

mottling on the venter or gular region. This difference in pigmen-

tation persisted into August. Tadpoles were divided into two cats-

goriest "small" included stages 26 to 28; "large" included stages

29 to 33.

The pens were stocked on April 8 and 12, 1971, tadpoles origi-

nating from both ponds being used in each pen. Six tadpoles were

placed in each odd-numbered pen and thirty in each even-numbered

pen (Table 1). The stages and numbers of tadpoles used from each

pond were dictated to some extent by the animals that I was able to

capture. In the initial stocking, the mean measurements of all the

"small" and of all the t1arge animals were calculated, but not the

mean measurements of the tadpoles in a given pen.

Table 1. Placement of tadpoles in pens in Trout Pond (T) and in
Irrigation Pond (I). "Small" refers to tadpoles of stages 26-28;
"Large" refers to tadpoles of stages 29-33.

Pond Pen No. Small T
tadpoles

Small I
tadpoles

Large T
tadpoles

Large I
tadpoles

Total

T 1 3 .3 6

T 2 7 7 8 8 30

T 3 3 3 6

T 4 2 3 13 12 30

I 5 3 3 6

I 6 8 6 13 3 30

I 7 3 3 6

I 8 3 3 12 12 30

Total 32 31 46 35 144
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No materials were added nor removed from the pens during the

course of the experiment. The tadpoles in each pen were removed with

a dip net once each month to be measured. The vegetation was dis-

turbed, but the treatment was uniform for each pen. Not all tadpoles

were caught each month.

The experiment was terminated August 23, 1971. All tadpoles

that could be caught were removed and preserved in 10°!. formaldehyde.

All vegetation was removed from each pen and taken to the laboratory.

The volume of the vegetation from each pen was measured in a 1000 ml

graduated cylinder. One liter of water was added to each sample,

which was then vigorously kneeded and squeezed by hand for one minute

to dislodge periphyton. The liquid was then poured into a jar and

stirred for 30 seconds with an electric drill with a stirring attach-

ment. Aliquot samples were removed and analyzed according to the

method described below for samples of algae.

Algal Sampling

Sampling was carried out at depths varying from 15 to 45 cm

along the shore of the ponds where there was close to 1007. cover.

From June, 1970, until May, 1971, algae samples contained within the

area of a 15 cm diameter stovepipe forced vertically into the mud
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bottom were taken. All the vegetation and water inside the stovepipe

was removed by hand and dipper and strained through a 116 micron mesh

Nytex net. The sample was placed in a plastic bag and taken to the

laboratory. The volume of the vegetation was measured in a graduated

cylinder. The vegetation was then placed in a 8 cm x 20 cm finger

bowl, a volume of water ten times that of the sample was added, and

the vegetation was worked by hand to remove as much periphyton as

possible. Some of the sample was placed in the Sedgwick-Rafter cell

and examined according to the method used for analysis of gut contents

except that vascular plant debris was ignored.

In May, 1971, I stopped using the volumetric sampling method

in favor of a more reliable method for determining the relative abun-

dance of taxa of algae. Handfuls of vascular plants with periphyton

were freed from the bottom and dipped out of the water by bucket.

Five to ten such "grab" samples were taken at different places along

the edge of the pond, placed together in the Nytex net, strained,

and taken to the laboratory for analysis. Neither the volume, of the

vegetation nor the volume of water added to the sample were measured;

otherwise the method of analysis was the same as that used for the

volumetric algal samples.
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Pen Experiment with Supplemental Food

A second experiment using penned tadpoles was carrier! out in an

effort to find out if food quality or food quantity was the major

contributory factor to the size difference between tadpoles in the

two ponds. I repositioned two pens in each pond (pens A and B in

Trout Pond, C and D in Irrigation Pond) so that the depth of water

was equal in each pen and that relatively ungrazed vegetation would

be enclosed. In order not to disturb the vegetation, I did not use

a dip net to check for the presence of tadpoles in the unstocked pens.

I netted 80 small tadpoles in Trout Pond on August 24, 1971, took

them to the laboratory to weigh them, and divided them on the basis of

weight into four groups of twenty tadpoles each. The mean weight of

the tadpoles in pens A, B, and D was 0.34 g, and that for tadpoles in

pen C was 0.33 g. The tadpoles were placed in their respective pens

on August 25.

The pens were visited on an average of once every nine days.

About one liter of vegetation with periphyton from outside the pen

was added to each pen at each visit. Otherwise the pens were undis-

turbed. The tadpoles were removed on November 10 and taken to the

laboratory to be measured. I removed 17 tadpoles from pen A, 15
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from pen B, 38 from pen C, and 67 from pen D. Evidently I had

tripped the excess tadpoles in pens C and D when I first positioned

those pens.

Starvation Experiment

Between May and November, 1971, 24 large tadpoles were kept in

the laboratory without food in order to observe weight changes, par-

ticularly of the fat body and liver, and to determine the rate at

which the gut was emptied under starvation conditions.

Two tadpoles were kept in each 8 cm x 20 cm finger bowl in one

liter of distilled water at room temperature. For the first month the

water was changed three times a week to decrease the rate of reinges-

tion of feces. From the second month onward water was changed twice

a week. Tadpoles were periodically staged, measured, and weighed.

Periodically some of the tadpoles were removed and preserved in 10%

formaldehyde. Some tadpoles were kept until they died of starvation,

then preserved. The liver, fat body, and gut of each tadpole was

later removed and weighed. There was some mortality due to disease

in tadpoles from Trout Pond, and some due to the tadpoles' jumping

out of the bowls; the latter source of loss was stopped by placing

hardware cloth over the bowls.
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Laboratory Feeding Experiment

A feeding experiment was carried on in the laboratory from Nov-

ember 10, 1971, until December 30, 1971, to compare the effect on

tadpole growth of food from the two study ponds, and to compare the

effect of food from Irrigation Pond without sediment with that of

food from Irrigation Pond with sediment. I used 34 tadpoles from

Irrigation Ponds two to each finger bowl. The bowls were placed on

paper towels to afford some insulation from the conductivity of the

composition table top. Five bowls were supplied with water and

vegetation with periphyton from Trout Pond and ten were supplied with

water and vegetation with periphyton from Irrigation Pond; to five of

the latter were added 5 ml of sediment from the bottom of the pond.

Beginning with the largest, tadpoles were removed from a common con-

tamer in groups of three, measured, staged, and weighed, and placed

randomly in one of the three sets of bowls. This provided ten pairs

of samples for the comparison of the effect of Trout Pond food with

Irrigation Pond food, and ten pairs of samples for the comparison of

Irrigation Pond food without sediment with Irrigation Pond food with

sediment. For controls, two tadpoles were kept in Irrigation Pond

water without vegetation, and two were kept in Trout Pond water without
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Vegetation.

Water and food were added twice a week. Every nine days the

water was changed and new vegetation was collected from the ponds.

The water in the bowls containing sediment was stirred up three times

a week. The experiment had to be terminated prematurely when Irri-

gation Pond was drained. The animals were measured and preserved in

formaldehyde.

The whole intestinal tract of 18 of the tadpoles was removed

for determination of dry weight and ash weight. The intestinal tracts

were oven dried for 48 hours at
450

C, placed in a desiccator until

cool, weighed, burned in an electric muffle furnace for 16 hours at

6000 C, partially cooled, placed in a desiccator until cool, and

weighed again. Full guts of some free living and pen experiment tad-

poles from both study ponds were treated in the same way. Results

were expressed as an ash weight/dry weight ratio. The more closely

the ratio approached one, the higher the proportion of non-combus-

tible material in the gut. Preliminary tests showed that the ash

weight/dry weight ratio of empty guts was about .015. The tests were

run with the gut contents left inside the gut, and the weight of the

gut itself was ignored.
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CHAPTER 3

RESULTS

Time of Spawning and Transformation

From 1969 to 1971 I found 31 bullfrog egg masses in six ponds

in Benton County, Oregon (Fig. 1). Eggs were found as early as May 28

(Irrigation Pond, 1970) and as late askgust 10 (Soap Creek ponds,

1970). The height of the spawning season in western Oregon is in

June and July. This time corresponds closely to the breeding season

of bullfrogs in Kansas, Missouri, and in the northeastern states and

Canada (Willis, Moyle, and Baskett, 1956).

One entire egg mass from the Soap Creek ponds was brought into

the laboratory. It contained 16,491 eggs by actual count. This num-

ber falls within the range given by Wright (1920) of 10,000 to 20,000

eggs per breeding female bullfrog.

One eg moss

May June July

Figure 1. Dates when bullfrog egg masses were found in six ponds in
western Oregon from 1969 to 1971.



