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Earliest Known Eutherian Mammals and the Evolution of 

Premolar Occlusion 

by BOB H. SLAUGHTER 
Shuler Museum of Paleontology 

Southern Methodist University, Dallas, Texas 75222 

ABSTRACT 

Submolariform premolars recovered from Early Cretaceous (Al- 

bian) deposits in north-central Texas are offered as evidence of euther- 

ians or at least protoeutherians. Although certain marsupials have 

specialized premolars, none are known to have premolars which mimic 

the molar pattern. Such molarization of eutherian premolars is nearly 

universal. 

Molarization of eutherian premolars apparently began earlier and 

extended farther forward in the superior series than in the inferior 

series and primitive forms almost always have one more upper pre¬ 

molar containing a protocone than lower premolars with metaconids. 

There is evidence that all major eutherian groups have passed through 

a stage in which protocones were present on both P3 and P4 and P4 

contained a well developed metaconid. Furthermore, it appears that 

this stage may have been reached by Albian times. 

INTRODUCTION 

In 1956 Patterson described the oldest fossils referable to mammals 

of eutherian-metatherian grade, with the possible exception of Endo- 

therium. His material was collected from the Greenwood Canyon 

locality in Montague County, Texas about 100 feet below the top of 

the Trinity Group (Albian). Due to the fragmentary nature of his 

specimens, he did not propose formal names. More recently I (Slaugh¬ 

ter, 1965) described fossil material from the Butler Farm locality in 

Wise County, Texas about 20 miles south of Greenwood Canyon and 

at about the same horizon. A new family, Pappotheriidae, was pro¬ 

posed, but the order and infraclass were left incertae sedis. Since that 

time the Butler Farm locality has produced additional material which 

leaves little doubt that eutherian mammals are present in the fauna. 

The evidence consists of premolars which are submolariform—a spe¬ 

cialization unknown in marsupials. 
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DESCRIPTION OF NEW MATERIAL 

The lower premolar (SMP-SMU 61947; Fig. 1; D, E, & F) is con¬ 

sidered P4. There is a well developed metaconid developed one third 

the height of the protoconid. Its apex is lingual and slightly posterior 

to the apex of the protoconid. The metaconid arises from an internal 

cingulum. The paraconid, if we may so call it, is merely a broadly 

triangular shelf with its anterior apex truncated. A small ridge con¬ 

nected with the base of the metaconid and forming the lingual border 

of the shelf is slightly elevated. An ill-defined blunt cuspule which 

may have given rise to a more typical paraconid is present in the 

middle of the shelf. Lingual to this the shelf slopes downward and pos¬ 

teriorly to become confluent with a cingulum extending back almost 

to the middle of the protoconid. The talonid is roughly rectangular 

with a faint ridge squaring its posterior edge. The lingual end of this 

posterior talonid ridge is connected to the base of the metaconid by the 

endocrista and its labial end is connected to the trigonid’s midwidth by 

a ridge (crista obliqua). Two talonid cusps are barely visible, one at 

each end of the posterior talonid ridge. Labial to the crista obliqua the 

crown slopes steeply to the base of the tooth. The apex of the meta¬ 

conid is slightly worn on a horizontal plane and there is a wear-facet 

starting on the posterolingual side of the apex of the protoconid and 

continuing down the posterior slope of the tringonid almost to the 

talonid. This may have obliterated a posterior protoconid crest con¬ 

fluent with the crista obliqua. 

The other submolariform premolar in the collection is an upper 

(SMP-SMU 61948, Fig. 1; A, B, C). The para cone is slightly inclined 

posteriorly towards its tip. Its anterior edge is broadly rounded—not 

sharply keeled as in Potamogale. There is an antereo-basal cingulum 

containing a small cuspule which extends downward and posteriorly 

for a short distance around the lingual side of the paracone. The pos¬ 

terior edge of the paracone is sharply keeled and there is a shallow 

sulcus parallel and buccal to this crest. P3 of Potamogale has a slightly 

better developed sulcus in this same position. Buccal to the base of this 

crest and posterior to the paracone is a basined area bounded by an 

elevated ridge. At least 3 cuspules arise from this ridge, the largest of 

which is just anterior to the postero-buccal corner of the tooth. Al¬ 

though the single posterior basal cusp on P3 of Potamogale is relatively 

larger, it is positioned the same and doubtless represents the same 

cusp. The ridge extends downward and anteriorly from this cusp along 

the buccal edge of the paracone, almost to the tooth’s anterior-posterior 

midlength. The other 2 posterior cusps are close together, the most 
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Fig. 1. Sufomolariform premolars from the Albian of Texas. A, B, & C. Referred P3; 

X25; SMP=SMU 61948. A. Labial View; B. Occlusal view; C. Lingual view. D, E, & F. 

Referred P4; X25; SMP=SMU 61947. D. Lingual View; E. Occlusal view; F. Labial view. 

lingual being at the point where the ridge passes just lingual 

base of the posterior paraconal keel. The ridge continues on to join 

with the protocone in much the same manner as a similar cingulum 

on P3 of Potamogole. In the living form, however, the ridge does not 

pass lingual to the paracone. Instead the posterior base of the paracone 

interrupts the ridge. The protocone is broken away in our 

but the stump reveals some details of that cusp. It is oval in cross 

section at its connection with the lingual face of the paracone 

oval is slightly inclined upward at the anterior end. 

EVOLUTION OF PREMOLAR MOLARIZATION AND OCCLUSION 

The identification of the Butler Farm specimens as being 

somewhat molarized leads us to the following considerations. 
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Scott (1892) stated that molarization of premolars started first and 

usually extended farther forward in the lower series than in the upper 

series. He apparently refers to independent specialization of premolars 

not related to the mimicing of the molar patterns (e.g., addition of ac¬ 

cessory cusps to the premolars of carnivores which are useful in grasp¬ 

ing and slicing). If we restrict evidence of molarization to the presence 

of a lingual metaconid on lower premolars and a protocone on upper 

premolars, the most primitive members of all placental groups have 

one more molariform premolar above than below. 

It appears the first step taken in the molarization of simple pre¬ 

molars was the addition of the protocone on the ultimate upper pre¬ 

molar (P4) (Gregory, 1934). The newly added protocone is not so 

large or so tall as its counterpart on the molars and could not occlude 

with the low talonid of the opposing premolar. * Instead, it has a quite 

different occlusal relationship with the inferior dentition. At this stage, 

the protocone is slightly inclined posteriorly (opisthoclinalf) and oc¬ 

cludes with the anterior portion of the trigonid of the tooth (Ml) be¬ 

hind the opposing premolar. As molarization progresses, the occlusion 

of the protocone shifts to the newly developed talonid of the opposing 

premolar (P4). At this point it becomes a “mature occlusion.”$ Simul¬ 

taneously, an opisthoclinal protocone is added to P3 and a lingual 

metaconid is added to P4. It is curious that the companion change to 

the addition of the opisthoclinal protocone to P3 is the development of 

a lingual metaconid to P4 for it is the paraconid which receives the 

brunt of the protocone’s occlusion. Perhaps the addition of the lin- 

gually placed metaconid, forming a true trigonid, provides the width 

necessary to make such occlusion effective. These simultaneous 

changes in upper and lower dentitions fit well into the Field Concept 

developed by Butler (1937). Butler demonstrated that evolution in¬ 

volving dentition takes place at the same time in both upper and lower 

series. However, simultaneous changes are not in opposing premolars, 

but in the upper premolar in front of the changing lower premolar’s 

opposing tooth. The presence of a submolariform lower premolar (P4) 

with a well developed metaconid in the Butler Farm assemblage thus 

* “Opposing” is used throughout this report for the tooth of the opposite series 

which carries the same numerical designation (P4 — P4; Ml — Ml). 

f “Opisthoclinal” protocone indicates one occluding with the anterior portion of 

the trigonid of the tooth behind the opposing tooth. This may be due to the posterior 

inclination of the protocone relative to the rest of the crown, or to the tilting of the 

whole tooth by lingual displacement of the tooth’s anterior edge. 

t Protocones with a “mature occlusion” are those occluding with the talonid of 

the opposing tooth and thereby serving the same function as the protocones of the 

molars. 
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suggests the animal had both P3 and P4 molariform to some degree. It 

is on this basis that the upper premolar from Butler Farm which had a 

small but separately-rooted protocone, is referred to P2. 

We may, therefore, outline the progressive molarization and oc- 

clusual evolution of premolars of primitive eutherians (Fig. 2): 

Stage /. An opisthclinal protocone is added to P4, which occludes 

with the trigonid of Ml, and P4 remains simple. Modern Nesophontes 

has this occlusal relationship but surely represents secondary de- 

molarization. All possible Late Cretaceous and Early Tertiary an¬ 

cestors are at Stage II. 

Stage II. The talonid of P4 develops and the protocone of P4 trans¬ 

fers its occlusion there. At the same time there is an opisthoclinal pro¬ 

tocone added to P3 which occludes with the trigonid of P4, formed by 

the addition of a lingually placed metaconid and various development 

of the paraconid. If the Butler Farm specimens are interpreted cor¬ 

rectly, at least some eutherians had reached Stage II by Albian times 

and it was from this stage that all degrees of additional molarization or 

demolarization took origin. The stage is apparent in primitive condy- 

larths (e.g., Ozyclaneus, Tetreclaenodon), most Paleoeene and Eocene 

primates (e.g., Notharctus), bats (e.g., Icaronycteris), insectivores 

(e.g., Geolahis, Procerberus), and although the development of the ad¬ 

vanced carnassial pattern is well underway the stage can still be recog¬ 

nized in most miasids. 

At Stage III occlusion of the protocone on P3 matures (occludes 

with the talonid of P3) and an opisthoclinal protocone is added to P2 

which occludes with the newly developed trigonid of P3. This stage 

was reached by many condylarth-derived mammals before the end of 

the Paleoeene (e.g., Prodinoceras, Probathyopis, and Uintatherium). 

Tapirs and rhinoceroses have even advanced to Stage IV in which 

molarization is extended to PI and P2. 

The relationship between the most anterior premolar containing a 

protocone and the lower premolar behind its opposing tooth becomes 

less important as the shearing function gives way to emphasis on 

crushing and grinding. When this happens the metaconids of lower 

molars may diminish without accompanying changes of the upper 

premolars. This outline of the molarization of premolars cannot be ex¬ 

pected to recapitulate the more ancient development of the therian 

molar as the Premolar Analogy Theory suggests. It is well known that 

the metaconid was developed long before the protocone was added to 

upper molars. 

There is no doubt that considerable secondary simplification of pre¬ 

viously submolariform premolars has occurred in some groups, espe- 
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STAGE I 

EXPLANATION OF FIGURE 2 

Schematic diagram showing presumed evolution of eutherian occlusal relationships with 

regard to the molarization, and in some cases demolarization, of the premolar series. 

Although the molars and molariform premolars are drawn triangular, this does not imply 

position of the paracone and metacone or lack of development of a hypocone. Molars are 

stippled, premolars are open, and boat-shaped symboles represent premolars without 

metaconids. Simple premolars are deleted. 

Stage I Presumed first step in the molarization of the eutherian premolar series: opistho- 

clonial protocone on P4 and P4 simple. 

Stage II Metaconid added to P4; opisthoclinal protocone added to P3; protocone of P4 

occluding talonid of P4. 

Stage II- Forms whose ancestors were at Stage II but due to a secondary specialization, 

such as brachycephaly, has lost the protocone from P3 and the metaconid from P4. 

Stage ll-M Forms whose ancestors were at Stage II but the protocone of P3 has shifted its 

occlusion to the talonid of P3 without the addition of a metaconid to P4 or an opisthoclinal 

protocone to P2. 

Stage ll-S Forms which are still at Stage II by premolar occlusal relationships but in which 

the carnassials are developed and the posterior molars are reduced. 

Stage III Forms whose ancestors were at Stage II but in which the protocone of P3 has 

switched its occlusion to the talonid of P3 and there has been an addition of a metaconid 

to P3 and an opisthoclinal protocone to P2. 

Stage lll-D Forms whose ancestors were at Stage III but have secondarily lost the metaconid 

from P3 and the protocone from P2. The resulting dentition is almost exactly like that of 

Stage ll-M forms and are difficult to interpret without knowledge of the ancestors. 

Stage I ll-M Forms whose ancestors were at Stage III but the protocone of P2 has shifted 
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dally carnivores, bats, and soricoids. Advanced aeluroids (felids and 

canids) have a single premolar with a protocone (P4, the carnas- 

sial), and the metaconid has been lost from P4. In more primitive 

aeluroids such as the viverrids (e.g., Atilax) the carnassial is de¬ 

veloped and P3 has an ophisthoclinal protocone occluding with the 

fairly well developed trigonid of P4. 

During demolarization the same relationship of P3 to P4 is often 

maintained. The dwindling of the opisthoclinal protocone on P3 us¬ 

ually is accompanied by the reduction or loss of the metaconid of P4. 

Propaleosinopa thompsoni is an excellent example. Here the protocone 

of P3 is just a small opisthoclinal projection, with a very small but 

functional cuspule. The metaconid is visible on some specimens as a 

slight protuberance, but not on others. The metaconid here serves a 

new function, however, in that it has been incorporated in the lingual 

wall of a sulcus down the posterior face of the protoconid. This allows 

the protocone of P4 to slice on its way to the talonid. 

It is interesting that there is a similar occlusal relationship among 

marsupials. The ultimate upper premolar (P3) of didelphids has a 

posterolingual cingulum which occludes with the trigonid of Ml, in 

the same manner as the opisthoclinal protocone of P3 of primitive 

placental mammals occludes with triconid of P4. The reduction of this 

cingulum seems to be correlated with the reduction or loss of the meta¬ 

conid and paraconid of Ml, as in dasyurids. 

When a lineage ceases to extend molarization of its premolars 

farther forward in its series, occlusion of the most anterior protocone 

may shift to the talonid of its opposing tooth without the addition of a 

metaconid to its new partner or a protocone to the upper premolar one 

place farther forward. There is still one more protocone than meta- 

conids but considering the new occlusal relationship these are desig¬ 

nated as Stage II-M, Stage III-M, etc. 

An almost identical dentition may result from a partial demolari¬ 

zation related to some specialization such as a tendency toward 

brachycephalus condition. I suspect Palaeoryctes may be an example 

of this. The most anterior protocone in this form is on P4 and it is not 

opisthoclinal. Instead it occludes with the talonid of P4 which has no 

metaconid. This condition was probably reached through the loss of an 

its occlusion to the talonid of P2 without the addition of a metaconid to P2 or an opistho¬ 

clinal protocone to PI. 

Stage IV Forms whose ancestors were at Stage III but in which the protocone of P2 has 

switched its occlusion to the talonid of P2 and there has been an addition of a metaconid 

to P2 and an opisthoclinal protocone to PI. 



10 THE TEXAS JOURNAL OF SCIENCE 

opisthoclinal protocone from P3 and the metaconid from P4. It there¬ 

fore would represent a demolarized Stage II rather than a matured 

Stage I. 

Another specialization which causes the rule of one more protocone 

than metaconid to break down is the development of long rostra. This 

is usually accompanied by the development of diastemas between the 

premolars, enhancing their grasping ability. One example is the 

hedgehog, Erinaceus erisopeus, in which P3 is simple but P4 has a 

fairly well developed metaconid. The same is true of the viverrid, 

Eupleres gondoti, although the metaconid is somewhat reduced. That 

these examples represent secondary simplification is indicated by the 

fact that the erinaceid, Echinosorex gymnura, and the viverrid, Herp- 

estes ichneumon, retain the normal Stage II relationship. 

Shrews have molariform premolar formulas of 1/0, but when one 

considers more primitive soricoids demolarization is indicated. Soleno- 

don has an atypical formula of 1 /I but probably reflects the loss of the 

protocone of P3 while the metaconid is retained on P4 due to the shear¬ 

ing function related to extreme zalambdodonty of the form. Neso- 

phontes, considered closely related to Solenodon by McDowell (1958), 

with its 1/0 formula would represent one further step towards the 

shrew condition. Of course, an alternate interpretation could be that 

soricoids have not been through Stage II, that Solenodon is advanced 

in the addition of the metaconid to P4, and that soricoids and perhaps 

other insectivores such as Palaeoryetes were derived directly from a 

Stage I form. This might be interpreted, however, to indicate that the 

lineage has been separate from other placentals since the early Cre¬ 

taceous and this hardly seems probable. Though it is highly improb¬ 

able, it is not impossible. Deltatheridium has no molarized premolars 

and could conceivably give rise to Stage I forms later than the Albian. 

This, however, would cast grave shadows on the relationship between 

Deltatheridium and Stage II members of the proposed order Delta- 

theridia. I prefer to believe this genus is merely a specialized form 

which has been more completely demolarized than all others. 

PREMOLAR OCCLUSAL RELATIONSHIPS AS A TOOL TO ASSOCIATE 

DISASSOCIATED UPPER AND LOWER DENTITIONS 

Simpson (1929) referred several isolated and submolariform pre¬ 

molars from the Upper Cretaceous Lance Formation to Gypsonictops. 

He admitted the possibility of these teeth being P3s, but considering 

the age of the form, preferred the P4, interpretation. He also pointed 

out that all of the submolariform premolars in the collection were of 
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the same type; and if they were actually P3s, more advanced P4^s 

should be represented. He did have atypical molars in the collection, 

and explained that these could be more-or-less fully molariform pre- 

molars, but did not feel this was probable in such an early insectivore. 

He later returned to the subject (1951) when he illustrated hypo¬ 

thetical upper dentition in occlusion with the lower dentition of 

Euangelistes. He emphasized that his reconstruction did not represent 

a known species, or even genus, but felt that it demonstrated fairly 

well the general form of the group to which Gypsonictops belongs. 

Looking at the reconstruction from the aspect of premolar occlusion it 

seems to me that one major correction should be suggested. If the 

lower dentition of Gypsonictops contained a P4 with a well developed 

metaconid as in Euangelistes the submolariform upper premolar is 

almost certainly P3, an alternative Simpson offered. Simpson further 

inferred that whatever form to which the submolariform upper pre¬ 

molars belonged could not be congeneric with Telacodon or Batodon 

because the ultimate lower premolar was simple in these forms. Al¬ 

though we now know that these genera are not related to Gypsonic- 

tops, separation on this basis is invalid. If the submolariform premolar 

were actually P4s, P4 almost certainly would be simple. 

SUMMARY 

Primitively, placental mammals have one more submolariform pre¬ 

molar in the upper series than in the lower. Stage II in the molari- 

zation of the premolar series (protocone on P3 and P4; metaconid on 

P4) was reached by Albian times. Although there are exceptions re¬ 

lated to specialization, truly primitive forms generally fall into 2 

morphological categories: (1) The most anterior submolariform pre¬ 

molar has its protocone posteriorly inclined (opisthoclinal) and oc¬ 

cluding at least partially with the trigonid of the tooth behind the 

opposing premolar (which has a metaconid). (2) The most anterior 

submolariform premolar has a protocone oriented as those of the 

molars and occludes with a talonid of the opposing premolar and this 

tooth probably does not have a metaconid. 

This second type can be reached in 2 very different ways: After ex¬ 

tension of molarization forward in the series has ceased; or as a first 

step toward demolarization. 

It appears that Stage II in the molarization of premolars was at¬ 

tained by Albian times. Therefore Stage I and divergence of meta- 

therian-eutherian mammals predates the Albian. 

Molarization of the premolar series of Inseetivora, Carnivora, Ro- 
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dentia, and Primates never preceded beyond Stage II. However, mo- 

larization extended forward to P2/P3 (Stage III) and even P1/P2 

(Stage IV) in certain condylarth-derivities. 

An acquaintance with the occlusal relationship of premolars of 

primitive eutherians is a useful tool in associating upper and lower 

dentitions found disassociated. 
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ABSTRACT 

Data are presented for the chemical limnology of a relatively un¬ 

polluted deep-storage impoundment in central Texas. The tempera¬ 

ture profiles for the different seasons exhibit characteristics typical of 

subtropical lakes. Although relatively unpolluted, oxygen deficits are 

present below the epilimnion for a substantial part of the year. Oxygen 

depletion and absence first occurred at the thermoeline. Other data 

show chemical and nutrient stratification throughout the summer and 

fall. The effects of these water quality changes with depth are dis¬ 

cussed in view of the proposed Texas Water Plan and the lack of lim¬ 

nological data needed for the optimum water quality management of 

this plan. 

INTRODUCTION 

Cole (1963) and Clark (1966) point out in their reviews that little 

limnological data is available for the artificial impoundments of Texas. 

In addition, nearly all of the impoundments that have been studied 

are located in north and northeast Texas. In view of this lack of data 

in a state where there is a growing concern for water quantity and 

quality management, studies are needed on various impoundments in 

other sections of the state. 

The purpose of this paper is to furnish limnological data for Lake 

Travis, a large deep-storage impoundment on the Colorado River in 

central Texas (Fig. 1). It is the largest of a series of 7 reservoirs lo¬ 

cated within a 150 mile reach of this river. The major inflows are from 

Marble Falls Lake and the Pedemales River. At normal operatiing 

levels, Lake Travis has a capacity of 1,170,000 acre-feet, with a sur¬ 

face area less than 19,000 acres. Thus, the impoundment has the 

lowest ratio of surface volume of any present Texas impoundment. An 

additional 830,000 acre-feet are available for flood control. 

Lake Travis was constructed for flood control and hydroelectric 
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power. At the present time, it also serves as a local water supply source. 

Furthermore, its releases are utilized downstream for municipal water 

supply by Austin and for irrigation. The economy of the surrounding 

area is now based on the aesthetic and recreational benefits of the 

impoundment. 

METHODS OF SAMPLING AND MEASUREMENT 

Temperature was measured by lowering a temperature probe to the 

desired water depth. The data were obtained in amperes and converted 

to degrees centigrade from a calibration curve which was checked be¬ 

fore each sampling date. A dissolved oxygen probe was lowered with 

the temperature probe. The lead-silver probe was covered with a pad 

and plastic membrane. The pad was saturated with potassium hy¬ 

droxide. The ampere reading from the probe was converted to mg/1 

dissolved oxygen from a calibration curve. Occasionally as a check, 

water samples were “fixed” in the field, and the dissolved oxygen was 

determined using the azide modification of the Winkler method (Stan¬ 

dard Methods, 1960). 

Samples for chemical and biological analysis were obtained by a 

Kemmerer sampler. The pH was measured immediately using a Beck¬ 

man Model N Meter. Part of the water sample was preserved using 
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chloroform. Immediately upon return to the laboratory, total phos¬ 

phate was determined (Standard Methods, 1960). Kjeldahl nitrogen, 

nitrate plus nitrite nitrogen, and ammonia nitrogen were determined 

using Technicon Autoanalyzer Procedures (1966). Hardness, alka¬ 

linity, chlorine demand, color, turbidity, and conductivity were meas¬ 

ured as described in Standard Methods (1960). Bacteria were counted 

using the membrane filter technique of Standard Methods (1960). 

Total bacteria were defined as those cells growing on Nutrient Broth 

and coliform on M-HO-Endo Broth. 

The data obtained in this 1966-67 investigation were collected at a 

single sampling station. To validate such sampling, a cross-section of 

the pool behind Mansfield Dam (See line A on Figure 1) was sampled 

for both temperature and oxygen. As indicated by the sampling sta¬ 

tions’ depth (Fig. 2), the old river channel wound throughout the pool. 

The data showed that the temperature and oxygen profiles at one sta¬ 

tion in the old river channel reasonably represented the entire cross- 

section of the pool area. The slight variations in temperature were un¬ 

doubtedly due to the different times of day at which the samples from 

the various stations were obtained. 
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Fig. 2.Temperature and dissolved oxygen profiles at various sampling stations on Lake 

Travis. 
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TEMPERATURE 

Sampling was started in early June. Unfortunately, temperature 

data (Figs. 3 and 4) could not accurately be obtained below 90 feet 

throughout the summer months. This operating difficulty was cor¬ 

rected by October. 

The thermocline was located at approximately 25 feet below the 

surface in early June and dropped to 35 feet by the end of August. 

During this time the water temperature in the top 90 feet increased by 

approximately 5°C. By mid-September the thermocline dropped to 

approximately 50 feet below the water surface. At the end of October, 

the surface water temperature decreased to 23 °C, and the thermocline 

was at least 90 feet below the water surface. On November 22 the 

thermocline was at the penstock outlets (elevation 560 feet). In De¬ 

cember and February no thermocline existed, although the tempera¬ 

ture profile was still not isothermal. By March 20 the temperature 

trend had reversed as an exceptionally warm spring began. 

To determine whether the 1966-67 temperature profiles were typ¬ 

ical, data were obtained from the literature. The University of Texas 

Temperature ®C 

18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Fig. 3. Temperature profile of Lake Travis from June through August. 
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II 12 13 14 15 16 17 18 IS 20 21 22 23 24 2 5 26 27 28 29 30 31 

Fig. 4. Temperature profile of Lake Travis from August through March. 

Defense Research Laboratory recently published its 1966 temperature 

profiles which were obtained at least once a week in the old river 

channel immediately behind Mansfield Dam (See Fig. 1). It was re¬ 

ported that an isothermal temperature profile was first obtained on 

January 11, 1966, and this isothermal situation persisted through Feb¬ 

ruary 15. Only small temperature differences were found between 

surface and bottom waters until the end of March. During the re¬ 

mainder of the spring a number of temperature gradients appeared, 

probably because of alternate warm and cold periods, heavy rains, 

density currents, or large withdrawals of water for irrigation pur¬ 

poses. A stable stratified situation apparently was reached by late 

May. 

Comparison of the temperature profiles obtained during the summer 

and fall at the DRL sampling station and the sampling station used in 

this study showed a maximum deviation of 1°C. This deviation was 

expected in view of the different current patterns which probably pre¬ 

vailed at the 2 sampling stations. The DLR report (1967) cited that an 

isothermal temperature profile was found at their sampling station 

by December 29. 

During his 1962 evaporation studies, Vaughn (1963) obtained a 
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number of temperature profiles in the pool area of Lake Travis. The 

impoundment was stratified by early May. Summer water surface 

temperatures in 1962 were not as high as in 1966. The depth of the 

thermocline throughout the 1962 summer was approximately the same 

as reported in 1966. However, in fall 1962 the thermocline reached 

the penstock outlet by the end of October instead of late November, as 

reported in this study. Isothermal temperature profiles were not ob¬ 

tained by as late as December 27,1962. 

Temperature profiles in Lake Travis were obtained to a depth of 

90 feet from 1950 to 1952 by the Texas Parks and Wildlife Service. 

Water temperatures varied significantly from year to year. Stability 

of temperature stratification occurred during May in 1951 and during 

June in 1952. The depth of the thermocline during the summers was 

approximately the same as reported in this study. In 1950 the thermo¬ 

cline apparently was at the penstock outlet elevation by early Novem¬ 

ber, while in 1951 the thermocline probably did not reach the pen¬ 

stock outlet until late November. 

Based on the temperature profile patterns obtained in this study and 

reported by others, Lake Travis can be classified as a subtropical im¬ 

poundment (Hutchinson, 1957). It is also evident from the various 

temperature data that violent winter overturns in Lake Travis are the 

exception rather than the rule. 

DISSOLVED OXYGEN 

Dissolved oxygen is one of the most important and most studied 

substances in natural waters. Without oxygen, fish die, and taste and 

odor, as well as other water quality problems, arise. As shown in Fig¬ 

ure 5, an oxygen deficit occurred in Lake Travis below the epilimnion 

by June. During June and July samples were obtained only to 90 foot 

depths. It is apparent, however, that the oxygen deficit was greater at 

the thermocline than in the hypolimnion. By August 20 the thermo¬ 

cline region had zero dissolved oxygen concentration. It should be 

noted that the hypolimnion had up to 2 mg/1 of dissolved oxygen at 

this time. As shown in Figure 6, the dissolved oxygen disappeared 

completely below the epilimnion by September 16 and remained at 

low concentrations until late November. Dissolved oxygen measure¬ 

ments by the probe and by the azide Winkler modification did not 

agree in December. However, oxygen depletion started to occur at a 

depth of 145 feet, and only a trace of oxygen was found above the 

sediments. In February, the dissolved oxygen concentration reached 

8.0 mg/1 above the sediments and 11.0 mg/1 or more in the upper 
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Fig. 6. Dissolved oxygen profiles from June through August 1966. 

well-mixed portion of the impoundment. Thus, an oxygen deficit ex¬ 

isted above the sediments even in winter. 

A condition of low dissolved oxygen concentrations probably de¬ 

velops in many Texas impoundments in the summer and fall of each 

year. This dissolved oxygen deficit is caused by a number of factors. 

The most important of these is the thermal stratification which usually 

begins in the spring and ends sometime in the fall or early winter. 

This stratification cuts off circulation of the hypolimnion and makes 

the replenishment of oxygen impossible. Stratification combined with 

animal respiration, plant respiration at night, bacterial respiration 

during decomposition of organic material, and chemical oxidation of 

the suspended and deposited inorganic and organic material bring 

about the oxygen deficit (Reid, 1961). 

The reason for oxygen depletion and absence first occurring at the 

thermocline in Lake Travis is unknown. One cause could be density 

currents (Churchill, 1965; Bryson and Suomi, 1951). However, no 

changes in turbidity, color, conductance, or other parameters were 

found to indicate a density current. 

The isolated region of oxygen deficit could also result from either 
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DISSOLVED OXYGEN (mg/I) 

I 2 3 4 5 6 7 8 9 10 II 12 

Fig. 6. Dissolved oxygen profiles from September 1966 through March 1967. 

decreased bacterial activity in the cooler hypolimnion or increased 

bacterial activity in the thermocline and upper hypolimnion because 

of the sinking organic material produced in the epilimnion. The quan¬ 

tity of phytoplankton in the epilimnion, however, was quite small (50 

to 100 ASU). At various times in the year, green, diatoms and blue- 

green algae were present in approximately similar numbers. Each 

sample had a large diversity of genera for all 3 phytoplankton groups, 

indicating non-eutrophic conditions. Furthermore, during this period, 

algae were found at all depths, even in the lower hypolimnion. Light 

measurements were conducted and it was found that one percent of 

the surface light frequently was present at depths as great as 100 feet. 

Therefore, the relatively rapid oxygen depletion at the thermocline 

could not be attributed to sinking dead phytoplankton alone. 

Recent research by the Bureau of Commercial Fisheries (Carr, 

1967) on Lake Erie has indicated that the oxygen demands of decay¬ 

ing algal blooms do not have the capacity to generate the almost total 

oxygen depletion, but that the sediments do. It might be assumed that 

decomposition of the organic matter in the sediments by the bacteria 

(Reid, 1961) was the primary cause for the oxygen deficit. Gardner 

and Lee (1967) reported, however, that reduced inorganic compounds 
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also play a significant role in the chemical-biochemical oxygen de¬ 

mand of the sediments. 

