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CHAPTER I 

INTRODUCTION 

The Species Ambystoma tiqrinum 

The most widely distributed Recent caudate species 

(Figure 1) is the tiger salamander, Ambystoma tiqrinum. 

Exclusively New World in distribution, its range extends 

north to central Alberta and Saskatchewan, Canada; south 

to Hernando County, Florida and Puebla, Mexico; east to the 

Atlantic coast and west partially into the Great Basin 

(Gehlbach, 1967: 52.1). From the standpoint of elevation 

it ranges from sea level to above 3353 Meters (Gehlbach, 

1967: 52.1). The biotic communities which it exploits 

include boreal, deciduous and montane forest, chaparral, 

grassland, woodland, basin sagebrush and the southeastern 

mixed bioces (Gehlbach, 1967: 52.1; Kendeigh, 1961). In 

fact, it inhabits all biotic communities within its range 

in which there exists substrate suitable for burrowing 

(Gehlbach, 1967: 52.1). Fossil records of A. tiqrinum 

in Kansas, Arizona and California (Gehlbach, 1965) indicate 

that the species was distributed throughout the western 

United States by the Pleistocene. 

The species Ambystoma tiqrinum includes 9 currently 

recognized subspecies: tiqrinum, mavortium, nebulosum, 

californiense, melanostictum, velasci, diaboli (Gehlbach, 
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Figure 1: 
Mexico. 
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1967: 52.1), stebbinsi (Lowe, 1954) and utahensi (Lowe, 

1955), The diagnostic characters upon which subspecific 

designations were made include: coloration and pattern 

of markings, number of gill rakers on the anterior face 

of the third arch, incidence of neoteny and size of larvae 

and transformed individuals (Dunn, 1940; Gehlbach, 1967: 

52.1). 

The Subspecies Ambystoma triqrinum mavortium 

'P'hifi .c;iiT-i.c;T~ir>r'"îg Currently recc^nized as Arr.b'"'ctoiT'.?. 

tiqrinum mavortium is characterized by Dunn (1940) as 

follows: 

This race has vertical yellow bars which very 
rarely cross either the middorsal or the mid-
ventral line. The markings are usually very 
vivid. Neoteny occasionally occurs: the larvae 
normally reach considerable size before trans
formation and have 19-20 gill rakers on the 
anterior face of the third arch. Practically 
complete transition has been seen between this 
form and slateri on the north, nebulosum to the 
west and tiqrinum to the east (and possibly to 
the southwest also). 

Gehlbach's (1967: 52.1) definition of the subspecies 

differs in details' but not in substance: 

Transformed adults have narrow to broad vertical 
bars or large blotches, yellow to olive in color, 
on the dorsum and especially sides of the body; 
there are 6-36 (mean 17) such markings between 
extremes of limb insertions. Neoteny is occa
sional; Larvae have 18-23 (mean 20) rakers on 
the anterior face of the third gill arch. 
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The use of non-quantified terms such as "occasional" neoteny 

and "considerable" size makes these definitior=5 rLndistinct 

and difficult to apply in comparisons of subspecies. 

Ambystoma tiqrinum mavortium is found in Nebraska, 

Kansas, Oklahoma, eastern Colorado, central and eastern 

New Mexico, central and western Texas, and northeastern 

Mexico (Stebbins, 1966; Conant, 1958). It has adapted 

to humid broadleaf forest, subhumid and semi-arid 

grassland, and arid desert. Considering its dependence 

on water for successful dp^veTopment of its eggs and larval 

stage, it is remarkable that it has adapted to arid and 

semi-arid regions. 

Salamander Habitats Encountered in 
the High Plains 

The Llano Estacado of northwest Texas and eastern 

New Mexico is a semi-arid grassland, dotted with undrained 

depressions known as playas. A playa basin receives run

off water from surrounding higher areas. Its permanence 

as a body of water depends upon its size, area of drainage, 

amount of water received, porosity of the substrate, 

climatic conditions and human modifications. Most playa 

basins hold water only briefly after rainfall. Many fill 

only after extensive rainfall. Permanent or relatively 

permanent playa lakes are rare. Those which have had the 

tendency to be long lasting reservoirs generally have 
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been most highly modified by agriculturists. Introduced 

game fish eliminate breeding populations of salaivianders 

from other permanent areas. There is not a single per

manent, unmodified playa basin in Lubbock County, to the 

writer's knowledge. There are, however, some permanent 

bodies of water which do maintain a permanent supply of 

water and are not generally considered suitable for the 

introduction of game fish. These are contained in playa 

basins which have been modified to receive sewer effluent. 

These bodies of water are usually too bhallow Lo sappui. L 

populations of game fish and are usually considered 

unsuitable habitats for edible fish in any case. Sala

manders can reach very substantial population sizes in 

such waters and enjoy little interference from man. 

Presumably, before the Great Plains were settled 

by white men, playa basins existed in a "natural" condition. 

Dried or drying basins were apparently somewhat modified 

by buffalos which wallowed in the mud and trampled down 

the surrounding vegetation. Apart from this, there is 

no evidence that the playa basins were subject to other 

than natural climatic and ecological effects from the 

Pleistocene to the more recent agricultural modifications 

of man. 

It may be assximed that the playa basin situation 

observed in West Texas is, apart from human modification, 

very similar to the situation encountered in the Pleistocene 
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or earlier when salamanders first colonized and adapted 

to the semi-arid grasslands of the southwest. The ancestors 

of our present-day tiger salamanders probably found two 

aquatic situations in the "staked" plains. Predominate 

were the temporary playa lakes, presumably much like the 

majority of playa basins found today. These basins filled 

only after frequent rains and lost water to evaporation 

at a rapid rate. Most basins would be unfit for sala

manders' reproductive purposes because thay would not hold 

water long enough to permit cour-i-=hir». f̂acr-l ̂ y im-i 

I 

incubation, hatching and the several weeks' growth pre

requisite for transformation. Some playa basins, of 

course, would hold water long enough for the salamanders 

to initiate a new life cycle. The selective pressures in 

these temporary basins would, however, be severe. Because 

of their temporary nature, certain disadvantages would 

accompany long-term residency in these lakes. As the 

water volume began to diminish due to evaporation and sub

strate uptake, individuals would be subjected to crowding 

and eventual lessening of food supply. Salts in the water 

would become more concentrated as would many metabolic 

wastes. The shallow water would be prone to fluctuate 

more directly v/ith ambient temperatures, becoming quite 

hot in summer months, or cold in the winter. Because of 

the above-mentioned factors associated with a drying playa 

lake, it would behove residents to either complete their 
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life cycles rapidly, or leave the basin before conditions 

eventuated in their deaths. Many present-day inhabitants 

of playa lakes complete their life cycles prior to drying 

conditions. These very transient species include tadpole 

shrimp, fairy shrimp, daphnia, conchostrachans, and 

cladocera, all of which may hatch, grow, breed, lay 

drought-resistant eggs, and die within a week. Amphibian 

species inhabiting playa lakes are less able to compress 

their life cycles, but since they are restricted to water 

only during courtship, egg laying, and larval stages, 

selection has been great in the direction of compressing 

these aspects of their cycles. Internal storage of sperm 

can lessen the time restrictions on reproduction, allowing 

mate-seeking, courtship and breeding to proceed in one 

wet period. Then, if necessary, fertilization and egg-

laying may proceed in another. While it is not to be 

implied that internal fertilization was necessarily an 

outcome of adaptation to semi-arid environments, it must 

be obvious that such a mechanism would be a great advantage 

to an amphibian seeking to establish itself in such 

environments. Consider, however, the plight of the 

' hatchling and larval salamanders. As amphibians, they 

are covered in a moist skin, highly adaptive as a 

respiratory surface, but not very efficient as a water-

retaining barrier. They bear fragile, external gills, 

short legs, and a stout, bulky body. A wide fin emerges 
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dorsally just posterior to the head and proceeds caudad 

around the tail, and anterio-ventrally to just posterior 

of the vent. The fin assists in swimming. The legs, 

rarely used in swimming, assist somewhat in "skipping" 

along the bottom of a pond, or clinging to submerged 

plant material. A wide mouth with posterio-ventral slits 

for ventilation of gills facilitates prey capture. As 

an aquatic species it is fairly well-adapted. But the 

same animal out of the water possesses unmanageable bulk, 

inadequate legs- an awkward; flopping fin, fragile gills, 

gill slits which inhibit swallowing outside of the water, 

poor eyesight, and a skin that allows rapid desiccation. 

It seems obvious that this animal could not, and in fact, 

does not survive long out of water. Metamorphosis alle

viates some of the above-mentioned problems of terrestrial 

existance. Gills are resorbed, along with the fin. Gill 

slits are closed. The skin undergoes changes, rendering 

it less subject to water loss though it is py no means 

impervious to desiccation. Body bulk is greatly reduced 

and the musculature is more compact. The body is much 

lighter in weight, and more slender. The legs are just 

able to support the body. They are inefficient from the 

standpoint of terrestrial movement or digging, but they 

are adequate. In summary, the salamander is capable of 

transforming from a fairly-adequate aquatic animal into 

a just-adequate terrestrial one. 
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Because of the devastating conditions associated 

with a drying playa lake, salamanders cannot afford to 

remain in temporary playas. In fact, they must leave the 

water before the water leaves them. For this reason, 

the "triggers" for metamorphosis must be pulled before 

an emergency exists. In order that a salamander live for 

any appreciable period of time terrestrially, it must 

transform, and transformation takes time. Any severe 

reduction in water level must be taken as a sign of an 

imminent need for transformation. 

Thus, selection with respect to salamanders in a 

temporary-water situation could be expected to eliminate 

from the population animals which evidenced long incuba

tion periods, slow growth, a tendency toward neoteny, 

or sluggish rates of metamorphosis. 

The drive to transform and disperse subjects 

salamanders in arid and semi-arid regions to a host of 

dangers. Water loss is a great problem to all amphibians, 

and certainly no less so to urodels. Therefore, suitable 

shelter must be found reasonably near the basin which the 

salamander has left. Desiccation, predators, lack of 

suitable burrows for shelter, paucity of readily available 

food supplies all take their tolls in transformed animals. 

To be effective from the standpoint of contributing its 

genetic complement to further generations, a salamander 

must not only survive these rigors, but must make its way 
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to some water reservoir and breed. The females of success

ful matings often undergo the sam.e rigors again, v/hen 

drying conditions oblige them to leave, find shelter and 

later make their way successfully to a pond to lay their 

eggs. This pond must be permanent enough to allow time for 

hatching, growth and metamorphosis. It is obvious that 

mortality among urodels which metamorphose and disperse 

is high. To inhabitants of temporary water reservoirs, 

this high mortality is a necessary evil, for to fail to 

metamorphose and di sperse vrould mean certain death. To 

inhabitants of permanent bodies of water, however, there 

is greater advantage to be gained by remaining in the 

water. In the water it is assured of the conditions 

necessary for cutaneous respiration and maintenance of its. 

moist skin surface. Food is more readily available, and 

the food-getting mechanism (by which the animal sucks in 

food and expels excess water through the ventral gill 

slits) is much more efficient than a similar technique 

when employed terrestrially by a transformed animal. 

Food sensation seems to be visual, tactile and chemo-

receptive. Of these, the last two appear to operate better 

in an aquatic habitat. Locomotion is much easier, as the 

animal is a much better swimmer than it is a walker or 

runner. There is more opportunity for behavioral tempera

ture regulation in a body of water deep enough to be 

permanent in contrast to a burrow or crack in the mud. 
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Finally, the animal is in an environment that is completely, 

satisfactory for courtship, mating and egg-deposition. 

To leave and endure the rigors of terrestrial existence, 

only to return to a permanent body of water is inefficient 

and dangerous. A larval body form is efficient for 

salamanders residing permanently in the water. A larger, 

bulkier body may accommodate larger gonads, and thus give 

the bearer an advantage in reproductive potential. Thus 

it can be expected that, in contrast to the situation in 

temporary playa lakes, selection in permanent bodies of 

water would tend to eliminate animals which transform 

readily and disperse widely. 

It follows from the above factors that salamanders 

in the semi-arid southwest would be subject to the action 

of disruptive selection. The presence of both kinds of 

ponds would favor the basis for this selection, although, 

without actual geographical isolation, divergence would 

proceed at a halting pace. Further compounding this 

situation is the recent disappearance of many permanent 

pond habitats for salamanders because of irrigation or 

game fish stocking. As mentioned earlier, however, there 

remain some permanent water reservoirs which are still 

favorable to salamander populations: those ponds now 

receiving sewer effluent. These ponds are usually deep 

(about 3 M in at least some areas of the pond) and water 

levels are maintained. 
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Many of the temporary playa lakes are virtually 

unchanged. Irrigation pumps may remove water at a rate 

faster than it would naturally evaporate but often ponds 

which are used for irrigation are deepened and widened, 

so that they initially catch more water and hold it longer 

than unmodified playa basins. Playa modification has 

changed specific sites, but the temporary nature of the 

playas has remained unchanged. Another human activity 

has inadvertently led to a favorable situation for urodels 

inhabiting temporary playa lakes. The construction of 

roadside drainage ditches has provided additional habitats, 

often as long-lasting as the playa lakes themselves. These 

drainage ditches line section roads which surround virtually 

each square mile of cultivated land in Lubbock County, 

providing waterways which facilitate the dispersal of 

amphibians periodically through an otherwise windswept, 

desiccating area. 

Purpose of the Study 

Two morphotypes of salamanders can be found in 

playa lakes of the Llano Estacado. These two morphs are 

strikingly different in size and have been assigned the 

designations large- and small-morph in this study. If 

disruptive selection was operative in the past, causing 

divergence of salamanders in two ecologically distinct 

habitats, and if these types of habitats have been 



14 

maintained to the present time, it should be possible to 

discern whether the distinct characters of each type are 

strictly environmentally induced or reflect genetic 

divergence. 