20

The period of transformation was considered to be the time from

the emergence of the front legs (stage 42) unt1 the tail wis reduced

to a stub (stage 45). This period corresponds closely to Etkin's

(1964) "metamorphic climax." Transformation occurred largely from

July to September, but continued into October in 1971. In four out

of five cases the time when half the tadpoles had transformed fell in

August; in one case this period occurred in September. Data from

transforming tadpoles caught in Brown Swamp in 1969 (925 captures),

and in Trout Pond (79 captures) and Irrigation Pond (48 captures) in

1970 and 1971 are shown as percentages of tadpoles of that year class

having reached stages 42 to 45 (Fig. 2).

One stage 44 tadpole was found in Trout Pond on March 16, 1971,

and another transforming tadpole was seen in one of the Soap Creek

ponds on April 10, 1970. I do not know whether these tadpoles were

transforming exceptionally late, having overwintered two winters, or

if they were transforming early. As a rule, bullfrog tadpoles in

western Oregon appear to spend one winter before transforming.

Tadpole Growth and Development

Data on body length and developmental stages of tadpoles col-

lected from May, 1970, to November, 1971, in Trout Pond and Irrigation
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Figure 2. Proportion of tadpoles of the same year class undergoing
climactic metamorphosis (stages 42-45) in three ponds in western
Oregon.
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Pond gave no evidence for growth or development in either pond from

December to early April. The period during which nearly all growth

and development occurred was from May to November (Fig. 3). Tadpoles

from eggs laid in 1969 reached a significantly greater body length in

Trout Pond than in Irrigation Pond at least as early as June, 1970.

This trend toward greater body length in Trout Pond animals was re-

peated for tadpoles from eggs laid in 1970 by January, 1971, and for

tadpoles from eggs spawned in 1971 by October, 1971.

A comparison of body length against stage shows that Trout Pond

tadpoles were significantly longer than Irrigation Pond tadpoles from

stage 32 onward, but that from stages 26 to 28, Irrigation Pond tad-

poles were significantly longer (Fig. 4).

No tadpoles of stages 26 or 27 were found in Trout Pond in June

or July in either year of the study, nor in Irrigation Pond in June

or July, 1971, providing a clean break between different year classes.

However, tadpoles of these stages were found throughout 1970 in

Irrigation Pond, making it difficult to separate tadpoles from eggs

spawned in 1970 from those from eggs spawned in 1969. Mr. Nordyke

(personal communication) drained Irrigation Pond in 1969 in order to

increase the height of the dam, and he filled it again in September of

that year. This would mean that the bullfrogs bred very late in 1969.



Figure 3. Stages and body lengths of free living tadpoles
in Trout Pond and Irrigation Pond from May, 1970, to Nov-
ember, 1971. Rectangles represent 957. confidence limits
about the mean. Confidence limits are shown only where n>7.
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However, the pond cannot be completely drained, and breeding could

have occurred before the pond was completely full. I did not begin

intensive sampling of the pond until June, 1970, but the possibility

of late breeding in 1969 and early breeding in 1970 could have led

to overlap of size and stage of development through the summer of

1970. It is possible that some tadpoles which I placed in the 1970

year class actually belonged to the 1969 year class.

Population Size Indices

Some of the estimates of numbers of bullfrog tadpoles in the

study ponds were largely subjective, but they indicate which pond had

more tadpoles. Early in the summer of 1970 there were more tadpoles

from eggs spawned in 1969 in Irrigation Pond than in Trout Pond. On

my first visit to the ponds on May 14, 1970, I saw several large tad-

poles in Trout Pond and several thousand smaller tadpoles in Irriga-

tion Pond. On June 1, I saw 13 tadpoles in Trout Pond and managed to

net only 3; I saw many tadpoles in Irrigation Pond and easily netted

30.

Two estimates of comparative numbers of tadpoles from eggs

spawned in 1970 were made in September, 1970. On September 19, with

25 sweeps of the seine I caught 9 tadpoles in Trout Pond and 22 tad-
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poles in Irrigation Pond. On September 21, with 15 sweeps of the

dip net I caught 3 tadpoles in Trout Pond and 45 in Irrigation Pond.

A second estimate of numbers of tadpoles from eggs laid in 1970 was

made using the mark-recapture method. On June 7, 1971, I caught and

tail-clipped 50 tadpoles from Irrigation Pond. The next day 50 were

captured of which 5 were recaptures. This gave an estimate of 500

tadpoles in Irrigation Pond (N=50 x 2c=5OO). On June 8 I caught and

tail-clipped 80 tadpoles in Trout Pond. The following day 100 tad-

poles were caught of which 4 were recaptures, giving an estimate of

2000 tadpoles for Trout Pond (N=80 x !S2. =2000). From these estimates

of numbers of tadpoles which had hatched from eggs laid in 1970, it

appears that there were more tadpoles in the fall of that year in

Irrigation Pond, but that by early summer of the next year there

were more tadpoles in Trout Pond, indicating greater mortality in

Irrigation Pond tadpoles.

Food

The relative abundance by volume of algae, animal material, and

vascular plant material in the guts of tadpoles from the study ponds

was determined on a bi-monthly basis during the study period. Sam-

pling was carried out in the ponds on a similar basis except that
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vascular material was omitted (Figs. 5-7, Tables 2 & 3).

The Spearman rank correlation coefficients between taxa of algae

in the ponds and in the tadpole guts are given at the bottom of each

column (Tables 2 & 3) where the number of taxa of algae sampled was

sufficiently large. Since no algae samples were taken from the ponds

in July or August, 1971, samples from September and October, 1971,

were substituted. Correlation between algae in the tadpole guts and

in the ponds was significant at the 95°f. or 997. confidence level for

all bimonthly periods except two in each study pond. In each pond

the lowest correlation coefficient was for the November-December

period in 1970. In both ponds this was due largely to the high per-

centage of Spirogyra and Nougeotia (Zygnematales) in the tadpole

guts and the low percentage in the pond samples. These genera of

algae were probably growing in water beyond the depth at which I

sampled.

In the latter part of 1970 the relative volume of the Desmidi-

aceae was greater in Trout Pond than in the tadpole guts, although

the difference in the position of the desmids by rank was not great.

The filamentous alga most abundant in both ponds in the summer of

1970, Oedogonium (Oedogoniales), was abundant the following summer



Figure 5. Major taxa of algae by percent volume of all
algae in the guts of Trout Pond tadpoles and in pond
samples (except Characeae) by bimonthly periods from May,
1970, to October, 1971. (Zygnematales exclusive of
Desmidiaceae).
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Figure 6. Major taxa of algae by percent volume of all
algae in the guts of Irrigation Pond tadpoles and in pond
samples by bimonthly periods from May, 1970, to October,
1971. (Zygnematales exclusive of Desmidiaceae).
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Figure 7. Relative proportions by volume of taxa of algae
found in tadpole guts and in pond samples from Trout Pond
and Irrigation Pond from May, 1970, to October, 1971.
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Table 2. Taxa of algae by volume occurring in Trout Pond in tadpole guts (T) and in pond samples (P)
expressed as percent of all algae and by rank (R), with the Spearman rark correlation coefficients (r).

Year1970 1971
Months 5,6 7,8 9,10 11,12 1,2 3,4 5,6 7,8(T) TOTAL- 9,10(P)

7. R 7. R 7. R 7. R 7. R 7. R 7. R 7. R 7. R
Taxon
Volvocales T 9 9 11

p .02 9 .20 7 .02 9½ .03 10
Tetrasporales T 9.03 4 .40 7 .12 7 10.35 4 .50 6 3.87 4 1.00 5 .30 8 3.20 5

P 6½- 7 .15 7 3.90 4 7.28 5 1.27 6 1.07 6 .70 6 1.80 6

Ulotrichales T 9 .47 7 .05 8 9 9

P .02 9½ .47 7 9 .80 5 .16 9

Oedogoniales T 39.73 1 59.53 1 2.57 4 .57 7 .10 7 2.65 6 1.40 4 2.07 3 13.58 4
P 78.20 L 33.27 2 4.37 4 9 .04 8 10.90 3 13.98 3 4.55 4 18.16 3

Chioro- T .77 7 2.87 5 2.02 5 4.67 5 1.37 4 .30 8 .10 7 .37 6 1.56 7

coccales P 6½ 7 3.40 5 .15 8 1.20 6 .22 8 .27 7 .25 9 .69 7

Zygnematales T 2.60 6 4.63 4 23.67 2 41.82 1 29.30 2 12.05 3 30.75 2 28.90 2 21.71 2

P 2.45 4 .77 5 .27 6 .55 6 9.38 3 26.67 2 22.60 2 28.45 2 11.39 4
Desmidiaceae T 11.40 3 18.07 2 19.79 3 24.40 2 18.55 3 20.00 2 3.80 3 2.03 4 14.75 3

P 9.85 2 54.84 1 52.52 1 50.20 1 18.24 2 6.02 4 9.85 4 5.50 3 25.88 2

Euglenophyta T .37 8 .02 8 8½- 9 .05 .02 9 .33 7 .10 8

p 7 .12 8 .75 5 .48 7 9 .07 8 .60 7 .25 8

Chrysophyta2 T .05 9½ .01 lb

9½ 11
Bacillario- T 33.63 2 12.20 3 49.82 1 17.00 3 49.00 1 56.87 1 62.55 1 64.40 1 43.18 1

_phyceae P 7.85 3 9.53 3 32.62 2 36.10 2 54.60 1 50.90 L 48.30 L 58.65 1 37.32 1

Cyanophyta T 2.83 5 1.83 6 1.95 6 .92 6 1.17 5 3.67 5 .35 6 1.60 5 1.79 6

P 1.60 5 1.57 4 6.52 3 8.10 3 8.56 4 3.45 5 3.85 5 .50 8 4.27 5

r .777' .810w 75Q* .471 .918** .891** .950** .667 955*
S

* Significant at 95% confluence level. 1 Exciudinu Desrnidiaceae.
** Significant at 997. confidence level. 2 Excluding Bacillariophyceae.