OTHER WATER QUALITY PARAMETERS 

Figures 7, 8, 9, and 10 depict temperature, pH, alkalinity, hardness 

and conductivity profiles on June 15, August 20, October 7, and De¬ 

cember 16, respectively. These dates were chosen as representative of 

the data obtained during this study. All 4 graphs definitely show that 

the depth at which the thermocline began was the depth at which 

radical changes occurred in a number of water quality parameters. 

The pH of the epilimnion was above 8.3 in June while the hypo- 

limnion’s pH was 7.8. As the summer progressed, the pH of the epi¬ 

limnion increased as the quantity of C02 decreased because of the 

algal photosynthesis. During this time, the pH of the hypolimnion 

decreased as the C02 content of the hypolimnion increased, due to bac¬ 

terial decomposition of both the organic material falling from the epi¬ 

limnion and that present in the sediments. As the cooler weather set 

in, the algal photosynthesis evidently decreased as shown by the pH 

decrease in the epilimnion during fall. As the depth of the epilimnion 

ALKALINITY{mg/l as CaC03) 120 130 140 150 160 170 
HARDNESS (mg/I as Cos) 130 140 150 160 170 180 
CONDUCTIVITY(micromhos/cm)380 400420 440 460 480 

Fig. 7. Profiles of various chemical measurements on June 15, 1966. 
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ALKALINITY) mg/los CoCOs) 120 130 140 150 160 170 
HARDNESStmg /lasCo COs) 120 130 140 150 160 170 
CONDUCT IVITY(micromho$/cm) 360 380 400 420 440 460 

Fig. 8. Profiles of various chemical measurements on August 20, 1966. 

increased, the pH continued to slowly decrease following the mixing 

of hypolimnetic waters. 

Because of the low quantity of C02 in the epilimnion during the 

summer due to the algal uptake, the bicarbonate buffer system shifted 

to provide C02 and carbonate ions. At these pH and temperature con¬ 

ditions CaC03 precipitated, thereby lowering the quantity of hardness 

in the epilimnion. Below the thermocline, the bacterial production of 

C02 changed the bicarbonate and carbonate equilibria, thereby in¬ 

creasing the concentration of these ions. The conductivity profile was 

a simple reflection of the above salt changes. 

Other water quality data are presented in Tables 1 through 13. Be¬ 

cause of the algal growth during the summer, the concentrations of 

total inorganic phosphate and total nitrogen were low in the epi¬ 

limnion. In early summer the total inorganic phosphorus concentra¬ 

tion profile did not vary significantly from 0.05 mg/1. The nitrate 

plus nitrite concentration in the hypolimnion averaged about 0.25 

mg/1 throughout the early summer when some oxygen was present 

in the hypolimnion. Later in the summer the nitrate plus nitrite con- 
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76 78 8.0 8.2 8.4 8.6 PH 
16 18 20 22 24 26 TEMPERATURE °C 

HARDNESS(mg/l as CaCOj) 140 150 160 170 180 
CONDUCTIVITY (micromhos/err) 360 380 400 420 440 

Fig. 9. Profiles of various chemical measurements on October 7, 1966. 

centration profile was approximately 0.01 mg/1. The Kjeldahl nitrogen 

in the hypolimnion increased at this time, presumably due to ammonia 

increases. The Kjeldahl nitrogen increased as winter began, leaving 

significant nutrient potential for the following spring. 

The number of bacteria, both those grown on nutrient broth and on 

Table 1 

Water quality factors, 6/8/66 

Depth (ft) Temp. (°C) P04 (mg/l) 

NOo-N 
plus 

N02-N(mg/1) Kjeldahl-N (mg/1) 

0 25.3 0.30 0.03 0.80 

5 25.3 0.08 0.03 4.40 

15 25.2 0.50 0.03 1.30 

25 24.9 1.40 0.04 1.70 

32 23.0 1.60 0.20 

35 22.6 1.40 0.14 5.20 

40 22.1 0.60 0.10 1.10 

45 21.8 0.50 0.21 2.00 
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PH 

Fig. 10. Profiles of various chemical measurements on December 12, 1966. 

Mendo broth, was small, counts ranging from 0 to 680 per millimeter. 

From the data obtained, it appeared that bacterial numbers decreased 

from summer to winter periods. Furthermore, on all but one sampling 

date, the number of bacteria increased with depth. 

Table 2 

Water quality factors, 6/15/66 

N03-N 

plus 

Depth (ft) Temp. (°C) P04 (mg/l) N02-N(mg/1) Kjeldahl-N (mg/l) 

0 28.0 0.04 0.01 0.20 
10 27.0 0.04 0.01 0.25 
20 26.7 0.20 0.01 0.25 
30 25.8 0.04 0.04 
35 24.6 1.10 0.10 0.30 
38 23.3 0.70 0.17 0.30 
45 22.4 0.80 0.20 0.25 
60 22.0 1.75 0.25 0.15 
90 19.2 1.35 0.32 0.30 
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Table 3 

Water quality factors, 6/29/66 

Depth (ft) Temp. (°C) P04 (mg/l) 

nos-n 

plus 

N02-N(mg/1) Kjeldahl-N (mg/l) 

0 28.8 0.05 0.01 0.10 

15 28.3 0.05 0.01 

30 27.0 0.05 0.01 0.10 

35 25.8 0.10 0.01 0.45 

40 25.0 0.05 0.08 0.35 

45 23.5 0.01 0.30 0.10 

60 21.8 0.05 0.34 0.25 

90 20.0 0.05 0.33 0.20 

Table 4 

Water quality factors, 7/16/66 

Depth (ft) Temp. (°C) P04 (mg/l) 

no3-N 

plus 
N02-N(mg/1) Kjeldahl-N (mg/l) 

0 28.2 0.10 0.05 0.25 

20 27.8 0.05 0.03 0.25 

40 24.2 0.10 0.08 0.30 

45 22.5 0.05 0.15 0.20 

50 21.9 0.05 0.20 0.20 

55 21.3 0.05 0.15 0.25 

70 20.5 0.05 0.25 0.15 

90 19.3 0.05 0.30 0.20 

Table 5 

Water quality factors, 7/20/66 

Depth (ft) Temp. (°C) P04 (mg/l) 

NO3-N 

plus 

N02-N(mg/1) Kjeldahl-N (mg/l) 

0 29.2 0.02 0.03 0.25 
20 28.8 0.02 0.03 0.25 
45 24.5 0.02 0.08 0.25 
50 23.2 0.02 0.23 0.25 
60 22.5 0.02 0.23 0.20 
90 20.2 0.02 0.25 0.20 
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Table 6 

Water quality factors, 8/20/66 

Depth (ft) Temp. (°C) P04 (mg/l) 

NO3-N 

plus 

N02-N(mg/1) Kjeldahl-N (mg/l) 

0 30.2 0.05 0.03 
10 29.7 • • O © 

20 29.7 
30 29.7 
35 29.3 0.08 0.03 0.15 
40 28.7 
45 27.5 0.08 0.03 0.10 
60 23.5 
80 21.4 0.06 0.25 0.65 

140 0.24 0.13 0.45 

Table 7 

Water quality factors, 9/16/66 

N03-N 

plus 

Depth (ft) Temj. (°C) P04 (mg/l) N02-N (mg/l) 

0 29.7 0.02 0.01 
20 28.7 
50 27.8 
55 24.7 
60 23.0 0.02 0.01 
70 21.5 
90 20.4 

100 0.02 0.11 
145 0.16 0.05 

Table 8 

Water quality factors, 10/7/66 

NO.t-N 

plus 

Depth (ft) Temp. (°C) P04 (mg/l) N02-N(mg/1) Kjeldahl-N (mg/l) 

0 25.5 0.00 0.01 0.25 
20 25.3 
30 25.3 0.00 0.01 0.50 
50 25.3 
70 25.0 0.05 0.01 0.25 
90 21.0 0.00 0.05 0.10 

110 19.8 
120 19.0 0.05 0.01 0.50 
140 15.2 0.08 0.01 0.60 
155 14.5 0.14 0.02 0.55 
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Table 9 

Water quality factors, 10/29/66 

N03-N 

plus 

N02-N (mg/l) 

Kjeldahl- 

N (mg/l) 

Bacteria (counts/ml) 

Depth (ft) Temp. (°C) P04 (mg/l) Total Coliform 

0 22.7 0.00 0.07 0.35 8 36 

30 22.7 
50 22.7 0.02 0.05 0.60 36 40 

75 22.7 
90 22.7 0.00 0.02 0.10 60 47 

100 20.9 0.07 0.07 0.15 80 130 

110 19.4 0.02 0.05 0.10 200 170 
130 17.0 0.08 0.01 0.35 330 220 

155 14.1 0.12 0.02 0.55 680 290 

Table 10 

Water quality factors, 11/22/66 

NO3-N 

plus 

N02-N (mg/l) 

Kjeldahl- 

N (mg/l) 

Bacteria (counts/ml) 

Depth (ft) Temp. (°C) P04 (mg/l) Total Coliform 

0 21.1 0.00 0.03 1.20 70 4 
30 21.1 
50 21.1 0.08 0.02 0.10 160 5 
90 20.9 

110 20.7 0.05 0.03 0.10 420 21 
120 19.8 0.00 0.03 0.70 140 2 
145 16.1 0.05 0.03 0.75 400 150 

Table 11 

Water quality factors, 12/16/66 

NO,-N Bacteria (counts/ml) 

plus Kjeldahl- 
Depth (ft) Temp. (°C) P04 (mg/l) N02-N (mg/l) N (mg/l) Total Coliform 

0 17.8 0.00 0.05 2.50 20 0 
50 17.9 
75 17.7 0.07 4.30 155 18 

100 17.6 
135 17.4 0.08 0.04 4.30 105 11 
145 16.5 0.05 0.01 .15 130 39 
155 14.8 0.28 0.03 7.90 140 55 
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Table 12 

Water quality factors, 2/11/67 

Depth (ft) Temp. (°C) P04 (rag/l) 

N03-N 

plus 

N02-N (mg/1) 

Kjeldahl- 

N (mg/1) 

Bacteria (counts/ml) 

Total Coliform 

0 13.0 0.06 0.34 0.08 185 41 
50 12.6 

100 12.4 0.05 0.42 0.16 50 25 
120 11.8 
145 11.6 0.06 0.55 0.13 45 19 

DISCUSSION 

Greater quantities of water are being demanded by the expanding 

population and industry of Texas. Recently, a proposal has been made 

for a comprehensive state water plan to protect, conserve, develop, re¬ 

distribute and administer Texas’ water resources to meet water needs 

for all purposes (Texas Water Development Board, 1966). The pro¬ 

posal envisions that the projected year 2020 water requirements will 

be fulfilled from supplies developed by 140 existing and under-con¬ 

struction major reservoirs; ground-water supplies; 53 proposed new 

reservoirs; modification of 6 existing reservoirs; and construction of 2 

salt-water barriers. A 980 mile long conduit will be built to transport 

surplus water from East Texas to those areas requiring water. The 

majority of the water to be used in the state and transported in the 

conduit will be from impoundments storing water during periods of 

high runoff. The Texas Colorado River Basin will play an important 

part in these storage and diversion plans. 

The need for more and better water quality data on Texas impound¬ 

ments has grown not only because of the large proposed increase in 

the number of impoundments, but also because of their ever-expanding 

Table 13 

Water quality factors, 3/21/67 

no3-n 

plus 

N02-N (mg/l) 

Kjeldahl- 

N (mg/l) 

Bacteria (counts/ml) 

Depth (ft) Temp. (°C) P04 (mg/l) Total Coliform 

0 16.9 0.78 0.42 0.50 1 0 
20 16.5 0.01 0.42 0.18 0 5 
40 13.8 0.01 0.44 0.15 4 1 
80 12.8 0.07 0.45 0.18 4 2 

120 12.8 0.03 0.50 0.23 7 1 
169 12.2 0.27 0.47 0.30 32 1 
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uses. Today Texas impoundments are used not only for conservation, 

flood control, hydroelectric power, and water supply for municipal, 

industrial, and agricultural needs; but also for fish management, rec¬ 

reation, industrial cooling, water pollution control by stream flow 

regulation, and control of freshwater quantity and quality input to 

Texas bays. Thus, the type of water management desired and needed 

in Texas requires that the quality of water stored in and released from 

such impoundments be under investigation to determine if the quality 

is suitable for the various intended uses. 

Lake Travis has a marked temperature stratification which is pres¬ 

ent for approximately 8 months of the year. The cold hypolimnetic 

waters are ideal for industrial cooling purposes. The seasonal tempera¬ 

ture changes with depth, however, brings about a marked change in 

water quality. 

The most important water quality change with depth is dissolved 

oxygen. A depletion of oxygen occurs even though the impoundment 

is relatively unpolluted. Such oxygen data are important for fish 

management purposes because it is obvious that although the tempera¬ 

ture conditions are adequate, cold water sports fish could not live in 

the oxygen depleted hypolimnion of this impoundment. 

Most investigators consider a hypolimnetic oxygen depletion as a 

symptom of eutrophication (Fruh, et al., 1966). Yet, in this impound¬ 

ment the algal standing crop was relatively small and the oxygen de¬ 

ficit could not arise only because of the “organic snow” falling from 

the epilimnion. Thus, in southwestern impoundments it appears that 

such a parameter cannot be reliably used in eutrophication studies. 

The variation of water quality with depth is important in terms of 

local water supply. The epilimnion has phytoplankton which might 

cause taste and odor as well as filter clogging problems in water treat¬ 

ment. However, the hypolimnion has higher concentration of hard¬ 

ness, C02, alkalinity, and dissolved salts. The chlorine demand as well 

as color and turbidity were relatively low throughout the impound¬ 

ment’s depth. Water definitely should not be removed from the region 

directly above the sediments, because this water layer appears to have 

higher concentrations of undesirable water quality constituents 

throughout most of the year. This is due to the non-violent type of win¬ 

ter overturns which occur in Lake Travis. Because of the variation of 

water quality with depth, it is obvious that water supply intakes should 

be located at various depths in Lake Travis so as to withdraw the best 

quality water (Lee and Harlin, 1965; Weiss and Oglesby, 1960). 

Low-level penstock outlets are provided in deep storage impound¬ 

ments such as Lake Travis so that power can be easily generated even 
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during periods of low depths in the pool behind the dam. The cold 

temperature and low dissolved oxygen of the released hypolimnetic 

water apparently decreases the rate of corrosion of the turbine appa¬ 

ratus when compared to use of epilimnetic water. Furthermore, the 

cold temperature of the hypolimnetic release is useful for industrial 

cooling purposes (Churchill, 1963). 

The release through these low level power outlets, however, consists 

of water at less than optimum quality for other downstream uses 

(Kittrell, 1959). The oxygen concentrations in the release, for at least 

four months of the year, are below standards currently proposed by 

state and federal water pollution agencies. Congress is currently con¬ 

sidering whether hydroelectric plants can be considered as polluters 

(Krenkel, 1967). Such oxygen-depleted waters are also not useful for 

streamflow regulation of water pollution control (Knight, 1965). Low 

oxygen concentrations in the cold water releases from impoundments 

prevent any future stocking of cold water sports fish in streams below 

reservoirs. 

Releases from the hypolimnion are also considerably higher in 

hardness, alkalinity and dissolved salts. This has an important effect 

on downstream municipal water supply and irrigation, particularly if 

the productivity of an impoundment is greater than that of Lake 

Travis. In other sections of Texas where manganese and iron, are pre¬ 

valent in the soil, these elements would be leached from the sediments 

under anaerobic hypolimnetic conditions and cause staining problems 

in downstream municipal water supplies. The nutrient concentrations 

are also generally higher in the hypolimnion and releases of such 

waters aid the prolific rooted plant growth in Lake Austin, down¬ 

stream from Lake Travis (Wehman and Fruh, 1968). 

It should be recalled that Lake Travis is but one impoundment in a 

series of 7 within a 150 mile reach of the Colorado River. If the vari¬ 

ation of water quality with depth and season is approximately the 

same in each impoundment, and releases are made from the hypolim¬ 

nion, then the poorest quality water would be released from each im¬ 

poundment, even though no man-made pollution is involved. Because 

all of Texas5 rivers will probably be a series of multiple impoundments 

in the future, it is obvious that new impoundments should be built 

with the principal of selective withdrawal (Knight, 1965) in mind. 

Studies are currently underway to improve the water quality in 

impoundments and their releases by mixing the impoundments (Ir¬ 

win, et al., 1966; Symons, el at1967). However, the effect of such 

engineering manipulations on the ecology of various organisms is not 

known at present. Furthermore^ a very beneficial use of cold waters 
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from the hypolimnion for purposes of industrial cooling would be lost 

if such impoundment modifications were made. 

CONCLUSION 

Temperature stratification in a central Texas impoundment has a 

significant effect on the variation of water quality with depth. This 

water quality change affects the many purposes for which the im¬ 

poundment is used. The study shows that limnological investigations 

are needed for different types of impoundments in various sections of 

the state before an optimum water quality management program can 

be selected. 
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Fauna of the Aransas Pass Inlet, Texas. III. Diel and 

Seasonal Variations in Trawlable Organisms of the 

Adjacent Area 

by H. D. HOESE1, B. J. COPELAND, FRANK N. MOSELEY 

and E. D. LANE2 

The University of Texas Marine Science Institute 

Port Aransas, Texas 78373 

INTRODUCTION 

Two previous papers by Copeland (1965) and Copeland and Truitt 

(1966) reported some of the movement of marine organisms through 

the Aransas Pass Inlet between the adjacent bays and the Gulf of 

Mexico. A continuation of these 2 studies resulted in a trawl survey 

of the diel and seasonal differences in animal populations in the ad¬ 

jacent Aransas Bay and shallow Gulf of Mexico. Gunter (1945) re¬ 

ported the fish fauna of Aransas and Copano Bays and the nearby Gulf 

of Mexico, but mentioned no diel or seasonal movements. Gunter 

(1950) studied the seasonal distribution of invertebrates of the Texas 

coast and discussed relationships with salinity, but no diel study was 

made. Miller (1965) discussed the fishes from a trawl study in the 

shallow Gulf of Mexico and from one station in Aransas Bay. 

Practically all studies dealing with daily movements of organisms 

have been devoted to either free swimming or pelagic forms. While a 

few investigators have known that a particular member of the benthic 

fauna responds to light changes, there has been little systematic in¬ 

vestigation of short term changes. This is unfortunate because many 

studies showing seasonal differences based on daytime sampling might 

be reaching some misleading conclusions. Certainly many “rare” 

species have been shown to be common when night collections were 

made. Miller (1965) showed this to be true in his trawl survey of ben¬ 

thic animals in the shallow Gulf of Mexico. 

While many seasonal trawl studies have been made, very few 

studies comparing nocturnal and diurnal habits of animals have been 

done. This is important because many benthic marine animals are 

1 Present address: Dept, of Biology, Univ. Southwestern Louisiana, Lafayette, La. 
2 Present address: Ontario Department of Lands and Forests, Fisheries Division, 

Picton, Ontario. 
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known to be either nocturnal or diurnal in their habit. Roessler (1965), 

in a comparison of day and night trawl catches, found more species at 

night, as did Miller (1965). Hobson (1965) observed habits of many 

fishes and concluded that most predators are nocturnal whereas most 

herbivores and omnivores are diurnal. Noteworthy investigations on 

diurnal habits of plaice and sole have been conducted in Europe (Har¬ 

der and Hemp el, 1954; DeGroot, 1964; Roerma, 1964; and others). 

Their findings have shown the complexity of factors affecting catches 

and the important possibility that diurnal-nocturnal behavior may 

vary seasonally and with different stages of the life cycle. 

Although it is well known that some American shrimps of the genus 

Penaeus are nocturnal, there is very little data on the relative day- 

night catch. Joyce (1965) and Rldred, et al. (1961) appeared to be the 

only workers comparing day-night catches. However, the commercial 

fishery in the Gulf of Mexico is taking advantage of the fact that P. 
aztecus and P. duorarum are most abundant in night trawl catches. 

The present study had 3 objectives: (1) to- study catch variations 

during a 24-hour period during each season; (2) to compare these 

seasonal changes to daytime monthly collections of invertebrates; and 

(3) to estimate the growth of organisms taken in the bay. The first 

objective was undertaken to determine the die! occurrence in relation 

to seasonal life stages and environmental conditions. The second ob¬ 

jective was undertaken to equate diel differences with previous trawl 

collections made during the day so that more realistic population 

measurements could be derived. Four 24-hour trawl samples consist¬ 

ing of 10-minute trawls every hour were conducted on 20-21 October 

1964, 8-9 February 1965, 29—30' April 1965, and 18-19 August 1965 

in the Aransas Bay. One 24-hour trawl sample, consisting of a 10-min¬ 

ute trawl every 6-hours, was conducted at 6 and 9 fathoms in the Gulf 

of Mexico on 12—13 November 1965 (Figure 1). Seasonal trawl col¬ 

lections were made from February 1964 through January 1965 at 3, 

6, 9, 12, and 15 fathoms in the Gulf of Mexico- and at the station in 

Aransas Bay that was sampled for diel differences. 

MATERIALS AND METHODS 

The trawl used from February 1964 through October 1964 meas¬ 

ured 22 feet (6.7 meters) from the cork line to the cod end including 

the 4 feet (1.2-meter) bag and was 19 feet (5.8 meters) wide at the 

mouth. It was 3 feet (0.9 meters) deep from cork line to lead line while 

lowered and was equipped with a tickler chain between the 2x5 feet 

(0.6 x 1.5-meter) weighted plywood otter boards. The entire trawl 
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Fig. 1. Diagram of the study area. 
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except the chafing gear was constructed with 3/4-inch stretch (3/8- 

inch bar) mesh nylon netting. A 1 /4-inch weave nylon mesh liner was 

used over the cod end to facilitate the capture of small organisms. From 

November 1964 through November 1965 a trawl having similar di¬ 

mensions to those of the above was used. The only differences were a 

more heavily weighted lead line and more floats on the cork line. The 

trawl was towed for a period of 10 minutes at a speed of approximately 

2 knots. This length of time and the speed ensured that approximately 

325 square meters of bottom were covered per minute or 3,250 square 

meters per trawl haul. 

Along with the trawling, dissolved oxygen, temperature, salinity, 

and light penetration were measured. Dissolved oxygen was determ¬ 

ined by the Alsterberg modification of the Winkler method, tempera¬ 

ture by a laboratory emerging thermometer thrust into a water bottle 

immediately upon being raised from the bottom, salinity by the Gold¬ 

berg refractometer (see Behrens, 1965), and light penetration by a 

submarine phototometer in reference to a deck call. The specimens 

were preserved in 10% formalin solution, and counts, measurements 

and weights were made later after washing the samples with tap water. 

Hydrography and description of sample areas 

Jones, et al. (1965) studied the hydrography of the same area 

sampled in the Gulf and reported hydrographic results in detail. Our 

measurements indicated that the conditions reported by them pre¬ 

vailed throughout our study time. Miller (1965) reported a description 

of the bottom at the sampling areas as follows: 

3 fathoms (5.5 m)—hard sand (this bottom type is found into the 

beach); 

6 fathoms (10.7 m)—muddy sand; 

9 fathoms (16.5 m)—sandy mud with some shell fragments; 

12 fathoms (22.0 m)—silty clay; and 

15 fathoms (27.4m)—silty clay. 

Bottom-sediment analysis at the station in Aransas Bay showed a 

very high proportion of particles of less than 0.0036 mm and very little 

sediment above particle size 0.125 mm. The bottom at this station was 

a grey clay-mud (Lane, 1967). 

Hydrographic conditions for the Aransas Bay station are given in 

Figure 2. Bottom and surface water temperature during the 24-hour 

trawl samples are shown in Figure 2A. Generally speaking, tempera¬ 

ture varied erratically through the 24-hour period in most cases, with 

the lowest temperature occurring during February and the highest in 
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August. Salinity (Fig. 2B) varied considerably during October and 

February, but remained relatively constant throughout the 24-hour 

period in April and August. As expected, salinity was lowest in April 

and highest in August and October. Dissolved oxygen concentra¬ 

tion (Fig. 2C) remained nearly saturated throughout the study period. 

Light penetration (Fig. 2C) varied seasonally with the greatest pene¬ 

tration occurring in February and the lowest occurring in August. 

The October and April light penetration could be termed average 

conditions; i.e., sunny day, wind 12—15 mph, with moderate chop. 

During February the water was very calm with only a slight breeze 

and fairly clear as shown by the high light penetration. August con¬ 

ditions were just opposite; i.e., strong wind 20-25 mph throughout 

the sampling period causing considerable chop and very turbid water, 

thus allowing very little light penetration to the bottom. 

Tidal influence at the Aransas Bay station was very slight, although 

in February and in October some tidal influence was indicated by the 

large and erratic variations in both temperature and salinity. In April 

and August on the other hand, tidal influence was very slight as shown 

by the constant salinity and less temperature variations. 

DIEL VARIATIONS 

The day-night catches were subjected to variance analyses accord¬ 

ing to the method of Hubbs and Hubbs (1953). The most common 

species are graphed in Figure 3. Since we were measuring the ability 

of the trawl to catch some species at different times of the day, sig¬ 

nificant differences between day and night catches reflect this para¬ 

meter rather than that of behavior. Conceivably, an animal barely 

buried in the bottom could become only slightly more susceptable to 

trawl capture when it left the sediment. While this represents a true 

change in behavior, it would not be statistically significant in our catch 

data. Conversely, a small change in an animal’s ability to see the trawl 

might change the catch by a statistically significant amount, but might 

not involve behavioral changes. 

Changes in the catch over a 24-hour period can be due to several 

causes, some of which we verified for several species. A species may: 

(1) bury and thereby avoid the trawl during a portion of the 24-hour 

period, (2) swim at the surface and be above the trawl’s corkline, (3) 

migrate to shallow waters, or (4) be able to see the trawl in the day¬ 

time and better avoid being caught. Examples of the first method 

are numerous crustaceans and fish, most of which probably disappear 

into the bottom during daylight (e.g., Penaeus and Porichthys). The 



Fig. 3. Comparison of day catch versus night catch (numbers per trawl) for the common 

organisms in Aransas Bay. The numbers with arrows indicate an extension of the referred 

data to the indicated limit. The Trachypeneus similis and Micropogon undulatus data for 

February are five times the indicated scale. The line indicates the range, the open rectangle 

the standard deviation (2X), the closed rectangle the standard error (2X), and the vertical 

line the mean. 
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2nd category is exemplified by the squid, Loliguncula brevis, the 

fishes, Bairdiella chrysura and Trichiurus lepturus, which come to the 

surface at night, and the fish Brevoortia patronus, which comes to the 

surface during the day. The 3rd has no example to our knowledge, but 

the 4th probably includes many species of fishes. 

Species Account 

A graph depicting the statistical analyses of the common species 

collected during the diel trawling in Aransas Bay is presented in 

Figure 3. Examples of the diurnal variability of a few selected species 

are presented in Figure 4. Diurnal data for 2 stations in the Gulf of 

Mexico during November are presented in Tables 1 and 2. 

Polynices duplicatus was a nocturnal species in February and April, 

but was caught through the day in August. 

Callinectes similis was definitely nocturnal. The day-night compar¬ 

ison (Fig. 3) indicated that there were significantly more C. similis 

captured by the trawl during the night than during the day. Large 

catches (up to 225 per trawl) were obtained during the day in April, 

but the night catch was larger. In the Gulf during November, more C. 

similis were caught during the night at 9 fathoms and less at 6 fathoms 

than during the day (Tables 1 and 2). The diurnal catch of this organ¬ 

ism is probably indicative of the type that avoids the trawl during day¬ 

light (perhaps also burying). The day-night difference was small in 

the bay during August when the water was very turbid and turbid 

water at 6 fathoms (very common that near the shore) could have 

contributed to the greater day catch there. 

Pagurus pollicaris was one of the few species taken almost strictly 

during the day. 

Squilla empusa was another strongly nocturnal species, which dis¬ 

appeared from catches prior to sunrise and re-appeared after light left 

the bottom. The day-night comparison in Figure 3 showed a signif¬ 

icantly higher catch during the night than during the day, except in 

August when the water was extremely turbid. In the turbid waters at 

6 fathoms in the Gulf (Table 1), day catches were larger than night 

catches in November. At 9 fathoms, where the water was clearer, night 

catches exceeded day catches many times (Table 2). 

During the August high turbidities, there was a large day catch but 

the sunrise catches dropped before appearance of large numbers dur¬ 

ing the day (Fig. 4). Again, at sunset, large numbers appeared prior 

to leveling off of a smaller night catch. This phenomenon possibly in¬ 

dicates the presence of an internal clock mechanism that enables the 

shrimp to anticipate the appearance or disappearance of light. 
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Table 1 

Diurnal catch in number/trawl at 6 fathoms, Gulf of Mexico off Port Aransas, 
12-13 November 1965. 

Night Day- 
0300 1100 1500 2300 Total Total N/D 

Anchoa mitchelli 4 212 21 0 4 232 1/48 
Vomer setapinnas 2 20 19 0 2 39 1/20 
Trichiurus lepturus 0 81 43 0 0 124 0 
Poronotus burti 5 4 32 0 5 36 1/7 
Stellifer lanceolatus 34 134 0 8 42 134 1/3 
Cynoscion sp. 307 315 21 251 558 323 2/1 
Etropus crossotus 3 26 0 0 3 26 1/9 
Penaeus setiferus 9 9 11 6 15 20 3/4 
Trachypeneus similis 122 37 0 112 134 37 4/1 
Sicyonia dorsalis 0 7 0 18 18 7 3/1 
Loliguncula brevis 0 69 45 12 12 114 1/10 
Squilla empusa 12 22 0 0 12 22 1/2 
Callinectes similis 4 24 6 1 5 30 1/6 

Mantis shrimp construct a tubular burrow in which they retreat 

well below the level disturbed by the trawl, thus they are able to com¬ 

pletely escape capture during daylight. 

Penaeus setiferus catches indicated no significant difference be¬ 

tween night and day catches at the bay station (Fig. 3). Only during 

April were the night catches greater, but the population density was so 

low that little significance can be attached to the data. The day catch 

Table 2 

Diurnal catch in number/trawl at 9 fathoms, Gulf of Mexico off Port Aransas, 
12-13 November 1965. 

Night Day 
0300 1100 1500 2300 Total Total N/D 

Stellifer lanceolatus 42 9 411 157 199 420 1/2 
Cy nos cion sp. 97 124 174 133 230 298 3/4 
Larimus fasciatus 0 181 0 0 0 181 0 
Citharichthys spilopterus 8 52 64 0 8 116 1/15 
Etropus crossotus 0 17 10 63 63 27 5/2 
Symphurus plagiusa 7 2 2 34 41 4 10/1 
Penaeus setiferus 9 24 53 27 36 77 1/2 
Trachypeneus similis 423 141 173 1200 1623 314 5/1 
Sicyonia dorsalis 6 106 59 94 100 165 2/3 
Loliguncula brevis 3 176 143 4 7 319 1/45 
Squilla empusa 13 5 0 99 112 5 22/1 
Callinectes similis 0 5 5 21 21 10 2/1 
Renilla mulleri 0 161 21 49 49 182 1/4 
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was greater in the Gulf of Mexico during November, both at 6 and 9 

fathoms (Tables 1 and 2). 

