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The object of this study was to investigate the possi- 

bilities of tracing aggregational behavior among Bufo boreas boreas 

larvae with reference to tadpole development, and to attempt to de- 

termine what aggregational factors initiate and maintain this be- 

havior. Additionally, an attempt was made to determine the signi- 

ficance of temperature as an individual environmental factor. Field 

records were taken from three Oregon lakes during the summers of 

1965 and 1966. Behavioral patterns were traced through the larval, 

metamorphic and juvenile phases of development. Temperatures 

were recorded with a Schultheis centigrade thermometer. Prelimi- 

nary experiments were conducted to determine the effects of a ther- 

mal gradient on tadpole behavior. Aggregational behavior is ex- 

pressed by these tadpoles throughout all but the first few weeks of 

the larval phase , through metamorphosis , and into the first season 
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of juvenile life. Aggregational patterns are peculiar to respective 

developmental stages. Schooling is significant, and the serpentine 

patterns are unique to these larvae. Temperature appears to be a 

relevant factor in initiating and maintaining aggregation. Several 

other factors which require clarification are discussed. 
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AGGREGATIONAL BEHAVIOR IN THE 
BOREAL TOAD BUFO BOREAS BOREAS BAIRD AND GIRARD 

INTRODUCTION 

Aggregation is a behavioral phenomenon characterized by an 

association of animals in response to an aggregant factor or stimu- 

lus. Although there is some disagreement regarding the implications 

in defining the term, Allee (1931) presents , perhaps , the most work- 

able concept of this behavioral principle. He and Scott (1963) agree 

that aggregation is an associated assemblage of animals at a sub - 

social level of organization. Individuals participating in an aggrega- 

tion generally behave like other members with no behavioral differen- 

tiation nor division of labor. 

Etkin (1964) suggests that behavioral patterns are social when 

individual members respond to one another within a group. Associa- 

tion is the result of inter- individual social responses , not of re- 

sponse to environmental factors. Animal groupings bound by re- 

sponses to environmental stimuli are aggregations. 

Bragg (1954) and Bragg and Brooks (1958), however, suggest 

that aggregation is not contrary to social behavior. They feel that 

aggregation may be social when aggregant members behave differ- 

ently when associated with members of their own species, than they 

would in their absence. The reaction or response is relevant to 
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aggregating members, with environmental factors acting only as 

modifiers and significant only in controlling the expression of their 

behavior. Bragg (1954) concedes that social aggregation is less in- 

tegrated than those social patterns expressed by social insects or 

birds. 

Aggregation has been described in relatively few amphibian 

larvae , all of which are anuran. The question of whether aggrega- 

tion is the antithesis of social behavior is yet to be clarified. More 

important, however , is the fact that several sorts of aggregations 

have been suggested to exist. These are classified on the basis of 

both environmental aggregant factors plus differential behavioral 

patterns among individual larvae. The developmental stage of re- 

spective tadpoles has also been taken into account. 

Bragg (1944b, 1945, 1946a, 1946b, 1948, 1954b, 1957) re- 

corded what he assumed were social aggregations among Scaphiopus 

hurteri larvae. Bragg (1949) saw S. couchi larvae forming social 

aggregations under defined field conditions. Social aggregation was 

observed among tadpoles of S. hammondi by Bragg (1949), among 

larvae of S. bombifrons by Bragg and King (1960), and among larvae 

of S. holbrooki holbrooki by Bragg (1954b). Bragg (1944a, 1948) 

assumes that Bufo woodhousei fowleri form social aggregations , and 

Bragg and Brooks (1958) assert that social aggregations occur amour, 

Bufo cognatus juveniles. Bragg (1953) discovered Bufo terrestris 



3 

charlesmithi tadpoles in social aggregations. Brattstrom and 

Warren (1955) feel social aggregation is apparent among Hyla regilla 

larvae. 

A series of observations influenced Bragg (1945, 1946a, 

1946b, 1948, 1954b , 1957) in proposing several types of social pat- 

terns. Although Bragg (1946a, 1959) and Bragg and Brooks (1958) 

feel there is some degree of environmental control over these social 

patterns , in all cases , tadpoles reacted to the presence and /or ac- 

tions of aggregating members. 

Schooling is a behavioral pattern whereby tadpoles are associa- 

ted and move from location to location, en masse , with inter - larval 

orientation. Schooling of Scaphiopus hurteri larvae was observed by 

Bragg (1954b) to be modified by water -born particles , by larval num- 

ber , and by stage of development. Although Bragg (1944b) saw can- 

nibalism accompanying schooling in several spadefoot toads, 

Hurter's spadefoot did not follow this pattern. S. couchi larvae were 

observed by Bragg (1949) forming feeding schools in shallow, mar- 

ginal water. Although schooling usually is evident only when larvae 

are concentrated, as within evaporating pools, this was not the case 

with Couch's spadefoot. 

Richmond (1947) observed S. holbrooki holbrooki larvae hatch, 

swim randomly, then school. Ball (1936) described these larvae 

large schools. Bragg (1944b) noticed accompanying cannibalism 

it 
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within S. h. holbrooki schools. Bragg (1954b) and Richmond (1947) 

observed associations of S. h. holbrooki larvae, but Richmond inter- 

preted them to be feeding schools, while Bragg felt they were social 

aggregations. Stuart (1961) observed schooling occurring with 

Rhynophrynus dorsalis larvae. Schooling persisted through meta- 

morphosis. Richmond (1947) asserts that Bufo woodhousei fowleri 

larvae school occasionally. Richmond (1947) observed larval school- 

ing in three Asian species of Microhyla. 

Bragg (1954b) assumes feeding aggregations are social when 

tadpoles respond to other larvae , all feeding, with no apparent food 

stimulus. Asocial feeding aggregations occur when aggregant mem- 

bers respond individually to a food object. 

Bragg (1948) recorded social feeding patterns for Scaphiopus 

hammondi larvae. S. bombifrons tadpoles were observed by Bragg 

(1946b, 1959) to form feeding aggregations accompanied by predatory 

cannibalism. Field observation revealed a significant relationship 

between S. hammondi and S. bombifrons tadpoles. Larvae of the 

latter species eat animal remnants , but aren't predatory cannibals , 

whereas S. hammondi larvae are cannibalistic. When combined, S. 

hammondi tadpoles initiate feeding aggregations. Bragg and King 

(1960) saw feeding schools which contained metamorphosing larvae. 

Movement of these larvae is analogous to the roll of boiling water , 

roiling the pool bottom and increasing suspension of bottom -lying 
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organic particles. Roiling patterns rely upon each larva's reacting 

as an individual to the particles. The result is exposure to more 

food surface, but cooperative behavior is conjectural, not factual. 

Recently, Bragg (1964) indicated that S. bombifrons larvae 

could aggregate in tanks with no apparent food stimulus. Richmond 

(1947) feels that S. h. holbrooki larvae aggregate as the result of an 

association of tadpoles reacting as individuals to a food stimulus. 

Feeding techniques and food -type therefore affect group interaction. 

Bragg (1944b, 1948) observed S. holbrooki larvae schooling, 

with individuals exhibiting cannibalism. Bragg (1954b) disagrees 

with Richmond (1947), not with reference to behavioral phenomena, 

but with respect to its interpretation. Bragg feels , in some cases , 

the response to remain within an aggregation is more significant 

than is the common response toward food stimuli. Richmond (1947) 

denies cannibalism as an aggregant factor , but Bragg (1959) saw 

feeding aggregations of S. h. holbrooki larvae accompanied by pre- 

datory cannibalism. 

Bragg (1944a) could find no correlation between aggregation of 

Bufo woodhousei fowleri larvae and different food particles. Savage 

(1952) observed size segregation among Bufo bufo tadpoles in feeding 

aggregations. Larger larvae were stimulated by food particles , but 

approaching smaller larvae were repulsed by water currents. Add 

tionally, however, Savage feels exclusion of smaller larvae results 
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from an unknown factor operating in addition to mechanical currents. 

Bragg (1940, 1944a) related that aggregational patterns for 

Rana sphenocephala tadpoles relied upon individuals responding in- 

dependently to an unknown stimulus. Richmond (1947) described 

feeding aggregations of these larvae, and felt they responded collec- 

tively but as individuals to food stimuli. 

Metamorphic aggregation, according to Bragg (1954b) is pecu- 

liar to tadpoles in later stages of larval development. These are 

always social. Bragg (1954a, 1957, 1961) observed that metamor- 

phic aggregations seem only to occur during earlier stages of meta- 

morphosis , as tadpoles are about to leave the water , and have 

ceased to feed. Bragg (1959) observed that S. hurteri, just prior to 

appearance of the forelegs , either assemble on the bottom or aggre- 

gate along the shore. This depends upon water depth. One variation 

was recorded by Bragg (1961) whereby the younger of two associa- 

tions formed feeding aggregations beneath the waters surface. 

Immediately beneath these, the older larvae associated in a pattern 

analogous to metamorphic aggregation. 

Bragg (1948) observed metamorphic aggregations of S. ham - 

mondi larvae. Subsequently, Bragg (195 9) felt that social metamor- 

phic aggregations were peculiar to S. hurteri tadpoles. Later , how- 

ever, Bragg and King (1960) described metamorphic aggregation ir. 

tadpoles of S. bombifrons and S. h. holbrooki, the patterns of which 
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were basically the same. 

Bragg (1940, 1955a) observed metamorphosing Rana spheno- 

cephala tadpoles in aggregations , but the pattern was not social. 

Experiments by Bragg (1948) revealed no apparent correlation be- 

tween aggregation and either time , temperature , water level , algae, 

food, or shade. 