Table 3. Taxa of algae by volume occurring in Irrigation Pond in tadpole guts (T) and in pond samples
(P) expressed as percent of all algae and by rank (R), with the Spearman rank correlation coeffi-
cients (r5).

Year 1970 1971 TOTAL
Months 5,6 7,8 9,10 11,12 1,2 3,4 5,6 7,8(T)

9,10(P)
Taxon 7. R 7.

-
R
__

7.

-
R
__

7.

-
R
__

7. R 7. R 7. R 7. R 7. R
Volvocales T 11½

p 2.10 5 1.40 6 .44 9

Tetrasporales T 1.05 6 1.17 6 .57 7 1.55 7 5.53 4 8.12 4 7.27 4 3.05 5 3.54 6

P 8 10 9½ 3.97 3 5.72 4 24.55 2 .65 6 4.36 5

Ulotrichales T 9½ 1.05 7 .03 9 2.30 T 15 .15 8 .44 9

P .10 5 .10 9 3.65 3 .02 9 1.22 7 .20 8 .40 7 .71 8

Oedogoniales T 54.75 1 60.03 1 19.37 3 20.30 3 32.97 2 12.47 49.53 1 2.70 6 31.52 2

P 74.10 1 47.15 L 25.42 2 2.65 4 56.12 1 22.40 2 53.55 1 2.30 4 35.46 2

Chioro- T 2.60 4 21.10 2 5.95 5 4.50 5 .27 8 2.63 6 .05 9 4.64 5

coccales P 8 3.87 4 .05 8 3.67 4 .05 10 2.30 6 8½ 1.24 6

Zygnemata1es- T 1.35 5 3.00 5 23.85 2 3.70 6 23.40 2 4.17 5 10.85 3 8.79 4

P 4.00 4 1.62 6 9½ .32 7 18.92 3 9.55 3 26.65 2 7.63 4

Desmidiaceae T 25.60 2 11.00 3 16.20 4 6.75 4 15.07 3 4.70 5 21.20 2 19.10 2 14.95 3

P 13.05 3 12.47 3 18.45 2 3.42 5 1.90 6 2.35 5 44.00 1 11.96 3

Euglenophyta T 2.35 4 1.77 5 .03 8 9 .07 8 .05 9 .13 9 1.35 7 .72 8

P .02 6 .15 8 1.25 7 .25 8 .07 9 9½ 8½ .22 10

Chrysophyta T 10 11½
p .778 .1011

Bacillario- T 14.35 3 23.27 2 38.73 1 36.45 1 37.97 1 46.12 1 12.50 3 56.20 1 33.20 1

phyceae P 25.90 2 35.62 2 53.70 L 70.90 1 31.90 2 46.60 1 6.30 4 25.25 3 37.02 1

Cyanophyta T .45 7 .13 7 .93 6 3.80 6 .10 7 2.52 6 2.07 7 6.55 4 2.07 7

P 8 .47 7 1.65 5 .35 6 2.27 5 1.20 7 .75 5 .84 7

Pyrrhophyta T 147 8 .06 10

P 9½ 1

r5 .629 .773w .258 .917* .927* .845* .854* .920*
Signiticant at 97. contiderice level. I Excluding Desmidiaceae.

** Significant at 997. confidence level. 2 Excluding Bacillariophyceae.
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in Irrigation Pond but was largely absent from Trout Pond.

For the entire study period the Spearman rank correlation coef-

ficient for taxa of algae in the tadpole guts and in the ponds was

.955 for Trout Pond and .920 for Irrigation Pond. The correlation

coefficient for the taxa of algae in the tadpoles from Irrigation

Pond and from Trout Pond was .935. The correlation coefficient for

algae in the two ponds was .949.

No attempt was made to identify the species of vascular plant

material found in the tadpole guts. The Spearrnan rank correlation

coefficient for vascular plant material by volume in tadpoles from

the two ponds was -.100; that for animal material in the tadpole guts

from both ponds was .857 (Fig. 8). The percent of vascular material

in the guts was highest for Irrigation Pond tadpoles in July and

August, 1970; it was highest for Trout Pond tadpoles in January and

February, 1971. The correlation coefficient between animal material

in the pond samples and in the tadpole guts was not significant for

either pond (Fig. 9).

The analysis of the vegetation in the study ponds in September,

1971, showed that Trout Pond had a much higher proportion of cover

than Irrigation Pond (Table 4). From 1.5 in to 12.5 in from the shore,
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Figure 8. Vascular plant material and animal material by percent voltme of all
food in guts of Trout Pond tadpoles and IrriaLion Pond tadpoles.
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Table 4. Vegetational analysis of Trout Pond and Irrigation Pond, September, 1971.

Trout Pond Irrigation Pond
Distance from shore Distance from shore

0-.3 .6-.9 1.2- 1.5- 0-.3 .6-.9 1.2- 1.5-
m m l.5m 12.5m m m 1.5 m 12.5m

pcies Percent cover Percent cover

Chara fragilis Deavaux 1.4 4.4 9.0 52.6
Potamogeton pusillus L. 21.8 47.2 55.7 32.2 4.7 17.7 24.0 9.7
lypha latifolia L. 12.3 12.0 15.8 6.2 .2

eocharis macrostachya 4.6 2.8 8.0 .9 .4
Britt.

Eleocharis acicularis .9 .9 1.3 4.1 .9 .5

(L.) R. & S.
pogyra sp. 1.4 1.0 .5 2.7

C].yceria occidentalis 8.9 3.1 .9 1.7 .3

(Piper) J.C. Nels.
Juncus ensifolius Wiks. 1.9

Polygonum hydropiper L. .5

Salix sp. .6

Total percent cover 53.7 68.3 81.0 93.7 17.3 24.2 26.6 10.0

0'
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there was 93.7% cover in Trout Pond and 10.0% in Irrigation Pond.

When Irrigation Pond was drained in December, 1971, the vegetation

consisted almost entirely of a bed of needle spike-rush, Eleocharis

acicularis, which covered an area of 170 m2 along the north edge of

the pond, whereas Trout Pond still had a relatively heavy cover of

Chara over most of the bottom.

Members of the family Characeae, primarily Chara fragilis,

formed the major part of the cover in Trout Pond throughout the whole

study period. This alga was never found in any tadpole gut. Tad-

poles maintained in the laboratory with no other available food

except Chara would ingest it, however.

The proportion of food material---algae, vascular plant mate-

rial, and animal material---per unit volume of tadpole gut contents

was calculated for most of the tadpoles which were analyzed. The

proportion of food items was significantly greater in Trout Pond tad-

poles than in Irrigation Pond tadpoles over the whole study period.

Since most growth occurred in all tadpoles during the warmer months,

a second comparison was made of tadpoles caught during the months

from June to October inclusive; Trout Pond tadpoles had a highly

significantly greater proportion of food items in the gut than did
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Irrigation Pond tadpoles (Table 5).

Table 5. Percent volume of food items per unit volume of gut con-
tents in tadpoles from Trout Pond (T) and from Irrigation Pond (I)
with the probability of the occurrence of the difference by chance
p) based on Student's t test.

All t.adDoles

Pond n Mean percent S.D. Range
I

P
volume of food

I

T 22 5.46 2.712 1.72-12.16 1 p .05
I 19 3.55 2.916 .22-10.62

I

TadpoLes trom June to October inclusive
T 8 6.48 2.685 2.92-10.71 p<.005119 2.82 1.733 1.57- 7.11

Several tadpoles with injuries on the belly or with part of the

tail missing had a very low proportion of food material in the gut,

perhaps an indication that they had curtailed their feeding activ-

it i e S.

It was possible to obtain a rough estimate of the relative

abundance of algae per unit area of bottom in the two ponds during

those months in which I used a stovepipe sampler. One sample from

each pond contained a large mass of filamentous algae (Trout Pond

sample: 154.69 mum2; Irrigation Pond sample: 153.82 mum2). When

these aberrant samples were omitted from the analysis, the difference

in the mean volume of algae per square meter of pond bottom was sig-.

nificantly greater in Trout Pond than in Irrigation Pond (Table 6).