Penaeus aztecus was clearly nocturnal, except during August when 

the difference was not highly significant (Fig. 3). This organism 

probably both burrows and avoids the trawl during the day, thus de¬ 

creasing the daytime catch. No P. aztecus were caught in the diel trawl 

conducted in the Gulf of Mexico during November. 

Penaeus duorarum was nocturnal during all diel trawl catches, al¬ 

though night/day ratios were not as high as for some other species 

(Fig. 3). As shown in Figure 4, pink shrimp catches dropped to below 

day level before the first appearance of light, although they did not 

increase until light had already disappeared. There was no daytime 

increase in catches during August under turbid conditions, but rather, 

the day catch was smaller. No P. duorarum were captured at the Gulf 

of Mexico stations during the November diel trawl (Tables 1 and 2). 

The nocturnal habits of pink shrimp are well-known (Fuss, 1964). 

A very striking change occurred concerning day-night differences 

in the color of pink shrimp, as well as for the brown shrimp. At sunset, 

the pink shrimp would suddenly appear much brighter red, especially 

the appendages. Presumably, this color change is similar to that de¬ 

scribed for Paleomonetes (Kleinholz, 1961). 

Trachypeneus similis is one of the most nocturnal species encoun¬ 

tered, as it had the highest night/day ratio (Fig. 3 and Tables 1 and 

2). This species remained strongly nocturnal during August at the 

bay station despite high turbidities. In spite of the turbid waters at 6 

fathoms in the Gulf of Mexico, the November diel data indicated 

strong nocturnal characteristics. Although this shrimp was closely 

correlated with the presence or absence of light, it disappeared before 

the recorded appearance of light (Fig. 4). Presumably, Trachypeneus 

buries deeper than species of Penaeus, although in much the same 

manner, and thereby avoids the trawl during the day. Although most 

of the Trachypeneus reported in this study were similis, the data may 

include a few constrictus. 

Loliguncula hrevis is a common animal in trawl surveys, appar¬ 

ently because of their diel vertical migration. Squid are obvious in 

most inshore surface waters, including the area in this study, at night. 

During the day they seem to migrate to near the bottom, causing them 

to be more vulnerable to capture by trawl. In all cases, both bay and 

Gulf stations, the catch was significantly higher during the day than 

during the night (Fig. 3 and Tables 1 and 2). The dominance of day 

catch over night catch was less during August when the water at the 

bay station was turbid (Figs. 3 and 4). During the August collections. 



44 THE TEXAS JOURNAL OF SCIENCE 

day catches were less except before sunrise and sunset, suggesting that 

an intrinsic clock was later overcome during the turbid day (Fig. 

4). It is also possible that it was difficult for the squid to remain near 

the bottom in the rough water. During February (Fig. 3), when the 

water was exceptionally clear, no squid were taken during the day. 

Whether the squid are capable of burying is not known, but they 

probably could avoid the trawl. 

Sicyonia dorsalis was not encountered during the bay 24-hour study. 

It was, however, collected in the bay during the seasonal study. S. 

dorsalis exhibited nocturnal characteristics in the November day-night 

comparison for the Gulf of Mexico at 6 fathoms, but was decidedly 

diurnal at 9 fathoms (Tables 1 and 2). 

Anchoa mitchelli was taken in larger numbers at night, except dur¬ 

ing October. The larger night catch could result from an ability to see 

the trawl, a daytime surface migration, or both. In either case, both 

day and night catches were exceedingly variable. No A. mitchelli 

were collected in the Gulf at 9 fathoms during the November samp¬ 

ling. However, there were significantly more caught during the day at 

6 fathoms than during the night (Table 1), which corresponds to the 

dominant day catch at the bay station during October. Even the 174- 

inch liner on the trawl did not prevent some of the A. mitchelli from 

escaping during trawling. 

Brevoortia patronus was one of the more conspicuous animals ap¬ 

pearing in night catches (Fig. 3). During the day, menhaden school 

near the surface where they are often observed. At sunset they seem 

to descend to the bottom (Fig. 4) and are easily caught by trawls. An 

alternative explanation that they are escaping the trawl during the 

day, seems, ruled out by the absence of menhaden from daylight 

samples in August when the water was turbid. This is supported by 

the fact that in very turbid Georgia waters menhaden were still caught 

only at night (personal observation). No B. patronus were collected in 

the November 24-hour trawl in the Gulf of Mexico. 

Synodus foetens were taken mostly during the day, although the 

difference was significant only during August (Fig. 3). The difference 

may be due either to their ability to bury at night or to swim at night 

above the level of the trawl. 

Geleichthys felis varied considerably from strongly nocturnal in 

October to possibly diurnal in April to equal catches in August (Fig. 

3). August samples were composed of recently spawned juveniles, 

October samples of somewhat larger juveniles, and April samples of 

fish almost a year old. The higher daytime catch in August may be 

related to turbidity since there were strong nocturnal characteristics 
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to the October sample. It seems that the day-night differences may be 

attributable to differences in life-cycle stages. No G. felis were collected 

in the November trawl in the Gulf of Mexico. 

Bagre marina was taken most often at night, but the difference in 

August was only slightly significant (Fig. 3). The reduction in night- 

day ratio between October and August may have been due to either 

larger catfish in October (84-127 mm versus 66-108 in August) be¬ 

ing better able to avoid the trawl, or to the higher turbidity in August. 

Whatever the cause, the variation was great during both day and night 

catches in August. No B. marina were collected in the Gulf of Mexico 

during the 24-hour trawl. 

Chloroscombrus chrysurus were taken in numbers only during Oc¬ 

tober, when a large catch was made during the night. Perhaps these 

fish descend at night, since they are known to be in the vicinity of 

cabbagehead jellyfish (Stomolophus meleagris) which floats near the 

surface (Mansueti, 1963) . In Aransas Bay, C. chrysurus schools were 

often observed near the surface during daylight. 

Eucinostomus gala was taken in large numbers only in October and 

August. The night catch was larger than the day catch, but the dif¬ 

ference was not significant (Fig. 3). The larger night catch was prob¬ 

ably due to vertical migration. 

Vomer setapinnas was collected only in the Gulf of Mexico at 6 

fathoms (Table 1). There were significantly more caught during the 

day than during the night. 

Trichiurus lepturus was collected at 6 fathoms in the Gulf of Mex¬ 

ico, and then only during the day (Table 1) which agrees with the 

findings of Moore (1965). A few cutlass fish were caught in the bay 

during August and April, mostly during the day. The absence of cut¬ 

lass fish in the night catch is probably a reflection of their habit of 

swimming near the surface at night. 

Poronotus hurti was collected in the Gulf of Mexico at 6 fathoms 

(Table 1). There were significantly more caught during the day than 

during the night. 

Stellifer lanceolatus was significantly diurnal in the Gulf of Mexico 

catch at both 6 and 9 fathoms (Tables 1 and 2). 

Two species of Cynoscion, C. arenarius and C. nothus, were taken. 

Only the latter was present during February, but data for both species 

were considered together although they were occasionally weighed and 

counted separately. The trout were more abundant at night during 

October and August, but there was little difference in February and 

April (Fig. 3). A greater catch was recorded at night in the Gulf of 

Mexico at 6 fathoms (Table 1), but the difference was insignificant 
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at 9 fathoms (Table 2). Moore (1965) found the greatest catch during 

the day in June at 7% fathoms. 

Leiostomus xanthurus presented a confusing picture, with larger 

numbers taken at night during October and April and larger numbers 

taken during daylight in August (Fig. 3). The catch data were highly 

variable during both day and night in all 3 seasons (Fig. 4). The data 

are most consistent with a hypothesis of net avoidance, especially in 

view of the increased day catch from the highly turbid water present 

during August. The increasing night-day ratio from April to October 

may be related to the increase in the size of the organisms (4-8 cm 

versus 9-11 cm). 

Micropogon undulatus was nocturnal during February and April, 

when the night catch was significantly higher than the day catch (Fig. 

3). During August, when the water was turbid, more M. undulatus 

were taken during the day. No croakers were caught during the day in 

February, when the water was exceptionally clear. The differences in 

catch for February and August may be cited as evidence for the theory 

that croakers avoid the net during the day. A greater night-day ratio 

in October than in April is probably (like L. xanthurus) due to in¬ 

creasing size (4-8 cm versus 9-11). Moore (1965) found that croakers 

swim higher above the bottom during the day in September and 

October, leading to another possible explanation for differences in 

catches during the 24-hour period. No M. undulatus were collected in 

the 24-hour trawl in the Gulf of Mexico during November. 

Larimus fasciatus was caught only in the Gulf of Mexico at 9 

fathoms (Table 2). None were collected during the night. 

Prionotus tribulus tended to be nocturnal both in April and August, 

but the difference was not significant. Few searobins were collected 

during February and October and most of those were captured at night. 

None were taken in the 24-hour trawl in the Gulf. 

Citharichthys spilopterus was strongly nocturnal in the fall samples 

in the bay (Fig. 3), but strongly diurnal in the Gulf of Mexico at 9 

fathoms (Table 2). There was no significant difference between night 

and day catches in the bay during February (Fig. 3). No C. spilopterus 

were collected during the 24-hour trawls in the bay during April and 

August, or at the 6-fathom station in the Gulf of Mexico during No¬ 

vember. 

Etropus crossotus was strongly nocturnal in October and February, 

but during April it was about as abundant during the daytime as at 

night. In all collections E. crossotus disappeared prior to the appear¬ 

ance of light, similar to many burrowing invertebrates. In the Gulf 
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of Mexico during November, this flatfish was more common during 

the day at 6 fathoms (Table 1) and more common during the night at 

9 fathoms (Table 2). 

Symphurus plagiusa was taken most commonly at night. The night 

catch was significantly higher than the day catch during October 

through April at the bay station, but there was little difference in 

August when the water was turbid (Fig. 3). S. plagiusa was 10 times 

more abundant in the night catch at 9 fathoms in the Gulf of Mexico 

during November (Table 2), but was not taken at the 6-fathom station. 

Presumably this organism buries in daytime under normal light con¬ 

ditions. 

Sphaoeroides nephelus exhibited no significant day or night pre¬ 

ference, although in October and August there was a slightly higher 

night catch and during April a slightly higher day catch (Fig. 3). No 

clues about the habits of this species could be derived from our data, 

except that the day-night abundance was random. 

Porichthys porosissimus is strongly nocturnal. The only large day¬ 

time catch of the midshipman occurred in the bay during the August 

diel series, but the day-night ratio was strongly nocturnal despite the 

turbid conditions. The animal burrows in the mud substrate during 

daylight (Lane, 1967). 

Total Catch 

The total number of organisms caught per trawl was always higher 

at night than during the day (Fig. 5). For fish, the difference was 

significant except during the very turbid conditions of August. The 

difference was always significant for invertebrates. 

The number of species captured per trawl presented a picture of 

contrast (Fig. 5). Significantly more species of fishes were collected 

during the night than during the day, except during April. There is 

no explanation for the similar day-night catch during April, especially 

in view of the significantly lower numbers of animals per trawl during 

the daytime. Except under the very clear conditions present in Feb¬ 

ruary, there was no significant difference in the number of inverte¬ 

brate species taken during the day or night. The invertebrates, while 

being more abundant at night, as species do not seem to be more sus¬ 

ceptible to trawling during the night. Perhaps the differences in day- 

night catches between fishes and invertebrates may be explained by 

a slightly greater ability of fish to escape a trawl during the day and/ 

or because some invertebrates may not bury deep enough to avoid the 

trawl. 
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Discussion 

In turbid waters, the day versus night catches are modified. The 

effect of turbidity was shown by the August daytime catches, which 

were quite different from other months. These results may be com¬ 

pared to 3 night collections (in October, February and June) which 

were made in the very turbid waters of Georgia. When compared to 

day catches in the same water, this brief study confirmed our August 

results; (1) menhaden taken only at night, (2) mantis shrimp not 

especially nocturnal, and (3) Trachypeneus and Porichthys strongly 

nocturnal. 

The disappearance of several species just prior to sunrise and their 

reappearance just after sunset suggests that they may be responding 

to a day-night clock mechanism. This behavior would have consider¬ 

able survival value, assuming nocturnal habits were adapted to avoid 

predation. Evidence for a clock is especially evident in several species, 

which were very abundant during the daytime in August under turbid 

conditions, but still disappeared prior to the first light (see Fig. 4 for 

examples). Not all species returned during the day and these may 

have a clock turning them completely off, whereas those returning are 

negatively phototatic and only have a clock telling them when the sun 

is due to rise (or to set). An example of the former may be Brevoortia 

patronus, although its behavior problems may be a factor. There are 

many examples of the latter case, among which are the penaeid shrimp 

and sciaenid fishes. Experiments with midshipmen (Lane, 1967) have 

shown that the “clock” is easily reset with changes in daylight (or 

dark) periods. 

Hobson (1965) suggested that carnivorous fishes tended to be noc¬ 

turnal, while other types were more diurnal. Our evidence indicated 

that most trawlable animals were nocturnal, which is somewhat para¬ 

doxical. This may be explained in three ways: (1) since many of the 

prey as well as predator species were nocturnal, an even higher pre¬ 

datory pressure is perhaps present during the day (such as porpoises, 

birds and large fish); (2) the trawl captures only a segment of the 

organisms present; or (3) a combination of avoiding the trawl during 

the day, reducing the total numbers of organisms captured, and the diel 

habits of prey, as shown by the similar numbers of species of inverte¬ 

brates caught during both day and night. 

One main point that is difficult to resolve is whether turbid waters 

allow less trawl escapement or reduce light below inhibiting levels. 

Our data indicate that both occur, depending on the species, but ex- 



50 THE TEXAS JOURNAL OF SCIENCE 

tensive observations in aquaria are needed to verify which is true for 

each species studied. 

The complexity of possible factors effecting the day catch indicates 

that relative abundance data based strictly on day catches may be con¬ 

siderably inaccurate, by even hundreds of percent, depending upon 

conditions present. Many areas have seasonal variations in turbidity 

which could influence catches more than true seasonal density differ¬ 

ences. This would seem to be a serious criticism of seasonal trawl 

studies based strictly on day catches. 

SEASONAL VARIATIONS 

Data concerning the seasonal abundance of invertebrate species in 

Aransas Bay and the shallow Gulf of Mexico are presented in Tables 3 

and 4. The fish counterpart of the invertebrate component has already 

been reported (Miller, 1965). Approximately 22 invertebrate species 

were encountered during the year. 

Average seasonal abundance ranged between 6.2 invertebrates per 

trawl for the bay station during spring and 346.5 invertebrates per 

trawl for the 6-9 fathom area during winter (Table 3). In all cases, 

the distribution of invertebrates was such that the smallest catch for 

the Gulf was at 3 fathoms (sand bottom) and the largest catch at 6-9 

fathoms, with slightly less caught farther offshore. With the exception 

of summer, the bay catch was less than that of any Gulf station. Pos¬ 

sible reasons for the above described distribution may be related to 

the type of bottom at each station (see Hydrography and description 

of the area). 

Some invertebrates were collected during all seasons (L. brevis, 

penaeid shrimp, T. similis, S. dorsalis, Astropecten, and Renilla mulleri 

in the Gulf only), while others were more or less seasonal (Table 3). 

A few invertebrates were collected during only one season; A. aurita 

during autumn, and C. sapidus during summer. 

As shown in Table 4, the largest species diversity in the seasonal 

catch of invertebrates occurred during autumn and winter, with about 

the same low diversity during spring and summer. With the exception 

of the winter season, when water temperature may have been a factor, 

the largest species diversity occurred at the 6-fathom station in the 

Gulf of Mexico. 

We are reporting Doryteuthis plei in the northwestern Gulf of Mex¬ 

ico for the first time. This species has in the past been confused with 

Loligo pealii, which is abundant in the area farther offshore than we 

sampled. Undoubtedly, some L. pealii were counted as D. plei in our 
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Table 4 

Number of invertebrate species taken in the season trawl survey for the bay and 
five stations in the Gulf of Mexico. 

3 6 9 12 15 
Bay fathoms fathoms fathoms fathoms fathoms 

Winter (Dec-Feb): 
Ave. No. Species/Trawl 13.0 16.0 15.6 13.0 13.3 20.0 
Range 13 16 9-20 8-15 6-18 20 

Spring (Mar-May): 
Ave. No. Species/Trawl 9.5 4.0 7.8 7.5 6.7 6.8 
Range 3-21 2-7 4-12 5-11 5-9 6-8 

Summer (June-Aug): 
Ave. No. Species/Trawl 6.5 3.0 7.5 7.5 6.0 7.0 
Range 6-7 3 6-9 6-9 6 7 

Autumn (Sept-Nov): 
Ave. No. Species/Trawl 4.3 7.3 11.5 10.0 9.5 10.3 
Range 2-7 4-11 9-14 4-15 7-13 6-15 

Total (Feb-Jan): 
Ave. No. Species/Trawl 7.7 5.6 10.3 9.1 8.9 9.1 
Range 2-21 2-16 4-20 4-15 5-18 5-20 

samples, but the number would be insignificant. In most cases, Dory- 

teuthis plei were collected at 6 fathoms or deeper (Table 3). One was 

collected at 3 fathoms in February. They were most abundant during 

spring and autumn. 

GROWTH 

Lengths were taken from specimens collected during the diel trawl¬ 

ing in Aransas Bay. A growth curve for at least a portion of the life- 

cycle could be estimated from length-frequency data for species caught 

in large numbers. These estimates of growth are shown in Table 5 and 

Figs. 6 and 7. Data from 1964 and 1965 were combined and considered 

only by month of capture. Tide trap data {see Copeland 1965) was 

included for Micropogon undulatus and Cynoscion arenarius for June 

1964. To allow such pooling, it was assumed that growth rates of or¬ 

ganisms were similar in 1964 and 1965. Lane (1967), using a much 

larger sample from Aransas Bay, Aransas Pass and the Gulf of Mexico, 

found that the growth rate of midshipman {Porichtkys porosissimus) 

was the same for both years and that environmental conditions in 

Aransas Bay were similar during both years. The growth rate of the 

midshipman presented here is almost identical to that given by Lane 

(1967) which tends to support the combination of the two year’s data 

and perhaps speaks for the accuracy of the estimates for other species. 
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Table 5 

Growth of some organisms collected during the Diel Trawl Series (Oct. 1964 to Aug. 
1965). 

Length Length 

Increase Increase 

between per 

Species & Collec- Standard Length (mm) Sample dates week 

Figure Letter tion Date1 Mean Mode Range Size (mm) (mm) 

INVERTEBRATES: 

A. Loliguncula 18-19 Aug. 24 18-30 25 
0.7 
1.1 
1.3 
0.4 

bevis 20-21 Oct. 30 22-40 126 
u 

18 
14 
a 

8-9 Feb. 48 40-60 19 
29-30 Apr. 62 50-72 100 
18-19 Aug. 68 60-74 26 

0 

B. Trachypeneus 18-19 Aug. 34 24-42 58 
0.7 
0.3 
0.9 
1.1 
0.7 

similis 20-21 Oct. 40 32-48 52 
u 
A. 

8-9 Feb. 44 36-48 34 
T* 

10 
16 
a 

29-30 Apr. 54 44-64 86 
18-19 Aug. 70 66-72 4 
20-21 Oct. 76 68-80 8 

0 

C. Squilla 18-19 Aug. 54 44-68 64 
10 
10 
14 
16 

8 

1.1 
0.6 
1.3 
1.1 
0.9 

empusa 20-21 Oct. 64 52-76 117 
8-9 Feb. 74 64-80 34 

29-30 Apr. 88 72-100 155 
18-19 Aug. 104 96-112 5 
20-21 Oct. 112 104-120 8 

D. Callinectes 29-30 Apr. 24 16-40 169 
10 
8 

0.7 
0.9 

similis 18-19 Aug. 34 28-48 74 
20-21 Oct. 42 36-52 148 
8-9 Feb. 48 40-56 79 

b 

12 
20 

8 

0.4 
1.1 
1.4 
0.9 

29-30 Apr. 60 52-68 30 
18-19 Aug. 80 68-88 23 
20-21 Oct. 88 76-92 7 

E. Penaeus 29-30 Apr. 52 40-60 58 
22 

8 
10 
10 

1.6 
0.9 
0.6 
0.9 

duorarum 18-19 Aug. 75 60-88 175 
20-21 Oct. 82 72-92 188 
8-9 Feb. 92 84-100 28 

29-30 Apr. 102 96-112 72 

F. Penaeus 18-19 Aug. 72 60-84 33 
16 

c: 
1.8 
0.4 
2.7 

aztecus 20-21 Oct. 88 80-100 214 
8-9 Feb. 94 88-100 10 

0 
30 

29-30 Apr. 124 112-136 114 

G. Penaeus 20-21 Oct. 96 84-108 58 
14 
22 
24 
12 

0.9 
2.0 
1.7 
1.3 

setiferus 8-9 Feb, 110 108-116 5 
29-30 Apr. 132 120-144 13 
18-19 Aug. 156 136-168 60 
20-21 Oct. 168 156-172 5 
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FISHES: 

A. Anchoa 8-9 Feb. 
mitchelli 29-30 Apr. 

B. Brevoortia 8-9 Feb. 
patronus 29-30 Apr. 

20-21 Oct. 
29-30 Apr. 
18-19 Aug. 

C. Eucinostomus 18-19 Aug. 
gula 20-21 Oct. 

D. Bagre marinus 18-19 Aug. 
20-21 Oct. 

E. Galeichthys 18-19 Aug. 
felis 20-21 Oct. 

29-30 Apr. 
18-19 Aug. 

F. Cynoscion 8-9 Feb. 61.6 
nothus 29-30 Apr. 102.3 

G. Cynoscion 29-30 Apr. 
arenarius 8-15 June 

8-9 Feb. 
29-30 Apr. 
18-19 Aug. 

H. Leiostomus 29-30 Apr. 65.8 
xanthurus 18-19 Aug. 94.8 

20-21 Oct. 103.2 

I. Micropogon 8-9 Feb. 39.8 
undulatus 29-30 Apr. 61.9 

8—23 June 97.9 
18-19 Aug. 97.6 
20-21 Oct. 118.8 

J. Symphurus 8-9 Feb. 
plagiusa 29-30 Apr. 

18-19 Aug. 
20-21 Oct. 

39.9 29.5-57.5 82 
5.4 0.5 

45.3 33.5-65.5 203 

26.3 22-32 18 
3.7 

60.0 
33.1 

9.0 

0.4 
2.4 
1.2 
0.6 

30.0 
90.0 

123.1 

27-32 
77-92 

102-132 

4 
5 

20 
132.1 117-162 98 

52.5 32-72 56 
4.8 0.5 

57.3 42-77 90 

83.0 67-112 241 
18 2.0 

101.0 67-117 63 

42.0 37-42 12 
31.5 
40.8 
18.2 

3.5 
1.5 
1.1 

73.5 57-92 72 
114.3 105-145 22 
132.5 112-162 31 

47-72 
82-132 

42 
112 

40.7 3.6 

27.7 17-47 59 
29.7 4.9 

57.4 22-87 130 
67.5 52-97 11 

34.7 
39.9 

3.4 
2.5 

102.2 82-132 114 
142.1 92-167 195 

47-92 
77-107 
87-117 

213 
231 
124 

29.0 
8.4 

1.8 
0.9 

17-62 
32-102 

143 
211 

22.1 2.0 

67-127 
82-137 
97-152 

170 
239 
40 

36.0 
21.2 

5.1 
2.4 

57.8 39.5-79.5 69 
21.5 
12.4 
9.0 

1.9 
0.8 
1.0 

79.3 63.5-91.5 83 
91.7 71.5-111.5 197 

100.7 95.5-116.5 41 
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K. Ancylopsetta 

quadrocellata 

8-9 Feb. 
29-30 Apr. 
18-19 Aug. 

42.7 
81.0 

144.3 

32-52 
52-102 

122-157 

14 
88 
20 

38.3 
63.3 

3.4 
4.0 

L. Citharichthys 

spilopterus 

8-9 Feb. 
29-30 Apr. 
18-19 Aug. 
20-21 Oct. 

42.9 
47.6 
72.7 
80.0 

27.5- 71.5 
27.5- 63.5 
72.7-103.5 
71.5- 99.5 

67 
172 
200 
47 

4.7 
25.1 

7.3 

0.4 
1.6 
0.8 

M. Prionotus 

trihilus 

20-21 Oct. 
8-9 Feb. 

29-30 Apr. 
18-19 Aug. 

30.0 
46.3 
52.2 
91.8 

12-32 
32-67 
32-87 
72-122 

12 
7 

132 
46 

7.5 
15.7 
39.6 

0.5 
1.3 
2.5 

N. Porichthys 

porosissimus 

18-19 Aug. 
20-21 Oct. 
29-30 Apr. 
18-19 Aug. 

52.4 
65.0 

106.6 
120.0 

32-77 
57-82 
92-117 

117-122 

223 
12 
14 
4 

12.4 
41.6 
13.3 

1.4 
1.5 
0.8 

1 All October and June collections were made in 1964. February, April and August collections were 
made in 1965. All June collections were tide trap collections in Aransas Pass. Collections in all other 
months were made in Aransas Bay during the diel trawl series. 

Gear selectivity may be a limiting factor in evaluating our growth 

data. The possibility of larger organisms avoiding the trawl may in¬ 

fluence the upper end of the growth curve. The size of the trawl mesh 

prohibits the capture of small individuals, thus, influencing the lower 

end of the growth curve. 

Invertebrates 

The growth rates of the 7 most common species of invertebrates 

taken in the diel trawl series are shown in Fig. 6 and Table 5. The fast¬ 

est growth rates, in most instances, occurred during the spring (Feb¬ 

ruary through April). Except in the case of Loliguncula brevis, the 

slowest growth rates occurred during the winter (November through 

February). Loliguncula brevis grew at a slower rate during the sum¬ 

mer than during any other season; however, it is not clear whether 

this is real or because of the larger size during the summer. The size 

of L. brevis during the second summer may very well be near the maxi¬ 

mum size of the organism; thus, the growth curve for the squid pre¬ 

sented here may follow the normal growth pattern. 

Fishes 

Growth data for 14 species of fishes collected in the diel trawl sam¬ 

pling in Aransas Bay are presented in Fig. 7 and Table 5. Seasonal 

growth rates for fishes indicated no general pattern, which may, in 

part, be attributed to their migratory habits. For example, tide trap 
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Fig. 6. Estimates of growth of various invertebrates taken during the diel trawling in 

Aransas Bay. 

A. Loliguncula brevis E. Penaeus duorarum 

B. Trachypeneus similis F. Penaeus aztecus 

C. Squilla empusa G. Penaeus setiferus 

D. Callinectes similis 

Years are not necessarily considered consecutively. Spawning periods were based on informa¬ 

tion given in Hoese (1965), Lane (1967) or observations made by the authors. The sample 

size of any individual point varied between 4 and 241, but most were greater than 30 

(see Table 5). 
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Fig. 7. Estimates of growth of various fishes taken during the diel trawling in Aransas 

Bay. 

A. Anchoa mitchelli 

B. Brevoortia patronus 

C. Eucinostomus gu/a 

D. Bagre marinus 

E. Galeichthys felis 

F. Cynoscion nothus 

G. Cynoscion arenarius 

Tide trap collections were from Aransas Pass, 

Bay. See Fig. 6 for explanation. 

H. Leiostomus xanthurus 

I. Micropogon undulatus 

J. Symphurus plagiusa 

K. Anclyopsetta quadrocellata 

L. Citharichthys spilopterus 

M. Prionotus tribilus 

N. Porichthys porosissimus 

but all other collections were from Aransas 
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collections of Cynoscion arenarius and Micropogon undulatus (Fig. 

7 G and I) indicate that faster growing individuals of these species tend 

to leave the bay before the slower growing individuals; thus, leaving 

behind a population with smaller than average sized individuals. 

Discussion 

The faster growth rate, which was evident for most species of orga¬ 

nisms collected, during the spring and fall may be attributed to the 

more optimal environmental conditions present during those 2 seasons. 

The slow growth rate during winter is undoubtedly due to the harsh 

environmental conditions that prevail during that season (e.g.« abrupt 

changes in water temperature as cold fronts sweep across the shallow 

bay waters). Environmental conditions during summer are influenced 

by the higher than optimal temperature and salinity conditions that 

are prevalent in south Texas bays during mid-summer. Indeed, more 

species and greater numbers of individuals within a species are col¬ 

lected during the more optimal spring and fall than during the other 

seasons. 

Very few literature references are available for growth rates of or¬ 

ganisms in Gulf of Mexico coastal bays. Loesch (1965) reported growth 

rates for shrimp in Mobile Bay, Alabama, and listed the growth rates of 

shrimp in several other similar localities. Moffett (1961) reported the 

growth rate of Cynoscion nebulosus from bays in western Florida. In 

both cases the reported growth rates were faster than those calculated 

from our data. It should be noted, however, that the areas from which 

data were reported by Loesch and Moffett have more optimal environ¬ 

mental characteristics than the bays of south Texas (where salinity 

and temperature extremes often occur). 

CONCLUSION 

Certainly there is abundant evidence that comparisons of relative 

abundance of marine animals can be misleading without night col¬ 

lections. Usually this was a quantitative difference, but there were 

examples of species not found in our seasonal daytime study taken 

commonly at night during the 24-hour study. 

The data also give some idea of the probability of obtaining accurate 

counts with few collections. This is dependent on the species, season, 

and perhaps other factors, but many of the catches are remarkably 

similar over a long period. Noteworthy was the catch of white shrimp 

in October when the same numbers were taken at the end as the be- 
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ginning of a 24-hour period although we fished the same general area 

(true of all collections) and a commercial fleet was fishing at the same 

time. 

Unfortunately, seasonal differences cannot always be separated from 

local conditions prevalent during a particular day. It would seem that 

the necessity of trawling at night in order to obtain the most accurate 

catch data is most necessary under clear conditions, usually necessary 

during conditions most prevalent in the study area, and least necessary 

during very turbid conditions. 
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On a Unique Earthworm Species native to Texas1 

by G. E. GATES 

Zoology Department 

University of Maine, Orono:. Maine 04473 

ABSTRACT 

The hologyny of Diplocardia sandersi at first could have been in¬ 

terpreted as an individual aberration because the species was originally 

known only from the hole type. Subsequent examination of topotypical 

individuals showed that this explanation was incorrect. Although the 

hologyny, unique among amphimictic Group II megadriles, was then 

assumed to be specific, only now has confirmation been provided. 

INTRODUCTION 

Several species of the Haplotaxidae, an oligochaete family some¬ 

times classified with aquatic microdriles rather than with megadrile 

earthworms, have 2 pairs of ovaries, in segments xii and xiii. Associated 

therewith are 2 pairs of oviducts and 2 pairs of external female pores. 