Bragg (1959) advocates a fourth type of social pattern called 

scooping aggregation. Observed among larvae of Scaphiopus hurteri 

and S. bombifrons , scooping aggregations occur with a drop in water 

level within ephemeral pools. The pattern apparently develops when 

evaporation places these larvae in risk of drying. Relatively small 

to large aggregations form on the pool's bottom. Cooperation via 

tail -beating excavates a deeper concavity, and feeding is incidental. 

Although having presented ample evidence to support his 

assumption that social mechanisms operate in tadpole aggregation, 

Bragg (1944a, 1946a, 1949, 1954b, 1959) plus Bragg and Brooks 

(1958) believe there is some degree of environmental control oper- 

ating in conjunction, at least, with social patterns. Working with 

Scaphiopus hurteri larvae, Bragg (1944a, 1946a, 1949, 1959) re- 

peatedly emphasizes not only his lack of measurable environmental 

data, but points out discrepancies in those records taken. For ex- 

ample, he (1946a) observed larvae in identical stages of developme 

in different pools , some aggregating, some not. He therefore feels 
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that the animals respond differentially to different environmental 

stimuli. Conversely, however , Bragg (1959) has observed indepen- 

dent feeding tadpoles beside social feeding aggregations , simulta- 

neously, in the same water. In summary, Bragg (1959) suspects the 

answers to the questions of what factors operate in aggregational be- 

havior are yet to be found. He feels that genetically -controlled be- 

havioral patterns may be constant while dynamic environmental 

stimuli initiate variable animal responses. 

Closer examination of several anuran species reveals a wide 

range of environmental variables which contribute to tadpole aggre- 

gation. 

Bragg (1959) found light stimuli to produce inconclusive re- 

sults with aggregating S. hurteri larvae. Metamorphosing larvae 

frequently awaited night before migrating to the shore , however , in- 

dicating some degree of light- sensitivity. Working with S. bombi- 

frons larvae under controlled conditions , Bragg (1964) concluded 

that they respond to different light intensities. Light -sensitive be- 

havior was modified, however , by varying the temperature. Stuart 

(1961) studied the patterns of Rhinophrynus dorsalis larvae aggregat- 

ing in water holes , but could find no correlation with light stimuli. 

Folger (1939) experimented with chemicals and their effect on 

light -response in tadpoles. Antagonistic and/or concordant effects 

were recorded using Bufo and Rana (sylvatica) cantabrigensis and 
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R. pipiens larvae collectively. A two hundred watt light was placed 

at one end of a rectangular glass container in order to experiment 

and obtain these results: 

Light alone induced aggregation at the lighted end. Introduc- 

tion of either sucrose, ether, sodium chloride, dextrose or alcohols 

(methyl, ethyl, propyl) made photopositive larvae less positive. 

Ammonium hydroxide made them instantly more photopositive, but 

this response slowly became less positive and in minutes was nega- 

tive. Gradually photonegative tadpoles again became positive , and 

twenty minutes later were more photopositive than before addition 

of the base. A second base, sodium hydroxide, on the other hand, 

induced a negative phototactic response, followed by a positive re- 

action, the final effect being slight. Sulfuric acid produced an al- 

most exact reverse of the response given to ammonium hydroxide, 

resulting in a final photonegative response. Eosin caused photo - 

positive tadpoles to become strongly photonegative, in a direct re- 

action. Urea caused photopositive tadpoles to become less positive. 

From this, Folger concluded that any change in metabolic rate may 

be correlated with a change in acidity, alkalinity, or both of the 

aquatic environment. 

Bragg (1948) and Pope (1931) agree that vegetation- caused 

shade patterns on water containing Microhyla sp. larvae can in- 

fluence the positioning of their aggregations. Carpenter (1953) 
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could find no apparent correlation between shadows and Rana pre - 

tiosa pretiosa tadpole aggregational behavior. Bragg (1948) observed 

aggregations of Rana sphenocephala larvae, but found no interrelation 

with shade patterns. 

Chemical effects on tadpole aggregation have proven inconclu- 

sive. Bragg (1949) thought that changes in aquatic chemistry had 

little direct effect on Scaphiopus hurteri tadpole aggregations. Sub- 

sequently, Bragg (1959) noticed that larval crowding frequently 

followed evaporation in temporary pools. The resulting change in 

concentration of either dissolved compounds or food had no signifi- 

cent effect on aggregational behavior. Furthermore , Bragg (1959) 

saw aggregations in full, evaporating, and overflowing pools. Bragg 

and King (1960) observed schools forming and dissociating randomly 

within rain pools. 

Aggregations of S. hammondi larvae were observed by Bragg 

(1944a) and were unaffected by addition of assorted chemicals. 

Young Bufo woodhousei fowleri tadpoles were observed by Bragg 

(1944a) aggregating in shallow water. Since the water level was con- 

stant, Bragg feels chemical concentration was not an aggregant fac- 

tor here. Finally, Richmond (1947) could find no correlation be- 

tween concentration of solutes in experimental pools and aggrega- 

tional patterns among S. h. holbrooki larvae. 

Bragg (1948), experimenting with Rana sphenocephala larvae 
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recorded cessation in aggregation following introduction of fresh or 

rain water. Bragg concludes that there is a change in the chemical 

complex to which larvae are responding, but gives no more direct 

explanation. 

Oxygen levels influence aggregational behavior. Savage (1962) 

observed that tadpoles of Rana temporaria, upon hatching, mass be- 

neath the water's surface and above disintegrating jelly envelopes. 

A series of oxygen -determination tests revealed that tadpoles move 

upward concurrent with a lack of oxygen, but cease moving with suf- 

ficient oxygen levels. Savage concluded that centrally -positioned 

larvae lie in oxygen- deficient water , which stimulates upward swim- 

ming. This observation is supported by the fact that smaller asso- 

ciations , unaffected by oxygen deficiency, don't display this pattern. 

Additionally, development of external gills is coincidental with sur- 

face positioning. Larvae in massive aggregations (one -half to five 

million individuals) approach the surface in response to oxygen defi- 

ciency, spread their gills , then cease moving and settle. Savage 

concludes that these gills are specialized, and observed their rapid 

disappearance with opercular over -growth. 

The number of individual tadpoles has not been clearly shown 

to be significant as an aggregant factor. 

Bragg (1954b) indicated that schooling of Scaphiopus hurteri 

and S. h. holbrooki larvae may be affected by crowding, but he 
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(1959) later ruled out crowding per se as an aggregant factor. Feed- 

ing schools of S. h. holbrooki larvae were seen by Bragg (1954b) 

forming only under crowded conditions, and Ball (1936) observed 

schooling only when many larvae were present. 

Stuart (1961) investigating behavior of Rhinophrynus dorsalis 

tadpoles in water holes , found they never moved alone. Aggrega- 

tional movement was consistantly counter- clockwise in water never 

less than one meter deep, and crowding had no apparent effect on 

larval behavior. Richmond (1947) observed feeding aggregations 

of Rana sphenocephala tadpoles and concluded that the independent 

reaction of individuals to food is modified by their number. 

Undefined water - suspended particles were observed by Bragg 

(1954b) to affect schooling behavior in Scaphiopus hurteri larvae. 

Richmond (1947) interpreted his observations of S. holbrooki hol- 

brooki larvae to be feeding schools caused by individual responses 

to food particles. 

Water depth may be an important element in aggregational be- 

havior. Bragg (1954a) observed the development and behavior of 

Rana areolata areolata plus R. a. circulosa larvae simultaneously. 

Three to four days after hatching, R. a. circulosa larvae migrate 

en masse to the shore where they aggregate. Temperatures are 

assumed to be insignificant. At night, surface -born tadpoles are 

seen over deep water, and those on the bottom lie in shallows. 
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Disturbance causes larvae of both subspecies to move en masse to 

deeper water, apparently seeking shelter on the bottom. Bragg sug- 

gests that none of the aggregations is social, and that larvae are re- 

sponding to water depth. 

Mullally (1953) observed behavior of Bufo canorus larvae. At 

sunset, tadpoles in ponds migrate from the shallow shores, enter 

deeper water, and become inactive. B. canorus plus Rana boylei 

larvae, within the same pond, segregated into aggregations. After 

sunset, all larvae migrated to deeper water and frequently mixed. 

The toad larvae, alert to temperature change, frequently left areas 

one or two degrees cooler than selected sites. All daytime observa- 

tions revealed that larvae aggregated within shallower, warmer 

water. Mullally assumes that warmer water (at least during day- 

light hours) is an attractant. In addition to frequenting warmer 

shorelines larvae may be influenced by diel periodicity. Mullally 

suggests that cooler, deeper water may preclude typical develop- 

ment. 

Temperature is an important aggregant factor. Bragg (1959) 

suggested that temperature affects S. hurteri larval aggregation, 

but only as part of a stimulus complex. S. bombifrons larvae , 

Bragg (1964) thinks, respond to differential light intensities, but 

this behavior is modified by variable temperatures. The same lar- 

vae, however , aggregate in tanks of uniform temperature, react to 
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each other , and are therefore thought to be social. 

Karlstrom (1962) indicates that Bufo canorus larvae respond to 

temperature gradients. Diel periodicity is reflected in that tadpoles 

are seen during the day in shallow, shoreline areas which are rela- 

tively warmer. Tadpoles leave the shorelines at night, migrate to 

deeper water, and become quiescent. Brattstrom (1962) offers 

Mullally's (1953) temperature records as evidence to support his 

hypothesis that aggregational behavior may be controlled by differen- 

tial temperatures. 

Brattstrom and Warren (1955) observed aggregational behavior 

in Hyla regilla larvae. Morning observations revealed the majority 

of the larvae oriented with their heads all pointing northwest. The 

authors agreed that this orientation presents the maximum dorsal 

exposure per larva to the sun. They also felt that social aggregating 

mechanisms were operating, the advantage of which is absorption of 

more heat. Subsequently, Brattstrom (1962) reaffirmed the pheno- 

menon of larval orientation in these frogs. 