Since Ambystoma tiqrinum mavortium is the only 

salamander currently inhabiting the Great Plains, the 

situation is not clouded by inter-specific competition. 

Characters which appear divergent among salamanders of the 

Llano Estacado cannot now be assumed to represent character 

displacement between two species in secondary contact. 

Because such characters as coloration, pattern, 

gill raker counts, size of adults, size at transformation, 

and incidence of neoteny have been frequently used as 

indicators of systematic relationships among members of 

this species, these characters were chosen for comparisons 

between inhabitants of either permanent or temporary ponds. 

In addition, other characters were chosen for comparisons, 

with the assumption that these characters might be sensitive 

to the environmental divergence already described. 

Included herein would be Critical Thermal Maxima (CTM), 

tolerance to anoxia, disposition towards transformation, 

and food habits. While already mentioned as a presently 

employed tool of systematists, size and incidence of 

neoteny would also fall in this second assemblage of 

characters. 
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By subjecting populations of salamanders living 

in either kind of habitat to examination based on the 

aforementioned characters, it was hoped that some insight 

could be gained regarding divergence of these populations. 

It was assumed that information gathered in this study 

would be useful in a projection of the evolutionary status 

of divergent populations of Ambystoma tiqrinum mavortium 

inhabiting the semi-arid grasslands of western Texas. 



CHAPTER II 

METHODS AND MATERIALS 

The majority of the methods employed in this study 

are intimately involved with the results and comments of 

each chapter. To segregate methods into a single chapter 

would break the continuity and render the work less 

comprehensible to the reader. Pertinent specific metho

dology is included in each chapter under the subheading 

"Procedure." Genera] methodology is covered in this 

chapter. 

Collection of Specimens 

Collections of salamanders were accomplished by 

seining. A variety of seining apparati were employed, 

depending upon the size of the ponds and the size of 

salamanders desired. Seine sizes ranged from approxi

mately 2 M X 1 M to about 17 M X 3 M. Large seines were 

equipped with center bags to collect specimens and prevent 

escapes during long, slow seine hauls. Most collecting 

was accomplished with the seines tied to poles in the 

usual fashion (see Figure 2). To collect from especially 

deep areas of the sewer ponds, a special seine was 

designed using a principle employed in shrimping (see 

Figure 3). A large (17 M X 3 M) bag seine was tied to 

16 
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Figure 2: Seine assembled in normal fashion. 

Figure 3: Seine assembled for trawling over deep areas. 
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two weighted wooden doors. Each door was fitted with a 

chain bridle and a short lead rope. The lead ropes from 

each each door were tied together and attached to a swivel. 

A long pulling rope was also attached to the swivel. The 

length of the lead ropes limited the amount the seine 

would open. The seine was set up on a bank or sand bar 

near the deep area to be seined. The pulling rope was 

then carried to the opposite bank and the seine was pulled 

across the expanse. The weighted doors held the seine 

upright and swung apart when the rope was pulled. Rate 

of pulling was important. Too fast a rate caused the 

doors to rise and float towards one another while too 

slow a rate prevented the seine from attaining maximum 

spread. 

Oxygen Determinations 

When titrations were employed for oxygen determi

nations, the Alsterberg (Azide) Modification of the Winkler 

Method (Standard Methods, 1960) was used. Phenylarsine-

oxalate (PAO) was used in place of potassium-permangenate 

to titrate the samples. The number of milliliters of PAO 

used to titrate a sample was equivalent to the free, 

dissolved oxygen present as expressed in parts-per-million. 
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Statistical Representations 

When a value is quoted within the text it will 

usually take this form: "A" + "B" ("C" - "D"). The first 

number in such a representation refers to a calculated 

mean, plus or minus two standard errors (represented by 

the second number). If numbers in parenthesis appear 

immediately after the mean, they represent the range of 

values obtained. 

Snout-Vcnt Length 

Length was measured from the tip of the snout to 

the anterior angle of the vent. Animals were held under 

the forelimbs, suspended vertically, and the length was 

recorded only when the animal had ceased to struggle. 

Study Sites 

The designations and locality data relevant to 

study sites are presented in Table 1. Abernathy study 

site is a natural playa basin. It is modified by a 

shallow ditch connecting it to a roadside drainage ditch. 

It is occasionally drained for irrigation by a single 

irrigation pump. Cotton Center study site is a virtually 

unmodified playa basin. It is interrupted on its eastern 

border by Farm Road 179. Roadside ditches have deepened 

the playa in the vicinity of the road. New Deal #1 study 
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TABLE 1 

STUDY SITES 

Location 

8 mi north Abernathy on US 87, 
Hale County, Texas—small-moipas, 

Cotton Center 2 mi south jet FM 37 on FM 179 
(Cotton Center) Hale County, Texas— 
small-morphs, 

New Deal #1 2 mi east New Deal on FM 1729, 
Lubbock County, Texas—small-morphs. 

New Deal #2 0.3 mi south jet FM 1729 on FM 2902 
Lubbock County, Texas—small-morphs, 

Pine H i l l s 0 .9 mi wes t , 0 .8 mi south j e t 
Loop 289 and Tex 116, Lubbock County, 
Texas—smal l -morphs . 

Quien Sabe #1 3.1 mi south, 0.5 mi east jet 
Loop 289 and Slide Road, Lubbock, 
Lubbock County, Texas—small-morphs. 

Quien Sabe #2 3.1 mi south, .04 mi east jet 
Loop 289 and Slide Road, Lubbock, 
Lubbock County, Texas—small-morphs. 

Reese Golf course, Reese Air Force Base, 
Lubbock County, Texas—large-morphs, 

Tech Campus Sewage sedimentation tanks. University 
Agricultural Station, Texas Tech 
University Campus, Lubbock, 
Lubbock County, Texas—large-morphs. 
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site was, at the beginning of this study, a virtually 

unmodified playa basin, similar to Cotton Center. It was 

interrupted by a section road with its accompanying drainage 

ditches. In 1972, a small area was deepened and supplied 

with an irrigation pump. The relative permanence of the 

playa as a vrater supply has increased, but the pond was 

subsequently stocked with catfish. The New Deal #2 

study site is a large playa basin, also interrupted by a 

section road. This playa has been deepened and supplied 

v.'ith irrigation pumps on either side of the road. The Pine 

Hills study site is a small natural pond which has been 

deepened. It is a water obstacle on a golf course, and, 

as such, is supplied with vrater when it begins to dry. 

Quien Sabe #1 is largely unmodified excepting the presence 

of roadside drainage ditches and one deepened trench 

parallel to a drainage ditch. Quien Sabe #2 is an area 

in the same playa basin as Quien Sabe #1. It has received 

extensive modification. It is deepened 2 - 4 M over an 

area of about 10 acres. Reese AFB study site is a large 

(13 hectares) playa basin about 1-1.5 M deep, modified 

to two deep trenches (about 3 M). It receives sewage 

effluent in addition to rainfall and run-off water. The 

playa was modified to receive sewage effluent in 1941 when 

Reese AFB was constructed. After World War II, the military 

base was closed, but the area was used for housing and the 

sewage treatment facilities were not closed. In 1949, 
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Reese was reactivated as a pilot training base and has 

continued as such to the time of this writing. As far as 

can be determined, the playa has had a permanent supply 

of water for 3 2 years, since 1941. The permanence of 

water in the basin before 1941 is not known. The Tech 

Campus study site has two man-made holding ponds for 

sewage effluent. One of the ponds was constructed in 

1962 when a municipal sewage treatment plant was built in 

northeastern Lubbock. The second pond was constructed in 

the spring of IQ^l. Both o-F these ponds have irrigation 

pumps, and water is frequently pumped into surrounding 

fields of the Texas Tech University farmlands. In the 

spring of 1970, most of the water was pumped out of the 

holding pond, leaving only a soupy sludge. All the larval 

population of salamanders died, including the year's 

hatch. The studies carried out in this pond v/ere terminated 

with this unfortunate incident. While the continual 

presence of large-morph animals has since been confirmed 

by sight records, the population has not yet reached 

workable levels. 

The temporary nature of small-morph habitats 

presented special problems in working with salamanders 

inh.abiting those ponds. The nature of the habitats 

changed often, even daily in the summer. Water surface, 

depth and volume measurements were meaningless because 

these characteristics fluctuated so drastically. 
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Densities of populations obviously fluctuated with water 

volume fluctuations. The supply of animals was uncertain. 

The reason so many small-morph habitats are included in 

this study is that it was necessary to take small-morphs 

when and where they could be found. No single locality 

offered a continuous, dependable supply of salamanders. 



CHAPTER III 

PATTERNS 

Patterns of pigmentation in transformed individuals 

have been used as taxonomic criteria among ambystomatid 

salamanders from the early descriptions of Green (1825), 

Baird (1850), Hallowell (1852) and Cope (1857) to the 

present (Dixon, 1963; Gehlbach, 1967: 52.1). The number 

and color of markings is the major criterion in addition 

Lo locdlicy wiiich contji&tciitly separates species in Lho 

cases of Ambystoma cinqulatum (Martof, 1968: 57.1), 

A. texanum (Anderson, 1967: 37.1), A. opacum (Anderson, 

1967: 46.1), A. macrodactylum (Ferguson, 1963: 4.1) and 

A. maculatum (Anderson, 1967: 51.1). With the exception 

of A. tiqrinum diaboli, all subspecies of A. tiqrinum 

are as well distinguished by color and pattern (Gehlbach, 

1967: 52.1) as by any other criterion included in the 

descriptions. 

Because of the seeming importance attached to 

patterns in early and recent descriptions of members of 

the genus Ambystoma, and because of what seemed to be a 

striking difference between large- and small-morphs in 

respect to patterns, it was considered advisable to analyze 

the patterns of the two polymorphs in Lubbock County. 

25 
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Procedure 

Patterns of metamorphosed individuals were analyzed 

using both live and preserved animals. The number of 

spots or bars on the tail, number of vertical bars on the 

trunk between forelimb and hindlimb insertions, and the 

number of bars which crossed the mid-dorsal line between 

the forelimb and hindlimb insertions were counted. For 

the purpose of these counts, the ground color was con

sidered yellow to olive-green. The dark, melanistic 

areas were considered as spots or bars. 

Pattern data were taken from individuals from two 

temporary playa lakes and two permanent sewage playa 

basins. The temporary basins were Cotton Center and New 

Deal #2. Other study sites yielded transformed individuals 

in nuiubers insufficient for statistical analysis. Counts 

were nonetheless made using those animals available. The 

other temporary playa sites include Abernathy and Quien 

Sabe #1. Permanent water study sites harboring large-

morphs which were analyzed for pattern comparisons were 

Reese AFB and Tech Campus. 

Results 

Mean numbers of tail spots for samples at each 

locality (Figure 4) were as follows: Cotton Center, 

14.0 + 5.2; New Deal, 15.8 + 1.9; Tech Campus, 40.6 + 5.4 
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Figure 4: Pattern Comparisons: Number of Tail Spots. 
The thin vertical lii.e represents the range; 
the long, horizontal line, the mean; the 
darkened box depicts two standard errors to 
either side of the mean; the number above 
each graph indicates sample size; the 
designations below each graph indicate 
locality (CC = Cotton Center: small-morphs, 
ND = New Deal: small-morphs, TT = Tech 
Campus: large-morphs, R = Reese: large-
morphs) . The four dots represent values 
obtained from small-morphs at Abernathy 
and Quien Sabe. 

Figure 5: Pattern Comparisons: Number of Vertical 
Bands. 
Explanation of the figure is the same as 
Figure 4. 

Figure 6: Pattern Comparisons: Per Cent of Bands 
Crossing the Dorsal Midline. 
Explanation of the figure is the same as 
Figure 4. 
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and Reese AFB, 36.6 + 2.0. Three individuals from Quien 

Sabe #1 had 10, 20 and 22 tail spots, while two indi

viduals from Abernathy playa had 16 and 18 tail spots. 

Mean numbers of vertical bands on the trunk 

between forelimb and hindlimb insertions for samples at 

each locality (Figure 5) were as follows: Cotton Center, 

12.0 + 2.6; New Deal, 14.6 + 1.1; Tech Campus, 26.7 + 

4.4 and Reese AFB, 22.4 + 1.9. The individuals from 

Quien Sabe had 12, 14 and 14 vertical trunk bands and 

the Abernathy playa salamanders had 12 and 18, 

One-hundred per cent of the salamanders from 

Cotton Center, New Deal, Quien Sabe and Abernathy playas 

had trunk bands that crossed the dorsal midline. Among 

Cotton Center specimens, an average of 70.6 + 7.5 per cent 

of the verticle trunk bands crossed the dorsal midline. 

Among New Deal specimens, 75.4 +0.1 per cent of the vertical 

bands crossed the dorsal midline. Eighty-three per cent 

of the Tech Campus specimens had bands crossing the dorsal 

midline on the trunk. Among those specimens that had 

crossing bands, a mean of 45.4 + 1.2 per cent of the 

vertical trunk bands were involved. Only 46 per cent of 

Reese salamanders had vertical bands crossing the trunk's 

dorsal midline. Among these animals an average of 43.0 + 

2.2 per cent of the vertical trunk bands were involved. 

All three specimens from Quien Sabe #1 had bands that 

crossed the trunk dorsal midline. The percentage of 



31 

.r}^^, I p i * ;̂jfei».'" 



Figure 7: Back Pattern of Typical Small-Morph. 
This pattern corresponds to the average 
measurements calculated for this morph. 