When the aberrantly large samples were included, there was no statis-

tically significant difference in the volume of algae per square meter
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of bottom th the two ponds.

Table 6. Milliliters of algae per square meter of hot:tom in Trout
Pond and in Irrigation Pond samples, with the probability of the
occurrence of the difference by chance (p) based on Cochrin's (1964)
approximation for the 1-test. where two populat:ion variances are
different.
Pond nJ Mean ml algae/rn1 S.D. Range P
T 28

18J
16.47

7.01
11.596
4.438

1.94-52.40
.70-16.58

p<.005

Pen Experiment

A preliminary analysis of the results of the pen experiment

revealed no significant differences at any time between tadpoles

taken originally from Trout Pond and those taken from Irrigation Pond,

provided that they were undergoing the same treatment; therefore tad-

poles originating from the two ponds were lumped for purposes of

analysis. All the tadpoles in pen no. 6 were lost after May 4, so

it was impossible to take "between blocks" variation into consider-

ation in the analysis of results. Therefore animals in the remaining

paired pens were lumped. The effects of the different treatments on

development, weight, and body length are shown below (Table 7, Fig.

10 & 11).

In the following paragraphs, "uncrowded" refers to conditions

where there were six tadpoles per pen, and "crowded" refers to the

situation where there were thirty tadpoles per pen; "crowded" does



Figure 10. Changes in stage of development, body length, and
weight in "small" tadpoles (stages 26 to 28 at beginning of
experiment) kept in pens in Trout Pond (T) and Irrigation Pond
(I) at densities of six per pen (6) and thirty per pen (30)
from April 8 to August 23, 1971. The rectangles represent
the mean + two standard errors.
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Figure 11. Changes in stage of development, body length, and
weight in "small" tadpoles (stages 26 to 28 at beginning of
experiment) and "large" tadpoles (stages 29 to 33 at beginning
of experiment) kept in pens in Trout Pond (T) and Irrigation
Pond (I) at densities of thirty per pen from April 8 to August
23, 1971. The rectangles represent the mean ± two standard
errors.
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not refer to the so-called "crowding effect" which has been rletnon

strated in amphibians. "Small" refrs to tadpoles which were of

stages 26 to 28 at the beginning of the experiment: and "large"

refers to tadpoles of stages 29 to 33 at the beginning of the experi-

ment.

Table 7. Comparison of large (1) and smaLl (s) tadpoles in Trout,
Pond (T) and Lrrtgation Pond (I) pen experiments at densities of six
tadpoles per pen and thirty tadpoles per pen on August: 23, 1971, at
t:he termination of the experiment. The probabilities of the differ-
ences occurring by chance based on Student's t-test are given
where o0.t.
Pens Size n1 n2 Parameter Mean1 Mean2 Sj P

2

130 vs T30 1 19 27 stage 40.5 62.8 27.82 7.64 p < .1

length irm 35.8 61.3 7.40 5.23 p< .001
weight g 6.4 10.0 6.31 11.89 p .001

T6 vs T30 s 9 10 stage 41.9 37.2 7.61 6.62 p .005

length mm 45.9 39.4 7.36 6.04 p .001

weight g 16.1 12.5 27.79 7.4') p< .1
T6 vs 16 s 9 10 stage 41.9 40.1 7.61 12.99

length rim 45.9 39.2 7.36 7.96 p .001

weight g 16.1 10.2 27.79 6.04 p .01

T30 vs 130 s
-
10 6 stage 37.2 31.8 6.62 .97 p < .001

lengt:h tim 39.4 32.2 6.04 .17 p .001

weight g 12.5 6.3 7.49 .21 p < .001

16 vs 130 s
-
10 6 stage 40.1 31.8 12.99 .97 p .001

length mm 39.2 22.1 7.96 .17 p ( .001

weight g 10.2 6.3 6.04 .21 p .005

There was slower development among crowded small tadpoles than

among uncrowded small tadpoles. In Trout Pond the mean difference be-

tween stages for these two categories at the end of the experiment

was 4.69, whereas the mean difference between the same categories in

Irrigation Pond was 8.27, indicating a marked slowing of development

among small crowded tadpoles in the pens in Irrigation Pond.
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The length of small crowded tadpoles was less than that of small

uncrowded tadpoles at the end of the experiment. The mean difference

in length between these two categories in Trout Pond was 6.49 mm

whereas the mean difference between their counterparts in Irrigation

Pond was 17.03 mm.

The weight of uncrowded small tadpoles was not significantly

greater(although p<.l) than that of crowded small tadpoles in

Trout Pond. However, there were some tadpoles in the uncrowded pens

in advanced stages of transformation, and as a rule there is a loss

of weight during transformation. The weights of the uncrowded small

tadpoles were greater than those of the crowded small tadpoles in

the pens in Irrigation Pond.

The lengths and weights of tadpoles of all categories in Trout

Pond.---crowcled small, uncrowded small, and crowded large---were

greater than the lengths and weights of their counterparts in Irri-

gation Pond. There was no significant difference between stages of

tadpoles in Trout Pond and those in Irrigation Pond with the exception

that crowded small tadpoles in Irrigation Pond were much less ad-

vanced in development than crowded small tadpoles in Trout Pond.

Conditions for growth and development of small tadpoles were
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heat where there were nix tadpoles per pen in Trout Pond and pooresL

where there were thirty tadpoles per pen in Irrigation Pond. Growth

nd development were intermediate in Trout Pond with thirty tadpoles

per pen and in Irrigation Pond with six tadpoles per pen. The large

tadpoles became heavier and longer in Trout Pond than in Irrigation

Pond pens, but their rate of development was similar in both ponds.

In the Trout Pond pens where there were thirty tadpoles, some

small and some large initially, the small tadpoles were heavier and

nearly as long as the large tadpoles by the end of the experiment, but

the initial differences between stages of development remained rather

constant. In the crowded pens in Irrigation Pond the results were

different; the small tadpoles caught up with the large tadpoles in

weight, paralleled them in gaining weight, and lagged behind them in

development.

A comparison was made of stage 45 and 46 tadpoles at the end

of the experiment to ascertain the size at transformation of tadpoles

in the pens (Fig. 12). Sample sizes were small, but it was apparent

that froglets which grew in uncrowded Trout Pond pens were largest,

those in crowded Irrigation Pond pens the smallest, and the others

intermediate.
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Figure 12. Comparison of body lengths and weights at transfor-
mation (stages 45 and 46) of penned tadpoles in Trout Pond (T) and
Irrigation Pond (I) on August 23, 1971. The vertical line repre-
sents the range, the horizontal line the mean, and the rectangle
represents the mean - 2 standard errors. The sample size is indi-
cated below each range. Subscripts above the ranges represent six
per pen (6) and thirty per pen (30) tadpoles.
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A further comparison was made between free living and penned

tadpoles. No transforming tadpoles were caught in the ponds in Au-

gust, 50 R comparison was made of free living tadpoles of stages 41

to 43 which were caught August 10, 1971, with penned tadpoles of

stages 41 to 43 which were measured August 23, 1971. Some of the

samples were small, but a trend was evident in a given pond the

free living tadpoles were larger than the uncrowded penned tadpoles;

between ponds, tadpoles were larger in Trout Pond than in Irrigation

Pond (Fig. 13).

Certain trends were indicated by an analysis of the vegetation

remaining in the pens at the end of the experiment, by gut analysis

of some of the tadpoles, and by measurements made of certain organs

(Table 8). Proportional fat body weight, liver weight, and total

volume of food per volume of gut contents decreased from uncrowded

tadpoles in Trout Pond to crowded tadpoles in Irrigation Pond. There

was no clear-cut trend in proportional wet gut weight. The relative

volume of algae plus animal matter remaining in the pens was much

lower in the crowded Irrigation Pond pen than in the other pens.

Because of the finely divided structure of the above-ground

parts of Potamogeton pusillus and Chara fragilis as compared to the

large leaves of Glyceria occidentalis, there was a greater surface
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Figure 13. Comparison of body lengths and weights of free living and
pen experiment tadpoles of similar stages of development (stages 41 to
43) in Trout Pond (T) and Irrigation Pond (I) in August, 1971. Sub-
scripts above the ranges represent free living (free), six per pen
(6), and thirty per pen (30) tadpoles. Symbols as in Figure 12.
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T.qhie 8. Comparison of various attributes of tadpoles of approxi-
mately the same stage and of algae and vegetation in the pens in
Trout: Pond (T) and Irrigation Pond (I) at densities of six tadpoles
per pen (6) and thirty per pen (30) on August 23, 1971, at the
termination of the experiment.