This condition, known as hologyny, according to the classical system 

of the Oligochaeta (cf. Stephenson, 1930), characterized the ancestor 

of all earthworms. Because of the absence of the anterior pairs of fe¬ 

male organs (metagyny) in group II megadriles, the loss presumably 

was incurred early in evolution of the familiar earthworm families. 

Accordingly, Enantiodrilus borellii Cognetti, 1902, was thought to be 

“very remarkable” (Stephenson, 1930, p. 897) because of its hologyny. 

That condition was deemed so important by Michaelsen (1918) that, 

in his phylogeny, he placed Enantiodrilus at the base of glossoscolecid 

evolution and derived the family directly from the extant Haplo¬ 

taxidae. Persistence for so long of a primitive ancestral character was 

unacceptable to Stephenson even though he believed the reproductive 

system was the most resistant to evolutionary change of all oligochaete 

systems. 

Recent study of available data (Gates, 1958) enabled recognition of 

the fact that E. borellii was not a species (at least according to the New 

Systematics) but, as known, comprised only parthenogenetic and 

probably amictic morphs. 

1 From research financed by the National Science Foundation. 
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Diplocardia sandersi, originally described from a single specimen, 

appeared from available evidence to be amphimictic and so just as re¬ 

markable as E. borellii once had been thought to be. Of course the 

single individual could have been aberrant but that was contraindicated 

(Gates, 1958) by additional specimens from the same site as the holo- 

type. Conditions in those worms also seemed to require assuming that 

reproduction was amphimictic and obligatorily so. 

Now, some 12 years after first publication, but only as a result of 

fortuitous collecting, it is possible to show that D. sandersi is more than 

a small, isolated, and rather aberrant taxon. 

Diplocardia sandersi 

1955. Diplocardia sandersi Gates, Bull. Mus. Comp. Zool. Harvard 

College, 113, p. 247. (Type locality, Dallas, Texas. Type, in 

the Mus. Comp. Zool. Harvard College.) 

1958. Diplocardia sandersi, Gates, American Mus. Nat. Hist. No¬ 

vitiates, No. 1886, pp. 1-5. (Dallas). 

TEXAS 

Dallas County. Dallas, February 1949, 1-0-0. April 1949, 1-0-0. 

November 1957, 0-0-2. Without date, 0-1-0. Ottys Sanders. Duncan¬ 

ville, lawn of W. E. Armstrong farm, Cedar Ridge Road, near a fence 

where numerous tufts of grass were present (“worms seemed to be 

more concentrated around the roots of grass”), January 6, 1967, 0-0-2, 

February 18, 1967, 0-1-4. James M. Earhart. 

Erath County. Chalk Mountain, November 9, 1957, 2-0-0. Ottys 

Sanders. 

Victoria County. 0-4-1 (U. S. Natl. Mus. No. 57463). Victoria, in 

rotten log, river bottom, January 5, 1915, 0-0-1. January 16, 1915, 

0-0-1. J. D. Mitchell. (U. S. Natl. Mus. Nos. 16627 and 57899). 

Walker County. Huntsville, grounds of Sam Houston Home, Feb¬ 

ruary 1951, 1-0-0. Dorothy Breslin per S. R. Warner and O. Sanders. 

External characteristics. Length, 183-199 mm (relaxed, Duncan¬ 

ville). Segments, 163-195 (Duncanville). Each presetal and postsetal 

secondary annulus, through a considerable portion of postclitellar part 

of the body, often has a tertiary furrow that in some conditions seems 

to be as deep as the secondary as well as the primary furrows. When 

setae are deeply retracted and dorsal pores are unrecognizable such 

furrowing makes segment counting difficult. Pigment (older worms), 

yellowish brown, now is recognizable to the unaided eye only in some 



UNIQUE EARTHWORM SPECIES NATIVE TO TEXAS 63 

February specimens (Duncanville) and in formalin-preserved Dallas 

material. Density, in one of the latter, is so great that the dorsum of 

ii-xvii seems black. Posteriorly the pigment is recognizable only in 

much more sparsely distributed flecks except near the hind end where 

the brown color again becomes more obvious. Although apparently al¬ 

ways lacking in a circular area centered around a nephropore, the pig¬ 

ment does seem to be denser immediately peripheral to such areas thus 

enabling recognition of nephropore sites even though the pores usually 

are closed so as to be indistinguishable. Prostomium, epilobous (5 speci¬ 

mens) , tongue closed (4), open (1), tanylobous (3) and with a median 

groove in tongue extending beyond anterior margin of peristomium. 

Peristomium, soft, with numerous rugosities. Because of the wrinkling, 

prostomial characters as just stated may be of little systematic im¬ 

portance. 

Nephropores, as openings actually unrecognizable though sites may 

be obvious, in ii above D at a distance about equal to CD, in iii and pos¬ 

teriorly, as far as and whenever indicated, in a regular rank on each 

side slightly above D. First dorsal pore, at 11/12 (2), 12/13 (4), 19/20 

(1)‘ 
Male pores, not previously recognized, each on a very small tubercle, 

in a seminal groove, at or slightly behind level of 18/19. Female pores, 

both in xiii and xiv, were open indicating all oviducts were functional. 

Seminal grooves of an aclitellate adolescent (Dallas) were repre¬ 

sented only by rather broad, longitudinal bands of greyish epidermal 

translucence just lateral to A. Ventral setae in xviii-xx, excepting a on 

one side of xx, of that worm already had been dehisced and follicle 

apertures had become unrecognizable. The bands, in later stages had 

lost their translucence and now were depressed as grooves even before 

epidermal tumescence of the male field was marked. The grooves, 

wider than in other genera and hence sometimes called seminal gutters 

in diplocardias, were at or slightly lateral to' A. Though not quite 

straight no special shape is characteristic. Each groove of several speci¬ 

mens narrowed to a pointed apex at equators of xviii and xx. 

The posterior thirds of xvi (once) and each of xvii, xx (Duncanville) 

are markedly tumescent beyond B on each side but without definite 

boundaries. A transversely elliptical area of epidermal translucence 

was recognized in AB of the 3rd secondary annulus on each side of the 

named segments but only after staining with picric acid solutions. A 

tumescence or genital marking (2, Dallas) o-bliterated 10/11 in A A. 

Clitellum, almost annular, xii/eq, xiii, xiii/eq-xviii, xix/eq, xix, or 

including in xii or xiii the last or the last 2 secondary annuli. The quali¬ 

fication as to a saddle-shape is required because the ventrum. appears 
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also to be thickened though not as much as the dorsum. Clitellar colora¬ 

tion is lacking in AA or BB of xii, in transversely elliptical, distinctly 

demarcated, presetal areas enclosing female porophores of xiii and xiv, 

in small postsetal triangular areas of xii and xiv with apices at 13/14 

and 14/15, in an irregular but narrow longitudinal band at mV 

through xv-xvi and an anterior portion of xvii. Posteriorly in xvii and 

through xviii, or xix the coloration is recognizable only down into BC. 

The dark red color, on a few specimens, is a preservation artifact. 

Internal anatomy. Longitudinal muscle band at mD, seemingly nar¬ 

row relative to size of the worm, often recognizable only just in front 

of and just behind septa, unrecognizable in front of 12/13. Circular 

muscle layer, of some specimens could be pulled away from the clitel- 

lum without removing the brown pigment. 

Gizzards, 2, in v-vi (7 specimens). Esophagus, considerably widened 

and markedly moniliform in x-xiii, also moniliform but narrower in 

xiv-xv, valvular in xvi, and anteriorly in xvii. Ridges on the inner 

wall, not lamelliform, one on floor at mV in xii-xvi sometimes higher 

than the others. Intestinal origin, in xvii (7), the portion in xvii some¬ 

times strongly contracted and then only about twice the thickness of 

the esophageal valve, and half or less the thickness of the section in 

xviii. Such a condition may have been responsible for concluding 

(Gates, 1955) that intestinal origin of the type was in xviii (or was 

the “xviii” an undetected typographical error?). Typhlosole, begin¬ 

ning in the region of xx-xxiv, simply lamelliform, sometimes reaching 

a height of 1-1.25 mm, rudimentary behind the 70th, 77th and 82d, 

unrecognizable behind in 122d, 103d, and 123d of 165, 195 and 163 

segments respectively. 

Dorsal blood vessel, single (one exception). Hearts, last pair in xiii 

(7). 

Nephridia, avesiculate, of usual simple sort, on parietes in BD. 

Spermathecae, of medium size, reaching to level of dorsal face of gut. 

Diverticulum, of a flat discoidal shape, often pointed at each end, verti¬ 

cally placed, reaching to or onto ampulla, opening by a single ental 

passage into duct lumen near ampulla. Sperm contanied therein are in 

3 to 8 or more chambers. The diverticulum most often seems to be on 

the lateral side of the duct but occasionally appears to be on the median 

face. A membrane always passes from diverticulum to posterior face 

of the septum in front. During development the diverticulum may arise 

on anterior face of the duct but, as a result of some later torsion, be¬ 

comes seemingly lateral or median. Number of diverticular chambers 

varies considerably and with larger numbers or greater pressure 
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exerted by larger sperm masses shape may be considerably modified. 

Many diverticula seemed to be sessile but others did have a short stalk. 

Invariation was found only with respect to ental location of diverticu¬ 

lum on the duct. Ovaries, fan-shaped, each with several egg strings. 

Reproduction. Sperm are aggregated on male funnels of November 

specimens and also were present in spermathecal diverticula. Retention 

of male gametes on funnels and in spermathecae through a period of 

summer quiescence is unlikely. Presumably then, copulation had been 

recent. Clitellar development of Victoria specimens indicates sexual 

maturity in January, Breeding, if climatic conditions permit, may 

then continue (cf. Gates, 1958, p. 1, 4) from November through 

March, rather than just through February-March. 

Distribution. New records from 3 additional counties, though few, 

are for rather widely separated sites indicating the presence of D. 

sandersi throughout much of the eastern half of Texas. 

Abnormality and Variation. The single exception to the simplex con¬ 

dition of the dorsal trunk was provided by a specimen in which the 

vessel was doubled only in xiv. 

Spermathecal pores of one Dallas worm quite obviously were median 

to A. 

The middle left spermatheca of another Dallas worm has 2, opposite 

diverticula, one with 3 lobes or chambers, the other with 7. 

Remarks. The short account above (cf. previous descriptions) pri¬ 

marily is to provide data re intraspecific variation and invariation of 

characters likely to be of systematic importance at one hierarchical 

level or another. Such information is much needed because of the pre¬ 

vailing uncertainty as to species delimitation in the genus Diplocardia. 

DISCUSSION 

Is the hologyny of D. sandersi primitive or secondary? Michaelsen’s 

belief (1918) that it was primitive now seems unlikely if only because 

of its great rarity and the necessity for its retention during a presum¬ 

ably long evolutionary period in which all of Group II megadrile fami¬ 

lies evolved. 

The ancestral oligochaete, according to the classical phylogeny (cf. 

Stephenson, 1930), had 4 pairs of gonads associated with 4 pairs of 

funnels and gonoducts, the testes being in segments x-xi (holandry) 

and the ovaries in xii-xiii (hologyny). Evolutionary changes in such 

a battery were limited, if reproduction is to remain amphimictic with 

retention of characteristic megadrile bilaterality, to deletion of one or 

the other pair of testes and/or ovaries. An octogonadal battery may not 
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have been primitive in the early evolution of earthworms. That thesis 

is developed elsewhere and needs no further mention here. However, it 

is a fact that no evidence has been acquired, during the last century, 

to indicate that number of gonads now is becoming greater than 4 pairs 

or even has been recently increased in amphimictic megadrile taxa. 

Number of testes, also of ovaries, can be increased by inducing head 

regeneration at appropriate levels in several species of 2 earthworm 

families but the increase is not inherited. 

Reduction in number of male gonads not only has taken place very 

recently but still is under way in various species. Testes of x or of xi, 

for example in an oriental octochaetid genus Eutyphoeus Michaelsen, 

1900, are now disappearing or were lost only recently. Proof is pro¬ 

vided by good series of intraspecific intermediate stages between func¬ 

tional organs and total absence: Testes present throughout adult life 

but remaining in a juvenile, discoidal stage so that therefrom no sperm 

are matured. Testes of decreasing size until in adults no vestiges are 

recognizable. Even after male gonads have become macroscopically un¬ 

recognizable a pair of fully plicate male funnels may be developed in 

the appropriate segment and from such funnels there pass posteriorly, 

to external apertures, seemingly normal ducts. From that condition to 

total absence, series of increasingly rudimentary stages were found. 

The proandric (deletion of testes in xi) and metandric (deletion of 

testes in x) reductions, for bilaterally symmetrical animals such as 

earthworms now seem to be, are terminal. Viable exceptions are possi¬ 

ble only with parthenogenetic reproduction. Then, of course, the single 

remaining pair can be deleted. The metagynous reduction, charac¬ 

teristic of all earthworms except sandersi, likewise is terminal. Further 

evolution in the female section of the gonadal battery is possible only 

by a reversal of long continued past trends. 

Presence of rudimentary gonads (presumably ovaries) in segment 

xii of embryos (several species of at least 2 megadrile families) shows 

that the families involved did have a hologynous ancestry. If sandersi 

hologyny is not primitive it must have been attained as a result of a 

reversal of a trend that had been almost universal throughout mega¬ 

drile oligochaetes. Is then, the hologyny a return to a previously lost 

ancestral condition? The question is of some importance as the answer, 

in the past, sometimes has been a categorical “No.” 

Embryonic gonads, as already noted, are formed in segment xii in 

some of the very few metagynous species in which embryology has 

been studied. The phenomenon (transitory hologyny) may well prove 

to be common as additional taxa are studied. Furthermore, such gonads 

have developed into ovaries that persisted through adolescence into 
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adult stages in occasional individuals of several common lumbricid 

species. The hologyny, in such instances, usually is not functional as 

female funnels and oviducts are not developed in segment xii. Even if 

ova are completely matured (which is unrecorded) they cannot get out 

of the body. Furthermore, parthenogenesis has allowed, in morphs of 

several megadrile species, retention of gonads in xii and their develop¬ 

ment into mature ovaries. Finally, 2, 3, 4, or more pairs of ovaries have 

been developed in head regenerates. Associated with each such pair are 

2 funnels and oviducts. The hypergyny is completely functional. 

Clearly deletion of a pair of gonads, whether male or female, need 

not be an all or none (all at once) process. Gonads, during embryo- 

genesis, just as during some long distant past, are laid down in each of 

somites x-xiii. At some subsequent time, growth of the anlage ceases in 

one or another of the 4 metameres, usually to be followed eventually 

by abortion. In an occasional individual of various species, inhibition 

of future development is relaxed but not sufficiently early to enable 

induction of funnel and oviduct development. In sandersi, however, 

relaxation not only is complete but now seems to have become heredi¬ 

tary throughout a fairly widely spread species. 
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ABSTRACT 

Rodents were trapped during June and November, 1965, on 

shredded, roller chopped, scalped, root plowed, root plowed and raked, 

and untreated areas on the Welder Wildlife Refuge, Sinton, Texas. 

Trapped rodents were noted as to trap type, brush plot, species, age 

class, and sex and removed from the area. 

The root plowed area produced the most favorable cover and the 

largest number of rodents trapped on any one area. The pygmy mouse 

was the most abundant species on all areas during both trapping pe¬ 

riods. The total number of rodents trapped was 418 in June and 175 in 

November, Adults were only 10.0% more numerous than subadults in 

June, but almost all rodents were adults in November. Females were 

significantly more numerous than males in June, but not in Novem¬ 

ber. 

INTRODUCTION 

Rodents and other small mammals are part of all range ecosystems. 

The presence of these animals can often influence the type of vege¬ 

tation that will occupy a range site and have a significant effect on soil 

properties. Conversely, the type of vegetation and soil can influence 

the species and population size of rodents. This study reports the rela¬ 

tive numbers and species of rodents found on several areas of south 

Texas rangeland where different mechanical brush control treatments 

were employed. 

Successional changes in a plant community are often accompanied 

by associated changes in the rodent species and numbers present. Be¬ 

cause of their preference for plants in a lower stage of succession, cer- 

1 This publication is contribution No. 110, Welder Wildlife Foundation, Sinton, 

Texas 78387. 

2 Present address: Department of Range Management, Colorado State University, 

Fort Collins, Colorado 80521. 
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tain rodents, such as Merriam kangaroo rats, Dipodomys merriami 

(Reynolds, 1950), white throated woodrats, Neotoma albiqula (Vorhies 

and Taylor, 1940) and pocket gophers, Geomys spp. (Phillips, 1936) 

are held at low population levels when ranges are in high successional 

stages. Other species such as cotton rats, Sigmodon hispidus (Phillips, 

1936) and pocket mice, Perognathus spp. (Reynolds and Haskell, 

1949), prefer and attain greater numbers in the higher stages of plant 

succession if dense cover is present. 

Arata (1959) stated that cotton rats were driven from a midwinter 

bum in north-central Florida because of their affinity for grassy 

cover, but Peromyscus did not appear to be affected. Burning also re¬ 

duced rodent numbers on a study area in Colorado County, Texas, be¬ 

cause of a reduction in plant cover (Baker, 1940). Stoddard (1932) 

reported that cotton rats were so dependent on heavy grass cover that 

they could be controlled satisfactorily by periodic removal of the grass 

mat by burning. 

METHOD AND PROCEDURES 

Rodent numbers were sampled on 5 different brush treated areas 2 

years after brush control measures described by Box and Powell 

(1965): shredding, roller chopping, scalping with a KG blade, root 

plowing and root plowing with raking. For a control, an untreated 

area was sampled. All areas were adjacent 20-acre blocks on the 

Welder Wildlife Refuge, San Patricio County, Texas. The Refuge is 

located in the Gulf Coast Prairies and Marshes (Gould, 1962) and in 

the northern portion of the Tamaulipan Biotic Province (Blair, 1950). 

The vegetation prior to treatment was chaparral-bristlegrass (Box 

and Chamrad, 1966). Soils were a typical grumosol, Victoria clay 

(Box, 1961). 

Brush control treatments were applied in 1963. At that time, the 

vegetation was uniform, but the treatments created 6 distinct plant 

communities differing in brush cover and composition (Table 1) and 

herbage production and composition (Table 2). In 1965 the untreated 

area consisted of dense, thorny, bmsh mottes over 50% of the area 

with open, grassy areas between bmsh mottes. Herbaceous plants 

grew well in the open areas around the edges of the brush mottes, but 

very little herbaceous vegetation grew under the thick cover of the 

bmsh mottes. 

Shredded and roller chopped areas had low, but dense, stands of 

brush regrowth. Shredding removed all brush cover at the time of 

treatment, but roller chopping left about 30% of the existing bmsh 



BRUSH CONTROL TREATMENTS IN SOUTH TEXAS 71 

Table 1 

Percentage composition and total brush cover of woody species on brush control areas. 

Speceis u S RC KG RP RPR 

Acacia farnesiana 4.6 15.6 11.6 12.4 11.5 26.8 

Acacia rigidula 2.5 14.0 8.6 11.9 1.7 5.0 

Acacia tortuosa 1.0 1.8 1.3 T 

Berberis trifoliolata 2.5 4.5 2.7 T T T 

Celtis pallida 1.2 3.6 8.8 1.9 1.7 6.3 

Condalia obovata T 3.3 2.4 3.7 1.1 2.7 

Condalia obtusifolia 1.5 1.2 1.0 4.3 T 8.5 

Diospryos texana T T T T T 2.2 

Lycium berlandieri T T T T T 

Opunlia leptocaulis 3.1 T T 24.6 T 

Opuntia lindheimeri 1.4 1.1 2.9 T 33.2 15.0 

Prosopis glandulosa 79.0 50.6 55.5 59.6 17.2 5.0 

Prosopis reptans T 1.5 1.5 3.7 3.3 25.6 

Zanthoxylum fagara 1.1 1.9 1.7 T 1.6 2.7 

TOTAL BRUSH 

COVER 48.6 30.0 27.5 19.2 6.2 3.0 

U—Untreated, S—Shredder, RC—Roller Chop, KG—KG Blade, RP—Root Plow, RPR—Root Plow and 
Rake, ...—Not Present, T—Less than 1.0%. 

cover. Thick stands of bunchgrasses grew vigorously where brush 

mottes had been shredded or chopped. 

Scalped, root plowed, and root plowed and raked areas were some¬ 

what similar in that each of the 3 treatments caused a soil disturbance. 

Soil disturbance decreased climax, perennial grasses and increased 

annual invaders and “weedy” perennials (Powell, 1966). These areas 

also had less brush cover in 1965 than the areas with relatively un¬ 

disturbed soil. 

Scalping with a KG blade removed most of the litter from the area, 

and most of the area in 1965 was covered by standing vegetation only. 

Forbs were abundant on scalped areas, but most of the forbs present 

were tall with very little foliage near the ground. The brush plants 

were scattered and also had little foliage near the ground. 

Herbaceous litter was greater on root plowed and raked areas than 

on scalped areas, but brush litter was absent. Most of the forbs were 

tall and similar to those on scalped areas. 

Root plowed areas differed from scalped and root plowed and raked 

areas by having a considerable amount of litter from uprooted brush 

plants and the previous year’s herbaceous plants. The soil surface of 

root plowed areas was rough and broken as compared to the relatively 

smooth, unbroken soil surface of the other brush control areas. Thick 
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Table 2 

Percentage composition and production of herbaceous vegetation on brush control 

areas. 

Speceis u s RC KG RP RPR 

GRASSES 
Andropogon saccharoid.es 3.9 9.9 3.6 T 1.2 
Aristida roemeriana T 2.0 3.9 T 
Buchloe dactyloides 19.8 25.4 21.9 8.5 8.8 1.6 
Chloris verticillata 2.0 2.3 T 
Cynodon dactylon 6.8 
Digitaria insularis T 1.3 
Eragrostis lugens 5.3 2.3 6.6 6.1 3.2 2.1 
Eriochloa sericea 2.3 5.3 
Hilaria belangeri .1.4 4.2 
Leersia monandra T 1.6 1.1 
Leptochloa nealleyi 1.5 15.6 3.1 
Panicum filipes 3.2 4.9 5.7 7.4 3.1 
Panicum obtusum 2.8 T 5.7 1.2 3.4 
Paspalum publiflorum 5.0 2.3 4.4 2.0 3.4 
Setaria geniculata 2.7 2.0 7.4 2.7 2.7 
Setaria leucopila 13.1 22.4 19.1 8.2 25.8 10.4 
Sporobolus asper 3.5 T T 1.7 
Sporobolus pyramidatus T 2.1 
Stipa leucotricha 4.5 6.3 4.8 3.2 1.7 3.8 
Tridens albescens 1.9 T T 2.1 T 

FORBS 
Ambrosia psilostachya 2.7 1.6 2.2 28.6 2.6 44.3 
Aster subulatus T 2.3 1.1 2.4 T 3.2 
Commelina erecta 7.2 T T 1.2 T T 
Desmanthus virgatus T 1.0 T 1.2 1.2 T 
Phyla incisa 1.8 1.1 
Ruellia runyoni 4.0 4.0 2.2 T 3.2 1.9 
Verbesina microptera 1.8 1.4 
Xanthocephalum texanum 2.7 5.0 2.5 7.0 32.7 2.7 

LB/ACRE 
GRASS PRODUCTION 830 1190 1660 715 915 830 
FORB PRODUCTION 250 220 240 530 805 1070 

U—Untreated, S—Shredder, RC—Roller Chop, KG—KG Blade, RP—Root Plow, RPR—Root Plow and 
Rake, —Not Present, T—Less than 1.0%. 

stands of grass were locally abundant around uprooted brush plants 

and large cacti plants. 

Rodents were trapped on each brush treated area and the untreated 

area on June 8, 9, 10, and 11 and again on November 22, 23, 24, and 

25, 1965. Twenty-five Sherman, live traps and 25 museum special 

snap traps were used each night on each area. Live and snap traps 
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were placed alternately 50 feet apart in 5 rows of 10 traps each. Total 

trap nights amounted to 400 for each area, 1200 for each period, and 

2400 for the year. 

Traps were set each afternoon using peanut butter in snap traps and 

commercial, rolled oats horse feed in live traps. Each morning trapped 

rodents were noted as to trap type, brush plot, species, sex, and age 

class and removed from the area. 

RESULTS AND DISCUSSION 

Rodents were significantly (P < 0.05) more abundant on root 

plowed and roller chopped areas than on untreated areas during both 

trapping periods (Table 3). Also, during both periods, rodents were 

significantly less abundant on scalped and root plowed and raked areas 

than on the untreated area. The shredded area was the only area 

which was not consistent with respect to relative rodent numbers for 

each period. Total rodents trapped were more on the shredded area 

than on the untreated area in June, but fewer in November. 

Cover, rather than food supply, appeared to be the determining 

factor in the relative numbers of rodents on each brush control area. 

During both trapping periods, the greatest number of rodents were 

trapped on the root plowed area, and the least number on the root 

plowed and raked area. These 2 areas had much the same type of 

herbaceous vegetation. However, root plowed and raked areas had very 

little woody cover as compared to the numerous cacti plants and up¬ 

rooted brush tops on the root plowed area. Although grass production 

was not as great on root plowed areas as on shredded and roller 

chopped areas, thick stands of large seeded, plains bristlegrass {Setaria 

leucopila) grew around and under the cacti plants and uprooted brush 

tops on the root plowed area. Raun and Wilks (1964) also found that 

microhabitat preferences of pygmy mice (Baiomys taylori taylori) 

were readily apparent, and that, in the pricklypear-short grass com¬ 

munity, pygmy mice were most frequently found near the margins 

and interspaces of cactus clumps. 

Not all species of rodents were most abundant on the root plowed 

area. In June 9 cotton rats were trapped on the untreated area, and the 

only other cotton rat trapped during the study was found near a thick 

brush motte on the roller chopped area. 

There was no significant difference (P > .05) between the total 

number of rodents caught in live and snap traps in either period. How¬ 

ever, interaction between age class and trap type was significant in 

June. More adults were found in snap traps (125) than in live traps 

(109), but more subadults were found in live traps (123) than in 
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Table 3 

Numbers and species of rodents by trap type on brush control areas in June and 
November, 1965. 

Species 
U Sh RC KG RP RPR Total 

L s L s L s L s L s L s L s 

June 8-11 
Baiomys taylori 28 34 38 44 44 33 40 18 49 40 25 15 221 184 
Sigmodon hispidus 9 0 0 0 1 0 0 0 0 0 0 0 10 0 
Peromyscus leucopus 0 0 0 0 0 0 0 0 0 0 1 1 1 1 
Reithrodontomys 

fulvescens 0 0 0 0 0 0 0 0 0 1 0 0 0 1 

Subtotals 37 34 38 44 45 33 04 18 49 41 26 16 232 186 

Total 71 c 82d 8 7d 58b 90e 39a 1 418 
November 22-25 

Baiomys taylori 8 16 13 9 14 17 8 12 25 23 5 15 73 92 
Peromyscus leucopus 1 0 0 0 0 0 0 0 1 0 0 0 2 0 
Reithrodontomys 

fulvescens 0 2 0 0 0 1 0 1 1 0 0 0 1 4 
Perognathus hispidus 0 0 0 0 0 0 0 0 1 0 0 0 1 0 
Neotoma micropus 0 0 0 0 0 0 0 0 1 0 0 0 1 0 
Mus musculus 0 0 0 0 1 0 0 0 0 0 0 0 1 0 

Subtotals 9 18 13 9 15 18 8 13 29 23 5 15 79 96 

Totals 27 •b 22a 33c 21a 52d 2C lal 175 

1 Those totals within the same trapping period followed by a different letter are significantly (P<0.05) 
different; those followed by the same letter are not significantly different. 
U—Untreated, Sh—Shredder, RC—Roller Chopper, KG—KG Rlade, RP—Root Plow, RPR—Root Plow 
and Rake, L—Live Trap, S—Snap Trap. 

snap traps (61). Cotton rats were found only in live traps. It is un¬ 

likely that the small snap trap could kill or hold a cotton rat and sev¬ 

eral may have escaped. Interaction between species, trap type, and 

brush plot was reduced by placing equal numbers of live and snap 

traps on each brush control plot. 

Rodents were significantly (P < 0.01) more abundant in June than 

in November. In June 418 rodents were trapped, whereas only 175 

were trapped in November. Pygmy mice were more abundant than 

other species during each period. The relative numbers of other species 

trapped were small compared to the large number of pygmy mice. 

There was no significant difference between rodent numbers and trap¬ 

ping nights within the same period. 

A difference in reproduction during the two periods was indicated 

by the difference in numbers of young for each period. In June 55.5% 
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of the rodents were adults and 44.5 % were subadults. About % of the 

subadults appeared to be very young and possibly unweaned. In No¬ 

vember 97.0% of the rodents were adults. Only a few rodents appeared 

to be lactating at this time. 

More females, 54.9%, than males, 45.1%, were trapped in June, 

and more males, 56.0%, than females, 44.0%, were trapped in No¬ 

vember. Differences were significant (P < .05) in June, but not in 

November. Raun and Wilks (1964), while studying the natural his¬ 

tory of pygmy mice on the Welder Wildlife Refuge, found that fe¬ 

males outnumbered males in only one month, July, which was re¬ 

ported to be a period of relative low reproductive activity. 

Interaction between sex and brush plot was significant (P < .05) in 

November. The sex ratio was about equal on most brush control plots, 

but of the 52 rodents trapped on the root plowed area, 37 were males 

and 15 were females. 

Raun and Wilks (1964) also reported that nursing young of pygmy 

mice were apparently detached from the mother’s teats for short 

periods while the mother forages, rather than the young remaining 

attached until weaning as proposed by Blair (1941). On 5 occasions in 

my study 2 pygmy mice were caught at the same time in the same live 

trap. In each case one was a lactating female and the other a young 

subadult. This indicates that unweaned young may accompany the 

mother while she forages. 

SUMMARY AND CONCLUSIONS 

In June and November, 1965, rodents were trapped for 200 trap 

nights on each of the 5 brush treated areas and on one untreated area. 

Trapped rodents were identified as to species, aged, sexed, and re¬ 

moved from the area. 

More rodents were trapped on the root plowed area than on any 

other treated area or the untreated area. This was largely due to more 

favorable cover on the root plowed area. Pygmy mice were consid¬ 

erably more numerous than any other species, making up 97. 7% of 

the total rodents caught in June and 94.0% of the total number caught 

in November. The cotton rat, found only near dense cover, was the 

next most abundant species. 

The total number of rodents trapped in June was 418 and the total 

in November was 175. The relative number of rodents trapped on each 

area remained in about the same proportion for both periods. There 

was no significant difference between the number of rodents trapped 

on different nights during the same period. There was no significant 

difference between the total number of rodents trapped with live and 
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snap traps in either period, but, in June, significantly more subadults 

were trapped with live traps than snap traps. 