Figure 8: Back Pattern of Typical Large-Morph. 
This pattern corresponds to the average 
measurements calculated for this morph. 
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Figure 9: Variation of Patterns in the Large-Morph. 
A. The more typical striped pattern. 
B. The less frequent spots-and-stripes 

pattern. 
C. The infrequent spotted pattern. 
D. The rare virtual lack of pattern. 
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Figure 10: stres. Pattern Arising from Forced 
Metamorphosis. 
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Comments 

With respect to the criteria chosen for comparisons 

among the specimens analyzed, the patterns of metamorphosed 

salamanders appeared related to habitat and morphotype. 

Populations from the small-morph habitats (Cotton Center 

and New Deal #1) did not differ significantly from each 

other in any of the three characters analyzed. They 

were, however, significantly different from the two large-

morph populations from Reese AFB and Tech Campus. The 

few small-morph representatives from Abernathy and Quien 

Sabe showed patterns with affinities decidedly similar 

to those described in the other temporary playa sites. 

The two large-morph populations did not differ signifi

cantly from one another in any of the characters tested. 

The basis for pattern differences is complex, for 

banding in salamanders appears to be a very plastic 

character. Dunn (1940) and Gehlbach (1967: 52.1) mention 

ontogenetic changes in coloration of Ambystoma tiqrinum. 

Both authors report an increase in light-colored areas 

associated with older individuals. No such trend was 

obvious from this study, but ageing of salamanders was 

not attempted. One explanation of the large-morph 

patterns is that the animals bearing such patterns are 

older than those found in temporary ponds. It is admitted 

that an increase in lighter coloration could result in an 
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use of coloration and pattern as good conservative taxonomic 

characters. 
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Results 

There was no significant difference between right 

gill counts and left gill counts. Because counts already 

in the literature (Dunn, 1940; Gehlbach, 1967; 52.1; 

Figures 11 and 12) involve the right side, only chose 

counts are represented in the comparisons discussed here. 

The gill raker counts are summarized in Figure 13. Large-

morphs averaged 23.9 + 0.9 (21-29) gill rakers on the 

anterior face of the third right gill arch, while small-

morphs averaged 22.9 + 0.5 (20-25) gill rakers. The 

difference between the means was not significant. 
Ml 
Hi 

Comments S 
'). 
i 

With one exception (Ambystoma tiqrinum velasci), 

Dunn's counts offer little justification for subdividing 

the species (see Figure 11). Gehlbach's data (Figure 12), 

probably based on larger sample sizes and with means 

calculated, offer more meaningful information, but indicate 

that gill raker counts are not good discriminating 

characters within the Ambystoma tiqrinum complex. In 

addition, since no standard errors were included in his 

report, comparisons among groups with overlapping ranges 

prove difficult to evaluate. 

There was no apparent difference between gill 

counts carried out on large- and small-morphs. However, 
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Figure 11; Gill Counts of the Subspecies of Ambystoma 
tiqrinum by Dunn (1940). The horizontal 
line represents the range. No information 
regarding mean and standard errors was 
available. 

Figure 12; Gill Counts of the Subspecies of-A. 
tiqrinum by Gehlbach (1967: 52.1). Means 
are represented by the long vertical 
lines. Ranges are represented as in 
Figure 11. No information regarding 
standard errors was available for 
publication. 

Figure 13: Gill Raker Counts of Large- and Small-Morphs 
in Comparison to the Counts Made by Dunn 
(1940) and Gehlbach (1967: 52.1) for the 
Same Subspecies. Ranges and means are 
represented as in Figure 12. The darkened 
box represents two standard errors to 
either side of the mean. Sample size for 
morphotype counts was 20 each. Sample 
size information for the other counts 
was unavailable. No standard errors were 
presented with Gehlbach's data. No 
means or standard errors were presented 
with Dunn's data. 



- t 

H - B f 

H - i 

I 1-» 

11 

12 

43 

• I 

H - C 

•e 

H - H - » 

Ii 

4. 
larfe-atrph 

snail-••rpb 

13 

H - DUHR'S CtlRtS 

h-L|- Gehlbacli $ counts 

10 20 30 40 50 60 70 160 170 



44 

comparisons of these data with those of Dunn (1940) and 

Gehlbach (1967: 52.1) suggest that most Lubbock County 

representatives of A. t. mavortium are somewhat outside 

the usual range of gill raker counts for the subspecies. 

In addition, personal communication with Gehlbach 

'(a letter dated 12 July 1972 from F. R. Gehlbach, 

Department of Biology, Baylor University, Waco, Texas) 

concerning the limits of confidence of his counts indi

cates that the differences between Lubbock County Ambystoma 

and other members of t'hf̂  same subspecies are significant 

at the 95 per cent confidence level. 



CHAPTER V 

SIZE 

Size seems to be the only species and subspecies 

criterion which has been both consistently and quantita

tively used in descriptions of Ambystomatids. While size 

alone has not been used to separate species or subspecies, 

some subspecies have been distinguished on the basis of 

size, color patterns and geographic locality alone 

(Gehlbach; 1967: 52.1). 

Procedure 

Data relating to size were taken periodically 

throughout the entire study. Excepting a majority of 

animals processed during population size estimates, all 

salamanders were routinely measured and their snout-vent 

lengths (see "Snout-Vent Length," Chapter II) recorded 

previous to other measurements or experimentation. 

Weight data were taken intermittently during the 

study. At the Tech Campus study site, weights were taken 

routinely from 1968 through 1970. Prior to weighing, 

animals were blotted gently with paper towels to remove 

water. An Ohaus triple-beam balance with animal compart

ment was used to determine all weights. 

45 
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Regression analysis was applied to the data 

collected to determine if weight was regressed linearly 

with length, and if so, to what extent. 

Since the large-morphs included both representatives 

within the range of small-morphs and exceeding that range, 

the large-morph data were divided, to be treated in two 

ways. That portion of the data which did not exceed the 

small-morphs' limits of size was analyzed and compared 

with both large- and small-morphs. The portion of the data 

v̂ hich exceeded the limits of size of the sm.all-m.orphs 

was analyzed separately and only large-morphs were 

compared. 

Results 

Salamanders from populations inhabiting the two 

permanent modified playas receiving sewage effluent were 

on the average longer and heavier than members of popula

tions inhabiting the more ephemeral ponds (Figure 14). 

Juveniles from the permanent ponds were no heavier than 

comparably-sized larvae of temporary ponds, but animals 

in excess of 110 mm snout-vent length were considerably 

heavier per mm length. 
I 

Weights do regress linearly with lengths 

(Figure 15). The regressions are different, but within 

the numerical limits of size found in nature, those 

differences are not significant. 
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Figure 15: Regression of Weight on Length of Large-
and Small-Morphs from Selected Habitats. 
Regression lines are calculated by the 
method of least squares. Regression 
equations are as follows: Tech Campus 
juveniles, Y = -40.38 +1.04 X; 
Reese AFB juveniles, Y = -296.01 +3.40 X; 
Abernathy small-morphs, Y = -62.81 + 1.20 X; 
Reese grown larvae, Y = -59.23 + 1.16 X; 
Tech Campus grown larvae, Y = -420.53 + 
4.32 X. 
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ComiTients 

It is noteworthy to mention that size is not 

solely dependent upon tenure in water. The aquatic 

habitat may indeed offer advantages such as food avail

ability, which are conducive to full expression of size, 

but populations inhabiting temporary playa lakes do not 

reach the same size (X = 140 mm snout-vent) as those 

inhabiting permanent water situations even when the 

temporary lakes retain water long enough to allov/ such 

growth. 

Nutrition may be argued as a cause for large size 

among residents of waters rich in sewage effluent. 

Certainly these waters seem richer in organic matter, but 

stomach analyses of the two morphotypes (see 

Chapter VIII) indicate that the large-morphs take much 

less food per gram weight than do small-morphs. Of 

course it is possible that the food taken by large-

morphs is of higher nutritional value than food utilized 

by salamanders in temporary waters, or it may be that the 

large-morph is able to utilize food more efficiently than 

the small-morph. The small-morph may divert some of its 

energy towards preparation for metamorphosis, while the 

majority of large-morphs are able to direct a larger 

proportion of their energy to growth. These are factors 

I have not analyzed. 
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It may be concluded that among the study areas 

included in this work, those basins holding permanent 

supplies of water support populations of salamanders 

whose body size is considerably larger than their counter

parts living in temporary ponds. These size differences 

may not be explained simply on the basis of duration of 

aquatic habitat or food availability. The nutritional 

value of food occurring in the two habitats as well as 

the efficiency of the salamanders in food acquisition 

and utilization should be investigated. 



CHAPTER VI 

KARYOTYPES 

In 1963, Uzzell (1963) reported the occurrence of 

triploidy in a taxonomic group of ambystomatids now known 

as the Ambystoma jeffersonianum complex. The triploid 

females were later determined (Uzzell, 1964) to be of 

two distinct types, one triploid type (Ambystoma tremblayi) 

whose origin was associated with one diploid species 

^h' laterale) and the other triploid species (A,- platineum) 

genetically associated with the other diploid species 

(A. jeffersonianum). In each case, the triploid species 

was on the average larger than the diploid species with 

which it was associated (Uzzell, 1967: 47.1, 48.1, 49.1 

50.1). Since polyploidy was known to occur in the 

Ambystomatids and was associated with large size, it was 

considered a possibility that the large-morph might 

represent a polyploid derivitive of the smail-morph. 

Karyotypic analysis was undertaken to determine whether 

this v/as the case; The chromosomal complement of 

Ambystoma tiqrinum has been reported as 2N = 28 (Mack, 

1914; Parmenter, 1919). 

Procedure 

Larval animals were chosen for karyotypic analysis. 

They were weighed and injected with 15 per cent bacto-phyto-
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hemoglutinin-p (1 cc per 100 g body weight), and incubated 

in an aquarium at about 30°C overnight. The following day 

they were given an injection of .05 per cent venblastine 

sulphate (1 cc per 100 g body weight) and a second 

injection of bacto-phytohemoglutinin-p. They were 

intubated at about 30°C for less than six but more than 

three hours, given a second injection of venblastine 

sulphate, and incubated for three more hours. Animals 

were then sacrificed and the spleen removed to 5 per cent 

acetic acid. The spleen tissue was minced, washed 

several times with the acetic acid and then squashed with 

aceto-orcein stain. Slides were surveyed for chromosome 

spreads with suitable separation to allow counting. 

Spreads with minimum chromosome overlap were photographed 

for karyotype depiction. 

Chromosomes were counted whenever extensive over

lapping did not prevent reliable counts. From the pictures 

of chromosome spreads, chromosomes were cut out and 

arranged in probable pairs and in groups of metacentrics, 

submetacentrics and probable sex chromosomes. 

Results 

Counts of chromosomes revealed a condition of 

2N = 28 in both large- and small-morphs. Polyploidy 

was observed in one spread of one large-morph. The 

other spreads in the same slide had normal chromosome 
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numbers. The polyploid condition of the one spread was 

assumed to be an artifact. 

Karyotypes and the spreads from which they were 

taken are presented in Figure 16. The large-morph 

demonstrated six pairs of obviously metacentric chromo

somes. Four of these pairs were large and two pairs were 

medium-sized. Six pairs of chromosomes were obvious 

sub-metacentrics. Two of these pairs were small and four 

pairs were medium-sized. Two pairs of large chrom.osomes 

were considered questionable but probably metacentric. 

The large-morph whose chromosomes are depicted in this 

karyotype was a male. The small-morph's karyotype was the 

same as the large-morph with respect to the metacentric 

pairs' number and relative size. Four pairs of chromosomes 

were obviously sub-metacentric. A fifth pair of obviously 

sub-metacentric chromosomes were heteromorphic. Two of 

the sub-metacentric chromosome pairs were small and three 

pairs including the heteromorphic pair were medium-sized. 

Two pairs of large chromosomes were questionable, but 

probably sub-metacentric. The hetromorphic sub

metacentric pair was assumed to be a pair of sex chromo

somes, since the specimen was a female. In Ambystoma, 

females are the heterogametic sex (Strickberger, 1968). 
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'igure 16. Karyotypes of Arnbystoma tiqrinum mavortium. 

A. Karyotype of a larval large-morph male. 
LM = large metacentrics, MM = medium-
sized metacentrics, MS = medium-sized 
sub-metacentrics, SS = small sub
metacentrics. LS? = possible large 
sub-metacentric s. 

B. Karyotype of a larval small-morph female. 
Legend is the same as above. XY = 
probable sex chromosomes. 
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Comments 

It is concluded from counts and photographs that 

the large-morphs do not represent polyploid derivities 

of the small-morphs. The difficulty in getting good 

chromosome spreads severely limited this study. Many 

countable spreads did not have enough chromosome separa

tion to warrant photographic preservation. Insufficient 

data were gathered to analyze arm lengths or synapses. 

Attempts to achieve consistently good results with meiotic 

spreads were unsuccessful. These data neither confirm 

nor deny the possibility of divergence at the chromosomal 
m 
HI 

level. *. 

f 



CHAPTER VII 

CRITICAL THERMAL MAXIMA 

BrattStrom (1963) suggested that thermal regulation 

in amphibians involved both behavioral and physiological 

adjustments. Temperature was found by Whitford and Massey 

(1970) to govern both winter and spring activity of larval 

Ambystoma tiqrinum, although they noticed no temperature-

related activity when the temperature exceeded 15°C. Lucas 

and Reynolds (1967), on t>ie other hand, reported an initial 

preference on the part of larval A. tiqrinum, for areas 

in which the temperature was around 25°C. They later 

noted no selection of specific temperatures, although the 

animals avoided areas where the temperature dropped below 

14°C or rose above 33°C. 