Attribute T 6 T 30 1 f 1 30
Pen //1 Pen ,72 Pen /15 Pen //8

sIze 2 2 2 2

Stage 37.5 36.5 3.0 32.5
Wet body weight g 18.6 11.4 9.7 6.8
Body length mm 42.5 40.0 36.5 33.5
Total length mm 104.5 96.5 92.0 83.0
Dry fat body weight x 100

2.28 1.80 .84 .20wet body weight
py liver weight x 100

59 .42 .35 .18
wet body weight

Wet gut weight x 100
15.6 10.3 12.3 12.0wet_body_weight

ml algae/mi wet gut con- .0228 .0214 .0255 .0.02
tents

ml animal matter/mi wet .0066 .0006
gut contents

ml vascular plants/mi .0009 .0003 .0011 .0014
wet gut contents

total ml food/mi wet gut .0303 .0217 .0272 .0116
contents

relative volume of algae .85 .74 .95 .21

in pen
relative volume of animal .15 .35 .05 .01

matter in pen
relative volume of algae 1.00 1.09 1.00 .22

and animal matter in pen
Tvascu1ar plants in pen 400 325 800 300
Taxa of vascular plants 1* l*&2* 3* 4*

in_pen
1* Potamogeton pusillus
2* Chara fragilis
3* Glyceria occidentalis
4* roots and dead stems
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area in the submerged aquatic plants in the pens in Trout Pond than

in pen no. 5 in Irrigation Pond, even though the vegetation in the

latter had a greater voltuite. Most of the dead vegetation in pen

no. 8 in Irrigation Pond was lying on the bottom; no living vascular

plants were seen in the pen. There was a significant correlation

between taxa of algae inside the tadpole guts, inside the pens, and

outside the pens, both within and between the two study ponds

(Table 9).

Table 9. Spearman rank coefficient of correlation (r) for taxa of
algae in guts of penned and free living tadpoles in Trout Pond (T)
and Irrigation Pond (I) and for algal samples inside and outside the
pens in August. 1971.
Comparison Sample No. of taxa r Probability of

size of algae occurrence by
ch3nce

Insidepens
T tads vs I tads 2 x 2 10 .49 p .05

T tads vs T algae 2 x 1 9 .667 p <.1
I tads vs I algae 2 x 1 10 .929 p.Ol
Talgae vs I algae 1 x 1 9 .711 p <.05
Inside pens vs outside pens
T tads vs T tads 2 x 3 9 .733
T algae vs T algae 1 x 2 9 .767
I tads vs I tads 2 x 2 10 .855 p < .01

I algae vs I algae I x 2 9 .800 P < .05

Mortality

Mortality throughout the course of the experiment was greater in

pens with thirty tadpoles per pen than in pens with six tadpoles per

pen; it was much greater among tadpoles in pens in Trout Pond than in



Irrigation Pond (Table 10). High mortality in Trout Pond penn was

associated with a general die off of free living tadpoles in Trout

Pond which was very notable early in the summer of 1971. On June

30, 1 saw nearly a hundred dead tadpoles around the edge of Trout Pond

and only one dead one in Irrigation Pond. Moribund tadpoles had

grossly swollen, nearly spherical bodies, and patches of fungus were

usually apparent on the body. The coelomic fluid accounted for 507.

of the weight of one tadpole which was weighed in the laboratory.

Several edematous and decomposing tadpoles were found in the Trout

Pond pens. A similar die off of large tadpoles was seen in the sum-

mer of 1970 in Soap Creek pond no. 4, which had a very heavy bottom

cover of vegetation, mainly Chara, Elodea, and filamentous algae.

Table 10. Mortality in penned tadpoles from April 8-12 until August
23. 1971. Probability basd n Thi cnlmrP t-c1-

Category No. alive at No. alive Percent Probability of
beginning at end mortaliy occurrence by chance

Trout Pond 72 46 35.1 p < .005
Irr. Pond 42 35 16.7
30 per pen 90 62 31.1 p<.O25
6 per pen 24 19 21.0

An effort was made to determine the cause of death. Dr. Fryer

(personal communication), a microbiologist working with diseases of

fish, suggested that the disease might be due to "tadpole edema

virus," first described in bullfrog tadpoles from West Virginia
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(Wolf, Bullock, 1)unbar, and Quimby, 1968). Diseased tadpoles from

Trout Pond proved not to have the virus, however, and culture tests

did not reveal the presence of any pathogenic bacteria.

Dr. Denison (personal communication), a mycologist at Oregon

State LlniversJty, suggested that death might be due to Saprolegnia,

a ubiquitous aquatic saprophytic fungus which may get a start on

necrotic tissue and later invade healthy tissue of aquatic animals.

There are some references to tadpoles being infected by molds (Reich-

enbach and Elkan, 1965). NOlard-Tintigner (1971), working with two

species of tropical fish which had been experimentally infected with

Saprolegnia, found that death was due to an invasion by the mycelia

of the blood vessels, particularly the aorta and caudal vein, as

well as the spinal cord.

Dr. Fryer (personal communication) said that stress due to

exposure to low oxygen tension might allow the establishment of the

fungus in aquatic animals. No oxygen determinations were made of

water samples from Trout Pond, but Smith (1967) found that the dis-.

solved oxygen content of Soap Creek pond no. 4 remained close to

0.5 mg/i from late June to early August due to the mass of decompos-

thg vegetation. It is possible that the die off of tadpoles in Trout

Pond in 1971 and in Soap Creek Pond no. 4 in 1970 was due to Sapro-
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jnia infections which got a start when the tadpoles had been sub-

jected to long periods of low oxygen tension or had been injured.

The problem merits further investigation.

Starvation Experiment

The starvation experiment was an attempt to determine which of

several organs of the tadpole was most rapidly affected by food

deprivation in order to have a key whereby the nutritional state of

the animal could be assessed. The length of time tadpoles could

survive without food was of secondary interest. Periodically the

body weight, total length, body length, and stage of development of

the tadpoles were measured. At death, the weight of the liver, fat

body, full gut, and empty gut was determined.

The weight loss was great the first day. The rate gradually

slowed until about day 25, and did not change from day 25 until death.

The changing rate of weight loss in the first 25 days of starvation

was due largely to the rapid passing of feces. The defecation rate

then became more steady. In only one tadpole, dead at day 150, was

the gut completely empty.

There was a highly significant correlation between the propor-
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tional weight of the gut contents, liver, and fat body to the total

weight of the animal at death with the number of days of starvation.

There was no significant correlation between the proportional weight

of the empty gut to the total weight of the animal at death and the

number of days of starvation (Fig. 14). More simply, during star-

vation the gut itself did not lose weight at a higher rate than the

whole animal, whereas the gut contents, liver, and fat body did.

The slope of the regression line of proportional liver weight

on days of starvation was -0.0018, whereas that of proportional fat

body weight was -0.0125, or over six times as great. From day 100

onward, the liver weight exceeded the fat body weight of any given

tadpole by 3 to 60 times. Of the organs measured, the fat body was

most responsive in terms of weight loss to the length of the star-

vation period.

Fat Body Weights in Free Living Tadpoles

The fat body forms an increasingly greater proportion of the

total weight as the tadpole progresses toward metamorphosis (Fig. 15).

At the upper extreme was a stage 45 Trout Pond tadpole captured in

September whose fat body (1.894 g) comprised 8.17. of its total body

weight (23.4 g).



Figure 14. Effect of starvation on the weight of liver, fat body,
gut, and gut contents, based on 12 tadpoles at day 0 and on 21 tad-
poles from day 18 to day 167. Regression lines (r sample cor-
relation coefficient) were fitted by the method of least squares;
for gut contents, one line was fitted from day 0 to day 25, and
another was fitted from day 30 to day 167,
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Irrigation Pond tadpoles

o Trout Pond tadpoles
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STAGES

Figure 15. Percent weight of fat body in proportion to total body
weight of free living tadpoles from Trout Pond and from Irriga-
tion Pond captured from May, 1970, to October, 1971. Rectangles
represent the mean two standard errors, vertical lines represent
the range, and upper figures represent the sample size.
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Below developmental stage 28 there was no significant difference

between the proportional fat body weights of tadpoles in the two study

ponds. From stage 29 onward, fat bodies of Trout Pond tadpoles were

significantly heavier in relation to total body weight than were fat

bodies of Irrigation Pond tadpoles (p<.Ol).

To ascertain if the relatively greater proportional weight of

Trout Pond tadpole fat bodies was due to the fact that the Trout Pond

tadpoles themselves were heavier on the average than Irrigation Pond

tadpoles, a comparison was made of the fat body weights of seven

pairs of tadpoles of similar weight and stage and which were caught

in the same month from the two ponds (Table 11). The fat body weights

of the Trout Pond tadpoles were significantly greater than those of

the Irrigation Pond tadpoles.