Adults were about 10.0% more numerous than subadults in June, 

but almost all rodents were adults in November. Significantly more 

females than males were trapped in June. More males than females 

were trapped in November, but the difference was not significant. 
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ABSTRACT 

The acid extraction of homogenized stomach tissue from Rana 

catesbeiana yielded a highly active pepsin extract. Data are presented 

on the enzymatic properties of the extract with regard to the effects of 

pH, enzyme and substrate concentration, time of incubation, thermal 

stability, reducing or sulfhydryl agents, and metal compounds on the 

rate of hemoglobin hydrolysis. Slight activation of enzyme activity 

was observed with low concentrations of HgCL, The extract was also 

capable of catalyzing the hydrolysis of carbobenzoxy-L-glutamyl-L- 

tyrosine. 

INTRODUCTION 

In contrast to the significant amounts of quantitative information 

that has been collected on pepsin from mammals, little qualitative and 

quantitative data are available from amphibians and other cold¬ 

blooded animals. It was therefore of interest to examine the catalytic 

properties of pepsin from the bullfrog, Rana catesbeiana, and compare 

it to pepsin from mammalian sources. 

Some of the early studies of frog pepsin were concerned with stimu¬ 

lation of secretion of the enzyme (Keeton, et ah, 1920; Popielski, 1929; 

Friedman, 1934; Smirnoff, 1922) while others dealt with proteolyitc 

digestion by gastric fluids. Muller (1922) determined frog pepsin ac¬ 

tivity on fibrin-gels and found the optimal temperature of the enzyme 

to he about 40° C. From this study, Muller suggested that frog pepsin 

possessed properties similar to pepsin from warm-blooded animals. 

In a study of the secretion of pepsin in Rana esculenta and Rana 

temporariav Cromback, et ah (1958) used small sponges to absorb the 

gastric juices which were secreted by the stomach. Proteolytic activity 

was determined by the use of casein and edestin as substrates at pH 

1 This work was supported in part by a grant for organized research from the 

State of Texas. 

2 Present address: Truett Laboratories, Dallas, Texas 
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values of 1.9-2.2. Other qualitative procedures for the detection of 

proteolytic activity in the frog have also been outlined by Holmes 

(1955). 

MATERIALS AND METHODS 

Extraction of the Enzyme. Specimens of Rana catesheiana (col¬ 

lected near San Marcos, Texas) were subjected to a starvation period 

of 5 days after the time of collection in order to insure that the stom¬ 

achs would be free of food materials. The animals were sacrificed by 

decapitation and the stomachs removed, opened, and placed on ice. 

The gastric juices were carefully retained with the stomach tissue. 

Eighty-five g. of stomach tissue were then homogenized in a blender 

containing 200 ml. of C02-free glass-distilled water. The pH of the 

suspension was measured and found to be 6.2. An equal volume of 0.12 

TV HC1 was added to the tissue suspension and stirred with the blendor 

for about 4 minutes. A semi-clear extract (pH 2.0) was obtained by 

centrifugation of the tissue suspension at 600 X G. for 30 minutes. Ex¬ 

tracts which were not used immediately for experimentation were 

stored at —10° C. 

The concentration of protein in the pepsin extract was determined 

by the colorimetric method of Lowry, et al. (1951). This procedure 

was standardized with bovine serum albumin. 

Measurement of Proteolytic Activity. The determination of proteo¬ 

lytic activity was achieved by following a modification of the 

denatured-hemoglobin digestion method of Anson (1938). A standard 

hemoglobin solution containing 7.0 g./lOO ml. of protein was prepared 

from fresh swine blood as outlined by Anson (1938). The hemoglobin 

preparation was diluted with an amount of 0.06 N HC1 which would 

yield a 2% protein solution with a final pH of 2.0. For the measure¬ 

ment of the effect of hemoglobin concentration on proteolysis the sub¬ 

strate was denatured by the dropwise addition of 2.0 ml. of 3.0 /V HC1 

to 98 ml. of standard hemoglobin solution which was then diluted to 

the desired concentration with glass-distilled water. In studies in¬ 

volving the effect of pH on the rate of proteolysis, the denatured hemo¬ 

globin substrates were dissolved in 0.2 M HC1-KC1 (pH of 1.4 and 2.1) 

and 0.2 M citric acid-phosphate buffers (pH 3.5). The buffers were 

prepared as outlined by Gomori (1955). 

For the enzyme assay, 5.0 ml. of hemoglobin substrate and 1.0 ml. 

of the enzyme extract were mixed and incubated for 4 min. at 37° C. 

The substrate and enzyme solutions were equilibrated to this tempera¬ 

ture prior to mixing. The reaction was terminated by adding 10.0 ml. 

of 5% trichloracetic acid (TCA) and the precipitate removed by fil- 
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tration through Whatman No. 1 filter paper. The TCA-soluble pro¬ 

ducts were estimated by the method of Northrup, et aL, (1948), by 

reading at 280 m^u in a Beckman Model DU Spectrophotometer. 

Determination of Activity Against Synthetic Substrates. Several 

drops of the crude enzyme extract were added to 1 ml. of 0.06 N HC1 

containing 2 mg. of carbobenzoxy-L-glutamyl-L-tyrosine. After incu¬ 

bation at 37° C. for 30 minutes, 10 /A. of the solution were placed on a 

paper chromatogram and developed with a rc-butanol-water-glacial 

acetic acid (25:25:6) solvent system. A control was run along with the 

sample in which 0.06 M HC1 was substituted for the enzyme. The 

identification of tyrosine was achieved by spraying the paper with 

0.25% (w/v) ninhydrin in acetone and comparing the position of the 

spot with the position of an authentic sample of tyrosine. The esterase 

activity of the frog pepsin on L-tyrosine ethyl ester was determined in 

the same manner as just described. 

RESULTS AND DISCUSSION 

Extraction of the stomach tissue yielded an active proteinase solu¬ 

tion which contained 1.62 mg./ml. of protein. The enzyme extract 

was diluted to a protein concentration of 0.8 mg./ml. or less with dis¬ 

tilled water so that more accurate assays could be achieved with a 4- 

minute incubation period. Figure 1 illustrates the proportionality of 

reaction rate to reaction time and pH of substrate. As can be seen the 

reaction begins to deviate from zero-order after about 6 minutes in¬ 

cubation at a pH of 2.1. Also, the data indicate that a pH optimum for 

proteolysis is about 2 which is similar to the optimum pH of mammal¬ 

ian pepsin (Northrop, 1922). Wolvekamp and Tinbergen (1942) 

have shown that the gastric juice of a frog has a pH of 1.2. It was noted 

that periodic thawing and refreezing of the enzyme extract to procure 

more working samples of the enzyme seemed to have no effect upon 

the activity of the frog pepsin. No loss in proteolytic activity could be 

detected during the 5-month period of this study. 

Figure 2 illustrates the effect of enzyme concentration on the rate 

of proteolysis. As can be seen the linear portion of the curve does not 

pass through the origin of the graph. The presence of highly toxic sub¬ 

stances in the assay reagents would yield results of this kind. How¬ 

ever, enzyme concentration-activity curves of partially purified 

pepsin which was passed through a Sephadex G-75 column gave re¬ 

sults normally expected, i.e., a line which passed through the origin 

(Wiegand and Yager, unpublished data). The reagents used were the 

same as the ones used on enzyme concentration-activity curves of the 
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Fig. 1. Proteolysis of hemoglobin as a function of time at various pH values. 

crude enzyme. If the shape of Figure 2 were caused by toxic impuri¬ 

ties in the reagents, then enzyme concentration-activity curves of the 

purified enzyme would be the same as curves for the crude prepara¬ 

tion. Therefore, the behavior of activity with increasing enzyme con¬ 

centrations cannot be attributed to the assay reagents. Several other 

possibilities exist: a) the requirement of an activator (Dixon and 

Webb, 1964) or, b) the first dilution effect which is a result of the 

presence of an endogenous substrate or activator (Reiner, 1959). 

Figure 3 represents the results of incubation of the enzyme with 

various concentrations of hemoglobin. The maximum velocity of pro- 
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teolysis was found to occur when the concentration of hemoglobin was 

approximately 2.8 mg./ml. in the reaction medium. 

The thermostability of the frog pepsin was studied by incubation of 

1-ml. samples of the enzyme preparations in a 60° C. water bath. At 

time intervals from 2 to 30 minutes samples were withdrawn and im¬ 

mersed in an ice bath, and assayed for proteolytic activity in the usual 

manner. Figure 4 shows that the enzyme is inactivated rapidly at 60° 

C. and completely destroyed after 8 minutes exposure, which indicates 

that frog pepsin is somewhat thermolabile. Casey and Laidler (1951) 

found that mammalian pepsin has a critical range of temperature 

from 50 to 62° C. (pH 4.8). Above 62° C. the enzyme was inactivated 

in seconds. 
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Upon dialysis of the crude pepsin against water it was observed that 

about 75% of the proteolytic activity was lost. This loss could be at¬ 

tributed to several causes such as denaturation or the removal of cer¬ 

tain ions required for activity. A study was then made of the effects of 

activators and inhibitors on enzyme activity. The effect of 0.001, 

0.005, and 0.01 M solutions of each of the following compounds was 

tested: cysteine, p-chloromercuribenzoate, Na2S03, and KCN. When 1 

ml. of each solution was incubated with 1 ml. of enzyme extract for 

one hour at 37° C. with 1 ml. of enzyme extract, it was found that 

these compounds had no effect on proteolytic activity. These results 

suggest that the activity of the frog pepsin does not depend upon sulf- 

hydryl groups or disulfide bonds. It has been noted that swine pepsin 

has 3 disulfide linkages and that reduction of one of these bonds has no 

effect upon the enzyme’s activity; however, further reduction resulted 

in a loss of activity (Kern, 1954). Various concentrations of metal ions 

were then tested in the same manner as described above. Table 1 gives 

the results of preincubation of dialyzed-enzyme extract with equal 

volumes of 0.01, 0.005, and 0.001 M concentrations of the metal com- j 
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Fig. 4. Thermal stability of enzyme at 60° C. 

pounds listed. No significant activation occurred with these com¬ 

pounds with the exception of Hg(II), which was most unexpected 

since this ion is usually considered as a powerful inhibitor of proteoly¬ 

tic enzymes. The enzyme extract was then diluted to various concen¬ 

trations and preincubated for one hour at 37° C. with an equal volume 

of 0.005 M HgCL. Control samples were prepared in the same manner 

as just described, but distilled water was used in lieu of the HgCl2 so¬ 

lution. The enzyme activities of these solutions were then determined 

in the usual manner with hemoglobin substrate. Figure 5 shows the 

effect of enzyme concentration on proteolysis with and without pre- 
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Table 1 

The effect of inorganic compounds on the rate of hemoglobin hydrolysis by dialyzed 
enzyme extract 

Substances Absorbancies with the following concentrations 
of activators and inhibitors: 

0.001 M 0.005 M 0.010 M 

FeCl3 0.110 0.138 0.145 
MnS04 0.160 0.132 0.175 
MgS04 0.140 0.170 0.110 
HgCl2 0.180 0.240 0.140 
CuS04 0.115 0.090 0.160 
ZnS04 0.150 0.150 0.137 
CoCl2 0.150 0.150 0.125 

Controls 0.130 0.130 0.130 

ML OF ENZYME 
Fig. 5. Effect of preincubation of dialyzed enzyme extract with HgCI2 on rate of 

proteolysis as a function of enzyme concentration. (O), Preincubated with equal volume of 

0.005M HgCI2; (•), control preincubated without HgCI2. 
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treatment with Hg (II). It was found that stimulation of activity oc¬ 

curred and the line obtained with the enzyme and Hg(II) passed 

nearer the origin than the line obtained with the enzyme solutions 

without Hg (II). These data support the evidence that the shape of the 

line in Figure 2 is not a result of toxic impurity in the reagent but is 

probably due to one of the possibilities suggested above. The data 

presented in Figure 5 indicates that Hg(II) serves as an activator for 

frog pepsin, however, other causes of this apparent activation cannot 

be ruled out. Since Fig (II) is an inactivator of many enzymes it is 

possible that the apparent activation by Hg(II) is caused by some 

other interaction, perhaps with the substrate or an endogeneous sub¬ 

strate which results in the enhancement of proteolysis. Studies on the 

nature of the Fig (II) activation are currently being pursued. 

Pepsin is known to cleave natural and synthetic peptide mole¬ 

cules adjacent to or between aromatic amino acids such as tyrosine 

(Bergman and Fruton, 1941). It was of interest to determine if the 

frog pepsin possessed similar peptide specificity. Paper-chromato¬ 

graphic analysis of an enzyme-earbobenzoxy-L-ghitamyTL-tyrosine 

incubation mixture indicated that free tyrosine was formed, suggest¬ 

ing that the frog pepsin has a peptide bond specificity similar to 

mammalian pepsin. Also, it was found that frog pepsin, like the en¬ 

zyme from mammals, did not possess esterase activity toward L-tyro¬ 

sine ethyl ester. 
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Notes Section 

CHROMATOGRAPHIC BEHAVIOR OF SOME o- m- AND ^-DERIVATIVES 

OF PHENYLALANINE, Analysis of relatively complex biochemical reaction sys¬ 

tems utilizing paper chromatographic techniques is one1 of the simplest major tools 

at the band of the research scientist, and such data are also of value in the charac¬ 

terization of synthetic compounds In those instances where mixtures of products 

are produced. A series of Rf values for some isomeric phenylalanine derivatives 

in various solvent systems were determined in connection with another problem, 

and their availability prompted us to examine the data in the light of attempts in 

other laboratories to correlate molecular structure with Rf values through the use 

of Rm data (see for example, Chromatographic Reviews, Vol. 5, 1963, M. Lederer, 

ed„, Elseivier Publishing Co., New York). The theoretical basis for a potential re¬ 

lationship between chemical structure and Rf values is based on the initial postu¬ 

lates of Consden, et ah (1944, Biochem. Jour., 3$:224) which has been reduced to 

the expression RM111 log (1/Rf—1) by Bate-Smith and Westall (1950, Biochem. 

Biophys. Acta, 4:427). 

Utilizing RM values, Howe, (1960, Jour. Cromat3:389) examined a number of 

carboxylic derivatives including amino acids, and observed a homologous effect 

in 9 series of analogs which differed only by the addition of methylene groups. The 

present study was concerned with an attempt to establish specific RM values for 

various radicles attached as ortho, meta, and para substituents on a single compound, 

phenylalanine. The substituent groups included in these studies were hydroxyl, 

nitro, and fluorine, and Rf values for these compounds were determined in 5 differ¬ 

ent solvent systems. 

The chromatograms were carried out on Watman No. 1 filter paper (23 cm X 

28 cm), which was marked with a soft lead pencil 20 mm. from the base and 

25 mm. apart, and .the various compounds placed on the paper using lambda pipettes 

to deliver 10.A, of solution. A total of 10 ^g. of sample was utilized for each spot. 

The chromatograms were developed using the ascending technique (1951, Bio¬ 

chemical Institute Studies IV, Univ. of Texas Publ. No. 5109') in a constant tem¬ 

perature room (25°), and the following solvent systems: (a) Butyl alcohol : Acetic 

Acid : Water (2:1:1), the butyl alcohol was saturated with water prior to com¬ 

bining the reagents by volume; (b) 66% Lutidine, a solution of 66 ml. of 2,6-lutidine 

diluted to 100 ml. with distilled water; (c) Isoamyl alcohol : Pyradine : Water 

(1:1:1), equal volumes of each reagent were combined together; (d) 95%Methyl 

alcohol, 95 ml. of methanol diluted to 100 ml. with distilled water; and (e) 66% 

Pyridine, 66 ml. of pyridine diluted to 100 ml. with distilled water. The chroma¬ 

tograms were permitted to develop until the solvent front was within a few mm. 

of the top of the paper, and then air dried in a hood until essentially all odor of the 

solvent system had been removed. The dried chromatograms were then sprayed 

with a solution of 0.4% ninhydrin In butyl alcohol saturated with water, and per¬ 

mitted to dry at room temperature. In most instances the colors were read after 

standing overnight, and the Rf values calculated in the usual manner. 

All of the phenylalanine analogs used in this study have been reported elsewhere, 

and many have been utilized as metabolite antagonists (1963, Metabolic Inhibitors, 

Vol. I, Hochster & Quastel, eds., Academic Press, N. Y., Chap. 1), a fact which 

served as a basis for the initiation of this program. Most of the’ reported attempts 

to correlate structures with Rf values have utilized the descending chromatographic 
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Table 1 

Chromatographic data on some ring-(substituted) phenylalanines 

Substituent Bu:Ac:H20 
Chromatographic solvent 

66% Lut IsoAm:Py:H20 95% MeOH 66% Py 
group, position Rf Rm Rf rm Rf Rm Rf Rm Rf Rm 

None .75 —.48 55. —.09 .53 —.05 .61 —.20 .85 —.75 

p-Hydroxy- .53 —.05 .50 .00 .36 +.25 .52 —.03 .84 —.72 

ra-Hydroxy- .55 —.09 .52 —.03 .39 +.19 .51 —.02 .84 —.72 

o-Hydroxy- .65 —.29 .53 —.05 .43 +.12 

o
 1 

rf- 
vn .83 —.69 

p-Nitro- .70 —.37 .70 —.37 .56 —.11 .53 —.05 .86 —.79 

m-Nitro- .68 —.33 .66 —.29 .53 —.05 .53 —.05 .85 —.75 

o-Nitro- .64 —.25 .57 —.12 .43 +.12 .52 —.03 .83 —.69 

p-Fluoro- .80 —.60 .64 —.25 .58 —.14 .65 —.27 .87 —.82 

ra-Fluoro- .78 —.55 .63 —.23 .57 —.13 .64 —.25 .86 —.79 

o-Fluoro- .75 —.48 .54 —.07 .51 —.02 .64 —.25 .83 —.69 

3,4-Dihydro xy- .42 +.14 .28 +.41 .39 +.19 .38 +.21 .89 —.92 

3-Fluoro-4-hydroxy- .64 —.25 .59 —.16 .55 —.09 .55 —.09 .94 —.99 

4-Hydroxy-3-nitro- .67 —.31 .15 +.75 .50 .00 .26 +.45 .72 —.41 

procedure or, more recently, the so-called tankless or flat bed chromatography 

(Green & Marcinkiewicz, 1963; Chromatographic Reviews, 5:58); however, it should 

be noted that the simple ascending procedure remains a widely utilized technique, 

and data based on the reproducibility of experimental values in this system would 

be of considerable experimental interest. The Rf and RM data for orthometa-, 

Table 2 

A comparison of observed and calculated RM values for 3-Hydroxy-, 3-Nitro-, 

and 3-Fluoro-tyrosine. 

Organic 
Species BuOH: HO Ac: H,0 66% Lutidine 

Solvent System 
Iso Am: Py: H20 95% Methyl ale. 66% Pyridine 

Phenylalanine, 

Rm values —.48 —.09 —.05 —.20 —.75 

Substituent groupings, 

A Rm values: 

4-hydroxy- +.43 —.09 +.30 +.17 +.03 

3-hydroxy- +.39 +.06 +.24 +.18 +.02 

3-nitro- +.15 —.20 00 +.15 00 

3-fluoro- —.07 —.14 —.08 —.05 —.04 

Tyrosine Derivatives, 

3-hydroxy- +.34(+.14) 

Rm Values, calculated (found) 

—.12(+.41) +.49(+.19) +.15 (+.21) —.70 (—.92) 

3-nitro- +.10(—.31) —.38 (+.75) +.25(00) +.12(+,45) —.72(—.41) 

3-fluoro- —.14(—.23) —.22 (—.16) +.17 (—.09) —.08 (—.09) —.76(—.99) 
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and para-hydroxy-, nitro-, and fluoro- phenylalanines are presented in Table 1. 

The phenylalanine moiety was convenient as a parent structure since its position 

in chromatography could readily be determined with the use of ninhydrin reagent. 

The Rf values were determined at least in triplicate, and the values were repro¬ 

ducible to about 0.05 Rf units. 

From the data in Table 1 it should be possible to assign a presumptive A Re¬ 

value for each of the ring substituents in the various positions by determining 

arithmetically the value required to obtain the observed RM value for a given de¬ 

rivative with respect to the value of the parent RM structure, phenylalanine. For 

example, in the butyl alcohol : acetic acid : water system, unsubstituted phenylala¬ 

nine has an RM value of -.05; the effect of the presence of the p-hydroxy substi¬ 

tuent in this solvent system would then be -j- .43 which when added to the value 

for unsubstituted phenylalanine would give the observed experimental figure for 

the para derivative. In order to test this hypothesis, the figures recorded in Table 2 

were calculated in this manner in an effort to assign a specific RM value for the 

presence of a second comparable substituent on the aromatic ring, and the resultant 

values were finally compared with the observed experimental data. As indicated 

in Table 2, no significant correlation was demonstrated, nor was there a readily 

apparent differential effect due to the presence of multiple substituents on the ring 

system. From these data, and on these systems, one must conclude that A RM values 

for ring substituents are not constitutive properties which may be handled in such 

a manner as to predict chromatographic behavior, or to effectively confirm struc¬ 

tural configuration. 

This research was supported in part by a North Texas State University Faculty 

Research Grant. Joan Becker and C. G. Skinner, Department of Chemistry, North 

Texas State University, Denton, Texas 76203. 

INHIBITION OF THE CONVERSION OF PROTHROMBIN TO THROMBIN BY 

CHOLINE AND ACETYLCHOLINE. The actions of choline and acetycholine in 

mammalian blood coagulation systems have been studied fairly extensively. Hove, 

et al., (1957, Jour. Nutrition; 63: 289-99) demonstrated that choline deficient rab¬ 

bits had a prolonged blood clotting time. Kamalyan and Akopyan (1959, Trudy 

Erevansk. Zootek- Vet. Inst., 23: 27-30) reported that subcutaneous injections of 

10-15 mg. of choline chloride in dogs will increase the thrombocyte and red blood 

cell counts within 16-60 minutes and the blood clotting time was reported to have 

been shortened. Schimpf and Diedrichs (1958, Klin. Wochschr., 36: 682-3) re¬ 

ported that the In Vitro activation of human plasma thrombokinase by lipid ex¬ 

tracts was diminished by choline. They also demonstrated that the In Vivo de¬ 

crease of blood coagulation time in man following high fat meals was not signi¬ 

ficantly altered by oral treatment of the subjects with choline chloride. 

In addition to the above reports, Nath and Vaishwanar (1963, Ann. Biochem. 

Exptl. (Calcutta), 23(6): 187-92) reported that incubation of choline with human 

plasma at 37°C. results in an inhibition of blood clotting. They suggested that cho¬ 

line may inhibit the conversion of prothrombin to throbin. The following studies 

were done to ascertain whether or not the locus of inhibition of choline on blood 

coagulation is at the conversion of prothrombin to thrombin. 

An In Vitro system was developed using bovine fibrinogen, prothrombin, and 

acetone brain extract purchased from the Nutritional Biochemicals Corporation, 

Cleveland, Ohio. The clotting system was made to correspond as nearly as possible 

to that found in normal human plasma (Guyton, 1966, A Textbook of Medical 
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Physiology, Third ed., W. B. Saunders, Philadelphia.). The composition of the 

In Vitro system is shown in Table 1. A total volume of 3 ml. was found to be con¬ 

venient for mixing, incubation, and determining the end points by the crude eye¬ 

ball method. Constant volume was maintained when necessary with normal saline 

buffered to pH 7.2 with phosphate buffer. All assays were kept at 37° C. Choline 

and acetylcholine from the Nutritional Biochemicals Corporation were prepared 

in test solutions of 0.1 M n phosphate buffered normal saline. In all inhibition 

studies, 0.5 ml. of the 0.1 M inhibitor was added instead of saline to give a concen¬ 

tration of inhibitor in the 3 ml. assay of 0.017 M. The order of addition of com¬ 

ponents was kept as uniform as follows: fibrinogen plus calcium chloride, brain 

extract, inhibitor or buffered saline, and prothrombin. Prothrombin was added last 

to insure proper timing of its conversion to thrombin. To discount the possibility 

that the inhibitors were effective at some locus in the reaction other than at the 

conversion of prothrombin to thrombin, a test system using bovine thrombin pur¬ 

chased from the same company was utilized. In this test system, fibrinogen, calcium 

chloride, thrombin (0.015 gm. %), and inhibitor or saline were added. Thrombin 

was added last in this case to insure proper timing. 

Fibrinogen, calcium chloride, brain extract, buffered saline, and prothrombin 

yielded fibrin clots in 2 minutes and 30 seconds (Table 2). The same system with 

0.5 ml. of 0.1 M choline yielded the same type of fibrin clots in 4 minutes and 30 

seconds. The same system with 0.5 ml. of 0.1 M acetylcholine yiedled these clots 

in 5 minutes and 20 seconds. These results indicate that both choline and acetyl¬ 

choline were marked inhibitors of this system. 

In an attempt to explain the different rates of inhibition by choline and acetyl¬ 

choline, both were incubated with the acetone brain extract for 15 minutes at 37° C. 

These solutions were then tested for inhibitory effects on the system and both had 

the same inhibitory effect; the formation of fibrin clots required 4 minutes and 30 

seconds (± 5 seconds). At this time, it was noted that unincubated choline inhibited 

the formation of clots to 4 minutes and 30 seconds. 

Acetylcholine and choline had little inhibitory effect on the In Vitro system 

using thrombin. There was, however, a slight and equal amount of inhibition seen 

in both of these cases (Table 3). This inhibition was so slight in comparison to that 

seen in the prothrombin system that it seems plausible to assume that this was a 

result of a difference in the dilution factor. This seems even more likely when the 

difference in the type of inhibition is noted. 

This experiment supports the contention that choline and acetylcholine inhibit 

the conversion of prothrombin to thrombin. The apparent contradiction of the re¬ 

sults of Hove, et al., (op. cit.) and those of Kamalyan, et al., (op. cit.) can be ex- 

Table 1 

Composition of In Vitro coagulation system* 

Component Concentration. 

1. Fibrinogen 0.3 gm. % 

2. Prothrombin 0.015 gm. % 

3. Calcium Chloride 0.015 meq/1. 

4. Brain Extract (arbitrary)-}- approximately 0.5% 

* Buffered to pH 7.2 with Na2HP04 and KI^PO*. 
f 0.5 gm. of acetone brain extract was parti}’' dissolved in normal saline buffered to pH 7.2 with phos¬ 

phate buffer and filtered with glass wool. 
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Table 2 

The effects of choline chloride and acetylcholine chloride on the conversion 

of prothrombin to thrombin 

Specific System Clotting Time at 37°C. 

1. Fibrinogen + CaCl2 + B. Ext.* + Saline •+ P'th.f 

2. Same with Choline Cl instead of Saline 

3. Same with Acetylcholine instead of Saline 

4. Same as #2 (above) with Choline incubated 

with B. Ext. for 15' minutes 

5. Same as #3 (above) with Acetylcholine 

incubated with B. Ext. for 15 minutes 

2 minutes-, 30 seconds 

4 minutes, 30 seconds 

5 minutes, 20 seconds 

4 minutes, 30 seconds 

4 minutes, 30 seconds 

* B. Ext. = Acetone Brain Extract. 
| Pth. == Prothrombin. 

plained by the fact that choline containing compounds have long been suspected of 

being functional parts of thrombokinase. If choline were deficient in the diet, one 

would expect thrombokinase to be deficient also. The injected choline in the experi¬ 

ments of Kamalyan, et al., (op. cit.) may have been used to form more thrombo¬ 

kinase if the time between injection and blood drawing was more than a few 

minutes; thus, the results of this work are not necessarily contradictory. 

The authors wish to express their gratitude to Drs. Robert C. Busteed and Alfred 

C. Schram who helpfully criticized the manuscript. Henry G. Norrid and William 

A. Cooper, Department of Biology, West Texas State University, Canyon 79015. 

Table 3 

The effects of choline chloride and acetylcholine chloride on the conversion 

of fibrinogen to fibrin 

Specific System Clotting Time at 37°C. 

1. Fibrinogen -j- CaCl2 + Saline -j- Thrombin 44 seconds 

2. Same with Acetylcholine instead of Saline 52 seconds 

3. Same with Choline instead of Saline 51 seconds 

5-OH TRYPTAMINE CONTENT IN RAT BRAIN TISSUES X-IRRADIATED 

IN VITRO. The nature and suspected roles of various bioamines, including 5-OH 

tryptamine (5-.HT, Serotonin) in the nervous system has been recently reviewed 

by Pscheidt, et at (1964, Comparative Neurochemistry, edited by D. Richter, Perga- 

mon Press, New York). Moreover, Brinkman and Yeninga (1962, Ini. Jour. Rad. 

Biology, 4: 249) have stated that 5-HT may be in some manner involved with the 

chemoprotective mechanism (s) in irradiated animals. Previous work on the effects 

of X-irradiation on 5-hydroxy tryptamine content in the brain has been conflicting. 

Erschoff and Gal (1961, Soc. Exp. Bio. Med., 58: 160) reported little or no change 

after lethal doses (900r) of X-irradiation. Speck (1962, Jour. Neurochem, 9:573) 

and Reason and Fischer (1959, Arch. Int. Physiol. 67: 142) reported a decrease in 

5-HT in brains of rats following 8-10 Kr X-irradiation. On the other hand, Palaic, 

et al. (1963, Int. Jour. Rad. Biol. 6: 241), and Randie and Supeck (1962, Int. Jour. 

Rad. Biol. 4: 637) reported significant increases in 5-HT content in rat brains fol- 
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lowing 6-12 Kr. Since most of the foregoing work was carried out on whole brains 

removed from animals following irradiation, it seemed feasible that a study of 

changes in 5-HT levels in tissues from specific brain areas and irradiated in vitro 

could be done. Two important advantages in this experimental approach were that 

(1) a more uniform dose could be delivered to the tissues and (2) the effects of cir¬ 

culating humoral agents, that might have been produced in the body of the 

irradiated animals, could be negated. 

Female Sprague-Dawley rats ranging in weight between 175 and 250 grams 

were used to supply the material for this study. Tissue slices were taken from the 

cerebral cortex, thalamus, mid-brain, pons-medulla, and cerebellum. The Deutsch 

(1936, Jour. Physiol., 137: 56) method of removing and slicing the tissues was used 

resulting in tissue thickness from 300 to 500 microns. Tissues from 4 rats were 

pooled in each test in order to obtain an adequate amount for analysis. The amount 

from each area was as follows: cortex 500-625 mg; thalamus 100-150 mg; mid¬ 

brain 375—450 mg; pons-medulla 500-700 mg; and cerebellum 500-700 mg. The 

5-HT extraction and fluorometric procedure by Kuntzman, et al. (1961, Jour. Neuro- 

chem., 6: 226) was followed. Prior to the extraction procedure, the tissues were 

homogenized in 5 ml. cold, aerated Krebs-Ringer-bicarbonate buffer solution with 

1% glucose. Fluorometric determination of 5-HT was carried out with a Turner 

Fluorometer (Turner Company, Palo Alto, California). The primary filters used 

were a Corning No. 7-54 unit in conjunction with a 1 mm polarizing filter No. 