Brattstrom (1962) observed Rana boylei larvae aggregating in 

the warmest available water. He also recorded aggregational be- 

havior in Hyla crucifer larvae, in relatively warmer available water. 

Brattstrom suggests that these larvae respond to gradients in aquatic 

microclimate temperatures. 

Brattstrom (1962) agrees with Savage (1962) that the 
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aggregation of dark bodies is advantageous. Tadpoles aggregating 

absorb and disperse more radiant heat than do segregated larvae. 

Brattstrom goes one step further and suggests that aggregation is 

thermally controlled. He points out that higher temperatures within 

aggregating individuals results in increased metabolic rate. Since 

the rate of metamorphosis depends upon metabolic rate, survival 

advantage lies in this increased metabolic rate which reduces the 

time from hatching to metamorphosis. 

The record of behavioral patterns among juvenile amphibians 

is sparse. Neill (1957) observed mass movement of S. h. holbrooki 

post- metamorphic juveniles leaving the water. Bragg (1954b, 1958) 

described larval aggregation and mass movement of water -born 

juveniles of S. hurteri. 

Bragg and Brooks (1958) suggest that two types of social be- 

havior operate in Bufo cognatus juveniles. In the first place, they, 

in addition to Smith and Bragg (1949), saw mass migrating in sep- 

arated areas. The larvae followed an apparent course of direction. 

Secondly, they saw juveniles aggregating. Isolated larvae of other 

species were seen beside aggregations. A lack of evidence for 

apparent environmental interaction led Bragg to conclude that these 

patterns are social. 

Bufo boreas boreas (Baird and Girard) was first officially 

described by Baird and Girard (1852) while part of the U. S. 
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Exploring Expedition in 1852. Since that date, there have been only 

three written accounts of aggregation among the larvae of the Boreal. 

Toad. 

Brattstrom (1962) made a series of observations one morning 

in August, 1955 in Routt National Forest, Colorado. These B. b. 

boreas apparently responded to warmer water, because the warmest 

shorelines available hosted more larvae. Brattstrom's diagrams 

show a correlation between warmer water and aggregation. One 

diagram shows metamorphosing juveniles. Since his observations 

were all made on one morning, apparently these observations re- 

vealed aggregational behavior during only the very latest stages of 

tadpole development. 

Karlstrom (1962) suggests that B. b. boreas larvae prefer re- 

latively warmer water. Three separate observations were made. 

In June, 1955, Karlstrom noticed one aggregation on a pool margin 

in Alpine County, California. Temperatures were recorded. The 

water temperature within the aggregation was 22. 1oC at 9:46 a. m. 

Later , by 8:00 p.m. , these tadpoles were apparently spread in the 

deeper part of the pond, while the shallower, marginal water was 

now 10. 0oC. In June, 1956, Karlstrom saw another aggregation. 

No temperatures were recorded. Karlstrom includes a photographic 

plate revealing tadpoles fairly well developed but with no visible 

limbs. 
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Carpenter (1953b) observed, on 18 August 1951, many Bufo 

boreas larvae in a pool near Pacific Creek, Jackson Hole, Grand 

Teton National Park, Wyoming . Tadpoles were in stages from late 

large, hind -leg bearing larvae to recently metamorphosed juveniles. 

Aggregation was observed among larvae ranging from those with 

only the hind legs developed to those which bore four limbs plus the 

tail. Tadpoles within these stages were seen to aggregate within 

small indentations along the shoreline. No temperatures were re- 

corded. No records were given of aggregation among late- metamor- 

phosing larvae. 

Schonberger (1945) observed, in 1935, many juveniles of B. b. 

boreas along a shoreline. These young toads densely covered the 

ground, while the shallows and the shoreline were covered with 

metamorphosing larvae. 

Dunlap (1959) recorded a collection of Bufo b. boreas tadpoles 

from Todd Lake, Deschutes Co. , Oregon on 26 August 1955. Size 

ranges are listed for tadpoles, but no description of any behavioral 

patterns is indicated. 

The object of this study was to investigate the possibilities of 

tracing tadpole aggregation among Bufo b. boreas larvae with ref- 

erence to the developmental stages at which it is apparent, and to 

attempt to determine what aggregant factors initiate and maintain 
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this behavior. Additionally, an attempt was made to determine the 

significance of temperature as an individual environmental factor. 
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METHODS AND MATERIALS 

Field data and observations were recorded during the summers 

of 1965 and 1966. Tadpoles, juveniles, and adults of Bufo b. boreas 

were observed in Todd Lake, Sparks Lake, and Elk Lake, all in 

Bend district, Deschutes National Forest, Deschutes Co. , Oregon. 

All temperatures were recorded with a Schultheis centigrade ther- 

mometer. 

Experimental work was conducted in an outdoor hatchery tank 

(457. 0 cm. x 34. 3 cm x 19. 7 cm. ) , lined with clear plastic over a 

white painted surface. The tank, which lay with its long axis east 

and west, was filled to a uniform depth of approximately 2. 0 cm. 

with well water. A 500 -watt electric heating element was installed 

at the western -most end and a container of dry ice at the other end. 

All tadpoles used in experiments were collected at random from the 

north end of Todd Lake, and most were either limbless, or with only 

hind limbs visible. A few possessed four limbs. Fifty larvae were 

randomly distributed in the tank at the start of each series of tests. 

All temperatures were recorded with a Schultheis thermometer. 

The temperature gradient ranged between 55° to 60°C at the heated 

end to 13 to 16°C at the chilled end. 

In an attempt to obtain larvae for controlled experiments, 

fertilized eggs were obtained from two amplexing pairs of Bufo b.. 
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boreas. Blair (1964) indicates that there has been no previous 

record of induced ovulation in this species. Through modification 

of Rugh's (193.) technique for inducing ovulation in Bufo fowleri, 

amplexus, egg -laying, and fertilization were induced in these boreal 

toads. 

Adult toads , collected in October 1965 from Davis Lake, 

Deschutes County, Oregon, were stored in 16.0°C refrigerators 

until induced ovulation experiments were begun. Following removal 

from storage jars, selected pairs were placed into covered, clear 

plastic containers (31. 75 cm. x 25.4 cm. ) filled with two to three 

inches of dechlorinated water , and kept refrigerated at 16. 0°C. 

This temperature was maintained throughout, and the refrigerator 

was lighted inside. 

Fresh Rana pipiens pituitaries were injected directly into the 

abdominal cavity of female toads. "Antuitrin -S" (Parke, Davis and 

Co. ) dosages were also injected abdominally. The procedure and 

results are indicated in Table I. 

Of several feeding methods tried, fresh -water algae were the 

only food source which kept the larvae alive. Larvae from the 

October clutch were reared at O.S. U. 's Oak Creek Laboratory. All 

tadpoles died prior to experimentation. Those from the January 

clutch were reared in water - filled porcelain hotel pans. Rabbit 

pellets were given to varied numbers of larvae, all of which died 
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before experiments were conducted. Larvae observed in the summer 

experiments in 1966 were kept in a circular tank into which was 

placed well water and algal colonies. Larvae lived nearly a month, 

the majority of which metamorphosed within the tank. 



Table I. Summary of the procedure followed, as well as the results of inducing ovulation in two pairs 
of adult Bufo boreas boreas. 

Date /Time Female Doses Male Doses 

First Pair 
Amplexus Oviposition Egg Condition Fertilization 

10/26/65 1.5 cc. 

night "Antuitrin -S" 

10/27/65 1. 5 cc. 

morning "Antuitrin -S" 

10/27/65 1. 0 cc. 

afternoon "Antuitrin -S" 

10/28/65 1.0 cc. 0.5 cc. 
afternoon "Antuitrin -A" "Antuitrin -S" 

10/29/65 3 Rana pipions 
afternoon Pituitaries 
(5:00 p. m.) 

10/30/65 

night 

X 

X good 80 -90% 

Q 



Table 1 (Continued) 

Second Pair 
Date /Time Female Doses Male Doses Amplexus Oviposition Egg Condition Fertilization 

1/3/66 
evening 

1.5 cc. 
"Antuitrin -S" 

1/4/66 
morning 

1.5 cc. 
"Antuitrin -S" 

1/4/66 
evening 

1. 5 cc. 
"Antuitrin-S" 

1.5 cc. 
"Antuitrin-S" 

(8 :00p.m,) 

1/5/66 1.5 cc. 
9:00 a, m. "Antuitrir_-S" 

1/5/66 1,0 cc. 
5:00 p. m. "Antuitrin-S" X 

1/6/66 3 Rana,gi}7iens 
1:30 p.m. Pituitaries 

1/7/66 to X excellent 80 -90% 
1/8/66 
night 
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OBSERVATIONS 

Field observations were made during the summers of 1964, 

1965, and 1966. Records were taken from several arbitrarily num- 

bered ponds plus the general region around the northern third of 

Todd Lake. These ponds , connected to the northern -most shoreline, 

were numbered from east to west. Numbering begins with the 

largest pond, which lies on the west side of the center -most, large 

entering stream (see Figure 1). Records were also taken from the 

northern -most area around and adjacent to Sparks Lake, and from 

the Little Fawn region of Elk Lake. 

Adult boreal toads were in amplexus within separated areas at 

the north end of Todd Lake by the last week of June, 1965 and 1966. 

Eggs were collected in June and July, 1965, and cultured in porce- 

lain hotel pans at Sparks Lake. 

Larvae were free from the jelly mass within a week and were 

observed to be scattered at random along the bottom of their ponds. 