Table ii. Comparison of fat body weights of seven pairs of tadpoles
of similar stage, weight, and month of capture from Trout Pond (T)
and Irrigation Pond (I), using Student's t-test applied to paired
samples.
Month of Total weightg Stage Fat body weit x 100 Difference
capture. Body weight

T I TI I
March 12.2 12.2 32 32 2.66 23 2.43
May 12.3 11.8 31 29 1.26 1.35 - .09
May 13.8 14.2 3133 2.35 1.40 .95
July 20.4 19.0 34 35 1.48 1.22 .26
Aug. 6.0 8.0 31 32 .65 .46 .19
Sept. 9.8 9.8 33 32 1.43 .21 1.22
Oct. 9.1 9.5 30 33 1.35 .28 1.07
Mean 11.9 11.9 31.7 32.3 1.60 .74 .86
rrooauiiicy or occurrence b ctance: pc.0
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A comparison was made of proportional fat body weights in tad-

poles caught in the six months when rapid growth occurs, May to Octo-

ber, with those caught in the period of little or no growth, November

to April. There were no significant differences in relative fat body

weights of Trout Pond tadpoles between the two periods. In Irrigation

Pond tadpoles of stages 26 to 28 the fat bodies of animals caught

from May to October were relatively heavier (p<.O25) than fat bodies

of animals captured in late fall and winter. In Irrigation Pond tad-

poles of stages 29 to 33 there was a tendency for the fatbodies of

May to October tadpoles to be heavier (p<.1O). There were insuf-

ficient numbers of tadpoles of stages 34 onward caught in the winter

months to make any comparisons.

Laborat:ory Feeding Experiment

All tadpoles used in the laboratory feeding experiment were from

Irrigation Pond. Tadpoles fed periphyton from Trout Pond and those

fed periphyton from Irrigation Pond made significant gains in weight

and body length during the experiment (p.Ol), but there were no sig-

nificant differences between the two groups (Fig. 16, Table 12). Tad-

poles which were fed periphyton from Irrigation Pond were significant-

ly heavier than those provided with periphyton and sediment from the
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Figure 16. Changes in weight and body length in laboratory feeding
experiment carried on from November 10, 1971, to December 30, 1971,
with tadpoles from Irrigation Pond. Ten tadpoles were given pen-
phyton from Trout Pond (T), ten were given periphyton from Irrigation
Pond (I), ten were given peniphyton and sediment from Irrigation Pond
(I + sed), two were kept in water from Trout Pond without food (T-),
and two were kept in water from Irrigation Pond without food (I-).



Table 12. Effects of treatments on Irrigation Pond tadpoles in laboratory feeding experiments.
Where n = 10, the probability (p) that the changes between November 10 and December 30 occurred
by chance are based on Student's t-test.

November 10, 1971 December 30, 1971
Treatment n Parameter Mean S.D. S.E. Range Mean S.D. g.E. Range Maan diE p

ference
Irrigation 10 stage 26.20 .632 .200 26-28
Pond food length cnn 21.50 2.677 .847 18-26 22.30 2.791 .883 18-26 .80 D <.001

weight g 2.01 .647 .205 1.2-3.4 2.25 .303 .254 1.1-3.3 .24 p<.00l
Trout Pond 10 stage 26.40 .699 .221 26-28
Food length cnn 22.00 2.539 .803 19-26 23.30 2.406 .761 21-27 1.30 ) < .005

weight g 2.10 .726 .230 1.4-3.3 2.37 .675 .213 1.6-3.4 .27 .001

Irrigation 10 stage 26.40 .966 .305 26-29
Pond food + length cnn 21.6 2.413 .763 19-26 21.3 1.947 .616 19-24 -.30
sediment weight g 2.03 .675 .213 1.3-3.4 2.00 .613 .194 1.2-3.0
Trout Pond 2 length cnn 23.5 21-26 21.0 19-23

_-.03
_23

water without weight g 2.25 1.7-2.8 1.72 1.2-2.2 -.33
food___________
Irrigation 2 length mm 23.0 21-25 20.0 19-21 -3.0
Pond water weight g 1.95 1.6-2.3 1.38 1.2-1.5 -.57
withoutfood

11

'0
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Tests to determine the ash weight/dry weight ratios of gut con-

tents showed no significant differences between animals provided

with periphyton from Irrigation Pond and those provided with pen-

phyton plus sediment from the same pond. There was a significant

difference (p .001) in the ratios between tadpoles fed with pen-

phyton from Irrigation Pond (mean .753) and those fed with pen-

phyton from Trout Pond (mean .631). A microscopic examination of

the ash showed a greater number of diatom frustules in gut contents

of Trout Pond tadpoles than of Irrigation Pond tadpoles. Preliminary

tests on free living and penned tadpoles from the two ponds did not

indicate any trends, so extensive testing was not carried out

(Table 13).

Table 13. Ash weight/dry weight ratios of whole guts and gut con-
tents of selected tadpoles from Trout Pond and from Irrigation Pond.

Pond Treatment n mean s.d. s.c. range
I Lab: I Pond food 6 .753 .0165 .0067 .739-.785
I Lab: I Pond food + sediment 6 .771 .0132 .0054 .753-..793

T Lab: T Pond food 6 .631 .0252 .0103 .587-.664

I Free living 3 .707 .0433 .0250 .658-.740
T Free living 3 .724 .0676 .0390 .646-.764

I Six per pen .542 .0647 .0324 .452-..605

I Thirty per pen 2 .608 .0382 .0270 .581-.697
T Six per pen 4 .602 .0952 .0476 .494-.697
T Thirty per pen 2 .564 .0813 .0575 .506-.621
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Temperature

The temperature of the air, of the water at the surface, and of

the water at a depth of 8 cm was measured at the study ponds on 58

occa.dons from June, 1970, to October, 1971. The mean difference in

water temperature between the two ponds, both at the surface and at

the 8 cm depth, was 0.230 C; this difference was not significant.

Mean monthly temperatures for 1970 and 1971 are from the

weather station at the Corvallis Water Bureau (U.S. National Oceanic

and Atmospheric Administration, 1970-1971). This station is 5 km west

of the study site and at an elevation 65 m higher. With the exception

of the month of April, the months from January to July were cooler in

1971 than in 1970 (Table 14).

Table 14. Mean monthly temperatures at Corvallis Water Bureau for
1970 and 1971. exnressed in C0.
Month 1970 1971 Difference in mean temperature

(1970 temp. minus 1971 temp.)
J 4.8 3.2 1.6
F 6.7 4.3 2.4
M 7.6 5.0 2.6

A 7.8 8.0 - .2

M 12.4 11.9 .5

J 17.3 13.3 4.0

J 18.3 18.1 .2

A 18.0 19.2 -1.2

S 14.5 14.3 .2

0 10.6 9.6 1.0

N 6.8 5.9 .9D3.1 3.4 - .3
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CHAPTER 4

DISCUSSION

In both 1970 and 1971 the free-living tadpoles in Trout Pond

transformed about three weeks before those in Irrigation Pond. Trout

Pond tadpoles beyond stage 31 were heavier and had longer bodies

than those in Irrigation Pond. Tadpoles raised in pens in Trout Pond

at densities of either six tadpoles per pen or thirty tadpoles per

pen were heavier and of greater body length than those raised at

corresponding densities in Irrigation Pond pens. However, the tad-

poles in the uncrowded pens in Trout Pond were not significantly more

advanced at the end of the experiment than were their counterparts in

Irrigation Pond.

There were possible sources of bias in sampling tadpoles in the

ponds, but the degree of bias should have been similar for both ponds.

No effort was made to capture tadpoles in pre-feeding stages, and it

is possible that very small tadpoles of the earliest feeding stages

passed through the meshes of some of the nets employed. Tadpoles of

advanced stages became adept at avoiding capture by net, either by

swimming around the net or by burrowing into the silt on the bottom,

thereby being missed completely. There was also some evidence for
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aggregation behavior.

What factors could account for the more rapid growth and greater

size at transformation of tadpoles in Trout Pond than of those in

Irrigation Pond? Several possibilites will be discussed---genetic

differences, differences in temperature, time of spawning, crowding

effects, water quality, food quality and food quantity.

Genetic Effects

Moore (1942), working with eggs from bullfrogs originating from

two areas in New York and from Louisiana, found no differences in rate

of development to stage 20 nor in optimum temperatures for the ani-

mals from these widely separated places. The likelihood of large

genetically determined differences in growth rates between tadpoles

hatching from several egg masses in each of two ponds only 17 m

apart seems remote. Experimental evidence indicated that there were

no such genetic effects---in the pen experiments each pen was stocked

with marked tadpoles originating from both study ponds, but no signi-

ficant differences in growth or development were observed.

Temperature

Temperature is an important factor in determining the length of
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larval life of a number of anurans (Turner, 1962). Martof (1956)

found that the growth rate of larval Rana clarnitans was closely

correlated with the number of hours at which the air temperature was

above 15.60 C, hut that the average body size at metamorphosis was

the same, regardless of whether the larvae transformed in the same

season that the eggs were laid or if they overwintered. There was no

significant difference in the temperatures in the two study ponds, so

temperature was not a factor in the difference in size at transfor-

mation nor in growth rates of tadpoles in the two ponds. Temperature

may have been responsible in part for the larger size of tadpoles

from eggs spawned in 1970 as compared to those from eggs spawned in

the cooler spring of 1971.