110-851. Pure quartz cuvettes were used in all determinations. The 5-HT levels 

were expressed in terms of micrograms per gram wet tissue weight. The experiments 

were divided into a sham-irradiated and an irradiated series. The sham-irradiated 

tissues were carried through the same procedures of handling and analysis as the 

irradiated tissues. The irradiated tissues received 10 Kr at an air dose rate of 575 

r/minute as determined with Corning glass dosimeter rods. Irradiation was de¬ 

livered from a G.E. Beryllium window X-ray unit (120 KVP, 5ma). The experi¬ 

mental format for each run was as follows: when the specific brain tissues were 

sliced, blotted, and weighed, they were placed in Warburg flasks containing 3 ml 

aerated Krebs-Ringers bicarbonate buffer solution with 1 % glucose. The tissues were 

kept at low temperatures in ice baths at all times prior to analysis. The pooled 

tissues from 4 rats supplied 5 Warburg flasks. Following loading, the mouths of 

these flasks were covered with Saranwrap and placed on a plastic block in 5 circular 

slots cut out to accommodate the flasks and to allow maximal irradiation of the 

tissues. The time period required for preparing the flasks, irradiating, and extraction 

ranged between 40 and 60 minutes. All 5-HT determinations were initiated within 

20 minutes post-irradiation. The temperature in the laboratory varied between 22 

and 25° C. The temperature of the contents of the flasks at the beginning of the 

irradiation period was 22 ± 1 °C and at the end, 24 ± 1 °C. 

A preliminary series of 60 tests was for accuracy of the extraction and fluoro¬ 

metric technique. Recovery of 5-HT from 4 dilutions,, made from a stock solution 

of 5-HT in creatinine sulfate form was determined. Results from this series of runs 

are summarized in Table 1. The data clearly indicate the suitability of the tech¬ 

niques used in this study. Table 2 summarizes the effects of lOKr X-irradiation on 

5-HT levels in the various brain tissues. These data show that the thalamus (1.642 

/zg/Gm) and mid-brain (1.107 jug/Gm) areas contain the highest amount of 5-HT, 

as compared with the amounts from the cortical (.659 /zg/Gm) and pons-medulla 

(.697 /zg/Gm). The cerebellum contained the least amount of 5-HT (.281 ,/zg/Gm). 

It was also clear that the most significant changes in 5-HT content following 10 



NOTES SECTION 93 

Table 1 

5 OH tryptamine recovery using Bogdanski’s extraction and fluorometiic methods. 

(Stock solution: 5-HT creatinine sulfate; Fluor seeing agent: 3N HCL). 

# Tests 
H% 5-HT 

per ml sample 
Per Cent Recovery 

(Mean) 

15 .16 86 

15 .25 85 

15 .33 91 

15 .66 85 

Kr occurred in the pons-medulla and the thalamic tissues. A decrease (p < .01) in 

the 5-HT of the pons-medullary tissues was observed. No significant changes were 

noted in the cortex, mid-brain, and cerebellum. 

In attempting to assess data concerning changes in bio-amines in brain tissue one 

is faced with several formidable problems, including the technical procedures used 

in measuring these substances in micro quantities, along with the effects of various 

factors such as species, sex, age, temperature, and diurnal responses. In the present 

study, speed of slicing, weighing, and manipulating the tissues along with main¬ 

tenance of the nutrient media properly buffered in a constant cold environment, 

were other obstacles that had to be overcome. Another factor was the amount of 

tissues used in each analysis. The cerebral cortex, cerebellum, and pons-medulla 

yielded relatively large amounts of tissue for analysis. The thalamic and the mid¬ 

brain areas, however, are not large and yielded smaller total quantities for 5-HT 

analysis. As was evident in the results, these areas exhibited the greatest deviations 

from the mean. One can, therefore, see the advantage of using larger mammals in 

such studies. Finally, in any study involving tissues -slices there is an inherent diffi¬ 

culty interpreting the results since the tissues are in a process of “dying” and 

undergoing degradative (biochemical and physical) changes during the entire ex¬ 

periment. Under these circumstances, adequate control runs are of prime im¬ 

portance to prevent the masking of changes that occur during the test phase of each 

experiment. 

The distribution of 5-HT in the rat brain found in the present study was in gen¬ 

eral agreement with those of Heller, el ah (1962, Biochem. Pharm, 11: 859) and 

Table 2 

Summary of the effects of IQKr X-irradiation on 5-hydroxytryptamine (5-HT) 
levels in rat brain tissues 

Tissue 
Number 
Testsf 

5-HT Level 
of Non-irradiated 

Tissue(jttg/Gm wet wgt.) 

5-HT Level 
of X-irradiated 

Tissue(/ig/Gm wet wgt.) 

Cortex 15 .659 ± .078 .595 ± .079 
Thalamus 15 1.642 ± .294 1.338 ± .275(p<.05)* 
Mid-Brain 15 1.107 ± .118 .997 ± .111 
Pons-Medulla 15 .697 ± .052 .809 ± .059(p<.01)* 
'Cerebellum 15 .281 ± .070 .202 ± .058 

* Student T test. 
f Each test consisted of Pooled tissues from four rats. 
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also followed a similar distributional pattern reported in monkeys by Scheidt and 

Himwich, (1962, Biochem. Pharm., 12: 65) and in dogs and humans by Paarsonen, 

et al. (1957, Jour. Neurochem., 1: 326). It was difficult to compare the data pre¬ 

sented here with those of other workers in regard to the effects of X-irradiation on 

5-HT content, since most of the other workers made their 5-HT determinations on 

whole brains. However, when irradiating whole animals, it is relatively difficult to 

deliver a uniform dosage to each of the brain areas because of variations in tissue 

density and anatomical arrangement. Egano (1962, Internat. Jour. Neur. 137: 56) 

measured the 5-HT content of specific brain areas after injecting rats with p32, an 

internal beta-emitter. He noted an increased 5-HT content in the hypothalamus 

and brain stem at 2 hours post-injection and a slight decrease in the cortex and ol¬ 

factory bulbs. To our knowledge there have been no reports in regard to the effects 

of X-irradiation on 5-HT levels of tissue slices removed from specific brain areas 

and irradiated in vitro. The data presented here do not indicate the nature of the 

radiation effect on the thalamic and pons-medulla tissues. Several events must be 

considered in attempting to explain the changes in 5-HT in X-irradiated tissues: (1) 

the synthesis of 5-HT; (2) the degradation of 5-HT; (3) 5-HT transport; (4) the 

release and binding of 5-HT; and (5) cell membrane permeability. Palaic and 

Supeck (1965, Jour. Neurochem., 12: 329), maintain that irradiation interferes with 

enzymes involved with 5-HT synthesis and degradation. Veninga and Brinkman 

(1962, Internat. Jour. Rad. Biol. 5: 283; 1965, Jour. Rad. Biol., 4: 249) have pre¬ 

sented considerable evidence to show the release of 5-HT from X-irradiated uterine, 

intestine, and nerve tissues. They proposed that irradiation may alter the binding 

sites for 5-HT. Histologically, Heller, et al. (1962, Biochem. Pharm. 11: 859) have 

proposed the presence in some central nervous tissue of “serotonergic” fibers and 

vesicles that may account for the alterations in 5-HT levels found in lesions of vari¬ 

ous areas of the central nervous system. In regard to the possible irradiation effect 

on membrane permeability, Majno and Palade (1961, Jour. Biophys. Biochem. 

Cytol., 11: 107), and Scheline and Scott (1958, Cancer Res., 18: 923), by the use of 

the electron microscope, found that 5-HT itself increased the permeability of many 

cells, including mast and cancer cells. If one presumed an increased cell permea¬ 

bility brought about by X-irradiation, then one would expect an increase in the 

leakage of 5-HT to the external media and, therefore, a decrease in the intracellular 

5-HT. This may have occurred in the irradiated thalamic tissues, however, the in¬ 

crease in 5-HT content observed in the pons-medulla tissues indicate a different type 

of irradiation effect. Preliminary runs were made to check the effects of X-irradia- 

tion on leakage of 5-HT from the brain slices into the media, however, due to the 

small amounts of samples involved, the data were inconclusive. 

Summarily, the findings presented here indicate that: (1) it requires a consider¬ 

able amount of X-irradiation (10 Kr) to bring about significant alterations in 5-HT 

levels in isolated brain slices in the absence of circulating humoral agents; (2) 

certain areas of the brain (thalamus, pons-medulla) appear to be more radiosensitive 

than others (cortex, mid-brain, cerebellum) in regard to 5-HT changes, and (3) one 

should be most cautious in attempting to relate 5-HT changes with functional 

changes in the nervous system brought about by ionizing radiation. 

This research was supported by the United States Atomic Energy Contract No. 

AT-(40-1)-3270. /. R. Lott and J. F. Hines, Dept, of Biology, North Texas State 

University, Denton, 76203. 
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SOCIAL TENDENCIES IN PEROGNATHUS HISPIDUS. Heteromyid rodents of 

the genus Perognathus are generally considered antisocial (Hall and Kelson, 1959, 

Mammals of N. America, Ronald Press, New York). Davis (1960, Tex. Game & 

Fish Comm., Bull. #41) observed that newly trapped P. merriami fought when 

placed together in a bag. Later however, 6 kept together for a year did not fight. 

Blair (1937, Jour. Mamm. 18: 188-191) found only one adult P. hispidus in each 

burrow system he excavated. 

On 17 Feb. 1963, 3 adult P. hispidus were trapped in Atascosa Co., Texas and in¬ 

dividually caged for 3 weeks; then transferred to a 20 X 20 X 24 in. cage, containing 

a 7 X 5 X 5 in. glass fronted nest box. These mice slept together regularly for one 

week and exhibited no aggressiveness. 

On 24 Mar. 1963, 5 more P. hispidus were trapped at the same locality. They were 

placed together in a 16 X 16 X 10 in. cage 4 hours after capture. One large male 

had to be isolated because he bit the other mice. The other 4 showed no signs of ag¬ 

gressiveness. A day later all the mice, except the aggressive male, were placed to¬ 

gether in a 20 X 20 X 14 in. cage to which 2 nest boxes were added. Initially the 

mice dispersed, but 15 hours later all 7 occupied one nest box. No aggression was 

noted. 

The aggressive male trapped on 24 March did not tolerate the presence of any 

mouse in his cage. When introduced into the cage housing the 7 social mice he 

chased any nearby mouse. His aggressiveness was temporarily controlled by adding 

oats to the cage. However, after caching the oats he resumed the attacks. This mouse 

was not placed with the group after June of 1963. 

Seven months after capture another male of the remaining 6 became aggressive 

when the food supply was reduced. At the same time a small male was cannibalized. 

This aggressive male was isolated and given excess food. After one week he was 

returned to the group but remained aggressive. Another week of isolation with ex¬ 

cess food followed and no aggression was noted when he was returned to the group 

the 2nd time. 

Food supply may be a controlling factor in the expression of aggressive behavior, 

for when adequate food was provided only one mouse exhibited aggressive behavior. 

When food was added to the cage all the mice gathered food and quickly cached it. 

They competed for places to bury the food but once the oats were deposited any 

mouse could eat it. 

Normally the mice slept in a compact group. At low ambient temperatures or 

when subjected to high light intensities they assumed a curled posture. In high am¬ 

bient temperatures they assumed a stretched position but remained in a compact 

group. Group composition changed frequently because the bottom mice moved to 

the top. Grouping was not necessarily an adaptation to low temperatures because it 

occurred at 38° C and above. Pearson (1947, EcoL, 28: 124-145) reported a reduc¬ 

tion in metabolism in Mus musculus in a huddled group as compared to individuals 

at temperatures below thermal neutrality. 

Experiments were conducted to determine whether the mice would actively resist 

isolation. A wooden cage 6' X 2' X 7", with a wire screen top, was divided into 4 

equal sized compartments. A 2 X 1 in. opening at the level of the sand substrate was 

provided in each of the cardboard partitions. Each compartment had a nest box. 

Initially one mouse was placed in each compartment (3 males, 1 female) and nest 

box counts were recorded 3 times daily. Observation during a 2 week period revealed 

that the mice lived together (Figure 1.). 

In October of 1964, 2 additional female mice were obtained from the same locality. 
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Day* Substrate Hole 

Fig. 1. Location of mice in nest boxes from recordings three times daily. 

The experiment was conducted again using the 2 new female mice with one male 

and one female from the previous group. Results were very similar to the previous 

experiment except that this group was more uniformly 4-0 in distribution than that 

illustrated in Figure 1. 

These laboratory groups cannot be considered truly social because no repro¬ 

duction occurred while in captivity. The only reproductive activity observed was 

one attempted copulation in the summer of 1963. However, these mice demon¬ 

strated that social tendencies may occur in P. hispidus. These results are in marked 

contrast to the normal perognathid behavior reported in the literature. 

The Department of Zoology, University of Texas at Austin, provided the fa¬ 

cilities for this work. 

P. Kelly Williams, James Ford Bell Museum of Natural History, University of 

Minnesota, Minneapolis, Minnesota 55455. 



The Importance of Clear Writing 
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He that will write well in any tongue must follow this counsel 

of Aristotle: to speak as the common people do, to think as 

the wise men do.—Roger Ascham, 1545. 

Science writing need not be dull, but much of it is. And a lot of it is 

so bogged down in ambiguity and useless detail that the reader finds 

it next to impossible to comprehend. 

There is a cure for dullness and ambiguity in scientific writing. The 

cure is simple—use simpler words, shorter sentences, and active verbs. 

But before considering these basic elements, let’s consider the need 

for them. 

The average scientist, recent studies show, reads with comprehen¬ 

sion at the rate of 200 to 300 words a minute. At this slow rate, he can 

hardly make a dent in his “required reading.” 

There are about 3 million scientists and technologists in the world 

today, and 35,000 periodicals provide publication outlets for them. By 

the end of the century, estimates are that there will be 10 to 15 times 

as many scientists, requiring about 350,000 journals. 

Computers offer some hope in storage and retrieval of information. 

But we expect too much of computers if we look to them to cure the 

communications impasse. The basic problem gets down to the writer 

of scientific material—you. 

On every hand there are pleas for more clarity in scientific writing. 

There are more and more instances where scientists can’t understand 

others in their own fields. A few years ago I covered scientific meetings 

of the Robert A. Welch Foundation in Houston. We news reporters 

couldn’t begin to understand what was going on. We had to buttonhole 

scientists and ask them to explain their papers. But we were not alone. 

Many scientists in the audience, we were told, did not understand the 

speakers either. 

Admittedly, it is hard (or so he says) for the scientist to explain 

things in lay terms for the press. But he ought to talk and write so that 

his fellow scientists understand. When he does, he communicates; 

people understand and remember what he said. 
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Robert Gunning, author of The Technique of Clear Writing, recalls 

the case of a great, but little known, scientist. He was Willard Gibbs, a 

Yale mathematician, who laid the foundation for physical chemistry. 

His discoveries contributed to the development of the plastics, rubber, 

and steel industries. Gibbs ranks close to Darwin and Einstein, but his 

name is unknown. Why? He buried his great discoveries in a hodge¬ 

podge of obscure language. 

William Gilman, author of The Language of Science, notes a similar 

instance. The innovations in science and engineering of Buckminster 

Fuller, inventor of the geodesic dome, remained relatively unknown 

for three decades. Why? His writings were excellent examples of bad 

presentation, bad English, and heavy jargon, Gilman says. However, 

articles of Fuller appear today in both commercial magazines and pro¬ 

fessional journals. 

The need for communication is infinite. In a recent letter to Science 

magazine, a doctor wrote: 

It has struck me forcibly of late years that many of your technical 

articles are getting so highly specialized that it is difficult even for 

one who, like myself, has studied quite a bit in experimental pathol¬ 

ogy to understand some of the newest papers and to make out what 

the authors are really driving at. Some of this, undoubtedly, is due 

to advancing science . . . Quite a bit of it, I think, could be modified 

so that most scientists could get at least a vague idea of what is being 

done. 

He added that authors should be more explicit when addressing com¬ 

mon ordinary medical men and should get down to earth and relate 

the subject to everyday practice. 

There are many examples pointing to the problem in scientific com¬ 

munication. Some call it a crisis, and it is international in scope. 

“I have long since despaired at the unintelligibility of what is al¬ 

legedly good English as written by technical people,” writes Alvin M. 

Weinberg of the Oak Ridge National Laboratory. “If people would 

only write in a manner that conveyed their message more effectively, 

the so-called information crisis would be perceptibly ameliorated.” 

Dr. Weinberg says that before the turn of the century technical 

writing was better than it is now. Before the 20th century, the writer 

of technical articles was usually the man who did the research. His 

language was metaphoric and personal, seldom passive. However, with 

World War I, the style of scientific writing changed drastically. It be¬ 

came nonfigurative, passive, and impersonal—and Dr. Weinberg 

thinks, less intelligible. 

Einstein’s prose was clear and direct, even though his subject was 
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complex. Darwin’s writing was vivid and strong. Pasteur’s writing was 

readable and exciting, as was that of Madame Curie. 

Of course, the best science writing comes from those who have done 

important work and write about it with confidence. They’re the bold 

ones, those who write simple, direct English. And mind you, it is never 

unprofessional to make yourself clear. Good writers know this. They 

write to inform, not to impress. They have something important to say, 

and they make sure the reader understands the subject. 

The chief criticisms of scientific writing are that it is too complex, 

too ambiguous, and overly passive. The remedy is simpler words, 

shorter sentences, and active verbs. 

Use of simple words does not mean writing down to the reader. In¬ 

deed, you must not do this. Make what you have to say understandable, 

but don’t insult the reader’s intelligence. However, it is never good to 

use long, high-sounding words when shorter, simpler ones will say the 

same thing. Don’t say alleviate when ease or lessen will do. And don’t 

(like Dr. Weinberg, above) use perceptibly ameliorate when greatly 

improve will hit harder. Dr. Weinberg is guilty of the same sin he sees 

in others. 

When two words have the same meaning, the choice is simple. Use 

the shorter word. It helps speed the reader along, giving him more time 

for the technical or scientific words you may have to use. 

Science writing should be expository and accurate, but not col¬ 

loquial. However, it can be improved by selecting better words, by go¬ 

ing over it and throwing out the stiff, stuffy, or muscle-bound words. 

Weigh words for meaning. Do such stuffy words as encounter and 

endeavour really convey the thought? Or could you just as well switch 

to the shorter and simpler, meet and try ? 

Don’t fall for the bureaucratic and “business” English. Change “It 

is requested” to the simpler, “Will you?” Discard every finalized and 

substitute finished or signed or agreed upon. 

If there is a synonym for a technical word, use it. Scientists, like all 

other readers, tend to quit reading when the going gets tough. Not all 

are as stubborn as the young physics professor who said it sometimes 

takes him a week to read and comprehend some articles in his own 

field. 

Don’t cling to long, technical words if they have evolved to shorter 

usage. Example: magnetohydrodynamics to hydromagnetics or simply 

MHD. 

Long words are not all bad. Sometimes a synonym does not convey 

the exact meaning of the longer word. In that case, choose the word 

with the more satisfactory meaning. 

But remember that ordinary words are respectable. Agriculture re- 
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searchers learned to clarify their writing, realizing that a discovery is 

incomplete until other technicians and eventually the farmers can ap¬ 

ply it. Remember, too, that shorter words are often more honest. 

1'he best rule is to be natural in your writing. It isn’t easy, but a 

competent writer makes it look that way. Novelist Willa Gather said, 

“It takes a great deal of experience to become natural.” 

Shorter sentences, like simpler words, make your writing move 

faster. They give it punch and help you out of verbal corners, reducing 

ambiguity. 

But anything can be overdone. Too many short sentences can make 

the report or article choppy and the reader nervous. Vary sentence 

length, but concentrate on clarity. Change pace, balancing long sen¬ 

tences with short ones. 

The trouble with science writing is not necessarily long sentences, 

but extra-long sentences. Some are monstrous, running to a 100 or 

more words. When sentences are too long, the meaning and the reader 

bog down. If the reader bogs down, you may lose him—and he’s the 

reason you’re writing in the first place. Or he should be. 

Splitting is the quickest way to deal with overlong sentences, but 

recasting is often more effective. Each of us is guilty of badly selected 

words or badly turned phrases, but the competent writer hunts them 

down and replaces them with something better. 

Even short sentences can be wordy. For instance: “It is a process 

which corrodes the metals.” But why not: “This process corrodes the 

metals.” 

A sentence needs no unnecessary words for the same reason that a 

machine needs no unnecessary parts. Prune needless words and 

phrases, if you can. If this doesn’t solve your verbiage problem, recast 

the sentence. 

Sentences that have been pruned or recast cut down the chances of 

ambiguity. Ambiguity comes from faults in grammar and punctuation, 

from difficulty with vocabulary, jargon, cliches, bizarre words, and the 

attempt to sound learned or cute. 

Some critics charge that science writing is passive and impersonal. 

And much of it is. The reason is the use of passive verbs. 

The passive voice denotes that the subject receives the action. It 

makes the sentence impersonal. This investigation was undertaken to . 

study the .. . But why not: We undertook this investigation to study ... | 

Or even: I undertook this investigation. 

There’s nothing wrong with the personal pronoun as a sentence 

subject in science writing. It allows use of the active voice, shortens 
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the sentence and gives the reader the feeling of having participated in 

the experiment. 

The passive voice requires an auxiliary verb, a form of to be, and 

weakens the sentence. Such and such was demonstrated by Guyer 

(1907). It’s much simpler, shorter, and more readable to say Guyer 

demonstrated. 

If the passive voice is necessary, then use it. But at other times, try 

switching back to the active voice. Your sentences will be better if you 

will. 

Active verbs do things. They destroy, create, speed, boost, drop, 

overcome, freeze, boil, surpass, paralyze, shatter, strengthen. But add 

an auxiliary verb and you water down the action and lose effect. 

Verbs are like people. Some are lazy, and others are workhorses. 

Some verbs say nothing; It appears that, it should be noted, it is es¬ 

sential that. Occasionally these forms are helpful, but more often they 

are padding and should be discarded. 

Inability to handle the English language is a real problem, not only 

in science, but in all fields. What good is research if the report of it is 

so much gobbledygook? 

Government administrators report that it’s cheaper to begin from 

scratch than to make a literature search if the research problem is in 

the $100,000 bracket. Why? Deciphering the meaning of the writer’s 

words is often more difficult than doing the research in the first place. 

From grade school through college, students take the study of the 

English language far too lightly. Results of special tests showed that 

Texas high school seniors eligible for graduation last spring ranked 

below the national average in English and social studies, but above 

average in mathematics and natural science. Some may become scien¬ 

tists. 

Can science and technology be allowed to stew in their own bad 

writings? Each scientist needs to look closer at his own writing and try 

to improve it. He needs to write and rewrite. Edit and rewrite again. 

This is the challenge of working with words; you never learn it all. But 

the longer you work, the more your writing improves. 

Writing has its discipline, just as science does. If the first experiment 

does not work, the writer does it over or does it another way. 

Robert Frost once suggested to a scientist, “Let’s . . . compare science 

and poetry.” 

“You mean the exactness of science and the inexactness of poetry?” 

the scientist asked. 

And Frost replied, “If you mean poetry is inexact, Fm going home.” 
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Yes, unless the scientist understands that his words must be as exact 

as his experiments, science writing will continue to be dull, ambiguous, 

and unclear. 
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Orthogonality of Vector Functions of Associated 

Spherical Harmonics 

by J. T. JONES, JR. 

Department of Physics 

East Texas State University, Commerce 75428 

INTRODUCTION 

The purpose of this paper is to prove 2 theorems concerning the 

orthogonality of vector functions similar to those encountered in the 

theory of multipole radiations and in the solution of problems involv¬ 

ing the scattering of electromagnetic waves from bodies having vari¬ 

able permeabilities and dielectric constants. The method is quite direct 

and may possibly be of use in the investigation of other vector func¬ 

tions which arise in applied problems. 

DEFINITION AND PROPERTIES OF ASSOCIATED SPHERICAL 

HARMONICS 

We define an associated spherical harmonic by the equation, 

Y“(@, </>) =NJmlP1lm,(w)eW (1) 

where Nlm' = [(21 + 1)/4tt]J[(1 - M)!/(l + I™!)!]1/*, w = cos e, 
and PN(w) is an associated Legendre function of the first kind, 

(1 — w2) lm I/2 31 lml 
Plml(w) 

211! 0W1 + lml 
(w) 2 1) '; 

in all the expressions, 1 = 0, 1, 2, . . . and for a given 1, m can have the 

values 1,1— 1, . . ., — 1 + 1, —1; |m| represents the absolute value of m. 

A number of well-known properties of the Y“(©,</>) will now be 

given. The Y™(©, </>) are orthonormal, i.e., 

“fdc^Yf (0,</>)Yf (0,£)sin Od<j> = Sir8mm,, (2) 
o o 

where, for any 2 integers n, n', 

s = \ 1 if n = n' 
^ 0, otherwise,. 

Y“*($,</>) represents the complex conjugate of Y“(6,,</>). The vector 

operator L is defined by 

L = —i(rX V); (3) 

except for a constant factor, L corresponds to the operator for orbital 

The Texas Journal of Science, Vol. XX, No. 2, December, 1968. 
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angular momentum in quantum mechanics. The gradient is denoted 

by V and the position vector relative to a fixed origin by r. If a repre¬ 

sentation in which L2 and Lz are diagonal is chosen, we may write (see 

Condon and Shortley, 1935: 45-54). 

L2Y“ = 1(1+ 1)Y“, (4) 

L Y” = mY» (5) 

LY“ = 1-[N+Y“+1 + N-Y--1], (6) 

LyY“ 4 - rf-i[N+Y“+1 - N—Y“~l], 
Z 

(7) 

N* = [(l + m)(l ± m + 1)]^ (8) 

We shall also need the definition of spherical Hankel functions of 

the first kind, denoted by H(11)(kr). For our purposes, we need only 

know that they may be written as functions of r alone (see Shiff, 1949: 

79). 

ORTHOGONALITY OF THE VECTORS VY1"*, VY“' 

Before proving Theorem 1, we will find it convenient to prove 3 

lemmas, the first of which is now given. 

Lemma 1. The vectors VY™*, VY™' are orthogonal in that 

r2jd<£fVYf • VYfsin0d^= [— (N+N + + N_N;) +rnrn']8ir8mm- 

where N'^ is given by (8) with 1 and m replaced respectively by 1' 

and m'. 

Proof. We note that, by (3), 

[LYf] • [LY“'] -Y2(VYf) • (VY“'), (10) 

because r • VY“ = r—Y'“ S 0. Referring to (6), we may write 
dr 

L*Y"!' =sl[N ; Y”'+1 + N-Y“'_1]. (11) 

The product of (11) and the complex conjugate of (6) then gives 

(LYf) (LxY™.') 1[N+N :'Y“+1*Y“'+1 + N_N : Y1”-1^"1.'-1 
4L‘ 'n"~' + 1 

+ n_n ; Yi?-iWf/+l + N+N;Ym+i‘Y;:'-1], 

because L* — —L. In a similar fashion, by using (7) and (5), we find 

that 
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(LYf) • (LY“'). = - [i(N+N,Y™+1*Y“'+1 + N_N^Y“_1*Y“'_1) 

+ mm'Y“T“']. 

The proof is completed by use of (2) and (10). 

VECTOR IDENTITIES 

The proofs of Lemmas 2 and 3, as well as Theorem 1, require 3 

identities. 

Identity 1. V X H/1* (kr)Z“ = H[1} (kr) V X Z;n + 

ir(VY“')4-H”>(kr). 
1 dr 1 

Let us define the vector functions 

z- = ly™, zm: =3 — LY“h 

(12) 

(13) 

If the triad of unit vectors r, 0, </> have the respective directions of in¬ 

creasing r, 0, </>, the gradient in spherical coordinates may be written as. 

V=f^ + ^^-+ * 0 
or r 0$ rsin 6* 9</> 

The vector identity 

V X (uV) ='(Vu) xVbuVxY 

(14) 

gives 

v x h^zHm (r x z™)— v x z» 
ii i nT* * i i 

(15) 

For briefness, we omit the functional dependence of H(11) (kr), as we 

have done in writing the associated spherical harmonics. Because 

r X Z™ — — i[ (r • VY™)r — (r • r) VY1"] .= irVY™, 

the proof may be completed by use of (15). If we define Z“' by (13)' 

with 1, m replaced by F, nY, respectively, another equation results from 

(12) by placing primes on 1 and m: 

V x H<«%- = H|?>V x Z“- + irpYfO^-HW. (12'> 

The vector identity (see Weatherburn, 1924: 9) 

V x (u X V) — V * Vu — u • VY + uV • Y — VV • u 

v X Z™ = - i[V X (r X VY™ )] = — i|YV2Y; 

gives 
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2VY“ - (r- V)vy;:'], 

because V • r = 3 and (VY“ • V)r ; VYm . By (14), because 

—y1;: =o, (r- v)vy; 
0r 

0 r9 0 , 
r— [- —+ 

0r r dO rsin0 </>0 
* 8 ]Y-' 

r dO rsm6 0</> 
= —VY1 

Therefore, V x Z1"' = - i(rVYIm' - VY“' ). 

By taking the scalar product of V Y"1 and (17), we have 

(17) 

(vYm) • (v xZ;') =-i[(v2Yf)r- VY1;1- (VY™) • (VY™,')] = 

i(VY™) • (VY™'). 

i i' 

Identity 3. 

(V x Zf) • (V x Z™') = r2(f2Yf) (V2Y™') + 

(VY™*) • (VY™'). (18) 

(V X Z™*) • (v X ZT) ■= (rV2Yf - VY™') • (rV2Yf - VY1"') 

—- r2( V2Y™*) (V2Y™) + (VY™*) • (VY™/)., 

because (V2Y™*) (r • VY1"') — (V2Y™') (r • VY"1*) = 0. 

OTHER PRELIMINARY LEMMAS 

We may now prove the other 2 lemmas that are required. 

Lemma 2. The vectors V X Z1"*, VY1"' are orthogonal in that 

r;(d<d(VY;>:') • (V x Z7*)sinede = i[i(N+N ' + N.N-) + 
0 O 2 

mrn']S,rSmm' (19) I 
i 

Proof. From 16, the iterated integral may be written 

-ir2fd</>((VYf) • (VY“')sin0d0. 
O 0 

The proof is completed by the use of (9). 

Lemma 3. The vectors V X Z™’ and V X Z1"' are orthogonal in that 



VECTOR FUNCTIONS OF ASSOCIATED SPHERICAL HARMONICS 109 

r2$d$| (V X Z“*~) • (V X Z“')sin0d$: — 

[1(1+1)1(1'+ 1) + 1(N+N'++ N_N’_) + mm']8n'8„.. (20) 

Proof. From (18), the iterated integral of (20) is 

"fd^,[[r2(V2Y7*) (VJY”’) + (VYf) • (VY“')]sinM+ (21) 
0 0 ‘ . 