No aggregations were seen in Todd Lake before 8 July, 1965 , al- 

though the first record of egg -laying was taken on 25 June. 1964 

and 1966 observations of aggregation were all recorded on later 

dates in those summers, and consequently, larvae were in later 

developmental stages. 

Aggregational behavior was seen to occur among larvae, 
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Figure I. Diagram of the field study area at the northern -most end of Todd Lake. Dotted lines 
represent temporary ponds which dry through the summer. Bufo boreas boreas tad- 
poles , metamorphosing larvae , and juveniles aggregated in this area. 
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metamorphosing tadpoles , and subsequently juvenile toads. 

Aggregating larval individuals were constantly moving in ap- 

parent random directional patterns , often milling, with larvae orien- 

ted at random. Bottom -born particles were consequently suspended 

within this churning pattern. Individual larval mouth parts moved 

constantly, indicating constant feeding. In nearly every instance, 

there were individuals near , but not part of established aggregations. 

Aggregational behavior itself was dynamic, yet individuals were fre- 

quently seen in close proximity to the aggregation, lying quiescently 

on the bottom. 

Observation of larvae under the experimental influence of a 

thermal gradient revealed several apparent patterns. Table III re- 

veals that larvae aggregated within a relatively narrow temperature 

range but at random locations within this range. Concurrently, 

however , individual larvae were often in close proximity to, but not 

part of an established aggregation. These isolated individuals were 

often within water of the same temperature as that recorded for the 

aggregation. 

There are no previous records of schooling among these lar- 

vae. Larvae in the lakes were observed to school, both into and out 

of established aggregations. Schooling was also seen with no rela- 

tionship to aggregational behavior. 

One schooling pattern distinct from that accompanying 
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aggregational behavior was first observed in Sparks Lake on 23 July 

1965. Schooling larvae moved in the same general direction with a 

parallel orientation of individuals, the overall pattern being serpen- 

tine, winding or turning multidirectionally. No correlation was 

apparent between schooling and either compass orientation or evident 

food source. Serpentine schools in Sparks Lake were observed in 

water ranging from three to four feet deep. One continuous school 

extended one hundred fifty yards in length, winding around algae - 

covered sedges and out into the open lake. 

Schooling was still evident in late August in Sparks Lake. 

Again, individuals were in a parallel positioning, each following the 

larvae preceeding it. Algal development had increased on sedge 

stems, and several schools often entered heavily vegetated areas 

from random directions. Individuals fed randomly. Schooling pat- 

terns radiated away from these areas with equal frequency. Again, 

schools were followed, one of which extended to at least . 2 mile. 

Additionally, it was observed that individuals often dropped to the 

bottom periodically and would subsequently reenter the general 

pattern. 

Aggregational behavior observed in Todd Lake occurred fre- 

quently near the mouth of entering streams. Simultaneously, school- 

ing often accompanied aggregation, with individuals entering and /uj 

leaving adjacent aggregations, apparently at random. Aggregations 
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forming along non - interrupted shorelines and in deeper water often 

followed this same general pattern, with or without schooling. Addi- 

tionally, schools were frequently observed extending several yards, 

moving in a serpentine pattern along the contours of the shoreline 

and stream mouths. Some schools were confined to a circular pat- 

tern within stream mouths. 

All observations of tadpole behavior made around Elk Lake 

during the summers of 1964 and 1965 were recorded in the Little 

Fawn region on the east side of the lake. Schooling either accom- 

panied aggregation or occurred independently along shorelines. 

Aggregations were seen in August 1965 along the southern -most 

shore of the Deer Lake Slough. Vegetation- caused shade patterns 

were evident and superimposed on these aggregations. No apparent 

correlation could be found between these and aggregational behavior. 

Aggregations were also frequently seen along the pumice -sand shore- 

lines in the vicinity of the boat- landing site. Although often accom- 

panied by schooling, these usually were milling aggregations, resul- 

ting in shoreward larvae often being pushed up and onto wet sand. 

Stranded individuals would wriggle back to and join the teeming, 

heaving mass. 

By late August of 1965 and 1966, the study areas at the north 

end of Todd Lake hosted larvae ranging in development from legles' 

tadpoles to metamorphosed juveniles. Aggregation included tadpoles 
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in any of these stages, including tail -less four- legged toads moved 

between moist land and water. 

Juveniles migrated from and reentered the water under the in- 

fluence of their environment. Any ground vibrations caused them to 

enter the water. Metamorphosing larvae were never seen out of 

water after sunset, and were frequently seen in water two to three 

feet deep. 

A unique behavioral pattern was first recorded at Sparks Lake 

in late August, 1965 and was seen also in late August 1965 and 1966 

at the north end of Todd Lake. Sparks Lake is enclosed on the north- 

ern shoreline by a series of meadows broken by several streams. 

Along the grassy bank of one of these, Goose Creek, an aggregation 

of several hundred recently metamorphosed juveniles was observed. 

Further observation revealed several hundred aggregations of from 

a few to hundreds of individuals piled upon one another. Some ag- 

gregations were up to six inches in height. Ground vibrations 

caused by footsteps resulted in aggregations becoming disorganized, 

wherein individuals would move rapidly in aimless directions. 

Most of these aggregations were along the immediate stream banks, 

but many were found further away from the stream in the grass and 

sedges. 

The meadows extend several hundred yards from the northern 
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shoreline of Sparks Lake to the Cascade Lakes Highway. Observa- 

tions made in late August of 1965 and 1966 revealed thousands of 

juveniles in the vicinity of Goose Creek, between the lake and high- 

way, extending over the meadows around to the Satan Creek camp. 

The pavement was speckled for at least two - tenths mile with thou- 

sands of juvenile carcasses , and a general migration of juveniles 

occurred in a lake -to- highway direction. Relatively few juveniles 

could be seen on the bank on the north side of the highway. 

In late August 1965 and 1966, similar aggregational behavior 

was seen among juvenile toads along the northern -most shoreline of 

Todd Lake. Aggregations were seen in an area extending into the 

meadows north of the lake. Temperatures were recorded. 

Table II records aquatic temperature data taken within and at 

points around individual aggregations in Todd Lake. Closer exam- 

ination reveals that aggregating tadpoles and metamorphosing juve- 

niles were, in every case, within the warmest available aquatic 

micro - climate. When temperatures changed as a result of environ- 

mental influence, larvae moved to warmer regions in the immediate 

vicinity, the highest being 28.0 C. Those tadpoles which had not yet 

developed any visible limbs were rarely observed aggregating past 

sunset, and were frequently seen lying individually in water three to 

five feet deep. Tadpoles in later stages of development were more 

frequently seen aggregating in water three to four feet deep, but 
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only when the peripheral, shoreline water was colder than the deeper 

regions. 

Table III reveals that tadpoles aggregated within a relatively 

narrow temperature range (28. 0 -32. 2oC) when exposed to a thermal 

gradient which ranged from 13 to 16°C at the chilled end to 55 to 

60°C at the heated end. Closer examination reveals that a change 

in position of this range within the tank resulted in a consequent 

change in aggregational positioning. Within this range, however, 

aggregations were observed within random positions in the tank. 



Table II. Aquatic temperatures taken from within selected aggregations in Todd Lake and at compass points immediately adjacent to each aggrega- 
tion. All temperatures were taken with a Sol .lieu centigrade thermometer at vertical positions in the water which were approximately 
level with the center of each aggregation. Some aggregations were in contact with the shoreline, and the temperature of the water's 
edge could not be recorded separately. 

Observation Date Time Temperature (C) 
Aquatic temperatures (C) taken at compass 

P ( ) Lake Temperatures (C) 
points adjacent to each aggregation Number within the 

aggregation 

Temperature 
to North 

1 7/24/65 1 :50 p. m. 27.5 

2 7/24/65 1 :50 p.m. 28.0 

3 7/24/65 1 :55 p.m. 26.5 

4 7/24/65 1 :55 p.m. 27.5 

5 7/24/65 1:55 p.m. 25.5 

6 7/24/65 1:55 p.m. 24.5 

7 7/24/65 2:00 p.m. 23.0 

8 7/24/65 2:00 p. in. 24.0 

7/24/65 2:05 p.m. 25,0 

shore and 
aggregation 

shore and 
aggregation 

aggregation 
on shore 

shore and 
aggregation 

shore and 
aggregation 

shore and 
aggregation 

shore and 
aggregation 

shore and 
aggregation 

shore 

Temperature 
to South 

Temperature 
to East 

Temperature 
to West 

Temperature 
at water's 

edge 

Temperature 
cf lake surface, 

5 - 6 feet 
from shore 

21.0 aggregation 21.0 

21.0 aggregation 21.0 

21.0 aggregation 21.0 

21.0 aggregation 21.0 

21.0 aggregation 21.0 

21.0 aggregation 21.0 

21.0 aggregation 21.0 

21.0 21.5 21.5 aggregation 21.0 

21.0 24.0 24.0 aggregation 21. 0 
aggregation L) 

N 



Table II. Continued 

Observation Date 
Number 

Time Temperature (C) 

within the 
aggregation 

Aquatic temperatures (C) taken at compass 
points adjacent to each aggregation Lake Temperatures (C) 