In aquatic environments, it is usually assumed 

that temperature remains relatively stable. While this 

may be true in respect to deep bodies of water, it does 

not hold for shallow ponds. In the sumiTier, temperatures 

in playa lakes may reach levels dangerous if not critical 

to salamanders. It is assumed that the large, permanent 

ponds (large-morph habitat) provide an environment with 

at least some areas of thermal stability, while the shallow 

playa basins (small-morph habitat) offer little protection 

against daily thermal fluctuations. A divergence of 
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habitats in respect to temperature fluctuations could 

effect divergent physiological adjustments on the parts 

of the respective inhabitants. Therefore, the Critical 

Thermal Maxima (CTM) for each morphotype was determined. 

. Critical Thermal Maximum for an animal is defined 

as'the high temperature at which the animal is rendered 

incapable of escaping an environment that will eventually 

kill it (Cowles and Bogert, 1944). Animals may survive 

brief exposures to higher temperatures, and animals may 

succumb to prolonged exposures to somewhat lower tempera

tures. Therefore, the CTM does not reflect a physiological 

limit, but rather an ecological one (Zweifel, 1957). 

Nonetheless, the systems which break down, rendering the 

animal incapable of escape are doubtless physiological, 

at least in part. 

Procedure 

Larvae in estimations of Critical Thermal Maxima 

(CTM) were collected at Reese AFB (large-morphs) and 

New Deal #2 (small-morphs). Seventy-one small-morph 

animals ranged in size from 44 to 97 mm snout-vent length. 

Thirty-eight large-morph animals were chosen from two 

age classes. Thirty-three were grown (130 - 169 mm snout-

vent length), and five were juveniles (93 - 106 mm snout-

vent length). They were held in aquaria in an environ

mentally-controlled room. Water temperature was 
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24 + 2°C. Photoperiod was adjusted to duplicate environ

mental conditions for the particular time of the year 

(July). Animals were held three days prior to 

determinations. 

The CTM chamber was fashioned from a 10-gallon 

aquarium equipped with a Circu-temp heater-stirrer and 

thermostat. Additional thermometers were placed in corners 

of the aquarium and occasionally thermal probes connected 

to a tele-thermometer were used to check the uniformity 

and accuracy of the heating and monitoring system^ 
I 

Dissolved oxygen content of the water was monitored with 

an oxygen electrode (Beckman Fieldlab Oxygen Analyzer) 

which had been calibrated against values obtained through 

titrations (See .''Oxygen Determination," Chapter II) . 

Oxygen determinations by titrations were also occasionally 

made at the end-points of CTM experiments to check the 

accuracy of the oxygen electrode. 

Hutchinson (1961) cautions against too rapid or 

too sluggish increases in temperature when determining 

CTM's because of the possibility of thermal shock in the 

first case and acclimation in the second. He advises a 

• .heating rate adjusted so that the animal's body temperature 

irises steadily. To determine the rate appropriate to the 

animals used in this experiment, deep body temperatures 

were monitored for representatives of small-morphs and 

grown and juvenile large-morphs during heating. The 
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animals were outfitted with thermal probes, inserted into 

the vent. Another thermal probe was placed in the water 

to monitor water temperature. It was noted that after 

setting the thermostat the time lag necessary for the 

aquarium to obtain a one-degree rise in temperature was 

three minutes. The small-morphs' and the juvenile large-

morphs' deep body temperature time lag was an additional 

two minutes, while the grown large-morphs' time lag was 

an additional three minutes. Thus the appropriate heating 

rate was determined to be one degree every five minutes 

for small-morphs and juvenile large-morphs, and one degree 

every six minutes for grown large-morphs. 

Animals were introduced into the CTM chamber and 

allowed thirty minutes to become accustomed to their 

surroundings. Temperature was then elevated at the rates 

described above until the CTM' s were reached for each 

animal. 

Air was constantly bubbled through the water in the 

CTM chamber to prevent, as far as possible, oxygen 

deficiency usually associated with high temperatures and 

high metabolic activity of animals. 

Zweifel (1957) and Hutchinson (1961) describe the 

occurrence of violent spasms, signifying the onset of the 

animals' CTM. Such spasms did not characterize the animals 

used in this experiment. At high temperatures, animals 

rather listed from side to side, finally turning on a 
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a side or completely upside down. They failed to respond 

to prodding and obviously lacked the ability to escape 

the environment, even if avenues of escape had been open. 

The temperature at which listing or lack of equilibrium 

interfered with an animal's ability to swim was taken as 

the Critical Thermal Maximum for that animal. To ascertain 

whether this "endpoint" fit the second requirement of the 

definition (Cowles and Bogert, 1944), some animals were 

left in the aquarium at the temperature at which they 

showed the above-described symptoms. They succumbed 

within thirty minutes. 

Upon demonstration of the symptoms taken to indi

cate CTM, most animals were removed from the aquarium, 

measured and placed in water at room temperature (24°C) 

to recover. With the exception of the animals which were 

left at their CTM's for thirty minutes, all animals 

recovered, from the obvious effects of the CTM experimentation. 

Among the animals which were used in the CTM 

experiments, seven animals of each morphotype were observed 

and the number of times each individual surfaced to gulp 

air in 5 minutes at each temperature was noted. 

Results 

Comparisons of the CTM' s for animals tested are 

presented in Figure 17. The Critical Thermal Maximum 

for small-morphs was 37.11 + 0.21°C (34-39^0. Grown 
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Figure 17: Critical Thermal Maxima for the Large-
and Small-Morphs. Range, mean and two 
standard errors are depicted as in 
Figure 13, Chapter IV. Sample size is 
given just above the mean for each type. 
L-j = juvenile large-morphs; L-g = 
grown large-morphs; S - small morphs. 
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large-morphs revealed a CTM of 38.13 + 0.17°C (38-39°C). 

Juvenile large-morphs' CTM was calculated as 38.20 + 

0.55°C (38-39°C). To determine whether the CTM of the 

salamanders tested was dependent upon snout-vent length, 

regression analyses were applied separately to the data 

for large- and small-morphs. The results of the regression 

analyses are presented in Tables 2, 3 and 4. Results of 

the su.rfacing counts are given in Figure 18. Surfacing 

to gulp air increased significantly among small-morphs 

at 30°C. While calculated means suaoested an i nprpa.dfa 
I 

in large-morph surfacing activity at 30°C, the results 

were too variable to interpret. Small-morphs were quiet 

upon introduction into the CTM chamber. At 30°C it was 

noted th.at these animals were aggregating more in the area 

of the aquarium furthest away from the heating unit. 

General activity continued to increase, reaching a high 

at 36°C. Large-morphs' general activity was high at 30 C. 

The animals often .appeared. to struggle. There were 

sprees of intense activity followed by periods of rest in 

which the animals floated motionlessly. Activity of the 

large-morphs was markedly decreased from 35°C until CTM. 

Comments 

Large- and small-morphs differed significantly in 

their Critical Thermal Maxima. Grown and juvenile large-

morphs were not different in respect to CTM. The CTM 
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Figure 18; Mean Number of Times Animals Surfaced to 
Gulp Air in 5 Minutes Each at Selected 
Temperatures. 
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did not regress linearly with size as measured by snout-

vent length. 

Oxygen levels dropped during temperature elevation 

in the progress of the experiments from 6.6 ppm at 24°C 

to 5.3 ppm at 37°C. However, these decreases in dissolved 

oxygen were not great enough to stress the animals to any 

considerable degree. Both large- and small-morphs were 

able to survive four hours of virtual anoxia. Yet thirty 

minutes' exposure to temperatures at the animals' CTM 

was fatal. The deleterious effects of high temperatures 

may still be associated, at least in part, with oxygen 

deficiency. Hemoglobin loading capacity decreases with 

increase in temperature. Therefore, with ample oxygen 

dissolved in the surrounding medium and gaseous oxygen 

available at the surface, an animal may still experience 

oxygen stress if its hemoglobin cannot load and deliver 

the oxygen. 

The number of times animals surfaced to gulp air 

was variable. Only at 24°C did the counts differ to the 

point of significance. However, at the 24°C point and 

thereafter, the calculated mean for the large-morphs 

•was somewhat lower. While the difference was not signifi-

jcant at the 95 per cent confidence level, a real difference 

may be suggested. Kenny (1972) reported a difference in 

oxygen consumption between large- and small-morphs from 

the same populations which were sampled for the CTM 
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experiments. If the large-morphs recjuire less oxygen 

per gram, per unit tim̂ e, they might not surface for air 

as often as the small-morphs. On the other hand, while 

large-morphs require less oxygen per unit time, they have 

more tissue to supply. If their respiratory surfaces do 

not increase directly with their bulk, they might have to be 

as active, surfacing for air, as the small-morphs. Since 

volume of a cylinder increases geometrically while surface 

increases linearly, it seems that respiratory surfaces 

in large-morphs have more tiasue to supply with oxygen 

than do small-morphs. Metabolic differences revealed 

under circumstances of resting and abundant oxygen supply 

(Kenny, 1972) could be obscured somewhat under circum

stances of heightened activity and temperature and oxygen 

stress. 



CHAPTER VIII 

ANOXIA 

Gaseous oxygen is usually available to tiger 

salamanders, whether larvae or transformed. Larvae, 

restricted to an acjueous environment, will surface on 

occasion to gulp air. Their lungs are fully developed 

and functional. While readily available, atmospheric 

oxygen may not always be utilized, due to the animals' 

ov/n physiological limitationa.. For exairiple, larvae, being 

poikilothermic, are virtually inactive in extremely cold 

water. Partially compensatory in such cases is the 

animal's lowered metabolism, which recjuires less oxygen 

at cold temperatures. An increase in oxygen solubility 

in cold water makes more oxygen available for cutaneous 

and gill respiration. 

Extremely high temperatures may also affect the 

salamander's ability to exploit atmospheric oxygen. At 

temperatures above 32°C loss of coordination and equilibrium 

acutely impairs surfacing activity. Heat stress itself 

is damaging to the nervous system and, at elevated tempera

tures, problems are increased by hemoglobin inefficiency. 

Oxygen solubility decreases with elevated temperatures so 

that dissolved oxygen available to skin and gills is reduced. 

Hemoglobin may not load oxygen efficiently at high 

74 
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temperatures, thus, regardless of its availability at the 

animal-substrate level, little oxygen may be loaded by the 

bloodstream and carried to the tissues. 

Problems of oxygen stress may be encountered in 

very deep water where dissolved oxygen is low and the 

distance to the surface makes exploitation of atmospheric 

air an energetically inefficient alternative. 

Animals may encounter oxygen stress in crowded 

situations such as the progressive drying of a playa. 

Here the problem is further compounded by lavpr-.s of mud 
I 

drying on cutaneous surfaces. Whitford and Sherman (1968) 

report that transformed AmJjystoma tiqrinum derive a mean 

of 22.7 per cent (at 15°C) and 29.3 per cent (at 25°C) of 

their oxygen cutaneously when in the water. Larval animals 

derive a mean of 50.6 per cent (at 15^C) and 59.4 per cent 

(at 25 C) of their requirement cutaneously. Thus it is 

obvious that a barrier to cutaneous gas exchange could 

significantly stress the animals. 

Oxygen determinations at several playas known to 

be small-morph habitats suggest that dissolved oxygen 

does not drop to levels critical to Ambystoma tiqrinum 

.(Figure 19). Determinations of dissolved oxygen at 

Reese AFB, a large-morph habitat, confirm strata with low 

oxygen levels (Figure 20). While surface water was 

saturated, probably due to wave action, water only 1 M 

below the surface contained only 0.7 ppm oxygen. Light 
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Figure 19: Oxygen Levels, Temperature and pH at 
Quien Sabe #1 (QS) and Reese AFB (R) 
for Five Hours. 
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Figure 20: Oxygen Levels at Selected Depths, Reese AFB. 
Light bottles, dark bottles and control 
bottles are indicated. Determinations 
were made after 1 hour. 



79 

« 

o 

CO 

o 

fO ci 

o 
o 

MIdd - 0 



80 

and dark bottle oxygen determinations after one hour at 

this level indicated that oxygen utilization equalled 

production, even in the absence of macrofauna. Oxygen 

levels are also very low in the early morning (Figure 21). 

There is an apparent difference in the two types 

of habitats in regard to oxygen availability. It was 

considered of interest to determine whether this apparent 

difference in oxygen availability was countered with 

different degrees of physiological adjustment on the parts 

of the salamanders exploi.ting the respective habitats. 

To this end, experiments to determine tolerance to anoxia 

were carried out. 

Procedure 

It was presumed that transformed animals could 

escape oxygen-deficient ponds. Therefore, only larvae 

were tested. Animals to be used in ,anoxia tolerance 

experiments were collected by seining. They were held in 

large (61 cm x 61 cm x 30 cm) styrofoam containers. 

Three groups of animals were tested for tolerance 

to anoxia. Small-morphs (40-100 mm snout-vent length) 

were collected from the Pine Hills study site. Large-

j 

Imorphs were collected from Reese AFB. Two age groups 

from the Reese population were tested: grown larvae 

(130 - 170 mm snout-vent length) and juveniles (90 - 110 

mm snout-vent length). The juvenile group was chosen in 
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Figure 21: Hourly Oxygen, pH, and Temperature 
Measurements for a 24-Hour Period at 
Reese AFB. 
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order that comparably-sized animals of each morphotype 

could be compared. 

Anoxic chambers were prepared by bubbling nitrogen 

gas through water in 20-gallon aquaria until virtually 

all the oxygen had been displaced by nitrogen. Dissolved 

oxygen dropped to, but no lower than, .2 ppm in this 

system. Oxygen level was monitored by an oxygen electrode 

and a Beckman Fieldlab Oxygen Analyzer. To maintain 

sufficient flow past the electrode, a vibrostatic pump 

was used. Oxygen electrode readings were calibrated and 

occasionally checked by titrating the samples (see 

"Oxygen Determination," Chapter II). 