Expressions (see Shift’, 1949: 75) for the Laplace operator and L2 in 

spherical coordinates give, with use of (4), 

1(1+1) 1 O O T 2 

V2Ym* . F+ _r2_+ _ _1 Ym* 
1 Lr2 0r 0r r2 J 1 

-Yra* 

We may therefore write for (21) 

+ [1(1 + 1) l'(l' + O+J+'Yfsin 66 + 
I* 0 0 

r27d$[(VYf;) • (VY™')sin OdO]. 
o o 

By use of (2) and (9), the proof is completed. 

ORTHOGONALITY OF THE VECTORS V X LI + Z+ V X 

Vector functions similar to those considered here arise in the theory 

of multipole radiations, which demonstrates that the fields due to a 

system of oscillating charge can he separated such that the radiation 

is described as electric and magnetic multipole (see Wallace, 1951: 

393). It is necessary that the vector functions in terms of which the 

fields are expanded be orthogonal (see Blatt and Weisskopf, 1952: Ap¬ 

pendix B). Theorem 1 and Theorem 2, given below, constitute a proof 

of this necessary condition. The functional dependence of the electric 

field of the electric multipole radiation and the magnetic field of the 

magnetic multipole radiation is determined by vectors similar to those 

of Theorem 1. 

Theorem 1. 

r2?d<M(H X H^Zf) • (V X H;ftZ“')sin edO = {1(1+1)1(1+1) 
0 0 

H,,1,H(1l| + [H(,1> + iThw] [H™ + r—H'V] [i(N+N + 

NJ+) +mm']}Sll.8lnm. (22) 

Proof. We may write the integral of (22) as a sum of 4 integrals by 

using (12) and (12'). The first integral, 

fd$f(V x Zf) • (V X Z-;)sin OdO, 
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has the value, from (20), 

■lH<1)HIw[l(l+i)r(l'+lj'M-l(N+N'++N_N' ) + (23) 
r 1 2 + 

The 2nd and 3rd integrals have values, by (19), 

(l)H;1!||Ul<V) [1(N+N’++ N_N'_) + mrn]Smm.Sir, (24) 

(1)HW(Th<«) [1(N+N'++ NJNT) + rnm']Smm.Sir, (25) 

respectively, whereas the 4th integral, 

4-H<«)'©Y®*) • ( VY“',)sin 0d0, 
dr dr 0 o 

is equal to, by (9), 

(47H<1,)(TH!)))[l(N+N'kyNJSr:)+mm']8mm.81| (26) 

Addition of the expressions (23) through (26) and rearrangement of 

terms completes the proof. 
—> —> 

ORTHOGONALITY OF THE VECTORS H(1)Z^*, H^Z™' 

We have yet to consider the orthogonality of the vector functions 

similar to those in which the electric field of the magnetic multipole 

radiation and the magnetic field of the electric multipole radiation are 

expanded. 

Theorem 2. 

7d<d[H<1>Z“*] • [Hf^Z^'Jsin 6&8 = H(11)H(1V [](N+N + +NJNT ) + 
0 0 2 

mm'] Smm'S, i - 

Proof. The proof results by the use of (13), (10), and (9). 
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Specific Invertible Spaces 

by S. K. HILDEBRAND and R. L. POE 

Department of Mathematics 

Texas Technological College, Lubbock 79409 

INTRODUCTION 

In this paper a characterization of invertible spaces is given. As a 

result of this characterization, different types of invertible spaces are 

introduced and theorems pertaining to them are presented. The prop¬ 

erties of specific, bispecific, disjoint bispecific, and strong specific in¬ 

vertible spaces are discussed in detail. Appropriate examples are 

exhibited. 

A CHARACTERIZATION OF INVERTIBLE SPACES 

Doyle and Hocking (1961) defined invertible spaces as follows. 

Definition 1. A topological space S is invertible if for each non¬ 

empty, open subset V of S there exists a homeomorphism h of S onto 

S such that h(S — V) lies in V. The homeomorphism h is called an 

inverting homeomorphism for the open set V. 

The following definition is given prior to proceeding with a char¬ 

acterization of invertible spaces. 

Definition 2. A topological space S is strong specific invertible with 

respect to a subset V if and only if V is a nonempty, open subset of S 

such that if U = V or if U is a nonempty, open subset of V then there 

exists an inverting homeomorphism h of S onto S such that h(S — U) 

lies in U. 

Theorem 1. A topological space S is strong specific invertible with 

respect to a subset V if and only if S is an invertible space. 

Proof: If S is an invertible space, then it is obviously strong specific 

invertible with respect to each of the nonempty open subsets of S. 

If S is strong specific invertible with respect to a nonempty, open 

subset V then let U be a nonempty open set in S. Two cases need be 

considered; (1) U D V 7^0, and (2) U Pi V = 0. 

Case 1. Since UflV 7^ 0, (UPiV) C V, and UPlV is a nonempty, 

open subset of V, there exists a homeomorphism h such that h[S — 

(UnV)] C (UPlV). Therefore, h is a homeomorphism such that 

h(S lU) C (UHV) C U and h is an inverting homeomorphism for 

U. 

The Texas Journal of Science, Vol. XX, No. 2, December, 1968. 
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Case 2. If U H V = 0, there exists an inverting homeomorphism f 

such that f (S — V) C V. There, f (U) C V and f (U) is open in S and 

hence open in V. Now there exists an inverting homeomorphism g such 

that g[S — f(U)] C f(U). Consider (f_1gf), observing that it is a 

homeomorphism. Also, (f_1gf) (S — U) = (f-1g) (S — f(U)) C f~l 

[f(U)] =U or (f-’gf) (S-U) C U. Hence (f^gf) is the desired 

homeomorphism which is the inverting homeomorphism for U. 

SPECIFIC INVERTIBLE SPACES 

The characterization of invertible spaces given by Theorem 1 indi¬ 

cates the possibility of weakening the conditions of invertibility and 

still retain some of the results obtained previously. The definition be 

low is one way to weaken the criteria for invertibility. 

Definition 3. A topological space S is specific invertible with respect 

to a subset V if and only if V is a nonempty, open subset of S and there 

exists an inverting homeomorphism h of S onto S such that h(S — V) 

CV. 

The following theorem is stated without proof since the proof is 

exactly that of its counterpart by Doyle and Hocking (1961). 

Theorem 2. If the topological space S is specific invertible with re¬ 

spect to the nonempty, open subset V, which as a subspace is T„, then 

S is a T„-space. 

Theorem 3. If the topological space S is specific invertible with re¬ 

spect to the nonempty, open subset V. which as a subspace is T,, then 

S is a T,-space. 

Proof: Let p,qfS, where p r= q. If p.qeV, there exist open subsets Ot 

and 0_. of V such that peO,, (q/Oi) and qeOj, (p^O_.) since V is T,. 

O, and 0_> are open in S since they are open subsets of V which is open 

in S. 

If p.qf( S — V), let h be the specific inverting homeomorphism with 

respect to V. Then h(p), h(q)fV and h(p) =£ [h(q)]. There exist open 

subsets O, and 0L. of V, hence of S, such that h(p)eO,, (h(q)^Oi) and 

h(q)eO_., [h(p)^0_.] since V is Tx. Now pfh-1 (CL), [q^h-1 (O,)] and 

qelr1 (Cb), [p^h-1 (0_.) ] where h-1 (Oi) and h_1 (0_.) are open sets in S. 

If pfV and qp(S — V) there are two cases to consider; (1) h(p)eV 

or (2) h(p)f(S — V). 

(1) Suppose h(p)fV. h(q)FV since qF(S — V). The separation may 

be performed exactly as in the case above where p,qe (S — V). 

(2) Suppose h(p)e(S — V). Since h(q)£V we have qeh_1(V) and 

PfV. Both V and h~l(V) are open in S such that peV, (q^V) and qeh-1 

(V), [pFh-uv)]. 
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The next 2 theorems are stated without proof since the proofs are 

exactly those of their counterparts by Doyle and Hocking (1961). 

Theorem 4. If the topological space S is specific invertible with re¬ 

spect to the nonempty, open subset V, whose closure V is a compact 

subspace, then S. is a compact space. 

Theorem 5. If the topological space S is specific invertible with re¬ 

spect to the nonempty, open subset V, which is connected, then S con¬ 

sists of at most two components. If S is not connected then V and S — V 

are the components of S and they are homeomorphic. 

The 3 theorems below are stated without proof since the proofs are 

exactly that of their counterparts by Levine (1963). 

Theorem 6. If the topological space S is specific invertible with re¬ 

spect to the nonempty, open subset V, which as a subspace is separable, 

then S is a separable space. 

Theorem 7. If the topological space S is specific invertible with re¬ 

spect to the nonempty, open subset V, which as a subspace is first 

countable, then S is a first countable space. 

Theorem 8. If the topological space S is specific invertible with re¬ 

spect to the nonempty, open subset V, which as a subspace is second 

countable, then S is a second countable space. 

The following example illustrates a few of the properties which are 

true for an invertible space but not necessarily true for a specific in¬ 

vertible space. 

Example 1. Consider the set Y = [0,1) U (2,3) U (4,5] with the 

following open sets as a basis, a, for its topology, t: 

{1/2} U (2,d) fa where 2 < d < 3, 
{9/2} U (2,d) fa where 2 < d < 3, 
and (a,b) Pi Yfa where 1/2/(a,b), 9/2/(a,b), a and b are real num¬ 

bers, and a < b. , 

(Y,r) is not T. since there do not exist two disjoint open sets con¬ 

taining the points 1/2 and 9/2, respectively. (Y,r) is not regular since 

there do not exist two disjoint sets containing the closed set [1/4,3/4] 

and the point 9/2, respectively. (Y,r) is not normal since there do not 

exist 2 disjoint open sets containing the closed sets [1/4,3/4] and 

[17/4,19/4], respectively. It follows that (Y,r) is not T3 (regular and 

T,), T, (normal and TJ, completely regular, completely normal, 

Tychonoff, nor T.,. 

However, the open subset [0,1/4) of Y does have each of the prop¬ 

erties named in the preceeding paragraph when considered as a sub¬ 

space of Y. It follows from the known theorems on invertible spaces 

that (Y,r) is not invertible. Now consider the set V = [0,1) U (2,3) 

and observe that V is open in (Y,r). The function f(x) = 5 — x for 
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xe[0,1) U (4,5] and f(x) = x for xe(2,3) is an inverting homeo- 

morphism for V, and therefore (Y,r) is specific invertible with respect 

to V. It is of particular interest to observe that V, as a subspace, is T2 

and also meets the requirements of several other separation axioms 

even though (Y,r) does not. 

In an effort to retain additional properties of invertible spaces, a 

more restrictive class of spaces than that of specific invertible spaces 

is defined, based on the characterization of invertible spaces given in 

Theorem 7. 

BISPECIFIC INVERTIBLE SPACES 

Definition 4. A topological space S is bispecific invertible if and only j 

if S is specific invertible with respect to two distinct sets. 

Consider Example 1 where the space (Y,r) and the open set V are 

defined. Let U = (2,3) U (4,5] and note that U is also an open set. 

Now as subspaces both U and V are T2 spaces even though (Y,r) is not 

T2. This along with the other properties possessed by (Y,r) implies 

that, in general, bispecific invertible spaces have few properties that are 

not possessed by specific invertible spaces. It is apparent that if a space 

is bispecific invertible with respect to 2 distinct open sets that the space 

is specific invertible with respect to an open set. Now to retain addi¬ 

tional properties of invertible spaces, again a more restrictive class of 

spaces than that of bispecific invertible spaces is introduced. The defi¬ 

nition will be based on the characterization of invertible spaces pre¬ 

sented by Theorem 1. 

. 

DISJOINT BISPECIFIC INVERTIBLE SPACES 

Definition 5. A topological space S is disjoint bispecific invertible if 

and only if S is specific invertible with respect to 2 disjoint, nonempty, 

open sets. 

It follows directly from the definitions that if a topological space is 

disjoint bispecific invertible, then the space is bispecific invertible with | 

respect to exactly those 2 sets. The next example shows that the impli¬ 

cation does not go the other way. 

Example 2. Let Z be the set consisting of all real numbers x such 

that 0 < x < 1. Define a subset K of Z to be open if and only if K is 

the null set or Z — K is finite. It is easily seen that the collection of all 

sets of the form of K is a topology for Z. Let M be an open subset of 

Z. Then M can be written as Z — W where W = {ai,a2,a3, . . . ,an} 

and WCZ. There exist points b1,b2,b3, . . . ,bn such that bi 7^ aj for 

every i and j where 0 < i < n, 0 < j < n and bieZ. Then f (a0 = bi, 
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f (bi) = ai for 0 < i < n and f (x) = x for xe [Z — ( U ai) — (U bi) ] 
i=l i—1 

is an inverting homeomorphism for the open subset M. Hence Z is a 

specific invertible space with respect to any of its open subsets. How¬ 

ever, Z is not disjoint bispecific invertible since there do not exist 2 

disjoint, nonempty, open subsets of Z. 

Theorem 9. If the topological space S is disjoint bispecific invertible 

with respect to 2 nonempty, disjoint, open sets V! and V2, and Vi as 

a subspace is T0, Tx, connected, separable, first countable, second count¬ 

able, or if Vi is a compact subspace, then S is T0, Tx, the union of at 

most 2 components, separable, first countable, second countable, or 

compact, respectively. 

Proof: This follows directly from Definition 4 and Theorems 2 

through 8. 

Theorem 10. If the topological space S is a disjoint bispecific inver¬ 

tible space with respect to 2 disjoint, nonempty, open subsets Vx and 

V2, and Vx as a subspace is T2, then S is a T2 space. 

Proof: Let f and g be the bispecific inverting homeomorphisms with 

respect to V\ and V2, respectively. Also, let p,qeS where p^q. 

Case I. Suppose p,qeVx, then there exist disjoint, open subsets Oi and 

02 of Vi such that peOi and qe02. Since Ot and 02 are both open in S 

the separation is accomplished. 

Case II: Suppose p,qAC, the f(p), f(q)fVj and there exist disjoint, 

open subsets Oi and 02 of Vx such that f(p)fOx and f(q)f02. Now 

pff~l (Ch) and qef-1 (02). Since f_1 (0,) and f_1(02) are disjoint, open 

subsets of S, the separation is accomplished. 

Case III. If peVi and qeV2 the separation is already made. 

Case IV. Suppose peVt and qf [S — (Vx U V2)], then f[g(p)], 

fCg(q) ]eV!• There exist disjoint, open subsets Oi and 02 of Vx such 

that f[g(p)]fOi and f[g(q)]e02. Now pe(fg)"1(01) and qe(fg)_102). 

But g_1 [f_1 (OO ] and g~1[f_1(02) ] are the desired-open, disjoint subsets 

in S containing p and q, respectively. 

Theorem 11. If the topological space S is a disjoint bispecific in¬ 

vertible space with respect to 2 nonempty, disjoint, open subsets Vi 

and V2, and Vi as a subspace is regular, then S is a regular space. 

Proof: Let xeS and C be a closed subset of S such that x^C. In addi¬ 

tion let f and g be the bispecific inverting homeomorphisms with re¬ 

spect to Vx and V2, respectively. The assumption shall be made that 

xeVx since if x/Vx one can consider x' — f(x) and C' — f(G), and then 

apply the proof below to find the disjoint, open subsets of S containing 

x' and f(C), respectively. Then f1 of the sets will be the disjoint, open 

subsets of S containing x and C, respectively. 
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Consider the following cases: 

Case I. Suppose xeV4 and CnV2 = 0. Now g(x)eV2 and g(C) is a 

closed subset of V2. Thus f[g(x)]eVi, f [g(C)] is a closed subset of V4, 

and there exist disjoint open sets 04, 02 of Vi such that f[g(x)]e04 

and f [g(C) ] C02. But g_1[f_1(Oi)] and g_1[f_1(02)] are disjoint open 

sets of S containing x and C, respectively. 

Case II. Suppose xsV1 and CflV1 = 0, then f[g(x)]eVi and 

f[g(C — V2)] CVi where f[g(C — V2)] is closed since (C — V2) is 

closed. There exist disjoint, open subsets 04, 02 of Vi such that 

f[g(x)]cO, and f[g(C-V2)]C02. Therefore, xeg-1[t1(01)'] and 

(C- V2)Cg-1[f-1(C- V2)]. Now xeV,, C= C(C — v2)u(cnv2)] 
Clg-^f-HC-V2)]UV2}, and xe[V1 ng-^f-^O,)]]. Also, {g-fL1 
(C — V2) ] U V2} D [Vx H g-1 [f_1 (Oi) ] ] =0 and hence are the desired 

open sets. 

Case III. Suppose xeV4, C Cl V4 0, and C fl V2 7^ 0. By Case I, there 

exist disjoint, open sets 04, 02 of S such that xeCh and (C — V2) C02. 

By Case II, there exist disjoint, open sets 03, 04 of S such that xe03 and 

(C — VO C04. Now xe(01n03), ci [(C- V2) U(C- Y4)]C(02 

uo4), and (o4no3) n (02uo4)=(04no3no2) u (04no3no4) = 0. 

Therefore, (04n03) and (02U04) are the desired open subsets of S. 

Theorem 12. If the topological space S is a disjoint bispecific in¬ 

vertible space with respect to 2 nonempty, disjoint, open subsets V4 
and V2, and V4 as a subspace is normal, then S is a normal space. 

Proof: Let A, B be disjoint, closed subsets of S and f, g be the bi¬ 

specific inverting homeomorphisms with respect to V4, V2, respectively. 

Define the following sets: G - A V4, II A V2, I 1 B V4, and 

J = B — Vo. Note that G, H, I, and J are closed and therefore f(G), 

f (I) are closed in V4. Hence, there exist disjoint, open sets 04, 02 in Vi 
such that f(G) C04 and f(I) C02. Thus GcL^Oi) and ICL1(02) 

where f_1(04), f_1(02) are disjoint, open subsets of S. Similarly 

f[g(H)] and f [g(J) ] are closed subsets of V4, and there exist disjoint, 

open sets 03, 04 in V4 such that f [g(H) ] C03 and f [g(J) ] C04. There¬ 

fore, HCg_1[f_1(03)] and JCg_1[f_1(04) ] where g^1 [f_1 (03) ] and 

g_1[f_1(04)] are disjoint, open subsets of S. Consider the sets C — 

[f_1 (04) Clg-1 [L1 (O3) ]] u [f-^Oi) nv2] U [g-1[f-1(03)]nvi]] and 

D=[f-I(02)ng-I[f-1(04)]] u [f-1(02)nv2] u [g-[f-(04)]nvj. 
Now C and D are both open in S and A = [ (A — (V4 U V2)) U (V2 fl A) 

U(V4nA)]CC, B= [(B- (V1UV2)) U (V2nB) U (V4nB)]cD. 

But C Pi D = 0 and therefore C, D are the desired disjoint, open sets of 

S such that A C C and B C D. 

Note: cnD = {[f-1(01)ng-1[f-1(03)]] u [f-1(01)nv2]u[g-l[f-1 
(03)] nvj} n {[^(02) ng-1[f-1(04)]] u [f^(0,)nv2] u [g^1 [f_1 
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(04)]nv1]} = {[f-(01)n^[f-i(03)]] n {[f-(02) ng-[f-(04)]] 

u[f-1(02)nv2] u [r1[f-1(04)]nv1]}} u {[f*(0i)-nva] n {[f-1 

(02)nr[f-1(04)]] u [f-1(02)nv2] u [^[f-(04) nv,]}} u {[^ 

[f-1(03)]nv1] n {[f-1(02)nrl[f-l(04)]] u [f-*(02)nv2] u 

[f-^o,)] nv,]}} = 0U0U0-0. 

Theorem 13. If the topological space S is a disjoint bispecific in¬ 

vertible space with respect to 2 nonempty, disjoint, open subsets V4 

and V2, and Vi as a subspace is completely regular, then S is completely 

regular. 

Proof: Let xeS and A be a closed subset of S such that xeA. The as¬ 

sumption shall be made that xeVx since if xeAx one can consider x' -= 

f (x) and A' = f (A), where f and g are the bispecific inverting homeo- 

morphisms with respect to Vx and V2, respectively, and then apply the 

proof below to find the continuous function h such that h(x/) — 0 and 

h(A') = L 

Case I. Suppose [S — [ (Vx — A) U V2]] ¥= 0. Now g(x) and g[S — 

[(Vi — A) UVJ] are in V2, thus f[g(x)]eY1 and f[g{S — |(Vi — A) 

UV2]}] CV1. Since f[g{S - [(Vx-A) UV2]}] is closed in Vl9 f[g 

(x)]ef[g{S — [(Vx — A) UVJ}], and Vx is completely regular, there 

exists a continuous function k such that k{f [g(x) ] } = 0 and k{£[g{S — 

[(Vi — A) UVJ}]} ■= 1. The domain of kfg is some set ZCS, and 

k{f[g(Z) ] } C [0,1]. If yeV2, then yeZ. If y£Z and ye(S - (VM A)), 

then k{f[g(y)]} = 1. Also, (S - V2) CZ. Therefore, kfg | (S - V2) is 

a continuous function such that k{f [g(x) ] } = 0 and k{£[g(A — V2) ] } 

■H 
Define h(y) = k{f [g(y)] } for ye(S — V2), and h(y) = 1 for yeV2. 

Now h(x) = k{f[g(x)]} g 0 and h(A) | ([k{f[g(A-V2]}]U{1}) 

= {1}U{1} =={!}. Hence it will suffice to show that h is a continuous 

function, since h is defined over S and h(S) C [0,1]. Let W = h-1 

{ [0,a] } = (kfg)_1{ [0,a)} CV3, where 0 < a< 1. W is open in S — V2 

and therefore open in S. M r-fr1{ (a,b)} = (kfg)_1{ (a,b)} CVX, where 

0 < a < b < 1. Mis open in S — V2 and also open in S. Now consider 

N = (kfg)“1{ (b,l] }, 0 < b < 1, which is open in S — V2. Therefore, 

there exists an open set PCS such that N = Pfl (S — V2). Then h_1 

{(b,l ] } = N U V2 “ P U V2, which is an open set of S. Hence, h is 

continuous. 

Case II. Suppose S - [(Vx - A) UV2] = 0. This implies AcV2, 

Vi.UV2 = S, and Vi, V2 are both open and closed in S. Define h such 

that h(Vi| — 0 and h(V2) —. 1, then h is continuous, h(x) = 0, and 

h(A) Ch(V2) — 1, 

Theorem 14. If the topological space S is a disjoint bispecific in¬ 

vertible space with respect to 2 nonempty, disjoint, open subsets Vi 
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and V2, and Vi as a subspace is completely normal, then S is a com¬ 

pletely normal space. 

Proof: The proof is identical to that of Thorem 12, except the sets 

A and B are separated rather than closed. 

Theorem 15. If the topological space S is a disjoint bispecific inver¬ 

tible space wit hrespect to 2 nonempty, disjoint, open subsets V4 and 

V2, and V4 as a subspace is T3, T4, T5, or Tychonoff, then S is T3, T4, 

T5, or Tychonoff, respectively. 

Proof: (1) Suppose V4 as a subspace is T3, then Theorem 9 estab¬ 

lishes that S is Ti and Theorem 11 that S is regular. Hence, S is T3. (2) 

Suppose Vi as a subspace is T4, then Theorem 9 establishes that S is 

T4 and Theorem 12 that S is normal. Hence, S is T4. (3) Suppose V4 

as a subspace is T5, then Theorem 9 establishes that S is Tt and 

Theorem 14 that S is completely normal, Hence, S is T5. (4) Suppose 

V4 as a subspace is Tychonoff, then Theorem 9 establishes that S is 

T4 and Theorem 13 that S is completely regular. Hence, S is Tychonoff. 

OBSERVATIONS 

It is of interest to observe that disjoint bispecific invertible spaces 

seem to retain the separation properties in essentially the same manner 

as invertible spaces. The definition of disjoint bispecific invertible 

spaces was based on the characterization of invertible spaces demon¬ 

strated in Theorem 1, but Example 2 illustrates that an invertible space 

is not necessarily a bispecific invertible space. The next example il¬ 

lustrates a space which is disjoint bispecific invertible but not an in¬ 

vertible space. 

Example 3. Let W — (0,1) U (2,3) where W is the subset of the 

real number line with the relative topology. Now W is disjoint bispe¬ 

cific invertible with respect to the disjoint, open sets (0,1) and (2,3). 

The inverting homeomorphism for each set is f (x) =3 — x. However, 

W is not invertible with respect to the open set (0,1/2), since the 

assumption that it is would lead to a contradiction of Theorem 2 by 

Doyle and Hockling (1961). It follows then that W is not an invertible 

space. 
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ABSTRACT 

This study considers the problem of non-linear least squares where 

m parameters are to be determined of which r of these m parameters 

are represented linearly and m-r of these m parameters are represented 

non-linearly. A method, based upon the usual Taylor’s Formula proc¬ 

ess for the handling of non-linear least squares curve fitting problems, 

is presented that advantageously uses the fact that r of the m para¬ 

meters are linearly represented. Hartley [1961] considers this prob¬ 

lem by using a modified Gauss-Newton method. This paper is directly 

related to Hartley’s paper. Numerical examples are presented. A com¬ 

parison can be made between our results and those presented by 

Hartley. 

INTRODUCTION 

Suppose we have a set of N points in the real plane and denote them 

by (Xi,yi), i = 1,2, . . . ,N. Suppose we want to find some function of 

x, say y = G(x), such that G gives us the correspondence between the 

yds and Xi’s. 

In the usual approach, we assume that the mathematical form of the 

approximation function is known and can be written in the form 

(1) y = F(x;*) 

where the m parameters b = (bx,b2 . . . , bm) (m < N) are to be de¬ 

termined in such a way that the approximation function (1) is the 

best representation of the relationship between the yds and the xds, in 

some “pre-assigned sense.” We assume that F has a continuous Kth 

derivative. 

In least squares problems, the "pre-assigned sense” is taken to mean 

we determine b such that 

(2) 1(b) =2 [yi — F(Xi,£)]2 
i =1 

We have assumed that m-r > 0 of the m parameters are expressed 

The Texas Journal of Science, Vol. XX, No. 2, December, 1968. 
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non-linearly in F. There are many ways to approach the non-linear 

least squares curve fitting problem, but the most common approach is 

to linearize the parameters by a Taylor’s expansion of F. However, in 

this approach, and in the several other approaches, nothing is done to 

take advantage of the fact that some of the parameters may be of the 

linear type. In general practice, if the problem contains some linear 

parameters and at least one non-linear parameter, the problem is 

handled as if all the parameters were non-linear. 

PROPOSED METHOD 

Suppose r, 1 < r < m, of the m parameters are linear. Suppose that 

for each non-linear parameter bj, (j — r + 1,. . ., m), we have an 

initial value b°. Then (1) becomes 

(3) y = F(x,bt,. . ., b .,b°+1,. . ., b°J 

We now consider equation (3) in the usual linear least squares 

manner as all the remaining unknown parameters are linear. Setting 

0I/0bj =f= 0 for j = 1,2, . . . ,r, we are led to a system of r linear equa¬ 

tions in r unknowns which can be readily solved for b°,b°, . . . ,b° and 

we now have 

b° = (b°,b°, . . . ,b°,b° , 

where, of course, b° + 1 , . . 

. . . ,b° ) 

. ,b°n are the initial guess and not necessarily 

the best least squares choice. 
Based upon this b°, we want to form a better choice of b°+l, . . . ,b^. 

This we can do in the usual non-linear least squares Taylor series 

method by minimizing 
N m 

2 [vi --Fixi.//') — 2/?jfj(xi)]2 
i =1 j=l 

where the /3’s are the constants to be determined. In using the usual 

method, we arrive at a linear system A/2 = v where 

/2T =:(fn,$2,'y ,/2m), 

is to be determined, and 

yT ={ f1[y1 - FCxOlA f2[y, - F(x,)],..., 
i=l i—1 

J fm[yi — F(Xl)]}, 
1=1 ' 

and where A is an m by m matrix whose terms ajk are given by 
N 

ajk = 2 fj(xi) *fk(xi). 
i =1 

Now, it is clear that v|f= 0, v2 = 0,. . ., vr = 0. due to how we selected 
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b°l5b0,,. . . ,b°. It is also clear that we have already formed the upper 

left r by r block of the matrix A in finding b°, . . . ,b°. 

Thus, to find pr+u . . . „/?m, we need only form the rest of the matrix 

A and vr+1,. . . ,vm. Since we have also the inverse of the upper left 

r by r block of A, we would want to make use of this to find /3V+1,... , 

j3m. These values form a new guess b° , . . . ,b°n , and we repeat the 

process to form a sequence of solution vectors. Thus, we have a very 

systematic way of selecting br+i, . . . ,bm, values beyond the initial 

guess. 

It should be noted that we can extend the work to the case where 

we have more than one independent variable. 

We also want to note that by taking advantage of the linearity of 

some of the parameters, the proposed method will be faster than the 

usual method. 

In this paper, we have considered F(x,&) with the parameters 

br+1,. . . ,bm, known (found as indicated) and then we found bi,b2, . . 

br. Instead, we could replace bT,b2, . . . ,br in F (x,&) with their least 

squares solution as functions of br+1, . . . ,bm. We could then treat this 

as a non-linear problem with (m-r) unknown parameters which will 

entail inverting an (m-r) x (m-r) A matrix. After convergence to 

br+i,. . . ,bm, we use the linear least squares equations to find bx,b2, . . ., 

K.* 

NUMERICAL EXAMPLES 

Consider the following problem: Suppose we have given the six 

points (-5,127), (-3,151), (—1,379)., (1,421), (3,460), and (5,426). 

Suppose we want to fit these six points to the function defined by 

F(x,b1,b2,b3) = bx + b2 exp [b3x]. 

Now, bx and b2 are linear parameters whereas b3 is a non-linear pa¬ 

rameter. It follows that 

I(bx,b2,b3) =iSi[y1 — bx — b2 exp [b3Xi] ] . 

In Table 1, we show the results of the first nine iterations using the 

usual Taylor’s Formula method with b° •= (580, —180, —0.16). In 

Table 2, we show the results of the first nine iterations using the pro¬ 

posed method. 

In the remaining tables, we present the results for the first nine 

iterations by both the usual method and the proposed method for two 

other starting vectors, where the starting values are poor choices. 

By way of comparison to what Hartley (1961) presented, attention 

* The author is indebted to the reviewer for this last thought. 
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Table 1 

First nine cycles of iteration by the usual method with starting values (580, —180, 

—0.16). 

Cycle bi b2 b3 I 

0 580.0000 —180.0000 —0.1600 27376.62 

1 490.4215 —121.1175 —0.2231 14585.55 

2 525.6963 —163.7892 —0.1851 13778.74 

3 515.9190 —148.5400 —0.2068 13407.53 

4 525.6404 —159.7516 —0.1965 13393.82 

5 522.0208 —155.4472 —0.2010 13390.53 

6 523.8095 —157.5434 —0.1991 13390.17 

7 523.0855 —156.6891 —0.1999 13390.10 

8 523.4009 —157.0602 —0.1996 13390.09 

9 523.2608 —156.9035 —0.1997 13390.09 

Table 2 

First nine cycles of iteration by the proposed method with starting values (580, 

—180,-0.16). 