Temperature 
to North 

Temperature 
to South 

Temperature 
to East 

Temperature 
to West 

Temperature 
at water's 

edge 

Tempe rature 
of lake surface, 

5 - 6 feet 
from shore 

10 3/2/65 11:15 a. m. 22.0 shore and 
aggregation 

22.0 21.8 21. 8 aggregation 21.0 

11 8/2/65 11:15 a. m. 23.0 shore and 
aggregation 

22.0 22.5 22.5 aggregation 21. 0 

12 8/2/65 11 :20 a. m. 26.5 shore and 
aggregation 

22.0 21.0 21.0 aggregation 20.0 

13 8/2/65 11:25 a. m. 22.5 shore and 
aggregation 

21.0 22.0 22.0 aggregation 20.0 

14 8/2/65 11 :30 a. m. 24.5 shore and 
aggregation 

24.0 24.0 24.0 aggregation 20.0 

15 8/12/65 12:15 p.m. 16.0 shore and 
aggregation 

15.5 aggregation 16.0 

16 8/12/65 12:20 7. rn. 16.0 shore and 
aggregation 

16.0 16. 0 16.0 aggregation 16.0 

17 8/12/65 12 :20 p. m. 18.0 shore and 
aggregation 

16.0 16.0 16.0 aggregation 16.0 

18 8/12/65 12:22 p. m. 16.0 shore and 
aggregation 

16.0 16.0 16.0 aggregation 16.0 

19 8/12/65 6:00 p.m. nana 17.0 16.0 
available 



Table II. Continued 

Aquatic temperatures (C) taken at compass Observation Date Time Temperature (C) Lake Temperatures (C) 
Number within the points adjacent to each aggregation 

aggregation 

Temperature 
to North 

Temperature 
to South 

Temperature 
to East 

Temperature 
to West 

Temperature 
at water's 

edge 

Temperature 
of lake surface, 

5 - 6 feet 
from shore 

20 8/12/65 6:05 p.m. none 
available 

15.5 16.0 16.0 

21 8/12/65 6 :15 p.m. 16.5 16.3 
toward shore 

lake = 16.5 16.5 aggregation 16.5 

line (5 yds) 16.5 

22 8/19/65 3:00 p. m. 19.0 10 yd. up stream aggregation 16. 5 

#1 = 19.0 18.5 18.5 18. 5 

23 8/19/65 3:15 p. m. 19.0 up the stream aggregation 16.5 
#1 = 19.0 18.5 18.5 18. 5 

24 8/19/65 3:20 p. m. 18.5- up to 10 yds. aggregation 16. 5 

19.0 up stream #1 18.5 18.5 18.5 
18. 5 

25 8/20/65 3:30 p. m. 18.0 shore and 
aggregation 

18.0 18. 0 18.0 aggregation 16. 5 

26 8/20/65 1:00 p. m. 24.0 up stream 22.0 22.0 22. 0 

23. 0 

27 8/20/65 1:05 p.m. 23. 5 up stream #1 

up stream #1 

22. 0 22. 0 22. 0 

28 8/20/65 2:00 p. m. 22.0 22.0 22.0 22.0 22. 0 

29 8/20/65 6:15 p. ru. 18.0 up stream #1 18.0 18. 0 18. 0 

s0 8/20/65 7:00 p. m. 18.0 18. 0 18. 0 18. 0 18. 0 .P 



Table II. Continued 

Aquatic temperatures (C) taken at compass Observation Date Time Temperature (C) Lake Temperatures (C) points adjacent to each aggregation 
Number within the 

aggregation 

Temperature 
to North 

31 8/27/65 

32 8/27/65 

33 8/27/65 

34 8/27/65 

35 8/27/65 

36 8/27/65 

37 8/27/65 

38 8/27/65 

39 8/27/65 

40 8/27/65 

8/27/65 

11 :00 a, m. 18.0 shore 

11 :30 a. m. 18.0 - 19.0 shore and 
aggregation 

3:45 p. m. 15.2 aggregation 
and shore 

3 :45 p, m. 15.2 aggregation 
and shore 

4:30 p. m. 15.5 - 15.8 15.8 

4:30 p. m. 15.2 - 15.5 aggregation 
and shore 

5 :00 p. m. 15. 5 aggregation 
and shore 

5 :00 p. m. 15.5 15.5 = shore 
and aggregation 

5:30 p. m. 15.5 15.2 

Temperature 
to South 

Temperature 
to East 

Temperature 
to West 

Temperature 
at water's 

edge 

15.5 15.0 15.2 18.0 

15.5 16.0 16.0 aggregation 

15.0 15.0 15.0 aggregation 

15.0 15.0 15. 0 aggregation 

15.3 15. 3 15. 3 15. 8 

15.2 15. 0 15. 5 15.2 

15.2 15. 0 11.5 15.2 

15.0 15.2 15.4 15.2- 
15.4 

15.4 15.3 15.4 15.2 

Temperature 
of lake surface, 

5 - 6 feet 
from shore 

15.5 

15. 3 

15.0 

15.0 

15. 3 

15.0 

15. 0 

15.0 

15. 5 

3 yds. from Shore 
7:00 p. m, shore - no tem- 13. 2 13. 5 15. 0 

perature avail- 
able ( too deep) 

Shore 
7:15 p.. r17., (same as above) 13.5 13.5 15. 0 ci, 41 

- -- - -- - -- 

--- --- --- w 



Table II. Continued 

Aquatic temperatures (C) taken at compass 
Observation Date Time Temperature (C) Lake Temperatures (C) 

points adjacent to each aggregation Number within the 
aggregation Temperature 

Temperature of lake surface, 
Temperature Temperature Temperature Temperature at water's 5 - 6 feet 

to North to South to East to West edge from shore 

3 yds. from 
42 8/27/65 7:30 p. m, shore - no tern- 14.0 

perature avail- 
able (too deep) 

shore 14.8- 

43 

44 

45 

46 

47 

48 

49 

50 

=1 

14.0 15.2 

shore 14.8- 
8/27/65 7:30 p.m. (same as above) 14.0 

8/28/65 1 :15 p. m. 20, 0 17.0 17.0 17.0 17.0 

8/28/65 1 :25 p. m. 19.0 aggregation 
here 

18.5 18.5 18.0 

8/28/65 1;30 p. m, edge: 18.8 
17.8 18.5 17.8 out: 18.9 

8/28/65 1 :45 p. m, 20.2 - 20.5 shore 17. 5 17. 2 18. 0 

8/28/65 2:00 p. m. 20.5 shore 17.2 18.0 18.0 

8/28/65 2:15 p. m. 19.2 shore 19.0 18.5 18.5 

8/28/65 2:30 p. m. 20.5 aggregation 18.8 19.2 19.9 

8/28/65 2:30 p.m, 20. 0 aggregation 18.2 20. 0 18. 0 

14.0 15.2 

20.0 17.0 
(aggregation) 

aggregation 18.0 
here 

16.0 18. 0 

(spring) 

20.2 i7. 5 

aggregation 

20.5 17.2 
aggregation 

19.0 19.0 

20.0 18.0 

20. 0 18. 2 

shore aggregation 

- -- 



Table II. Continued 

Observation Date 
Number 

Time Temperature (C) 

within the 
aggregation 

Aquatic temperatures (C) taken at compass 
points adjacent to each aggregation Lake Temperatures (C) 

'Temperature 
to North 

Temperature 
to South 

Temperature 
to East 

Temperature 
to West 

Temperature 
Temperature of lake surface, 

at water's 5 - 6 feet 
edge from shore 

52 8/28/65 2:30 p. m. 20.0 aggregation 18.0 17.0 20.0 20.0 
shore aggregation 

18.2 

18. 2, 18. 5, aggregation 
53 8/28/66 2:35 p. m. 20, 0, 20. 5, aggregation 18.0 17.0 17.0 temperatures 18. 0 

19. 0 

54 8/28/66 2:45 p. m. 18. 0 - 19. 0 14.0 16. 0 17. 0 16. 0 

18, 5, 18. 5, 

55 8/28/66 2:50 p. m. 19. 0, 18. 5, shore 17.0 17. 0 17. 2 aggregation 17. 0, 
18.0, 18.5 temperatures 17.0 

56 8/28/66 3:00 p. m. 19.0 shore 17.0 17.0 17.2 18.5 17. 0 

57 8/28/66 3:00 p. m. 18.5 shore 17.0 17. 0 17. 0 aggregation 17. 0 

58 8/28/66 3:00 p.m, 18. 0 shore 17.0 17. 0 17. 0 aggregation 
temperatures 

17.0 

59 8/28/66 3:00 p. m. 18.2 shore 17.0 17.0 17.0 aggregation 
temperatures 

17.0 

60 8/28/66 3:00 p. m, 18.0 shore 17.0 17.0 17. 0 aggregation 
temperatures 

17.0 

off -shore 
51 8/28/66 3:10 p. m. 17. 5, 18.5 - 16.8 16.8 17.0 16.6 16.8 16. 8 

19.0 



Table II. Continued 

Observation Date Time Temperature (C) 
Number within the 

aggregation 

Aquatic temperatures (C) taken at compass 
points adjacent to each aggregation Lake Temperatures (C) 

Temperature 
Temperature of lake surface, 

Temperature Temperature Temperature Temperature at water's 5 - 6 feet 
to North to South to East to West edge from shore 

62 8/28/66 3 :15 p. m. 

63 8/28/66 3:20 p. m. 

64 8/28/66 3:30 p. m. 

65 8/28/66 3:35 p. m, 

66 8/28/66 3:45 p. m. 

67 8/29/66 10:00 a. m. 

68 8/29/66 10:05 a.m. 

69 8/29/66 10 :07 a. m, 

70 8/29/66 10:08 a, Jr. 

off -shore shore 
18.2 16.5 

off-shore shore 

18. 2, 18. 2, 16.8 
18. 4, 18. 5 

18. 8, 17. 5, shore 
18. 0, 17.8 aggregation 
18. 0 

shore 
20.0 aggregation 

aggregation 
18. 0 - 18.5 along shore 

none at all shore -12.2 

scattered 
larvae only shore -12.2 

no aggrega- 
tion, scat- shore -12. 8 

tere d larvae 

no aggrega- 
tion, scat- shore- 13..0 

tered larvae 

16.5 17. 0 17. 0 16.8 16.5 

17.0 18. 0 17. 5 16. 8 17.0 

17.0 17.0 17, 0 aggregation 

aggregation 

17, 0 

18.0 18.4 19.5 temperature 

aggregation 

18. 0 

17.2 17. 5 17. 5 temperature 17.5 - 17. 2 

lake 
14.4 14.0 13.5 12.2 - 12.00 14.4 

lake 
14.4 14.0 13.5 12.2 15.0 

lake 14. 0 14. 0 12. 8 13. 0 - 14. 2 

14. 5 

lake 14. 0 14. 0 13.0 14.2 



Table II. Continued 

Aquatic temperatures (C) taken at compass Observation Date Time Temperature (C) Lake Temperatures (C) points adjacent to each aggregation Number within the 
aggregation 

Temperature 
to North 

71 8/29/66 10:10 a. m. 