The acjuaria were covered at the top with taped, 

Saran Wrap to prevent ready diffusion of air into the 

aquaria. A constant flow of nitrogen gas was maintained 

to prevent accumulation of carbon dioxide and to create 

a positive pressure within the system. 

When two aquaria were set up simultaneously, the 

monitoring devices were placed in one acjuarium. Nitrogen 

was simultaneously supplied to each aquarium from the 

same source. It was assumed that the non-monitored 

acjuarium reached and maintained anaerobic conditions in 

the same way as the monitored system. This assumption 

was occasionally confirmed by titrations of samples from 

the unmonitored system both before introduction of the 

animals and subsequent to the termination of the experiment. 
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Animals were introduced into the anaerobic system 

when the oxygen level reached 0.2 ppm. Initially, animals 

were subjected to either one, two, three or four hours 

of anoxia. Others were exposed to repeated introductions 

in anoxia to determine whether repeated experiences 

endowed the animals with any resistance to ano.xic stress. 

After exposure to anoxia, the animals were supplied with 

oxygen-rich water. 

Control groups were transferred from holding tanks 

to the aquaria and there subjected to the same per.lods of 

tenure, conditions of monitoring and subsequent handling, 

minus the anoxic conditions. Both experimental and control 

groups were held for the arbitrary period of two weeks, 

and checked for apparent nervous disorder, obvious 

abberrent behavior or death. Death was determined by the 

cessation of cutaneous blood flow as visible in the tail 

membranes and the interdigital skin. Upon death, the 

animal was marked, measured and preserved. 

The layout for this experiment corresponds to a 

Model II design for a two-way table (Sokal and Rohlf, 

1969). In this design the total number of experimental 

animals is fixed (n=60). The total number of representa

tives of each sub-group (grown large-morph, juvenile 

large-morph and small-morph) is also fixed so that 

marginal totals for the criteria of morph and age group 
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are fixed. The marginal totals for animals living and 

dead are left to vary, according to the experiment. 

Three tests are commonly applied to two-way 

analyses of independence: the G-test, Fisher's exact 

test and Chi-square. Additionally, an adjusted chi-

square test which compensates for small sample sizes has 

often been applied. The G-test was originally based on 

analyses with a Model I design (only n is fixed) 

and Fisher's exact test was designed for analysis of a 

Model JTI layout (n and all ma.rginal totals are fixed). 

Chi-scjuare was not specifically designed for any of the 

three models (Sokal and Rohlf, 1969). Since none of the 

two-way analyses were specifically engineered for the 

Model II design, and since workers using two-way analyses 

have applied the three tests indiscriminately among the 

three models, all three tests were applied to the data 

assembled from this experiment. 

Results 

Data for anoxia experiments are summarized in 

Tables 5 and 6. No control animals died or showed 

discernable signs of aberrent behavior during the two-

week holding period after experimentation. Both large-

and small-morph salamanders appeared resistant to permanent 

effects of anoxia at exposures of three hours or less. 
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When exposed to four hours of anoxia, some indi

viduals in both groups died. No juvenile large-mcrphs 

and only 25 per cent of the grown large-morphs survived 

the effects of four hours of anoxia, while 60 per cent of 

the small-morphs survived the same exposure. These data, 

when compared in tests for independence by G-test, Chi-

square and Fisher's exact test suggest that the differen

tial mortality observed was not independent of, but rather 

was significantly influenced by the particular morphotype 

tested„ 

When analyzed according to Fisher's exact test 

(Table 6), the data indicate that all three groups are not 

independent of their morphotypes in their responses to 

anoxia. Probability of independence between morphotype 

and mortality during or after anoxia was calculated as 

.053 and .00004 in comparisons of grown large-morph 

versus small-morph, and juvenile large-morph versus small-

morph, respectively. Probability of independence between 

age group and mortality within the large-morph animals 

tested was 0.047. 

Analysis with a row-by-column G-test (Table 6) 

confirms the lack of independence. When each possible 

pair of experimental situations is analyzed in 2 x 2 tests 

for independence, the most emphatic rejection of inde

pendence was between grown large-morphs versus small-

morphs (G=7 2.834; P <.005). The G-value for comparisons 
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of juvenile large-morphs versus small-morphs was somewhat 

lower (G=18.916), but still significant (P<.005). The 

comparison of grown versus juvenile large-morphs yielded 

a G-value of 4.136 (P<.05). 

Chi-square analysis of the data (Table 6) indicates 

an emphatic rejection of independence in comparisons of 

juvenile large-morphs versus small-morphs. Both chi-

square and adjusted chi-scjuare values are very high, and 

the probability of independence is less than .005. 

Comparisons of grown versus jiivenile large-morphs indicate 

almost as great a rejection of independence, with the 

probability of independence less than .025, or less than 

.1, using chi-square and adjusted chi-square values 

respectively. Comparisons of grown large-morphs versus 

small-morphs indicates a probability of independence of 

less than .05, or less than .1 (chi-scjuare and adjusted 

chi-scjuare, respectively) . 

Surviving large-morph animals seemed sluggish in 

comparison with controls, but did not exhibit any other 

obvious physical or behavioral abnormalities. Among the 

surviving small-morphs, sluggishness was observed as were 

incidences of physical deformity. Five of the twelve 

small-morph survivors evinced curvature of the spine. 

This malady, not discernable while the animals were 

swimming, was acutely obvious when the animals rested. 
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Animals subjected to increasing durations of anoxia 

with 19 to 28 hours of recovery time in between succunnbed 

to four hours of anoxia. Animals survived three hours of 

anoxia, whether subjected to it all at once, or for one 

hour one day and for two hours the next day. All animals, 

however, succumbed to four hours of anoxia, if previously 

exposed, regardless of whether exposure consisted of one, 

two or three hours of anoxia on the previous day. 

Comments 

The null hypothesis, that tolerance to anoxia 

is independent of the morphotype must be rejected. Instead 

it is suggested that morphotype and survivorship to pro

longed anoxia under the circumstances presented are linked. 

Furthermore, all three tests suggest that within the 

population of large-morphs, tolerance to anoxia is some

what dependent upon age or size. While the juvenile large-

morphs differed significantly from the full-sized large-

morphs, they differed in a direction away from comparably-

sized small-morphs. 

It would seem that exposure to anoxia per se does 

not confer any acclimation on the animals. To the contrary, 

prior exposure, at least under the circumstances of the 

laboratory procedure, seems to have sapped the animals of 

tolerance. It is not to be assumed that the conditions of 

anoxia imposed in the laboratory exactly duplicate the 
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conditions faced in the natural habitat. For example, 

atmospheric oxygen wou.ld be available in many circumstances 

in which larvae may find themselves in oxygen-deficient 

waters. For this reason, oxygen stress, if experienced, 

may be less severe but of longer duration. Based on the 

salamanders' inability to survive repeated exposures to 

anoxia in the laboratory, and the confirmation of oxygen-

deficient areas at the large-morph habitat, it may be 

suggested that the large-morphs' lower tolerance could 

arise from repeated oxygen stress. 

Interpreted narrowly, it would initially appear 

that small-morphs are more tolerant to anoxia than large-

morphs; and this may indeed be the case. The abnormalities 

experienced by some of the small larvae surviving the four 

hours of anoxia, however, should not be lightly dismissed. 

If the abnormalities are persistent and affect eventual 

long-term survival, if they affect courtship behavior or 

reproductive competence, then they may be as detrimental 

to the population as death. 

A comment about the three statistical treatments 

used for analysis of independence may be in order. It 

' would appear that the tests are not comparable. For 

example, levels of significance differ in comparisons 

between grown large-morphs and small-morphs from .00004 

(Fisher's exact test) to .1 (adjusted Chi-square), a 

2500-fold difference. Sokal and Rohlf (1969) indicate 
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that adjusted Chi-square is probably too conservative a 

test, even when using sample sizes of 20. These data would 

seem to confirm this evaluation. Even with the unadjusted 

Chi-square values, however, levels of significance for the 

above-mentioned comparison differs from .0004 to .05, 

a 1250-fold difference. While one test shows high 

significance (99.996 per cent confidence level) the other, 

analyzing the same data, indicates only 95 per cent confi

dence. If the differences were more borderline, a decision 

of which method to use would likely hinge on which showed 

significance. A researcher placed in the position of 

being able to choose tests which fit preconceptions has 

lost the objective implication that statistical analysis 

confers. 



CHAPTER IX 

STOMACH ANALYSES 

The macrofauna found in permanent, sewer-effluent 

receiving ponds is relatively stable, consisting of 

Daphnia sp., Cladocerans and Rotiferans. Seasonal hatches 

of Chironemous sp. and Culex sp. occur as do seasonally-

appearing Coleopterans, Odonatans and Hemipterans. 

Temporary playa lakes are more variable in their 

macro-fauna. At certain times, great variety is seen. 

Snails abound and Crustacea are represented by Anostracans, 

Notostracans, Conchostracans, Cladocerans, Ostracopods 

and Decapods- Odonatans, Zygopterans, Hemipterans and 

Coleopterans are represented in immature stages and some 

remain in the water as adults. Culex sp. is abundant in 

spring, summer and early fall. 

Because of some divergence in macrofaunal make-up 

in permanent and temporary playa lakes, it was considered 

of merit to analyze stomach contents of salamanders 

inhabiting these two environments to determine whether 

feeding habits differ. 

Procedure 

Larval and transformed small-morphs, ranging in 

size from 99 to 111 mm snout-vent length were collected 
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from Quien Sabe #2. Larval large-morphs (Snout-vent 

length: 140 - 165 mm) were collected from Reese AFB. 

Specimens were killed and the stomachs excised immediately. 

They were cut just above the cardiac sphincter and just 

below the pyloric sphincter, then transferred to 5 per cent 

formalin to constrict the sphincters. In the case of 

large-morphs, stomachs were stored in formalin before 

examination. Small-morph stomach contents were investi

gated immediately, then preserved in formalin. 

Stomach contents were individually transferred 

to a petri dish and surveyed with a dissecting stereo-

microscope. After relative contents were determined, 

parasitic roundworms were removed. The remaining contents 

were spread on pre-weighed Whatman #1 filter paper for 

drying. The dry weights were later determined, using a 

Metier Analytical Balance. Parasitic roundworms were 

preserved for later identification. Their dry weights 

were considered negligible and were not added to the dry 

weights obtained. Stomachs were dried and dry weights 

determined using a Metier Analytical Balance. 

Results 

The average size of large-morphs was 155 mm snout-

vent length. In all 21 stomachs analyzed, the predominant 

genus present was Daphnia. In the total combined sample 

of twenty-one stomachs, 15 roundworms, 2 Hydrophilid 
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beetles, 1 Coccinellid bettle, 1 plant germling and 

2 seed pods were found. 

Average size of small-morphs was 95 mm snout-vent 

length. Stomach contents among small-morphs revealed a 

much greater variety of organisms. The predominant 

animals present, from both the standpoint of bulk and 

numbers were Notonectids, Dyticids and Zygopterans. 

Notonectids provided over half the bulk in every stomach 

except one. The ratio of Notonectids to Dyticids to 

Zygopterans was 3 : 2 : 1 - Conchostracans v.'̂ere present 

in seven stomachs. The total number of conchostracans 

found was 9. Hydrophilids were found in two stomachs. 

Cladocerans were found in one stomach. Four stomachs 

contained a tota'l of 4 roundworms. Two stomachs contained 

plant germlings. One had a single germling, but the other 

had 18. Two individuals had the remains of salamanders 

in their stomachs. In both cases, it was determined that 

the remains represented no more than one individual. 

Stomach contents of the four transformed small-

morphs did not differ from those of larval small-morphs 

in content. Two transformed animals had small larval 

salamanders in their stomachs. 

Dry weights of stomachs are shown in Figure 22. 

Larval small-morphs' stomachs averaged 0.21 + 0.10 g, 

transformed small-morphs' stomachs averaged 0.16 + 0.06 g, 

and the large-morphs stomachs averaged 0.37 + 0.15 g. 
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Figure 22: Dry Weights of Stomachs from Large- and 
Small-Morphs. Range, mean and two standard 
errors to either side of the mean are 
represented as'in Figure 13, Chapter IV. 
The scale is the same as the figure below. 

Figure 23: Dry Weights of Stomach Contents from 
Large- and Small-Morphs. Range, mean and 
two standard errors to either side of 
the mean are represented as in Figure 13, 
Chapter IV. 
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Dried stomach contents averaged 0.44 + 0.43 g for larval 

small-morphs, 0.20 + 0.21 g for transformed small-morphs, 

and 0.54 + 0.43 g for larval large-morphs (Figure 23). 

Large-morphs averaged 220 g total body weight. 

Small-morphs' average weight, calculated on the basis of 

snout-vent length would be about 55 g or approximately 

one-fourth the weight of the Reese animals. When stomach 

weights are corrected for the weight of the animals, the 

resulting data assumes significance (Figures 22 and 23). 

Comments 

The contents of large- and small-morphs' stomachs 

were different. The large-morphs appear to have fed 

somewhat selectively, concentrating on Daphnia. Small-

morphs seem to have fed generally, taking what could be 

caught. This feeding behavior can be correlated to habitats. 

The turbid nature of temporary ponds would make visual 

selection of food difficult. Powers (1907) reported 

different habits of breeding characterizing animals from 

ponds differing in their turbidity. Animals in clear 

water selected prey, while animals in turbid waters seemed 

to feed more generally. 