Time of Spawning

In 1971 bullfrog egg masses were first found in Irrigation Pond

on May 28 and in Trout Pond on July 7. Irrigation Pond tadpoles were

significantly longer than Trout Pond tadpoles in August, 1971, the

same length in September, and significantly shorter by October. Corn-

plete data were not available for spawning dates in 1970, but for

tadpoles hatched in 1970, Trout Pond tadpoles did not significantly

exceed Irrigation Pond tadpoles in length until January, 1971. In



neither 1970 nor 1971 was there any evidence that the tadpoles in

Trout Pond hatched before those in Irrigation Pond, so time of spawn-

ing did not give any advantage to Trout Pond tadpoles.

Crowding Effect

The stunting effect produced in laboratory tadpoles placed in

water previously occupied by larger tadpoles of the same or different

species is well known. Water conditioned by larval bullfrogs has

been shown to affect the growth and development of Rana ppiens tad-

poles (Rose, 1960; Licht, 1967). Apparently bullfrog tadpoles have

not been used as the target species, but it is unlikely that they

would be immune to the crowding effect. Licht (1967) reported that

water conditioned by large bullfrog tadpoles accelerated growth

whereas water conditioned by smaller bullfrog tadpoles retarded

growth and development of R. pipiens larvae. No completely conclu-

sive evidence for the crowding effect phenomenon on anuran tadpoles

under field conditions has been reported. Dumas (1964) suggested

that a particular sensitivity on the part of Rana pretiosa tadpoles

to the growth-Inhibiting factor released by R. pipiens tadpoles might

be the reason that the latter species completely displaced the former

in ponds which had been stocked three years earlier with these two
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species. Rose and Rose (1965) cited the case of three ponds in

which the size of metamorphosing bullfrog tadpoles was inversely re-

lated to their density. They felt that stunting was due to the

crowding phenomenon, and that this was a regular phenomenon in many

bullfrog ponds. However, they did not make a critical investigation

of the availability of suitable food in the ponds.

Richards (1958) postulated that an alga-like cell found in t:he

gut of crowded tadpoles and in their culture water was responsible

for growth inhibition. Akin (1966) argued that the inhibiting agent

is produced by the tadpoles but that it may become associated with

the algal cells in question. Licht (1967), in criticizing one of

Jçjt5 experiments, stated that six tadpoles in two liters of circu-

lating water did not constitute crowded conditions. Whether the

growth inhibiting substance is a water diffusible factor produced by

the tadpoles, or a substance produced by or at least always associated

with the alga-like cell, there was no evidence for its presence in

the pen experiments which I carried out. First, the alga was not

found in the guts of the penned tadpoles. Second, there was never

less than one liter of water per tadpole in any pen (except on May 13

th Trout Pond when water from that pond was allowed to run into Irri-
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gation Pond to bring the latter up to leval), so that the penned tad-

poles were not subjected to "crowded conditions" according to

criteria cited above. Also there was free circulation of water be-

tween the pens and the pond through the screen walls. However, Rose

(1959) stated that one R. pipiens tadpole growing rapidly in 6 1 of

water with 3 1. replaced daily would completely inhibit the growth of

small R. pipiens tadpoles. More recently, Rose and Rose (1961)

stated that a rapidly growing large tadpole can appreciably retard

smaller tadpoles in 75 1 of water. More recently still, Rose and Rose

(1965) have reported that one rapidly growing tadpole could control

the growth of smaller aquarium mates even in 120 1 of water, one third

of which was replaced daily. It is conceivable, then, that the

crowding effect played some role in bringing about the size differ-

ences in the six per pen and the thirty per pen tadpoles, but hardly

in the free-living tadpoles in the two ponds.

Water Quality

The level of plant nutrients may have been higher in Trout Pond

since it was continuously fed by spring water running through an

adjacent pasture, whereas Irrigation Pond received water only inter-

mittently from Trout Pond by way of a valve-controlled drain pipe.



However, the water was not analyzed for nutrients. The level of

plant nutrients would influence tadpole growth indirectly by way of

differential food quality or quantity in the ponds.

There was more suspended sediment in Irrigation Pond than in

Trout Pond. When the water was tested with a Secchi disc on October

16, 1971, the disc could be seen at the bottom of the deepest part of

Trout Pond (4.3 m) but could be seen only to a depth of 1.6 m in Irri-

gation Pond. An attempt to test the effects of suspended sediment on

tadpole growth was carried out in the laboratory feeding experiment.

The tadpoles in bowls with sediment did not grow, whereas those in

bowls without sediment made significant gains in weight and length.

It would be unwarranted to extrapolate the experimental results to

what occurred in the pond, since the turbidity of the water in the

experiments was greater (at least when the water was stirred three

times a week) than that of the water in Irrigation Pond.

The attempt to determine the mechanism by which turbidity inter-

fered with growth was inconclusive. It was thought that the ash

weight/dry weight ratio of the guts would be greater in the tadpoles

in the bowls with sediment than in tadpoles in bowls without sediment,

indicating the ingestion of sediment along with food, but the ratios
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were not significantly different.

In a review of studies on the influence of inorganic sediment on

the aquatic life of streams, Cordone and Kelley (1961) found a nurn-

ber of statements in the literature that silt was harmful to fish by

interference with normal gill activity, either by clogging or covering

the gills, or by injury to the gills by hard, angular particles. A

microscopic examination of the gills of the tadpoles maintained in

bowls with sediment revealed no clogging or damaging of the gills.

Another mechanism by which inorganic sediment might adversely influ-

ence fish is by interference with feeding. In one experiment, con-

trol fish in clear water fed actively while fish in turbid water

ceased feeding and moved to cover (Cordone and Kelley, 1961).

Although there was no supporting evidence, it is possible that inter-

ference with normal feeding activity or with normal respiration was

the means whereby sediment blocked growth in the tadpoles.

Food

In the starvation experiment the fat body and liver lost weight

at a faster rate than the whole animal, and the rate of loss of

weight in the fat body was six times that of the liver. The weight

of the fat body in relation to the total weight of the animal should
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be a good basis for comparing the nutritional state of tadpoles from

different ponds, provided that comparisons were made between tadpoles

of similar stages of development and at the same season. Using the

fat body weight as an indicator, then, the nutritional state of Trout

Pond tadpoles was better than that of Irrigation Pond tadpoles. Fat

body weights of free-living Trout Pond tadpoles beyond stage 29 were

significantly greater in proportion to total body weight than were

those of Irrigation Pond tadpoles. The same trend appeared in tad-

poles in the pen experiment. In addition, where there were six tad-

poles per pen, the fat body weights were proportionately greater than

where there were thirty animals per pen within each pond.

Quality of food is an important factor in the growth and devel-

opment of organisms. In work on the freshwater pond snail, Lymnaea

elodes, which grazes on periphyton, Eisenberg (1966, 1970) demon-

strated the importance of the quality of food in the regulation of

various growth parameters. Several approaches to the question of the

role played by food qua1ity in tadpole growth in the two study ponds

were made in my investigation.

For the whole 18 month study period, there was a high correla-

don between taxa of algae in the two ponds and in tadpoles in the
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two ponds. Th Spearman rank correlation coefficient for the 12 taxa

of algae in the tadpole guts in the ponds was .935. The correlation

coefficient for algae in the ponds was .949. The correlation between

taxa of algae ingested by Trout Pond tadpoles and those ingested by

Irrigation Pond tadpoles was lower on a bimonthly basis, where there

was a significant correlation in four of the eight periods (Tables 2

and 3). The major cause of the low correlation in the four periods

was the difference jn relative abundance in the, tadpole guts of two

taxa of filamentous green algae, Oedogonium (Oedogoniales) as corn-

pared to Spirogyra and Mougeotia (Zygnernatales). It is possible that

comparisons of taxa of algae at the level of orders and divisions

ignore important differences in caloric or especially growth factor

content at the species level. Little informationis available on this

subject.

No attempt was made to identify the species of vascular plants

represented in the guts of the tadpoles. The relatively high propor-

tion of vascular plant material ingested by Irrigation Pond tadpoles

in the summer of 1970 (Fig. 8) may have been a reflection of the

paucity of algae available then---the pond had been bulldozed the sum-

mer before and there was a high density of tadpoles. The high pro-
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portion of vascular material in Trout Pond tadpoles in the winter of

1970-1971 could be related to the fact that the tadpoles were aggre-

gated among old stems of Typha latifolia at the time and were eating

debris from these stems. Savage (1952), working with Rana ternporaria

larvae, stated that higher plants appear to be almost useless as food

for tadpoles; higher plants are eaten in large quantities by starving

animals, but do not support growth. The Spearman rank correlation

coefficient of .857 for the percent volume of animal material in the

guts of tadpoles from the study ponds was significant. No attempt

was made to analyze by phyla or class the animal material ingested by

the tadpoles. For the whole study period, animal matter formed 3.2

percent of the food of Trout Pond tadpoles and 1.4 percent of the

food of Irrigation Pond tadpoles, but the difference was not signifi-

cant (p<.2).