72 8/29/66 10 :15 a. m. 

73 8/29/66 10:20 a. m. 

74 8/29/66 10 :25 a. m. 

75 8/29/66 10:30 a, m, 

76 8/29/66 10:45 

77 8/29/66 10:50 a. m. 

78 8/29/66 11 :10 a, m.. 

no aggregation 
at all shore -12.4 

no aggrega- 
tion, scat - shore -12.4 

tered larvae 

no aggrega- 
tion, scat- shore -13.0 

tered larvae 

schooling 
closer to shore shore -14. 0 

larvae on 
bottom, school- shore -11.2 
ing, out deeper 

no aggrega- 
tion, larvae 

closer to shore 
(3 -4 yds. ) 

shore 
tempera- 

tures 

no aggrega- shore 
tion, all along tempera- 

shore, tures 
schooling 

forming aggregation - 
17. 0 shore - 17. 0 

Temperature 
to South 

Temperature 
to East 

Temperature 
to West 

Temperature 
at water's 

edge 

Temperature 
of lake surface, 

5 - 6 feet 
from shore 

lake 14. 0 14.0 12.4 14.6 

lake 14. 2 14. 3 12.4 14.6 

lake 14. 3 14. 0 13. 0 14. 5 

lake 14. 0 14. 3 14.0 14. 8 

lake 13.0 13.5 11.2 14.0 

9. 0, .15. 0, 15. 0, 15.0, 
15. 0, 14. 2, 15. 0, 14.8, 

lake 14.2 14. 0 
14. 8, 13.5 15. 0, 14. 5 

around bay: bay: 15. 0, 
lake 14.8 14.8 14. 8, 15.0, 15.0, 15.0, 

14. 8, 14. 2, 14. 8, 14.5 
14.0 

lake 17. 0 
16. 5 16. 5 16. 5 aggregation 15. 0 

2. m. 



Table II. Continued 

Aquatic temperatures (C) taken at compass Observation Date Time Temperature (C) Lake Temperatures (C) points adjacent to each aggregation Number within the 
aggregation 

'Temperature 
to North 

79 8/29/66 11:15 a. m. 17.2 

17. 0, 17. 0, 

80 8/29/66 11 :20 a. m. 17. 0, 16. 8, 

17. 1, 17. 2, 

17. 0 

81 8/29/66 11 :25 a. m. 17.0 

82 8/29/66 11:25 a. m. 17. 0 -17. 8 

83 8/29/66 11:25 a. m. 17.2 -17.0 

84 8/29/66 11:25 d.111, 16. 4, 16.2 

85 8/29/66 11:30 a. M. 17.0 

86 8/29/66 11:30 a. ni. 17.0 

37 8/29/66 11:30 a. ni, 17.0 

shore 
aggregation 

aggregation 
shore, 

aggregation 
on shore 

aggregation 

aggregation 
point 

shore 
aggregation 

aggregation 

aggregation 
point 

aggregation 
point 

Temperature 
to South 

Temperature 
to East 

lake 
15.0 16. 0 

lake 
15.0 16.0 

lake 
15.0 16.0 

lake 
16.0 15. 5 -15. 0 

lake 15. 2 -15.4 

lake 
16.0 15, 0, 15.0 

lake 
16.0 16. 8 

lake 
16.0 16. 5 

lake 
16.0 16. 5 

Temperature 
Temperature of lake surface, 

Temperature at water's 5 - 6 feet 
to West edge from shore 

16. 5 17.0 

aggregation 

15.0 

16. 5 along shore 

aggregation 

15.0 

16.5 17.0 15.0 

15. 0 -15. 5 aggregation 16.0, 16.0 
14.0 

15.6 -15.2 aggregation 16.0, 16. 0, 
14.0 

15. 0, 15.2 aggregation 16. 0, 16.0 

15.2 aggregation 16.0, 14.5 

15. 2 aggregation 14. 5, 16.0 

15.2 aggregation 16. 0, 14.5 



Table II. Continued 

Aquatic temperatures (C) taken at compass Observation Date Time Temperature (C) Lake Temperatures (C) 
points adjacent to each aggregation Number within the 

aggregation Temperature 
Temperature cf lake surface, 

Temperature Temperature Temperature Temperature at water's 5 - 6 feet 
to North to South to East to West edge from shore 

aggregation lake 
88 8/29/66 11 :35 a. m. 17.4 shore 

aggregation 

16.0 

lake 

16. 5 15.2 aggregation 16.2, 14. 6 

89 8/29/66 11 :35 a. m. 17.5 shore 

aggregation 

16.2 

lake 

16. 5 15.2 aggregation 16.2, 14. 5 

90 8/29/66 11 :36 a. m. 17.8 shore 

aggregation 

16.2 

lake 

16.5 15.5 aggregation 16.0, 14.5 

91 8/29/66 11 :38 a. m. 17.0 shore 

aggregation 

16.2 

lake 

16. 5 15.2 aggregation 16.2, 14. 5 

92 8/29/66 11 :40 a. m. 16.8 shore 

aggregation 

16.2 

lake 

16. 5 15.2 aggregation 16. 2, 14. 5 

93 8/29/66 11 :42 a. m. 17. 0 shore 

aggregation 

16.2 

lake 

16. 5 15.2 aggregation 16. 2, 14. 5 

94 8/29/66 11 :44 a. m. 17. 0 shore 

aggregation 

16.2 

lake 

16. 5 

other 

15.2 aggregation 16.2, 14. 5 

95 8/29/66 11 :45 a. m. 17.4 shore 

aggregation 

14.5 

lake 

aggregations 

other 

16. 8 aggregation 14. 5 -16. 0 

96 8/29/66 11 :45 a. m. 17.0 shore 

aggregation 

14.5 

lake 

aggregations 16.8 aggregation 14.5 -16. 0 

97 8/29/66 11 :45 a. m. 16.9 shore 16.0 16.6 16.8 aggregation 14.5 -16. 0 



Table II. Continued 

Aquatic temperatures (C) taken at compass Observation Date Time Temperature (C) Lake Temperatures (C) 
Number within the points adjacent to each aggregation 

aggregation 

Temperature 
to North 

Temperature 
to South 

Temperature 
to East 

Temperature 
to West 

Temperature 
at water's 

edge 

'Temperature^ 
of lake surface, 

5 - 6 feet 
from shore 

aggregation lake 
98 8/29/66 11:46 a. m. 18.0 shore 

aggregation 

16.0 

lake 

16.8 16.8 aggregation 14.5 -16.0 

99 8/29/66 11 :47 a. m. 18.5 shore 

aggregation 

16.0 

lake 

16.8 

other 

16.8 aggregation 14, 0 -16. 0 

100 8/29/66 11:48 a. m. 17.5 shore 

aggregation 

15.8 

lake 

aggregations 

another 

16.8 aggregation 14.0 -15.8 

101 8/29/66 11:49 a. in. 18.0 shore 

aggregation 

16.0 

lake 

aggregation 

another 

16.8 aggregation 14.0 -15. 8 

102 8/29/66 11:50 a. m, 17.0 shore 

aggregation 

15.8 

lake 

aggregation 

stream enters 
Todd Lake 

16.8 aggregation 14,0 -16.0 

103 8/29/66 11:50 a, m. 17.2 shore 

aggregation 

15.0 

lake 

16.0 

(same as above) 

16.8 aggregation 14.0 -15.0 

104 8/29/66 11:52 a. m, 17.2 shore 16.0 16. 8 aggregation 15.5 -16. 0 

17. 0, 17. 0, aggregation lake ( same as above) 
105 8/29/66 11:53 a. m. 17. 5, 17. 4 shore 

shore 

16.0 

lake (same as above) 

16.8 aggregation 15. 5 -16, 0 

106 8/29/66 11:54 a, In. 17. 6, 18. 4, aggregation 16.0 16.8 aggregation 15, 5 -16. 0 

17.8 



Table 11. Continued 

Observation Date 
Number 

Time Temperature (C) 

within the 
aggregation 

Aquatic temperatures (C) taken at compass 
points adjacent to each aggregation 

Temperature Temperature Temperature 
to North to South to East 

Temperature 
to West 

Lake Temperatures (C) 

Temperature 
at water's 

edge 

Temperature 
of lake surface, 

5 - 6 feet 
from shore 

107 

108 

8/29/66 

8/29/66 

11 :54 a. m. 

11 :55 a.m. 