The size of the stomachs does not differ signifi

cantly between the morphs. When, however, the size of 

stomach is corrected, taking into consideration the size 

of the animal,̂ 'it appears that the large-morphs must 
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feed four times the bulk of the small-morphs with the same-

sized stomach. 

The mean dry weight of the stomach contents does 

not differ significantly between groups tested. While 

the calculated corrected large-morph mean does not differ 

significantly at the 95 per cent confidence level, it 

is obvious tnat most small-morphs analyzed had eaten more 

per gram body weight than large-morphs. In fact, only two 

small-morphs whose stomach contents were analyzed had 

eaten ]ecc per gram, body weight than had Lhe more voracious 

of large-morphs. 

Field observations of stomach contents at other 

localities confirm the small-morphs' general feeding habits 

suggested by these data. Stomach contents from Reese AFB 

in March, 1972, were not cjuantitatively analyzed, but it 

was observed that the stomachs contained Ambystoma tiqrinum 

eggs and slime. No prey were observed. Observations of 

stomachs from animals at the Tech campus study site in 

1969 confirm the large-morphs' selective feeding behavior. 

Notes indicate nothing except Daphnia in the stomachs. 

Powers (1907) reported a causal relationship between feeding 

habits and morphological expressions; however, no data 

accompanied his statements. 



CHAPTER X 

GROWTH AND METAMORPHOSIS 

It has been observed repeatedly that small-morphs 

readily metamorphose. Often the act of seining and 

handling the small-morphs appears to trigger metamorphosis. 

Although metamorphosis occurs among large-morphs the 

tendency to metamorphose seems greatly reduced. Seining 

and handling does not initiate metamorphosis. In fact, 

larvae ha.ve been seined, removed, handled and held in 

restricted aquaria for longer than six months without 

demonstration of signs of metamorphosis on the parts of 

many animals. 

Salthe (1972) gives the following definitions for 

neoteny and paedogenesis: 

NEOTENY The process whereby some few traits of 
a given kind of organism have their ontogenetic 
development slowed down relative to the rest of 
the organism during the evolution of the lineage. 
This is purely a descriptive term and implies 
nothing about mechanisms. Synonym for paedo-
morphosis. 

PAEDOGENESIS The reproduction of larvae. The 
gonads, germ cells, and primary sexual characters 
develop to maturity in an organism that is 
otherwise larval. 

With respect to the above definitions, both morphotypes 

of salamanders in this study are potentially paedogenic. 

Small-morph larval males often evidence tumescent cloacal 

glands and have live sperm in their vasa deferentia. 
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Larval female small-morphs lay fertile eggs. Among large-

morphs, paedogenesis is the rule. Neoteny is more 

difficult to evaluate. Some large-morphs begin trans

formation, but never complete it. Gills are partially 

resorbed and body bulk is greatly reduced, but patterns 

fail to develop and the animals cannot transform further. 

These animals are easily recognized and inevitably fail 

to complete metamorphosis. Other larvae, however, not 

visually distinguishable from "normal" larvae also fail 

to complete metannor-pho.sis. Therefore not all potential 

neotenes are recognizable. Hahn (1962) reported that most 

paedogenic animals tested from Reese AFB metamorphosed 

upon administration of tri-iodothyrodine (T3). Still, 

a significant proportion (17.6 per cent) failed to meta

morphose, even with repeated doses of T3. Knopf (1962) 

reports gradients of ability to metamorphose among sala

manders at Reese AFB. He reports that the ability to 

metamorphose has been completely lost in some animals. 

In addition to apparent differential ability to 

metamorphose, on the part of large- and small-morphs, it 

was observed that those animals that did metamorphose did 

so at different sizes depending upon the morphotype. 

Size at metamorphosis is shown (Figure 24) for animals 

from Abernathy and Reese. It can be seen that among large-

morphs, metamorphosis does not occur at lengths within the 

size range of small-morphs. Only large animals transformed 
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Figure 24: Size at Metamorphosis for Large- (Reese) 
and Small-Morphs (Abernathy). 
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at Reese, while at Abernathy all sizes did. Transformed 

animals at Quien Sabe #1 averaged 81 m_m snout-vent length 

(Figure 25), the same average size as larval animals in 

the pond at the same time. At Lorenzo, Texas, a pond 

which was shallow and small but received sewage effluent, 

had transformed animals intermediate in size between 

Abernathy and Reese (Figure 26) . 

Different sizes at transformation cannot be 

accounted for by growth rates. Small-morphs grow rapidly 

(Figure 27). T.ar-ge-morph? have ample time at sm.all sizes 

(Figures 28 and 29) to accomplish transformation if they 

are so disposed. Nonetheless, large-morphs do not normally 

transform below lengths of 120 mm snout-vent length. 

Procedure 

In May, 1971, an experiment was designed to determine 

to what extent environment affected tendency to meta

morphose. Twenty larvae each of small-morphs and comparably-

sized large-morphs were collected from New Deal #1 and 

Reese AFB respectively. The larvae were specifically 

chosen for their failure to show signs of onsetting meta

morphosis. Animals were toe-clipped for recognition, 

measured and released in a shallow, man-made pond constructed 

to the side of one of the Tech Campus sewage effluent ponds. 

The pond had been previously seined to assure the absence 

of any other salamanders prior to the introduction of the 
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Figure 25: Length (Snout-Vent) of Larval and Trans
formed Animals at Quien Sabe #1 Small-
Morph Study Site. 
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Figure 26: Snout-Vent Lengths of Transformed Animals 
from Selected Sites. 
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Figure 27: Size Distribution of Small-Morphs at 
Quien Sabe #1. Size distribution changes 
within one week, suggesting .a rapid growth 
rate. 
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Figure 28: Size Distribution of Large-Morphs at 
Tech Campus in Selected Months. 
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Figure 29: Size distribution of Large-Morphs at 
Reese AFB in Selected Months. 
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experimental groups. The pond had similarities to tem

porary playas in that it was shallow with warm, water and 

it was in the process of drying. Its resemblance to the 

permanent ponds rested in the condition of the water, which 

was overflow from the sewage effluent ponds. 

The animals, once released were not disturbed for 

two weeks. During that time it was necessary to pump in 

additional effluent to prevent complete water lOŵ ŝ. At 

the end of two weeks, the pond was seined several times to 

completely clear it of salamanders. Recovered salamandere 

were inspected to determine their original source. 

It was proposed that large-morphs might have the 

capacity to metamorphose, but that capacity was largely 

lost once the animals surpassed a certain critical age or 

size. To test the proposition that small-sized large-

morphs were more or less disposed to metamorphose than 

were grown large-morphs, an experiment was designed in 

which jivenile and grown large-morphs were held in large 

rectangular plastic boxes. The animals were of mixed 

size, with five of each size in one box and ten of each 

size in another. They were kept in the same amount of 

water and were not fed. The experiment was conducted for 

approximately six weeks, during which time mortality 

occurred within each age group. Some animals of each 

group metamorphosed. Size and signs of metamorphosis 

were noted for each salamander. 



116 

Results 

Of the forty comparably-sized larvae of large-

and small-morph derivation, which were placed together in 

the temporary sewage pond, only fifteen animals remained 

after two weeks. All fifteen of these animals were from 

the Reese (large-morph) population. All of these indi

viduals retained their gills, but showed signs of some 

gill resorption. Other signs usually associated with the 

onset of metamorphosis, such as the resorption of the 

tail fin and the appearance of pattern were noted for all 

but two of the individuals. The above-described signs of 

metamorphosis were totally lacking in juvenile large-

morphs which had been allowed to remain in the Reese AFB 

lake. 

Among the thirty juvenile and grown larval large-

morphs initially placed in the holding boxes, six animals 

remained alive at the termination of the experiment. In 

the box holding twenty animals, four remained: one 

transformed grown animal, one larval grown animal, one 

transformed juvenile and one larval juvenile. Of the 

twelve animals of each age group which succumbed in the 

course of the experiment, two of each group died as larvae 

with no evidences of metamorphosis. Seven animals from 

each age group died showing at least some changes, usually 

partial resorption of gills. Two animals from each group 
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died as completely metamorphosed individuals, lacking 

gills and tail fin, but exhibiting a very reduced pattern. 

Two animals remain unaccounted for. 

Comment s 

Concerning the experiment involving comparably-

sized representatives of each morph placed in the temporary 

pond, it was assumed that the twenty small-morphs along 

with five large-morphs had metamorphosed and left the pond. 

Because of the .̂ i.gns of metamorphosis among the majority 

of remaining Reese animals (signs which were absent among 

their contemporaries which remained at Reese) it was 

concluded that the environment stimulated metamorphosis 

and dispersal to some extent, but that inhibition of rapid 

metamorphosis and reluctance to disperse was a quality 

inherent in the juvenile large-morphs. Since the water 

source for the temporary pond was sewage-effluent, the 

likelihood of sewage containing some chemical factor 

which had an inhibitory effect on metamorphosis could be 

discounted. 

Regarding the monitored metamorphosis experiment, 

it was concluded that the grown large-morphs had the same 

capacity to metamorphose as did the juveniles. In addition, 

it was concluded that relative crowding at least to the 

extent that it was imposed in the laboratory, had no 

significant effect on the incidence of metamorphosis. It 
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is admitted that the crowding in the lesser crowded box 

might have exceeded a crowding threshold, eliciting a 

maximum response and making the comparison moot. 

The bimodal distribution of large-morph lengths 

only in May, June and July doubtless reflected samples of 

the year's juvenile population (egg deposition at the Tech 

Campus study site occurred in February), captured once 

they reached a size large enough to be caught in the seins. 

Length distribution among temporary playa study sites was 

qiite different and probably reflected the non-seasona]. 

egg-laying habits that characterize animals dependent 

upon unpredictable ephermeral habitats. 



CHAPTER XI 

REPRODUCTIVE POTENTIAL 

The observation that large- and small-morph larvae 

were mutually exclusive in their habitations was surpris

ing. The large-morphs' reluctance to metamorphose and 

disperse widely and the paucity of favorable habitats would 

likely preclude its appearance in temporary ponds, but the 

reverse should not be true. It seemed curious that gravid 

small-morphs had left no offspring in the permanent pond.<E: 

studied. Although such an event had not been recorded, 

there was no reason to assume that female small-morphs 

had avoided egg-deposition in permanent ponds. It was 

considered more plausible that small-morphs had laid eggs 

in the sewage ponds, but that offspring had not competed 

favorably there. Possibly competition was overwhelmingly 

in the favor of large-morph young. Because of size 

differences between the morphs, reproductive potential 

was considered a possible point of divergence offering 

large-morph young a distinct advantage in numbers over the 

young of small-morphs. Reproductive potential was deter

mined for gravid females of both small- and large-morphs 

from Reese (large-morph) and Abernathy (small-morph). 
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Procedure 

Thirteen females of each morphotype were sacrificed 

and the ovaries removed to 10 per cent formaldehyde. Eggs 

were separated into small clusters and the clusters were 

weighed. Eggs within some clusters were counted. An 

average number of eggs per gram weight of ovarian tissue 

was determined. The number of eggs produced was then 

extrapolated individually for each female. While this --

method was not presumed to be extremely accurate, the 

differences between the morphs was of such magnitude that 

no greater accuracy was necessary. 

Results 

Results of the egg counts are shown in Figure 30. 

Small-morphs produced an average of 2500 + 500 (1400 -

3100) eggs per gravid female. Large-morphs averaged 

5700 + 1400 (3700 - 9500) eggs per gravid female. 

Comments 

If one assumes that inherent gametic and zygotic 

mortality is the same for each morph, it is obvious that 

large-morphs have a much greater reproductive potential 

than have small-morphs. In fact, on the average, large-

morph females have more than twice the number of eggs 

that small-morphs have. Thus a large population of 
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Figure 30: Reproductive Potential of Large- and 
Small-Morphs from Reese AFB and Abernathy, 
Respectively. Range, mean and two standard 
errors to either side of the mean are 
represented as in Figure 13, Chapter IV. 
Sample size was 13 for each morphotype. 
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large-morph females could virtually overwhelm the contribu

tion of any accidentally-occurring gravid small-morphs. 



CHAPTER XII 

REPRODUCTIVE CYCLING 

Ambystoma tiqrinum is reported to be an early 

spring breeder (Bishop, 1943). While direct observations 

of courtship and breeding have not been reported for 

A. t. mavortium, divergent patterns of egg-laying have 

been observed. Large-morphs lay eggs in the late winter 

and early spring. Eggs have been observed as early as 

February and as late as May at the Tech Campus study site. 

Reese AFB animals begin laying eggs earlier (January) and 

the egg-laying period extends to May. Small-morphs, on 

the other hand, seem to be opportunistic egg-layers. 

Fertile eggs have been found shortly after heavy rains 

throughout the year. It is not known whether breeding is 

seasonal and only egg-laying is casual, or whether breeding 

occurs year-round as well as egg-laying. 

Both morphs have the potential to be seasonal 

breeders because, as ambystomatids, they have the ability 

to store sperm after mating (Noble, 1964). To determine 

whether the sexual cycles were seasonal, it was necessary 

to have a year-round supply of salamanders from the same 

locality. Because of the nature of temporary playas, 

monthly samples from the same populations of small-morphs 

were not possible. Monthly samples from Reese AFB were 
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taken to determine the likelihood of seasonal cycling 

among large-morphs. 

Procedure 

Samples of both male and female large-morph larvae 

were collected monthly except during August and September, 

from June, 1970, through June, 1971. Weather prevented 

sampling until the last day of August and the first day 

of September, 1970. The sample taken at this time was 

considered an August—September sample. Snout-vent lengtho 

were taken for all animals. Each animal was sacrificed 

and reproductive organs were removed and weighed. Females 

were examined for the presence of eggs and the condition 

of the oviducts. Wet weights of ovaries and oviducts 

(when large enough to remove) were taken. Males were 

examined for external evidence of sexual maturity (con

spicuous cloacal swellings). Testicular weights were taken 

as well as the weights of vasa deferentia when large 

enough to remove. All vasa deferentia and testes were 

preserved in formalin or Bouins solution for later 

histological examination. 