Another experiment consisted of bringing food and water from

the ponds each week to feed, to tadpoles kept in finger bowls in the

laboratory. Tadpoles supplied with periphyton and water from Trout

Pond and those given food and water from Irrigation Pond made signifi-

cant gains in body length and weight, but were not significantly dif-

ferent from each other. The experiment lends support to the hypoth-
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esis that there were no qualitative differences in food available to

the tadpoles in the two ponds, but caution should be used in extrap-

olating the experimental results to the situation in the ponds. The

experiment was terminated after only 50 days because of the draining

of Irrigation Pond. It should be noted that the experiment was per-

formed in November and December, months when the algal composition is

different from that in the warmer months at which time most growth

of the tadpoles in nature occurs. However, there was no positive

evidence that quality of food contributed to the differential growth

rates in tadpoles in the two study ponds.

Bacteria were ignored in the present study because they formed

such a small part of the total volume of the food foundin the guts

of the tadpoles. Tadpoles of Rana pretiosa have been raised to meta-

morphosis on a diet consisting solely of bacteria (Burke, 1933),

but it is not known to what extent bacteria serve as food for natural

populations of larval anurans. The role of dissolved organic sub-

stances in the nutrition of tadpoles in nature is probably slight

(Krogh, 1931); therefore this possible source of food was not inves-

tigated.

The major reason for the slower growth rates and smaller size
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at transformation of Irrigation Pond tadpoles appeared to be the

lack of sufficient food during the growing season. Evidence in sup-

port of this hypothesis came from several sources.

The volume of food items in relation to the total volume of

gut contents was significantly greater in Trout Pond tadpoles than in

Irrigation Pond tadpoles. I do not know if this difference was due to

the ingestion of greater amounts of debris and sediment by Irrigation

Pond tadpoles or if it was caused by a smaller total intake together

with slower passage through the gut.

Six tadpoles in a pen grew faster than thirty tadpoles in a pen

in the same pond. Thirty tadpoles in the pen in Irrigation Pond had

a marked effect on the vegetation in the pen. Living vascular plants

were largely eliminated and the volume of the algae was reduced to

less than a quarter of the amount which remained in any other pen

(Table 8). There is evidence that the tadpoles in the crowded pen in

Irrigation Pond were starving; the smaller tadpoles were becoming

shorter and were losing weight even though they had not entered upon

climactic metamorphosis where shortening and weight loss occur in

normal development. D'Angelo, Gordon, and Charipper (1941) showed

that starvation of Rana sylvatica and R. pipiens larvae had different
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effects depending on the stage of development the larvae had reached

at the time inanition began. (This critical stage appears to be

equivalent to Gossner's stage 40). If tadpoles below stage 40 were

starved, metamorphosis was retarded and they eventually died; if tad-

poles beyond stage 40 were starved, metamorphosis was accelerated and

they transformed into smaller than normal froglets. This anomalous

effect of inanition might explain the slowing of development of the

small tadpoles in the crowded Irrigation Pond pen in comparison to

those in other pens in either pond.

The lack of evidence for the "crowding effect" in the pens

is discussed above. The experiment in which food in excess from out-

side the pens was given to 20 tadpoles in the pens in the study ponds

would have provided information on the presence or absence of the

crowding effect. Unfortunately, the results were inconclusive because

of the great number of extra tadpoles inadvertently trapped in the

Irrigation Pond pens when those pens were placed in position.

There was evidence that algae were less abundant in Irrigation

Pond than in Trout Pond. Irrigation Pond has about 10 percent cover

of aquatic plants on the bottom and Trout Pond has about 90 percent,

providing a greater area of substrate for periphyton in Trout Pond.
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Brockelman (1969) found a significant correlation between percent

cover by foliage of aquatic vegetation and size at transformation and

mean time of transformation in pen experiments with Bufo americanus

tadpoles.

Analysis of samples of aquatic vegetation and periphyton taken

where there was nearly 100 percent cover with a stovepipe sampler

gave some evidence for a significantly greater volume of algae per

square meter of bottom in Trout Pond than in Irrigation Pond (Table 6).

This could be due in part to the grazing action of the tadpoles them-

selves on the restricted substrate present in Irrigation Pond. Dick-

man (1968) found that Rana aurora tadpoles had a great effect on the

species composition and standing crop of algal epiphyton, especially

the filamentous green algae, on the walls of experimental cages in a

small lake.

Feeding

Bullfrog tadpoles appear to be non-selective, opportunistic

feeders on algae, except that they do not eat Chara. Even though

Chara covered over half the bottom of Trout Pond beyond 1.5 rn from

shore, this alga was never found in the gut of any tadpole from the

pond. This was in partial agreement with the results of Kamat (1962)
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working with several unidentified species of tadpoles in India. He

found that the tadpoles did not eat Chara vuigaris L., Cladophora

callicoma Kuetz., Nostoc sphoericum Vauch., and Pithophora oedoonia

(Mont.) Wittrock, even when starved. Jenssen (1967), working with

Rana clamitans tadpoles, found that they ate members of every genus

of filamentous algae found in the water samples, including Pithophora

and Cladophora. Chara, however, was not reported to be present in

the bodies of water being studied. Many species of Chara become Un-

crusted with calcium carbonate (Smith, 1950), and it may be this char-

acteristic which makes them unpalatable to tadpoles.

The ingestion of vascular plant debris may be Incidental to

feeding on algae. The high proportion of vascular plant material in

Irrigation Pond tadpoles in the summer of 1970, when the population

was dense, and the almost complete disappearance of the above-ground

parts of vascular plants in the crowded pen in Irrigation Pond mdi-

cate that vascular plants may be a starvation food for bullfrog tad-

poles. If vascular plants do not support growth in tadpoles, the

claim made by Rose and Rose in 1965 (cited above) that they had ob-

served the crowding effect in bullfrog tadpoles might be weakened.

Regarding the pond with the stunted tadpoles, they said, 'SIt is dif-
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ficult to believe this was the result of too little food. The pond

was filled with yriophy1lum, plant debris and associated micro-

organisms, foods of these tadpoles." These might not have been foods

of bullfrog tadpoles.

There was no evidence that bullfrog tadpoles fed selectively on

microcrustacea or other small aquatic animals. The proportion by

volume of such organisms in Trout Pond was 6.1 percent in algal sam-

ples and 3.2 percent in tadpole gut samples; for Irrigation Pond, the

proportion was 3.8 percent in algal samples and 1.4 percent in tadpole

samples. The higher proportion of animal material in algal samples

from the pond than in the tadpole guts was probably due to the fact

that relatively large volumes of water were strained through the fine

mesh net when samples were collected from the ponds. It appeared

that small aquatic animals were accidentally eaten while the tadpoles

were feeding on algae.

Bullfrog tadpoles apparently continue to feed in the winter,

even though there may be a tendency to remain in tight aggregations.

The proportional changes which occurred from summer to winter in the

taxa of algae found in the ponds were reflected in the. contents of

the tadpole guts, and no tadpole was found in winter that had an empty
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gut. Jenssen (1967) found that R. clamitans tadpoles appeared to

feed continuously in winter in Illinois.

Survival

It would seem that an anuran's chance of surviving to breeding

age would be greater the larger it was at the time it transformed.

Martof (1956), writing about R. clamitans, said, "Runts and young

frogs are at a disadvantage in frog communities; they are highly vul-

nerable to predation by larger ones.tt Perez (1951) noted that bull-

frogs eat bullfrog tadpoles and young bullfrogs.

There was evidence from the indices of numbers of tadpoles in

the study ponds that tadpole mortality was greater in Irrigation Pond

than in Trout Pond. Also the total number of transforming tadpoles

captured in Trout Pond (79) was greater than the number captured in

Irrigation Pond (48) during the study. It was not determined whether

the higher mortality among Irrigation Pond tadpoles was a direct

result of competition for food or was indirectly due to stunting.

Tadpoles living in a pond with adequate food, such as Trout

Pond, would seem to have an advantage over tadpoles which transformed

at a aller size because they lived in a food-poor pond, such as

Irrigation Pond. The advantage of having adequate food might be
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offset, in certain circumstances, by the greater risk of death from

"too much" food, if, as has been suggested, masses of decomposing

vegetation in the warmer months caused oxygen depletion, thereby

stressing the tadpoles and making them susceptible to attack by the

fungus, Saprolegnia. The interplay of those forces which affect the

numbers of animals under natural conditions may indeed be exceedingly

complex.
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