18. 2, 17.4 

18.2 - 18.4 

r shore 
aggregation 

shore 
aggregation 

lake 
16. 0 

lake 
16.2 

stream enters 
Todd Lake 

16.0 16.8 

aggregations This & next 
continuous aggregation 
through #109 are continuous 

aggregation aggregation 

aggregation 

aggregation 

15.5 -16,0 

16.2 

17. 6, 17. 5, continuous continuous 
17. 6, 17.6, shore lake with above with above 

109 8/29/66 11 :55 m. 17.0, 17.0 aggregation 16.2 entry entry 

stream enter- 

16.2 

18. 5, 17. 0, shore lake ing lake 
110 8/29/66 11:55 a.m. 18.0 aggregation 

shore 

16.2 

lake 

16.0 17.0 aggregation 16. 2 

111 8/29/66 12 :00 coon 18.0 aggregation 

shore 

16.2 

lake 

(same as above) 17. 0 aggregation 16.2 

112 8/29/66 12:00 noon 18.0 aggregation 

shore 

16.2 

lake 

(same as above) 17.0 

stream water 

aggregation 16.2 

113 8/29/66 12:05 p. m. 18.0 aggregation 

shore 

16.2 

lake 

16. 0 17.0 

stream water 

aggregation 16.2 

'14 8/29/66 12:05 p. ,n. aggregation 16.2 16.0 17.0 aggregation 16.2 
w 

.;. 



Table II. Continued 

Observation Date 
Number 

Time Temperature (C) 

within the 
aggregation 

Aquatic temperatures (C) taken at compass 
points adjacent to each aggregation Lake Temperatures (C) 

Temperature 
to North 

Temperature 
to South 

Temperature 
to East 

Temperature 
to West 

Temperature 
at water's 

edge 

Temperature 
of lake surface, 

5 - 6 feet 
from shore 

shore lake stream water 
115 8/29/66 12:08 p. m. 17.5 aggregation 

shore 

16.2 

lake 

16.0 

stream water 

17.0 aggregation 16.2 

116 8/29/66 12:10 p. m. 18.2 aggregation 

shore 

16.2 

lake 

16.0 

stream water 

17.0 aggregation 16.2 

117 8/29/66 12:12 p. m. 18. 0, 17.4 aggregation 

shore 

16.0 

lake 

16.0 

stream water 

17.0 aggregation 16. 2 

118 8/29/66 12:15 p. m. 18.2 aggregation 

shore 

16.2 

lake 

16.0 

steam water. 

17.0 -18.0 aggregation 16.2 

119 8/29/66 12 :17 p. m. 18.4 aggregation 

shore 

16.2 

lake 

16.0 

stream water 

17.0 -18.0 aggregation 16.2 

120 8/29/66 12:20 p. m. 17.6 aggregation 

shore 

16.2 

lake 

16.0 

stream water 

17.0 -18.0 aggregation 16.2 

121 8/29/66 12:22 p.m. 19.0 aggregation 

shore 

16.2 

.lake 

16. 0 

stream water 

17.0 -18.0 aggregation_ 16.2 

122 8/29/66 12:24 p. m. 18.4 aggregation 

shore 

16.2 

lake 

16.0 

stream water 

17.0 -18.0 aggregation 16.2 

123 8/29/66 12:25 p. m. 19.0 aggregation 16.2 16.0 17.0 -18.0 aggregation 16.2 



Table III. Temperature taken within aggregations of tadpoles exposed to a thermal gradient ranging 
from 13 to 16 °C at the chilled end to 55 to 60 °C at the heated end. Temperatures were 
taken with a Schultheis centigrade thermometer. Aggregational position is also recorded. 

Date Time 
Aggregational 

Temperature (C) 

Distance from 
heat element 
(Centimeters) 

Size of 
Aggregation 

I Sept. 66 3:30 PM 29.4 210.0 45 
3:32 PM 29.0 210.0 40 
3: 35 PM 29. 2 210.0 38 
3:37 PM 29.0 210.0 40 
3:40 PM 30.0 90.0 38 
3:42 PM 28.0 95.0 40 
3:45 PM 30.0 110.0 39 
3:47 PM 29.0 100.0 37 
3:50 PM 29. 2 100.0 40 
3:55 PM 28. 6 100.0 40 
4:11 PM 28. 6 300.0 42 
4:15 PM 28. 6 300.0 41 
4:17 PM 28.4 300.0 40 

2 Sept. 66 4:40 PM 29.0 145.0 40 
30.5 Temp - 
30. 6 peratures 

29. 6 within 

30.5 this one 

30.4 aggregation 

31. 0 

Location 
in tank 

North side , sun -lit 
North side, sun -lit 
North side, sun -lit 
North side, sun -lit 
North side, sun -lit 
Center , along E. -W. shade line 
North, in sunlight 
Center, along E. -W. shade line 
Center, along E. -W. shade line 
Center, along E. -W. shade line 
1/2 out, 1/2 in sunlight in center 
1/2 out, 1/2 in sunlight in center 
1/2 out, 1/2 in sunlight in center 

Center, in evening shade 

2 Sept. 66 4:50 PM 31.0 150.0 45 Shaded north -side 



Table III. Continued 

Date Time 
Aggregatiznal 

Temperature (C) 

Distance from 
heat element 
(Centimeters) 

Size of 
Aggregation 

Location 
in tank 

23 Aug. 66 10:30 AM 30. 0 70.0 35 South side 
10:45 AM 30.0 75.0 35 South side 
11:00 AM 29.0 85.0 35 South side 
4:00 PM 29.0 105.0 35 South side 

25 Aug. 66 11:05 AM 30. 5 42.0 43 South side 
11:15 AM 29. 0 65.0 45 South side 
11:30 AM 30. 0 90. 0 50 South side 
11:35 AM 31. 0 105.0 50 South side 
11:45 AM 30. 5 123. 0 45 South side 
11:50 AM 31.0 1 35. 0 47 South side 
12:00 noon 30. 0 150.0 46 South side 
12:02 PM 32. 0 150.0 49 South side 
12:10 PM 30. 0 152.0 50 South side 
12 :20 PM 30. 0 156. 0 48 South side 
12:25 PM 30. 0 165. 0 50 South side 
12:30 PM 30. 0 170.0 47 South side 

3:10 PM 29.0 150.0 48 South side 
3:20 PM 29.5 150.0 47 South side 
3:30 PM 29.5 150.0 50 South side 
5:15 PM 30.0 120.0 50 South side 
5:30 PM 29.0 100.0 47 South side 
5:40 PM 30.0 90.0 45 South side 

31 Aug. 66 11:35 AM 31.4 31.0 30 All the way across 
11 :45 AM 29.5 85.0 35 All the way across 



Table III. Continued 

Date Time 
Aggregational 

Temperature (C) 

Distance from 
heat element 
(Centimeters) 

Size of 
Aggregation 

31 Aug. 66 11 :46 AM 30.5 85. 0 20 
11 :47 AM 29. 0 85.0 20 
11 :48 AM 29.5 90. 0 35 
11 :49 AM 29. 2 90. 0 30 
1 1 :5 0 AM 29. 5 92.0 35 
11:53 AM 30. 0 100.0 40 
11 :54 AM 29.5 100. 0 30 
12:02 PM 29. 5 1 35.0 35 
12:05 PM 30.5 1 35. 0 40 
12:14 PM 30.2 150.0 45 
12:15 PM 32.0 150.0 30 
12 :1( PM 30. 1 160.0 35 
12:20 PM 32. 2 170.0 40 
12 :22 PM 30. 2 180.0 40 
12 :30 PM 31.0 180.0 40 
12:35 PM 31.0 190.0 45 
12:35 PM 31.0 194.0 45 
12:40 PM 30. 2 195.0 44 
12:42 PM 31. 2 200.0 45 

Location 
in tank 

All the way across 
All the way across 
All the way across 
All the way across 
All the way across 
All the way across 
All the way across 
In shade - south side 
In shade - south side 
In shade - south side 
In shade - south side 
In shade - south side 
In shade - south side 
In shade - south side 
In shade - south side 
In shade - south side 
In shade - south side 
In shade - south side 
In shade - south side 
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DISCUSSION 

In order to establish an idea of what factors, both social and 

asocial, can operate in tadpole behavior , reference was made to 

existing publications relating to a variety of anuran larvae. On the 

basis of behavioral factors proposed, initial examination was made 

of Bufo b. boreas tadpoles in the field in an attempt to determine the 

factors , both environmental and intralarval, necessary to induce 

and /or maintain aggregational behavior. 

The significance of food as a factor in aggregation has been 

discussed by Bragg (1944a, 1955b, 1946b, 1948, 1954b, 1959, 1964), 

Bragg and King (1960), Richmond (1947), and Savage (1952). Bufo 

b. boreas tadpoles feed on algae in the field, and no preference for 

feeding areas was apparent with respect to either aggregation or 

schooling. Observation did reveal incessant feeding within aggrega- 

tions , and the milling patterns frequently stirred the lake bottom 

into a suspension. This stirring, however, was the result of aggre- 

gational behavior. No food of any kind was present in the experi- 

mental tank in which larvae aggregated, eliminating the necessity of 

food as an essential aggregant factor. 

Bragg (1959, 1964), Stuart (1961), and Folger (1939) discussed 

the effect of light on tadpole aggregation. Bragg (1948) and Pope 

(1931) related the effects of shade and shadows to aggregation. 
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Diel periodicity was suggested as significant by Mullally (195 3) and 

Karlstrom (1962) in influencing tadpole aggregation. Bufo b. boreas 

tadpole aggregations were most frequently seen along shoreline 

shallows during daylight hours, but were never seen in immediate 

proximity to the shoreline after dark. Since the shallower , shore- 

line areas became relatively colder as the night progressed, the 

absence of aggregations at this time may be the result of tempera- 

ture factors, but this does not rule out the relevance of diel period- 

icity. Shade patterns caused by vegetation, plus those caused by 

cloud cover had no visible effect upon aggregational behavior. 

Aquatic chemical fluctuations were discussed by Bragg (1944a, 

1948, 1949, 1959), Bragg and King (1960), and Richmond (1947) with 

reference to tadpole aggregation. Bragg (1954a, 1959) and Ball 

(1936) related the effect of crowding and space limitation to aggre- 

gational behavior. Bufo b. boreas tadpole aggregations seen in the 

field were almost always in lakes , and therefore any chemical in- 

fluence would affect only larvae in close proximity to this influence. 