Tissues to be examined histologically were embedded 

in paraffin and sectioned. Sections were 9-10 microns 

thick. Tissue was stained with haemotoxylin and eosin. 

Ten seminiferous tubules in a section from each 

testis were chosen at random with respect to contents. 
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The following were determined: (1) contents of the semi

niferous tubule lumens, (2) cell nests per tubule, 

(3) cell layers between tubules, (4) diameters of tubules, 

(5) cell types present (sertoli cells, spermatogonia, 

spermatocytes, spermatids, spermazoa, sperm) ,. (6) numbers 

of Sertoli cells, spermatogonia and spermatocytes, and 

(7) diameters of Sertoli cell nuclei. In addition, total 

number and contents of the seminiferous tubules from a 

section of each testis were determined by direct count. 

Epithelial height was measured a-t- ten <=ites aionq -t-Vip -t-̂ stis 
I 

periphery. 

Vasa deferentia, when obtainable, were also examined 

microscopically. Contents of lumens were determined and 

ten scattered measurements of the height of columnar 

cells in the lining of each vas deferens were made. 

Photographic records were made of both typical and 

atypical seminiferous tubules and vasa deferentia each 

month. 

Results 

Monthly oviduccal weights are presented in 

' Figure 31. As can be seen, weights were highly variable. 

T̂he highest calculated mean oviduccal weight was in 

February (15.4 g) . Lowest mean oviduccal weight was in 

August-September (3.0 g). The August-September sample 

was the only monthly sample which differed significantly 
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Figure 31: Monthly Oviduccal Weights. Range, mean 
and two standard errors to either side of 
the mean are represented as in Figure 4, 
Chapter II. The sample size appears 
above each graph. 
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from the samples to either side of it. December and 

January oviduccal weights were significantly higher than 

those of July through October. February samples were 

significantly higher than those of July through August-

September. February weights were the most variable, 

ranging from 7.4 to 26.2. 

Monthly ovarian weights were also variable 

(Figure 32). The highest mean ovarian weights were in 

February (15.6 g) and the lowest were in August-September 

(2.8 g) . Octobei" +hrough March weights were significantly 

higher than July through September weights. 

Testicular weights were not as variable as the 

female gonad weights (Figure 33). July samples were 

significantly lower than August through December samples. 

January and February samples were significantly lower than 

August through December samples, and significantly heavier 

than July and March through May samples. Testes had the 

highest mean weight in October (1.67 g) and the lowest 

mean weight in April (0.25 g). It may be seen that the 

vasa deferentia were void of sperm until December 

(Figure 34). Sperm were found in half the vasa deferentia 

investigated in December, and in all the vasa deferentia 

in January and February. After February, the per cent 

of animals which had sperm in their vasa deferentia 

dropped gradually. 
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Figure 32: Monthly Ovarian Weights. Estimated 
parameters are depicted as in Figure 4, 
Chapter II. 



1 3 1 

2 5 

2 0 -

IS • 

C9 

«« 

10 • 

1 0 

5 

1 0 

T 

i 
.^Si 

k 

1 
J AS 0 
19 70 

N D J F M 

MONTH 

A M 
^ 19 7 1 



132 



Figure 33: Monthly Testicular Weights. Estimated 
parameters are depicted as in Figure 4, 
Chapter II. 
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Figure 34: Per Cent of Vaga Deferentia Which Contained 
Sperm each Month. 

Figure 35: Monthly Total Number of Seminiferous 
Tubules in Cross-Sections of Testes. 
The horizontal line represents the mean. 
The vertical line represents two standard 
errors to either side of the mean. 

Figure 36: Monthly Number of Seminiferous Tubules 
with Lumens Blocked by Spermatogonia. 
Estimated parameters are depicted as in 
Figure 35. 
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There was no significant difference in the total 

number of seminiferous tubules in cross-sections of testes 

as determined by direct counts (Figure 35). The number 

of seminiferous tubules with lumens obscured by sperma

togonia as determined by direct count is presented in 

Figure 36. October samples had significantly fewer lumens 

blocked by spermatogonia than June samples. December 

samples had the least number of lumens blocked by 

spermatogonia (X = 4), differing significantly from all 

other m.onths except October and November. 

The percentage of lumens containing spermatogonia 

and sperm was determined by both direct counts of all the 

seminiferous tubules and by calculation after random 

sampling of ten seminiferous tubules. Generally it can 

be observed that spermatogonia and sperm bear an inverse 

relationship to each other in their frequency of appearance 

in the lumens of seminiferous tubules. By direct counts 

(Figure 37), sperm were in 100 per cent of the lumens in 

samples taken in December and in only 4 per cent of the 

lumens in JUne, 1970. Spermatogonia were at highest levels 

in seminiferous tubule lumens in June, 1970, and May, 

1971 (93 per cent) and at lowest levels in February, 1971 

(18 per cent). Percentage of sperm and spermatogonia in 

seminiferous lumens as determined by random microscopic 

examination bear very similar results (Figure 38). In 

addition, difference between free and attached sperm 
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Figure 37: Monthly Per Cent of Tubules Filled with 
Sperm and Spermatogonia as Determined 
by Direct Counts. 

Figure 38: Monthly Per Cent of Tubules Filled with 
Free Sperm, Attached Sperm and Spermatogonia 
as Determined by Random Microscopic 
Examination. 
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could be determined. Free sperm increased in incidence in 

seminiferous tubules from zero in June and July. 1970, 

to 29 per cent in October, 1970. Frequency of free sperm 

decreased sharply after November, and remained at negligible 

levels through June, 1971. 

The number of cell nests per tubule (Figure 39) 

decreased significantly in November, 1970, and rose 

significantly in May and June, 1971. The number of cell 

layers between tubules (Figure 40) dropped significantly 

in August, 1970, and rose significant]v in December 1970. 
I 

The average number of Sertoli cells per tubule 

(Figure 41) dropped sharply and significantly from June, 

1970, to August-September, 1970, and rose significantly in 

April, 1971. No difference between diameters of Sertoli 

cells could be distinguished from month to month 

(Figure 42). 

The outside diameter of tubules (Figure 43) was 

highly variable. There was, nonetheless, a significant 

difference between April, 1971 (the smallest diameters) 

and the following: August-September, November, December, 

1970, and January, February and JUne, 1971. 

The height of the epithelial cells surrounding 
i 

'the testes was quite variable in October and January, 1970 

(Figure 44). Measurements indicate that epithelial cells 

were significantly taller in February, 1971, than 

epithelial cells measured in November and December, 1970. 
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Figure 39: Monthly Changes in the Number of Cell Nests 
per Tubule. Estimated parameters are 
depicted as in Figure 35. 

Figure 40: Monthly Changes in the Number of Cell 
Layers between Tubules. Estimated para
meters are depicted as in Figure 35. 

Figure 41: Monthly Changes in the Average Number of 
Sertoli Cells Per Tubule. Estimated 
parameters are depicted as in Figure 35. 
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Figure 42: Monthly Measurements of Sertoli Cell 
Diameters. Estim.ated parameters are 
depicted as in Figure 35. 
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Figure 43: Monthly Outside Diameter of Tubules. 
Estimated parameters are depicted as in 
Figure 35. 

Figure 44: Monthly Epithelial Height of Testes. 
Estimated parameters are depicted as in 
Figure 35. 
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Columnar cells in the vasa deferentia lining 

evidenced more striking seasonal cycling than any other 

cells (Figure 45). Columnar cells were shortest in June 

through August-September, 1970, and January through June, 

1971. In October, November and December, 1970, the 

columnar cells were significantly taller than in any of 

the other months. 

Contents of the lumens of vasa deferentia are 

presented in Figure 46. July, 1970, vasa deferentia 

lacked any stainable material in their lumena. In Augusr-

September, 1970, samples, amorphous material first appeared 

in the vasa deferentia. Sperm first appeared in November, 

increasing in incidence until February, 1971, and March, 

1971, when all the lumens contained nothing stainable 

except sperm. In April, 40 per cent of the lumens were 

again empty. 

The condition of columnar cells in the lining of 

the vasa deferentia may be very important in regard to 

preparation of the sperm for transfer. The height of 

these cells increased markedly just prior to the females' 

egg-laying season. The columnar cells also appeared to 

exude droplets into the lumen (Figure 64C). These droplets 

have not been analyzed, but may be important in successful 

production of spermatophores, considering their time of 

appearance. 



^oi }1JVi 

I ^ . J 



Figure 45: Monthly Changes in Height of Columnar 
Cells in Vasa Deferentia. Estimated 
parameters are depicted as in Figure 35 

Figure 46: Contents of Lumens in Vasa Deferentia, 
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Typical sections of testes and vasa deferentia 

for each month are shown and discussed in Figures 47 

through 68. • Magnification of Figure 54C is 1770 X. 

Magnification of all other micrographs is 250 X. 

Comm.ents 

These data suggest cycling of the reproductive 

tissues in both males and females, among large-morph larvae. 

While sperm are present in the vasa deferentia of at least 

som.e animals from November through Jane, the condition of 

the vasa deferentia is not similar in all of these months. 

Whether sperm can be packaged into spermatophores regard

less of the condition of the vas deferens is not known. 

The limited months in which columnar lining cells were 

observed to secrete material into the lumens suggests that 

something special happens just prior to the reported 

breeding season for the species. While they do not prove 

such, these data certainly suggest a limited period of 

reproductive readiness on the parts of male large-morphs. 

Seasonal cycling is also suggested by the change in 

abundance of spermatogonia, spermatids, spermazoa and 

' sperm from month to month. Sertoli cells demonstrate a 

defnite cycling, as does the height of columnar cells in 

the vas deferens. Among animals which do not undergo 

reproductive cycling, testes are usually in a constant 

state of spermatogenesis (Turner, 1965). Wnile individual 
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Figure 47: Appearance of Seminiferous Tubules in 
June, 1970. 

A. Most of the testis sections resembled 
this section. Note the division of 
rubules into ceil nests. Spermatogonia 
are not differentiating. 

B. Two specimens' testes resembled this 
section. Note the lack of discrete 
cell nests. Spermatogonia are not 
differentiating. 

C. One specimen in June, 1970, had this 
appearance. Note the abundance of 
Sertoli cells (s) and small size of 
the seminiferous tubules in comparison 
to other testes representatives of 
this month. 

D. One specimen had this appearance. Note 
the rather large seminiferous tubules 
to the lower and upper left, containing 
sperm. The rest of the seminiferous 
tubules lacked lumens and had an 
abundance of Sertoli cells, as in 
"C" above. 
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Figure 48: Appearance of Seminiferous Tubules in 
July, 1970. 

A. Three specimens resembled this section. 
Many lumens ari present, but no sperm 
or differentiated spermatids are seen. 

B. Three specimens resembled this section. 
All seminiferous tubules contained 
sperm. 

C. One specimen resembled this section. 
Note the presence and differentiation 
of spermatids. Nests are still obvious 
and no spermatids have differentiated 
into sperm. 

In addition to the above, two animals 
had testes resembling June "A" section, 
and one animal's testis resembled the 
June "B" section. 
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Figure 49: Appearance of Seminiferous Tubules in 
August-September, 1970. 

A. Four testes from this sample resembled 
this section, iSperm predominate, but 
spermatids and spermatogonia are 
also present. 

B. Two animals had testes resembling this 
section. All seminiferous tubules 
contained nothing but sperm. 

C. Two animals had testes resembling this 
section. Spermatogonia and spermatids 
predominate. 

D. Two animals had testes resembling this 
section. Few spermatids are obvious. 
Spermatogonia predominate. Lumens are 
obvious and contain amorphous material. 
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Figure 50: Appearance of Seminiferous Tubules in 
October, 1970. 

A. Four animals examined this month 
resembled this section. Sperm are 
predominant, but spermatids are 
scattered throughout the sections. 
Some spermatogonia are also present, 
although this figure does not show any, 

B. Three specimens resembled this section. 
All the seminiferous tubules were 
packed with sperm. 

Figure 51: Appearance of Seminiferous Tubules in . 
November, 1970. 

Seven animals from this month's samples 
had testes resembling this section. The 
seminiferous tubules contained only sperm, 
and the sperm were densely packed. 

In addition, four specimens resembled 
August-September Section ''A" and two 
specimens resembled August-September 
section "D." 
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Figure 52; Appearance of Seminiferous Tubules in 
December, 1970. All of the animals from 
the December sample resembled this section. 
Note the abundance of sperm in nests. Some 
seminiferous tubules have large spaces 
with few remaining sperm, presumably 
because the sperm have been mobilized into 
the vas deferens. 

Figure 53; Appearance of Seminferous Tubules in 
January, 1971. Four specimens' testes 
resembled this section. Some sperm were 
present in lumens. Many of the seminiferous 
tubules had become small and lacked lumens. 
Sertoli cells were again present. In 
addition, six specimens' testes resembled 
the December section "A." 

Figure 54; Appearance of Seminiferous Tubules in 
February, 1971. Four specimens' testes 
resembled this section. About 90 per cent 
of the seminiferous tubules still contained 
sperm. The remaining tubules were small, 
with many spermatogonia and Sertoli cells. 
In addition, six specimens' testes 
resembled the December section "A." 

Figu.re 55; Appearance of Seminiferous Tubules in 
March, 1971. Four specimens in the March 
samples had testes resembling this section. 
Half the tubules had sperm. The rest had 
lumens obscured by spermatogonia. In 
addition, six specimens' testes resembled 
the February section "A." 
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Figure 56: Appearance of Seminiferous Tubules in 
April, 1971. 

A. Four animals had testes resembling this 
section. No sperm are present. There 
are large cells or amorphous material 
in the lumens. Sertoli cells abound. 

B. Three animals had testes resembling 
this section. Less than a third of 
the tubules contained sperm. Some 
lumens were filled with large-nucleated 
cells. Others contained amorphous 
material. Many lumens were obscured 
by spermatogonia. 

Figure 57: Appearance of Seminiferous Tubules in 
May, 1971. Six specimens resembled this 
section. Note the separation into clusters 
of spermatogonia. Spermatids are present 
in some tubules. In addition, four 
specimens resembled the April section "A." 

Figure 58: Appearance of Seminiferous Tubules in 
June, 1971. Eight specimens resembled 
this section. Note the clusters of nests. 
Spermatids are present and many are 
differentiating into spermazoa. The 
tubules have very large lumens. 
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Figure 59: Typical Vas Deferens in June, 1970. 
Lumen is large and filled with sperm. Note 
the slightly rectangular shape of the cells 
lining the lumen. 

Figure 60: Typical Vas Deferens in July, 1970. 
Note the small, empty lumen and the spongy, 
thick layer of cells between inner and 
outer linings. 

Figure 61; Typical Vasa Deferentia in August-September, 
1970. Notice there is some variability 
in the height of columnar cells lining the 
lumens, but lumens are empty and relatively 
small. The layer of cells between inner 
and outer linings is again quite thick and 
spongy. Figure 61A is probably less 
well-developed than Figure 6IB, based on 
the appearance of the cells lining the 
lumens. 
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Figure 62: Typical Vas Deferens in October, 1970. 
Note the amorphous material in the lumen. 
Also note the height of the columnar cells 
and the suggestion of secretory activity 
on the part of the cells lining the lumen 
(arrow). 

Figure 63: Typical Vas Deferens in November, 1970. 

A. Notice the convolutions in the inner 
lining of the vas deferens and the 
evidence of secretions (arrow). 

B. Notice the appearance of non-cellular 
, staining amorphous material in the 
I lumen of this vas deferens (arrow). 
I This material may be constituted of 

secretions from the cells lining the 
lumen. 
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Figure 64: Typical Vasa Deferentia in December, 1970. 

A. Notice that the columnar cells Tilling 
the vas defereifis are very elongated. 
While it was not obvious from this 
section, most of the lumens were filled 
with amorphous material. 

B. Notice the presence of sperm in the 
lumen. Three specimens from this 
.month's sample had sperm in the lumens 
of their vasa deferentia. 

C. Enlargement of columnar cells shows 
a vessel of material appearing to 
squeeze off the cell into the lumen. 
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Figure 65: Typical Vas Deferens in January and 
February, 1971. Six January animals had 
vasa deferentia resembling this section. 
Notice the short, cuboidal shape of the 
cells lining the lumen. These cells have 
larger and more rounded nuclei. The lumens 
are full of sp<?rm and the vasa deferentia 
themselves are quite distended. The cells 
between inner and outer linings are no 
longer spongy or thick. In addition, 
three animals had vasa deferentia resembling 
the December section "B." Seven vasa 
deferentia in February, 1971, resembled 
the January section shown here, while two 
individuals resembled the December 
section "B." 

Figure 66: Typical Vas Deferens in March and April, 
1971. Note the extreme cuboidal shape of 
the cells and the relative size of thu 
nuclei. This is a section of two vasa 
deferentia. The lumens are to the top and 
bottom of the picture. Note the lack of 
many cell layers between the inner and 
outer linings. 
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Figure 67: Typical Vas Deferens in May, 1971. 
Notice the small lumen, virtually packed 
with sperm. The cells lining the lumen 
are elongated and the space between inner 
and outer linings is greater than any 
since December sampling. 

Figure 68: Typical Vas Deferens in June, 1971. 
Notice the columnar nature of the cells 
lining the lumen. Sperm are present in 
some lumens and absent in others, leaving 
only amorphous material. 



67 
68 



172 

seminiferous tubules cycle, they are not synchronized. 

Therefore, there is a constant supply of sperm, and sem.i-

niferous tubules can be found in every stage of sperma

togenesis. This was not the case in large-morph testes. 

Testes within a month's sample were usually very similar 

to each other. The seminiferous tubules were very similar, 

and rarely showed different stages of spermatogenesis 

within one testis. 

Among female large-morphs, these data indicate a 

gradual building of oviducts in February. Ovaries also 

build until February. The variability of the female 

reproductive cycles indicates that some females within the 

population are capable of delayed egg-laying if such 

should be advantageous. 

Observations regarding the condition of gonads and 

associated structures of small-morphs indicates the 

presence of sperm in at least some animals' vasa deferentia 

every time of the year they have been collected. Unfor

tunately, collections were severely limited and animals 

were not used for histological examination of vasa 

deferentia. 

Since larval populations of small-morphs have not 

been found in one habitat for an entire year, comparisons 

of sexual development among larvae would be largely 

meaningless. Transformed small-morphs have never con

sistently been found in numbers sufficient to allow 
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statistical treatment of observations regarding sexual 

development and histological changes associated v̂ ith 

possible sexual cycles. 

No obvious advantage is bestowed upon the large-

morph by breeding "out of season." Its habitat is permanent, 

Probably selection would fail to favor major changes in 

courtship and egg-deposition synchronization. 

Small-morphs, on the other hand, may not always 

have a suitable aquatic habitat available during the season 

most ambyotomatids breed. It would be advantageous for 

courtship and mating cycles to be staggered among individual 

males and for females to remain receptive to courtship 

year-round. This would help to assure some successful 

matings at times when conditions were advantageous for 

courtship, egg-deposition, hatching and growth of young. 

Since females can store sperm, it is possible for the 

populations to delay egg-deposition until good circum

stances prevail, but it is not known whether females can 

store sperm longer than one season. 



CHAPTER XIII 

SUMMARY AND CONCLUSIONS 

Two types of salamander habitats have been described. 

One type has a permanent supply of water, receives sewage 

effluent in addition to run-off and rain water, is organi

cally rich cind supports large populations of salamanders. 

The other is ephemeral, depending upon rainfall and dainage 

for its water. This temporary type of playa is periodi

cally rich in macro- and .micro- flora and fauna and may 

support high densities of salamanders when filled with 

water. 

In these two types of habitats, two mutually 

exclusive, morphologically dissimilar types of tiger 

salamander have been found. Inhabiting the temporary 

ponds are populations in which incidence of neoteny is 

low, size is relatively small and pattern is relatively 

uniform. These small-morphs are opportunistic egg-layers 

and may be opportunistic breeders. They are tolerant of 

at least four hours of anoxia and intolerant of tempera- ' 

tures in excess of 37°C. They appear to feed on macro-

fauna without selection. They readily metamorphose and 

disperse. 

Inhabiting the permanent sewage effluent ponds 

are salamanders which, compared to the small-morphs, are 
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larger, possess distinctive and more variable color 

patterns, and exhibit a higher incidence of neoteny and 

a greater reluctance to metamorphose. They are also less 

tolerant to four hours of anoxia and more tolerant of 

temperatures in excess of 37°C. They are seasonal egg-

layers and probably are seasonal breeders. They appear to 

express strong food preferences. The two morphs do not 

differ with respect to number of gill rakers or karyotypes. 

The morphological, physiological and behavioral dissimi

larities between morphs of tiger salamanders miay be con

sidered suggestive of polymorphism. Perhaps ecological 

race formation is indicated. 

Polymorphism has been defined by Mayr (1963) as the 

occurrence of discontinuous phenotypes with a species. 

Mayr (1963) further restricts his use of the term to inci

dences of genetic polymorphism, in contrast to discontinu

ous phenotypes which may be attributed to age, allometric 

growth, caste or polyphenism. He chides workers for what he 

terms a tendency to attribute to disruptive selection the 

responsibility for polymorphism. He claims that he can 

visualize disruptive selection giving rise to only two 

types of polymorphism: sexual dimorphism and mimicry. 

The adaptive significance of polymorphism is great, 

especially when inter-specific competition is reduced. 

A species in competition with other similar species is 

often forced to specialize, becoming so adept at exploiting 
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one aspect of the environment as to efficiently turn back 

any advances on its niche by others. A species in the 

absence of inter-specific competition may diversify, 

exploiting many aspects of its environment. The simple 

attribute of exploiting more than one habitat provides 

the species with, as Mayr (1963) terms it, a "buffer" 

against environmental changes. In addition, tlie species 

may reduce intra-specific competition through polymorphism, 

as the requirements for each morph would be somewhat 

different. 

In light of observations and data collected, the 

writer must attribute the maintenance of polymorphism in 

tiger salamanders in Lubbock and Hale Counties to disruptive 

selection. The best exploitation of the two types of 

aquatic habitats requires divergence. Rapid, easily-

triggered metamorphosis is of enormous benefit in the 

temporary ponds, but it imposes unnecessary risks of 

mortality on inhabitants of permanent waters. Large size, 

reluctance and sometimes outright inability to meta

morphose is of benefit to animals in the permanent bodies 

of water, but disastrous to inhabitants of ephemeral ponds. 

Selection can be visualized as having acted upon sala

manders in such a way as to preserve, once produced, the 

combinations of tendencies, abilities and limitations 

well-suited to each environment. Ecological isolation can 

be visualized, since the appearance of sets of characters 
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out of place, in the wrong habitat, would be immediately 

and severely selected against. Animals which tended to 

accept the "wrong morph" as mates would probably lose 

their progeny. Perhaps the difference in color patterns 

has arisen and has been maintained because there is 

selective value in recognition. The size differences of 

the individual morphs may serve to provide another basis of 

discrimination. While many earlier workers rejected the 

possibility of sympatric divergence on the basis that it 

rouid never get started due to the swampirxg effect of 

gene flow (Mayr, 1963; Dobzhansky, 1937), recent studies 

(Levens and MacArthur, 1966; Sved, et al., 1967; Ehrlich 

and Raven, 1969; and Endler, 1973) indicate that gene flow 

may often be minimal or non-existent, and that when it 

does occur it may not have the effect of swamping character 

sets after all. 

Swamping effects between morphs may be negligible. 

It is difficult to visualize courtship and fertilization 

between large- and small-morphs. Would a small-morph 

female be receptive to a large-morph male? Would any 

large-morph court a small-morph or vice-versa? It is 

possible that neither morph would recognize the other as 

the same species. If mating and fertilization did occur, 

the offspring would face many problems. In a temporary 

pond, the large-morph's offspring would probably be 

inferior, carrying the tendency to retain the larval 
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body form and the reluctance to transform or disperse. 

They would probably be drastically selected against. 

Small-morph offspring in permanent ponds would face enormous 

competition due to the large-morphs' reproductive potential. 

If they transformed and dispersed, they would probably 

undergo high mortality. Even if they returned to permanent 

ponds and mated successfully, their offspring would face 

the same hardships of competition. Probabilities would 

likely be against successful hybrids in either habitat. 

One thing is certain. .The morphotypes of tiger 

salamanders described in this study differ as much from 

one another as many of the species of Ambystoma, and differ 

from one another much more than many of the subspecies 

described. The salamanders described herein may have 

reached the species or subspecies level according to the 

criteria commonly applied within the genus Ambystoma. The 

species and subspecies criteria applied within this 

genus, however, are weak. Recent studies show remarkable 

interfertility among species of Ambystoma (Nelsen and 

Humphrey, 1972). Color patterns, as previously mentioned, 

seem to be very plastic. Gill raker counts may or may 

not be conservative characters, but they are in most 

cases useless ones. Sizes overlap considerably and full 

expression of size potentials are obviously environ

mentally linked. On the whole, one is led to agree with 

the species designations within Ambystoma but one is forced 
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to question the criteria. If species are indeed the 

"natural units" of taxonomy, the dilemma is artificial, 

for we are trying to apply preconceived, arbitrary criteria 

to a dynamic process. If the population in question does 

not conform to a preconceived "biological species" 

definition, one tends to believe that speciation is 

occurring and the population in question is just "not 

there yet." The question of whether it is necessarily 

going all the way "there" or perhaps beyond "there" is 

too seldom posed. Unconforming populations may be inter

preted as products of disturbed habitats which reflect 

unnatural situations. It may be, however, that species, 

as defined by current species concepts, are not the only 

natural units, and that some populations represent com

plexities beyond or different from simple mutual fertility 

and reproductive isolation. While Kleinschmidt's (1900) 

Formenkreis and Rensch's (1929) Rassenkreis and Artenkreis 

have found few adherents (Mayr, 1963), they may be more 

realistic than either a simple species concept or Huxley's 

(1940) monotypic-polytypic interpretation of natural units. 

Many questions remained unanswered as to the nature 

of the divergence expressed between the two morphs studied. 

The impact of the environment on the expression of char

acters studied here is not fully understood. Determination 

of the environment's influence on morphological, physio

logical and. behavioral characters may be assisted by raising 
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several generations in identical environments, as well as 

by raising each morph in the other's habitat. 

The morphs' genetic divergence may be better 

understood through breeding studies. Such studies have 

been attempted without success by the writer. Numerous 

problems remain unsolved. Problems encountered in per

suading animals to court and breed in captivity have yet 

to be overcome with this subspecies. Eggs removed high 

in the oviduct and artificially inseminated do not develop. 

Rearing the hatchlings to adult size has never been 

achieved by this worker. The information to be revealed 

through crosses and rearings in environmentally controlled 

circumstances will be yielded only with a great expenditure 

of time and effort. 
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