Aquatic chemical fluctuation may affect those schools seen near the 

shoreline and schools accompanying aggregation. It is, however , 

hardly plausible to suppose a chemical influence on those serpentine 

schools which assumed aimless patterns in the middle of Sparks 

Lake. Tables II and III indicate that temperature is a factor in 

aggregation. The additional effect of aquatic chemical influence, 
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however , has not been determined. 

Savage (1962) concluded that oxygen- deficiency affects tadpole 

swimming within aggregations. Bufo b. boreas larvae in open lakes 

would not be affected comparably. Even if oxygen- deficiency might 

be a relevant factor within huge aggregations , aggregating individuals 

were observed to behave basically alike, with no differentiation of 

patterns within separate regions. 

Depth of water was suggested by Bragg (1954a) to affect tad- 

pole aggregation. Mullally (1953) observed that tadpoles of Bufo 

canorus and Rana boylei aggregated in warm, shallow water during 

daylight hours. Karlstrom's (1962) records of Bufo b. boreas were 

all taken from aggregations which had formed in water approximately 

three -fourths inch deep. Brattstrom (1962) indicated that all of his 

records of B. b. boreas aggregating were taken on one morning, 

and that tadpoles chose the warmer peripheral regions. Bratt- 

strom's figures also indicate that he observed aggregation among 

larvae within shallow water. Carpenter (1953b) indicates that the 

tadpole aggregations of B. b, boreas which he observed were in 

indentations along the shoreline. 

Bufo b. boreas larvae were observed to school in both Sparks 

Lake and Todd Lake in water several feet deep. Additionally, tad- 

poles were seen aggregating in Todd Lake in deeper water , up to 

four feet deep, especially involving tadpoles in later stages of 
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development, and most frequently after sundown. Before the hind 

limbs were visible, however , tadpoles in Todd Lake were rarely 

seen aggregating in deeper water, but frequently were seen isolated 

on the bottom in three to five feet of water. 

Richmond (1947) feels that the site at which the larvae hatch 

has no effect upon aggregational position among Scaphiopus h. hol- 

brooki larvae. Bufo b. boreas larvae hatch in temporary ponds , 

move at random along the bottom until the stage at which they de- 

velop a complete operculum, then begin aggregational behavior. 

Drying of these temporary ponds precludes the hatching -site of the 

larvae as an aggregational factor. It appears significant, however, 

that aggregations in Todd Lake were only seen in a relatively small 

area at the northern end. 

Brattstrom and Warren (1955) observed Hyla regilla larvae 

aggregating with individuals oriented, presenting the maximum dor- 

sal area to the sun. Bufo b. boreas aggregations revealed indivi- 

duals in continuous , churning movement. Aggregations and schools 

were frequently observed on completely overcast days, and school- 

ing was random with respect to direction. 

Bragg (1954b) assumes that Scaphiopus h. holbrooki larvae 

form feeding schools only when crowded and are therefore affected 

by tadpole numbers. Schooling plus aggregational behavior among 

Bufo b. boreas larvae were seen with as few as four or five larvae 
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ranging to thousands of individuals. 

Mullally (1953) feels that warmer water in daylight hours 

attracts Bufo canorus and Rana boylei larvae which aggregate. 

Bragg (1959) thinks that temperature affects Scaphiopus hurteri 

larval aggregation, but only as part of a stimulus complex. Karl - 

strom (1962) indicates that Bufo canorus larvae respond to tempera- 

ture gradients. Brattstrom and Warren (1955) agree that Hyla 

regilla tadpoles form social aggregations , the advantage of which is 

heat absorption and Brattstrom (1963) agrees with Savage (1962) 

that the aggregation of dark bodies is advantageous. Brattstrom 

(1962) assumes that in the absence of other stimuli, aggregational 

behavior is thermally controlled, and results from individuals re- 

sponding to thermal gradients , with more rapid development being 

the ultimate advantage. 

Table II indicates that aggregating tadpoles and metamorphos- 

ing juveniles were always in the warmest available aquatic micro - 

climate , and that temperature- change induced larvae to move in 

response to warmer regions. Furthermore , shoreline water , which 

show a greater fluctuation in water temperatures hosted aggregations 

only when the temperatures were higher than those in deeper water. 

Table III reveals that tadpoles aggregated within a relatively 

narrow temperature range when exposed to a thermal gradient, and 

that aggregations formed in random positions within this range. 
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This indicates that maintenance of these aggregations depends upon 

something besides temperature. 

Brattstrom (1962) points out that tadpoles in aggregations ab- 

sorb, as well as disperse more radiant heat than do single individ- 

uals. This would be relevant if it were determined whether there 

is enough heat radiated to alter the environment. This as Bratt- 

strom points out, is not yet known. The first thing which must be 

considered is what factors initiate aggregational behavior , and 

secondly what maintains the patterns. If heat is the primary stimu- 

lus, then the question arises as to what initiated the aggregation. 

Additional radiant heat, then, would be important in stimulating 

additional larvae to enter the established pattern. 

Schooling in both Sparks and Todd Lakes showed no clear -cut 

correlation with respect to temperature. 

Social tadpole aggregations were described by Bragg (1944a, 

1945, 1946a, 1946b, 1948, 1949, 1953, 1954b, 1957), Bragg and 

King (1960), Bragg and Brooks (1958) and Brattstrom and Warren 

(1955). Bragg (1954b) feels that in some cases , schooling is a 

social phenomenon. With reference to Bragg's (1954) and Bragg 

and Brook's (1958) concept of social behavior, Bufo b. boreas tad- 

poles did behave differently when associated than when isolated. The 

question, however, of whether this behavior is the result of the 

association itself or is the result of the stimulus which elicited the 
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aggregational response is yet to be clarified. Although there are 

apparently other factors in addition to temperature, to assume that 

social mechanisms are operating is purely conjectural. 

Schooling is social in the sense that tadpoles orient with re- 

ference to each other. Serpentine patterns in Sparks Lake show no 

apparent correlation with any visible environmental clues , yet indi- 

vidual orientation to the pattern is clearly evident. All possible en- 

vironmental stimuli or clues should be closely investigated to deter- 

mine the degree of overall environmental influence. 

Among those tadpoles studied, aggregation was observed only 

during the specified stage of development, but none was seen to 

aggregate throughout their entire larval life. Bragg (1948, 1954b, 

1957, 1959, 1960, 1961) discussed metamorphic aggregation in sev- 

eral spadefoot toads and one frog. Neill (1957) observed mass move- 

ment of Scaphiopus h. holbrooki juvenile toads , and Bragg (1954b, 

1958) saw larval aggregations plus mass movement of water -born 

juveniles of S. hurteri. No previous observation of juveniles aggre- 

gating has been recorded, however. 

Bufo b. boreas tadpoles aggregated from the stage at which 

the operculum was developed, through metamorphosis. Juveniles 

aggregated until they could no longer be found in the autumn of their 

first season of growth. 

From an analysis of the foregoing observations, plus the 



55 

information contained in the foregoing tables , several conclusions 

may be drawn. First, aggregational behavior is expressed by these 

tadpoles from approximately the developmental stage at which the 

operculum is complete, throughout the rest of their entire larval 

development. Secondly, aggregational behavior is expressed 

throughout metamorphosis and into the first year juveniles , although 

aggregational patterns vary with developmental stages. Further- 

more , schooling is a significant behavioral phenomenon expressed 

by these tadpoles. Serpentine patterns such as those observed in 

Sparks Lake are unique to these tadpoles , at least with reference to 

foregoing studies. Finally, temperature is a factor in initiating and 

maintaining aggregation among these tadpoles. 

The results of this study suggest several lines for further in- 

vestigation. Tadpoles should be acclimated in constant -temperature 

tanks , and subjected to experiments , controlling all variables. 

From the foregoing studies and observations , the most obvious ob- 

jectives would be to try to determine the individual effects as well 

as interactions , of temperature gradients , variable light intensities , 

interlarval influence, aquatic chemical influence, and diel periodi- 

city. With reference to this last point, experiments should be con- 

ducted to determine the possibility of exogenous and /or endogenous 

factors which may be relevant. 
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SUMMARY AND CONCLUSIONS 

1. The object of this study was to investigate the possibilities 

of tracing tadpole aggregation among Bufo b. boreas larvae with 

reference to the developmental stages at which it is apparent, and 

to attempt to determine what aggregant factors initiate and maintain 

this behavior. Additionally, an attempt was made to determine the 

significance of temperature as an individual environmental factor. 

2. Field records were taken from three Oregon lakes during 

the summers of 1965 and 1966. Behavioral patterns were traced 

throughout the entire larval period, through metamorphosis, and 

into the juvenile phase of development. Temperatures were recorded 

with a Schultheis centigrade thermometer. 

3. Preliminary experiments were conducted to observe the 

effects of subjecting tadpoles to a thermal gradient. 

4. Aggregational behavior is expressed by these tadpoles 

throughout virtually their entire larval existence, through their 

metamorphosis , and into the first season of juvenile life. Aggrega- 

tional patterns are peculiar, however, to the developmental stage at 

which they were apparent. 

5. Schooling is a significant behavioral phenomenon among 

these tadpoles , and the serpentine patterns observed in Sparks Lake 

are unique to these larvae at least with reference to foregoing studies. 
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6. Temperature was shown to be a factor in initiating and 

maintaining aggregation in these tadpoles. 

7. A number of projects need close examination. Carefully 

controlled experiments should be conducted, using acclimated tad- 

poles. The most obvious of these might be determining the effects 

plus interactions of temperature gradients, light intensities , inter - 

larval stimuli, aquatic chemical influence, and diel periodicity. 
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