Cycle b2 b3 I 

0 580.0000 —480.0000 —0.1600 27476.62 

1 510.8577 —142.1919 —0.2148 13439.27 

2 529.4896 —164.2056 —0.1929 13400.16 

3 520.8487 —154.0511 —0.2025 13391.82 

4 524.3841 —158.2170 —0.1985 13390.41 

5 522.8559 —156.4182 —0.2002 13390.15 

6 523.4990 —157.1756 —0.1994 13390.10 

7 523.2266 —156.8548 —0.1998 13390.09 

8 523.3422 —156.9909 —0.1996 13390.09 

9 523.2944 —156.9349 —0.1997 13390.09 

Table 3 

First nine cycles of iteration by the usual method with starting values (450, —100, 

—0.14). 

Cycle bi b2 b3 I 

0 450.0000 —100.0000 —0.1400 48028.47 

1 449.1517 — 78.1936 —0.3372 20832.63 

2 516.1659 —154.0438 —0.1364 30268.13 

3 438.5056 — 67.2410 —0.2760 24393.34 

4 526.6645 —163.9930 —0.1048 43652.18 

5 265.1861 —108.8051 —0.3632 896533.08 

6 511.1667 —148.6040 —0.5165 2637518.30 

7 484.8792 —113.1139 —0.4015 242302.28 

8 503.9202 —140.0220 —0.2467 19872.68 

9 529.3468 —165.6284 —0.1883 13469.44 
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First nine cycles of iteration by the proposed method with starting values (450, 
—100', —0 14) 

Cycle b2 b3 I 
0 450.0000 —100.0000 —O'. 1400 48028.47 
1 506.0007 —136.3798 —0.2213 13490.12 
2 532.4886 —167.7086 —0.1898 13411.68 
3 519.7695 —152.7763 —0,2037 13393.72 
4 524.8791 —158.7991 —0.1979 13390.77 
5 522.6499 —156.1755 —0.2004 13390.21 
6 523.5908 —157.2336 —0.1993 13390.11 
7 523.1894 —156.8111 —0.1998 13390.09 
8 523.3585 —157.0101 —0.1996 13390.09 
9 523.2860 —156.9249 —0.1997 13390.09 

Table 5 

First nine cycles of iteration by the usual method with starting values (400, —100, 
—0.1). 

Cycle b3 I 

0 400.0000 —100.0000 —0.1000 70619.48 
1 217.5594 +156,8501 —0.5673 8623634.90 
2 477.9525 —101.5565 —0.6702 6681764.60 
3 466.3496 — 80.0053 —0.5362 698105.75 
4 482.0838 —108.5713 —0.3268 43635.39 
5 518.1419 —156.0860 —0.1868 14182.58 
6 517.0470 —149.7973 —0.2067 13400.99 
7 525,5986 1—159 7002 —0.1966 13393.14 
8 522.0844 —155.5209 —0.2010 13390.49 
9 523.7856 —157.5150 —0.1991 13390.16 

Table 6 

First nine cycles of iteration by the proposed method with starting values (400, 
—100, —0.1). 

Cycle bi b2 b3 l 

0 400.0000 —100.0000 —0.1000 70619.48 
1 497.8852 —126.5986 —0,2331 13625.71 
2 538.5325 —174.7358 —0.1838 13446.16 
3 517.7853 —150.4287 —0.2061 13399.10 
4 525.8189 —159.9033 —0.1969 13391.82 
5 522.2684 —155.7260 —0.2008 13390.40- 
6 523.7587 —157.4813 —0.1992 13390.15 
7 523.1176 —156.7266 —0.1999 13390.10 
8 523.3890 —157.0461 —0.1996 13390.09 
9 523.2741 —156.9107 —0.1997 13390.09 
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is called to our Table 2 and Hartley’s Table 5, the same problem being 

considered. From his paper, we have 

cycle b0 

2 495.208 

3 524.960 

4 519.422 

bx 

—124.262 

-159.273 

-152.488 

b2 

-.219741 

-.190648 

-.203545 

I 
14590.58 

13639.10 

13394.35 

This is corresponding to our Table 2, cycles 1, 2, and 3, respectively. 

In the many cases tried, it always appeared that the proposed 

method was the more stable method in comparison with the usual 

method. In particular, note Tables 5 and 6. 
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ABSTRACT 

A group of equations has been developed for predicting the volu¬ 

metric behavior of pure unsaturated hydrocarbon liquids, pure non¬ 

hydrocarbon liquids, paraffin-aromatic liquid mixtures, paraffin-olefin 

liquid mixtures and olefin-olefin liquid mixtures, paraffin-contami¬ 

nants liquid mixtures, and pure non-hydrocarbon gases. In this study 

the term “liquid” indicates a state below that corresponding to the 

critical temperature and a pressure in excess of the bubble-point pres¬ 

sure. The constants for the equations of state presented for the above 

mentioned liquid mixtures were derived on the basis of the constants 

for pure components. 

The equations presented are similar in form to van der Waal’s 

equation, but the constants a and b were found to he functions of tem¬ 

perature. The equations for pure fluids contain 4 constants character¬ 

istic of each material in addition to the gas constant “R”. 

When compared with experimental values found in the literature, 

the average absolute deviation in the calculated molal volumes was 

found to be 0.35% for 762 measurements on pure liquids. The pure 

liquids studied were: propene, 1 -butene, benzene, cyclohexane, hydro¬ 

gen sulfide, carbon dioxide, and water. 

The equation derived for hydrocarbon liquid mixtures describes 

the volumetric behavior with an absolute average % deviation of 0.96 

for 2,044 measurements made on 19 mixtures involving propane- 

propene, propane-benzene, and propene-1-butene systems. 

The correlations proposed for predicting the molal volumes of 

hydrocarbon-non-hydrocarbon liquid mixtures yielded an absolute % 

deviation of 0.97 for 2,641 measurements on 30 mixtures involving 

1 This paper is based on a dissertation by the senior author submitted in partial 

fullfillment of the requirements for a degree of Doctor of Philosophy, Department 

of Petroleum Engineering, Texas A&M University. 

2 Present address: c/o Dr. Mohamed A. El-Banbi, Faculty of Agriculture, Ean 

Shams University, Cairo, Egypt. 
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propane-carbon dioxide, n-butane-carbon dioxide, n-pentane-hydro- 

gen sulfide, and decane-hydrogen sulfide systems. 

An equation of state was also developed to describe the volumetric 

behavior of the gases nitrogen, oxygen, hydrogen, air, hydrogen sul¬ 

fide, and carbon dioxide with an absolute average of % deviation of 

0.45 over a total number of 1,205 data points. 

INTRODUCTION 

The success of efforts (Alani and Kennedy, 1960; Bowman, 1961) 

based on modifications of the van der Waals equation to express the 

variation in volume of pure hydrocarbons and their mixtures with 

composition, temperature, and pressure has encouraged the authors i 

to investigate numerous additional systems. The latter consists of (1) 

pure liquids both hydrocarbon and non-hydrocarbon, (2) hydrocarbon 

liquid binary systems, (3) binary mixtures of hydrocarbons and non¬ 

hydrocarbons, and (4) pure non-hydrocarbon gases. The equations 

found to express the variation in volume satisfactorily and their 

average deviations are discussed in the above order. 

PURE LIQUIDS 

Alani and Kennedy (1960) have shown that the equation of van der 

Waals (1873)3 

3 Symbols given at end of paper. 

RT= (P+|j (V-b) (1) 

when modified by making a and b functions of temperature, rather 

than constants of the material, express the volume of paraffinic hydro¬ 

carbon liquids with an average absolute deviation of 0.27%. 

The dependency of a and b on temperature was expressed 

N 

a = KeT (2) j 
b = MT + C (3) | 

In the present work, Equations 1, 2, and 3 were found to apply to 4 

pure non-paraffinic hydrocarbons and 3 pure non-hydrocarbon liquids 

The value of the constants K, N, C, and M, as obtained by least 

squares analysis on data in the literature for the 7 liquids are shown in 

Table 1. 

The data for propene were obtained from Sage and Lacey (1955) 

and from Farrington and Sage (1949); for 1-butene from Sage and 

Lacey (1955) and from Olds, et al. (1946). Data for benzene were 

obtained from Glanville and Sage (1949); for cyclohexane from 
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Table 1 

Constants for individual pure liquids 

Liquid K N c MX 104 

Propene 20,571.272 112.81068 0.80409157 2.4241123 
Benzene 52,1101.306 53.621824 1.0894841 2.5479264 
1-Butene 33,044.125 89.997650 0.9869664 3.7334687 
Cyclohexane 58,424.759 113.31078 1.3485973 2.9209129' 
Hydrogen sulfide 14,029.640 —31.304655 0.39711728 1.7358458 
Carbon dioxide 7,296,3596 181.50227 0.44360998 0.73527548 
Water 18,,289.621 —407.12831 0.22705086 0.11769471 

Reamer and Sage (1957); for hydrogen sulfide from Sage and Lacey 

(1955) and Reamer, et al. (1950); for carbon dioxide from Sage and 

Lacey (1955) and from International Critical Tables (1928); and for 

water from Smith and Keyes (1934). 

When the values of a and b from Equations 2 and 3 are inserted in 

Equation 1 we obtain 

N 

T 

RT = (P + Ke y2 ) (V — C MT) (4) 

which may be rearranged in descending powers of V to yield 

N N 

T T 

V3- (IE + MT + C) V! + Ev-!L. (MT + C) =0... .(5) 

Equation 5 may be solved explicitly by standard procedures to give 

one or 3 real roots. If more than one real root exists, the lowest will 

represent the liquid volume. 

By employing the constants of Table 1, molar volumes may be com¬ 

puted for the 7 liquids at the conditions of each experimental observa¬ 

tion, and the accuracy of the method judged accordingly. 

The ranges of pressure and temperature for the 7 liquids, along 

with the number of data points and the average absolute percentage 

deviation from the experimental data for each liquid are shown in 

Table 2. The total number of data points employed to determining 

the constants in Table 1 is 762, and the overall average absolute devia¬ 

tion is 0.352%. The units employed in the calculations and data pre¬ 

sented here are degrees Rankine, pounds per square inch absolute, and 

cubic feet per pound mole. For these units, the gas constant R has the 

value 10.73185. The volumes may be converted into ml per gram mole 
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Table 2 

Average percent deviation in the molal volumes for pure liquids 

Liquid 

Range of 

Pressure Temperature 
psia °F 

Total number 
data points 

Average percent 
deviation 

Propene 200-10,000 40-160 63 0.18079 

1 -Butene 200-10,000 100-280 85 0.34360 

Benzene 3-10,000 100-460 159 0.36464 

Cyclohexane 200-10,000 100-460 152 0.42571 

Hydrogen Sulfide 1,000-10,000 40-160 54 0.26139 

Carbon Dioxide 735-14,696 32-86 117 0.54735 

Water 15- 5,144 32-212 132 0.20028 

by multiplying by 62.426. Compositions are expressed in mole frac¬ 

tions. A sample calculation of liquid volume is as follows: 

Determine the molal volume of liquid hydrogen sulfide at 160°F and 

1,250 psia. 

From Table 1, the constants for hydrogen sulfide liquid are: 

K = 14,029.640 M X 104 = 1.7358458 

N = —31.304655 Temperature = 160 + 460 = 620 °R 

C — 0.39711728 Pressure = 1,250 psia 

Substituting the above values in Equation 5 and choosing the 

smallest real root, the molal volume is found to be 0.8210 cu. ft./lb. 

mole. The experimental molal volume as reported in the literature is 

0.8266 cu. ft./lb. mole. 

. Calculated (V) — Experimental (V) 

Experimental (V) 

0.8210-0.8266 

‘ 0.8266 
0.0068 

and the absolute deviation is 0.68%. 

BINARY HYDROCARBON LIQUID MIXTURES 

The binary mixtures investigated included those containing aromatic 

and unsaturated hydrocarbons, instead of only straight-chain paraffin 

compounds as previously reported (Alani and Kennedy, 1960). Data 

on the 19 different mixtures shown in Table 3 were found in the litera¬ 

ture. Data for the propane-propene mixtures were obtained from Sage 

and Lacey (1955) and from Reamer and Sage (1951); for the propane- 

benzene mixtures from Sage and Lacey (1955) and from Glanville, 

et al (1950); and for the propene-1 -butene mixtures from Sage and 

Lacey (1955) and from Goff, et ah (1950). 
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For these hydrocarbon liquid mixtures the values of a and b as used 

in equations 2 and 3 are additive and can be expressed 

ara = aiXx + a2x2 at each temperature, (6) 

bm = bxXx + b2x2 at each temperature, (7) 

In the calculations summarized in Table 3, the values of K, N, C, 

and M reported in Alani and Kennedy (1960) were used for propane, 

while corresponding constants for the other components of the liquid 

were taken from Table 1, and are thus the values derived from pure 

liquids. The table summarizes 2,044 data points with an overall aver¬ 

age absolute deviation of 0.959%. 

Table 3 

Average percent deviation in the molal volumes for hydrocarbon liquid mixtures 

Mixture composition 
in mole fractions 

Propane-propene mixtures 
Range of 

Pressure Temperature 
psia °F 

Total number 
Data points 

Average percent 
Deviation 

0.7589 propane 

& 0.2411 propene 51-10,000 10-160 94 0.58322 

0.3711 propane 

& 0.6289 propene 54-10,000 10-190 115 0.68217 

Propane-benezene mixtures 

0.1 propane & 0.9 benzene 39-10,000 100^460 154 0.68751 

0.2 propane & 0.8 benzene 62-10,000 100-460 148 1.16427 

0.3 propane & 0.7 benzene 79-10,000 100-400 126 1.19041 

0.4 propane & 0.6 benzene 84-10,000 100-400 123 1.46398 

0.5 propane & 0.5 benzene 200-10,000 100-400 120 1.78861 

0.6 propane & 0.4 benzene 200-10,000 100-340 101 1.70345 

0.7 propane & 0.3 benzene 200-10,000 100-340 99 1.83773 

0.8 propane & 0.2 benzene 200-10,000 100-280 81 1.53945 

0.9 propane & 0.1 benzene 200-10,000 100-220 62 1.11439 

Propane-1-butene mixtures 

0.1 propene & 0.9 1-butene 29-10,000 40-280 112 0.52658 

0.2 propene & 0.8 1-butene 36-10,000 40-280 111 0.77432 

0.3 propene & 0.7 1-butene 43-10,000 40-220 89 0.41386 

0.4 propene & 0.6 1-butene 50-10,000 40-220 89 0.38263 

0.5 propene & 0.5 1-butene 58-10,000 40-220 89 0.44859 

0.6 propene & 0.4 1-butene 65-10,000 40-220 89 0.58189 

0.7 propene & 0.3 1-butene 73-10,000 40-220 88 0.60969 

0.9 propene & 0.1 1-butene 89-10,000 40-160 66 0.36465 



130 THE TEXAS JOURNAL OF SCIENCE 

BINARY HYDROCARBON-NON-HYDROCARBON LIQUID MIXTURES 

Thirty mixtures involving the pairs of components shown in Table 

4 were investigated. Pressure-volume-temperature data for the 

n-pentane-hydrogen sulfide mixtures were obtained from Sage and 

Lacey (1955) and from Reamer, et al. (1935); for the n-decane- 

hydrogen sulfide mixtures from Sage and Lacey (1955) and from 

Reamer, et al. (1953); for the propane-carbon dioxide mixtures from 

Sage and Lacey (1955) and from Reamer, et al. (1951); and for the 

n-butane-carbon dioxide mixtures from Sage and Lacey (1955) and 

from Olds, et aL (1949). 

For these hydrocarbon-non-hydrocarbon liquid mixtures, it was 

found that the values of a and Z?, used in Equations 1, 2, and 3 can be 

expressed in terms of the value of o’s and h*s for the components form¬ 

ing the mixtures, if the following relation is employed: 

am = A0 + Ax anhxnh + A2ahxh (8) 

bm = Bo + B. bnhxnh + B2ahxh (9) 

The values of the constants A0, Ax, A2, B0, Bi, and B2 obtained by least 

squares analysis are shown in Table 4. It is seen that the constants are 

specific to each binary mixture and that the value for a given com¬ 

ponent varies widely depending on the material with which it is mixed. 

The average absolute deviations for 26 mixtures, involving 2,641 data 

points with an overall average deviation of 0.975%, are shown in 

Table 5. 

NON-HYDROCARBON GASES 

Results on 6 non-hydrocarbon gases are presented. The pressure- 

volume-temperature data for nitrogen were obtained from Sage and 

Lacey (1955); for carbon dioxide and hydrogen sulfide gases from 

Sage and Lacey (1950); and for air, hydrogen, and oxygen from the 

International Critical Tables (1928). 

It was found that Equations 1 and 3 were still applicable, but that 

the effect of temperature on a was best expressed 

a = GTD (10) 

Itt was also found that lower deviations were obtained when the 

pressure ranges for air, oxygen and carbon dioxide were divided, and 

2 or 3 different sets of constants used depending on the pressure. The 

constants are shown in Table 6, and the pressure ranges over which 

the constants are applicable, the temperature ranges of the data, the 

number of data points and the absolute average deviations are shown 

in Table 7. 

The overall average deviation for 1,205 data points is 0.45%. When, 
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Table 5 

Average percent deviation in the molal volumes for hydrocarbon-non-hydrocarbon 

liquid mixtures 

n-decane-hydrogen sulfide mixtures 

Mixture composition 
in mole fractions 

Range of 

Pressure Temperature 
psia °F 

Total number 
Data points 

Average percent 
Deviation 

0.1 Hydrogen sulfide 

& 0.9 n-decane 26-10,000 40-340 138 0.61140 

0.2 hydrogen sulfide 

& 0.8 n-decane 51-10,000 40-340 136 0.31518 

0.3 hydrogen sulfide 

& 0.7 n-decane 72-10,000 40-340 134 0.43040 

0.8 hydrogen sulfide 

& 0.2 n-decane 148-10,000 40-340 113 1.71015 

n-pentane-hydrogen sulfide mixtures 

0.1 hydrogen sulfide 

& 0.9 n-pentane 

0.2 hydrogen sulfide 

200-10,000 40-340 130 0.89800 

& 0.8 n-pentane 

0.3 hydrogen sulfide 

200-10,000 40-340 129 0.74423 

& 0.7 n-pentane 

0.4 hydrogen sulfide 

75-10,000 40-340 127 0.82071 

& 0.6 n-pentane 

0.5 hydrogen sulfide 

94-10,000 40-340 122 0.89720 

& 0.5 n-pentane 

0.6 hydrogen sulfide 

110-10,000 40-340 101 1.77861 

& 0.4 n-pentane 

0.7 hydrogen sulfide 

124-10,000 40-280 100 0.74226 

& 0.3 n-pentane 

0.8 hydrogen sulfide 

136-10,000 40-280 80 0.51960 

& 0.2 n-pentane 

0.1 carbon dioxide 

148-10,000 40-220 

Propane-carbon dioxide mixtures 

80 1.87554 

& 0.9 propane 

0.2 carbon dioxide 

158-10.000 40-160 64 1.06630 

& 0.8 propane 

0.3 carbon dioxide 

225-10,000 40-160 63 0.30192 

& 0.7 propane 

0.4 carbon dioxide 

400-10,000 40-160 59 0.75416 

& 0.6 propane 

0.5 Carbon dioxide 

334-10,000 40-160 58 1.07470 

& 0.5 propane 378-10,000 40-100 41 0.81838 
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Table 5—Continued 
Range of 

Mixture composition Pressure Temperature Total number Average percent 
in mole fractions psia °F Data points Deviation 

0.6 carbon dioxide 
& 0.4 propane 420-10,000 40-100 40 0.34063 

0.7 carbon dioxide 
& 0.3 propane 600-10,000 40-100 37 2.39610 

0.1 carbon dioxide 
& 0.9 n-butane 

n-butane-carbon dioxide mixtures 

182-10,000 100-280 86 0.98865 
0.2 carbon dioxide 

& 0.8 n-butane 306-10,000 100-280 81 0.39530 
0.3 carbon dioxide 

& 0.7 n-butane 418-10,000 100-220 60 0.95904 
0.4 carbon dioxide 

& 0.6 n-butane 525-10,000 100-220 58 1.36717 
0.5 carbon dioxide 

& 0.5 n-butane 800-10,000 100-220 53 1.37045 
0.6 carbon dioxide 

& 0.4 n-butane 720-10,000 100-160 38 0.35870 
0.7 carbon dioxide 

& 0.3 n-butane 1,250-10,000 100-160 31 3.55496 
Over-all average deviation = 0.97466 percent over a total number of 2,641 data points. 

for gases, more than one real root of Equation (1) exists, the highest 

root is chosen. 

CONCLUSIONS 

The equation of state developed by Alani and Kennedy (1960) for 

pure hydrocarbon liquids has been applied to different types of hydro- 

Table 6 

Constants for individual non-hydrocarbon gases 

Gas Region 

Constants 

G D c MX 10* 

Nitrogen 1,154,368.4 —0.92404228 0.55470221 —0.69263483 
Air A 4,893,483.7 —1.1270728 0.73049551 —3.0176804 

B 137,816.31 —0.62271649 0.44709639 0.23912767 
Hydrogen 0.00000001 3.4169234 0.30314545 —0.74192543 
Oxygen A 4,333,915.7 —1.0996753 0.61819565 —2.6597776 

B 53,492.462 —0.44488291 0.39042962 0.20317066 
Hydrogen sulfide 3,634.8788 0.19543879 0.32294109 2.7309410 
Carbon dioxide A 1,244,037.9 —0.67363778 1.4004527 —6.4027219 

B 2,274,896.3 —0.78816022 0.99071930 —3.9092499 
C 22,947.977 —0.12584911 0.37116072 2.2104680 
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Table 7 

Average percent deviation in the molal volumes for non-hydrocarbon gases 

Range of 

Pressure Temperature Total number Average percent 
Gas Region psia °F Data points Deviation 

Nitrogen 10-15,000 40-500 882 0.30911 
Air A 15- 7,348 32-393 j 

80 0.98492 
B 7,348-14,696 32-393 l 

Hydrogen 4,409-14,696 32-390 20 1.40919 
Oxygen A 15- 7,348 32-391 j 

43 0.91188 
B 7,348-14,696 32-391 } 

Hydrogen sulfide 2,500-10,000 220-340 36 0.91782 
Carbon dioxide A 200- 1,000 220-460 r 

B 1,000- 2,500 220-460 144 0.64107 
C 2,500-10,000 100-460 1 

carbons and to hydrogen sulfide, carbon dioxide, and water over a wide 

range of pressures and temperatures with an average absolute devia¬ 

tion of 0.35%. Constants for the new liquids have been calculated by 

least squares procedures. 

Equations developed for hydrocarbon liquid mixtures by the above 

authors have been applied to 19 new binary hydrocarbon systems with 

an average deviation of less than 1 %. A modification of this mixture 

equation was required to allow calculation of the volumes of mixtures 

TABLE OF SYMBOLS 

constant or variable in equation of state; ai value 

of a for component i; am value of a for mixture, 

constant or variable in equation of state; bi value 

of b for component i; bm value of b for mixture, 

coefficients determined by least squares analysis 

relating am, bm to ai, bi of components of binary j 

mixtures. 

material constants relating ai? bi to temperature, 

pressure, psia. 

gas constant = 10.73185 for units employed here, 

temperature, °Rankine. 

mole fraction in liquid; xi? for component i; xh 1 

for hydrocarbon; xnh for non-hydrocarbon, 

base of natural logarithms, 

volume, cu. ft. per mole 

a — 

b — 

Ao,A!,A2,Bi^B^Bo • - 

C,D,G,K,M,N — 

P — 

R — 

T — 

x — 

e 

V 
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containing substantial amounts of both hydrocarbons and nonhydro¬ 

carbons with the same accuracy, 

A new equation of state is presented which expresses the volume of 

the gases nitrogen, air, hydrogen, oxygen, hydrogen sulfide, and car¬ 

bon dioxide over a wide range of temperatures and pressures with an 

average absolute deviation of 0,45%. 
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The Ground State of Helium-like Atoms 

by Raymond W. Mires 

Department of Physics, Texas Technological College 

Lubbock 79409 

ABSTRACT 

The ground state energy and ionization potentials of helium-like 

atoms have been caculated using a variational wave function with 

screened hydrogenic functions as a basis set. The total energies are 

within 0.004 a.u. of the exact values calculated by Pekeris and the 

ionization potentials are within 0.15% of the exact values. It is found 

that when a correlated wave function is used, the screening constant 

should be about half that predicted by Slater’s rules. 

INTRODUCTION 

The method of calculating ground state energies of atoms by use of 

a variational wave function is well-known. Hylleraas (see Pauling and 

Wilson, 1935) was the first to give an accurate treatment of the normal 

helium atom using this method. More recently, Pekeris (1958; 1959) 

repeated the calculation using many more variational terms in the 

wave function and obtained a value for total energy of the helium atom 

which has been accepted as exact. The variational method has now 

been used to account for the multiplet spacings in atoms having the 

(2p)2 and (3d)2 electron configurations (Mires, 1966; 1967: Mires 

and Lin, 1964: and Minor and Mires, 1967). For these cases, it was 

found that considerable improvement in the multiplet spacings could 

be obtained if one used Hartree-Fock average-of-configuration func¬ 

tions for the basis set. If screened hydrogenic functions were used with 

the effective nuclear charge Z' being determined from Slater’s (1960) 

rules the multiplet spacings were extremely over-corrected. Thus, it is 

of some interest to determine what Z' and, therefore, the screening 

constant o- (= Z — Z') should be when a variational wave function is 

used. 

Rather than start with the larger atoms, it seemed more reasonable 

to begin with the 2-electron ions and observe any trend in Z' and o- as 

the true atomic number Z increases. This has already been done for 

FL, He, and Li+ by several investigators (e.g. Bethe and Salpeter, 

1957). These calculations are extended in this paper through the 

The Texas Journal of Science, Vol. XX, No. 2, December, 1968. 
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2-electron neon ion, Z = 10. Z' and o- are given for each ion and it will 

be seen that o- is roughly constant and approximately equal to half of 

the value predicted by Slater’s rules which is 0.30 for ls-electrons. In 

addition, the total enegies and ionization potentials are given and, 

considering the simple trial wave function, the results agree quite 

well with those of Pekeris (1958, 1959). 

FORMULATION 

The Hamiltonian for a 2-electron atom with a stationary nucleus 

can be written, in Hartree atomic units, as 

where or = Z — Z' is the screening constant defined earlier. The basis 

functions are chosen to be eigenfunctions of Hi and H2 where 

-> r i 2 z' i z'2 -+ 
Hi^nlm(ri) = L — ~Fy Vi — J ^nim(ri) -Tnlm(ri). (2) 

L 2 ri J 2n2 

Since Hi is a hydrogenic Hamiltonian with effective charge Z', the 

basis functions are screened hydrogenic functions. The ground elec¬ 

tronic configuration for the He-like ions is (Is)2 which gives rise to a 

*S multiplet level. Thus, the basis functions are products of Is-hydro- 

genic functions of the form 

TTS/Z') =018(1;Z') 01s (2; Z'). (3) 

The variational function is constructed from Eq. (3) in the following 

way. 

*0S) =^°(1S, Z') 2 c1nmr,l2(r1 r2)m(rl + r2)n. (4) 
l,m,n 

In Eq. (4), rx and r2 are the electronic radii and r12 is the distance be¬ 

tween the 2 electrons. The c!mn, as well as Z' are variational param¬ 

eters. 

To obtain the exact energy of the normal He atom, Pekeris (1958, 

1959) used 1,078 carefully selected terms in the expansion of Eq. (4). 

The result was E = —2.903724376 a.u. For the He-like ions, shorter 

expansions with 200-215 terms were used and these results are given 

in Table 1 for comparison. The calculations reported here use only 3 

terms in the expansion and it is easy to write out the variational func¬ 

tion for this case. 

^(XS) =^0(1S;Z')[1 +c1r12 + c2(r1-r2)2]. (5) 

It is convenient to define an effective Hamiltonian as 

H = H + Cl[r12H T Hr12] + Cl2r12Hr12 

+ c2 [ (rx — r2)2H + H(rx — r2)2] + c22(rx — r2)2H(rx — r2)2 

+ c1c2[r12H(r1 — r2)2 + (rx — r2)2Hr12]. (6) 
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A normalization “operator” can also be defined as 

N = 1 + 2cir12 + 2c2 (ri — r2)2 + 2c!C2r12 (r2 — r2)2 

(7) 
+ c12r122 + c22(r1 —r2)4. 

In terms of these operators the energy is obtained by minimizing the 

expression 

W = <H>/<N> (8) 

with respect to Z', Ci, c2. The angular brackets represent diagonal 

matrix elements of the indicated operator calculated using the func¬ 

tions of Eq. (3) as a basis. This procedure determines the variational 

parameters which are substituted back into Eq. (8) to obtain the total 

energy E. 

The ionization potentials are calculated, of course, as the positive 

difference between this minimum energy E and the energy of a hydro¬ 

gen atom with Z = 2. All of the results are summarized in Tables 1 

and 2. 

Table 1 

Total energies and variational parameters for He-like ions 

z Z' a ci C2 This work 

—Energy (a.u.) 

Pekeris Difference 

1 0.77 0.23 0.3199 0.1248 0.5253089 0.5277510 0.0024 

2 1.82 0.18 0.2962 0.1306 2.9024229 2.9037243 0.0013 

3 2.83 0.17 0.2797 0.1606 7.2780253 7.2799133 0.0019 

4 3.83 0.17 0.2681 0.1954 13.6532507 13.6555662 0.0023 

5 4.83 0.17 0.2613 0.2314 22.0283458 22.0309715 0.0026 

6 5.84 0.16 0.2647 0.2644 32.4033952 32.4062465 0.0028 

7 6.84 0.16 0.2614 0.3014 44.7784324 44.7814451 0.0030 

8 7.84 0.16 0.2597 0.3366 59.1534548 59.1565950 0.0031 

9 8.84 0.16 0.2575 0.3712 75.5284700 75.5317123 0.0032 

10 9.84 0.16 0.2560 0.4087 93.9034815 93.9068064 0.0033 

Table 2 

Ionization potentials in ev for He-like ions 

1 2 3 4 5 6 7 8 9 10 

This work 0.688 24.55 75.57 153.8 259.2 391.8 551.6 738.6 952.9 11943 

Pekeris 0.755 24.58 75.62 153.8 259.3 391.9 551.7 738.7 953.0 1194.4- 

Difference 0.067 0.03 0.05 0 0.1 0.1 0.1 0.1 0.1 0.1 
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DISCUSSION 

It has been shown (Minor & Mires, 1967) that the ri2-term in the 

correlation function of Eq. (5) makes a much larger correction to the 

energy than does the (rx — r2)2-term. Since the former depends on the 

angle between the 2 electrons, as well as on their radii, we conclude 

that the angular correlation is more important than the pure radial 

correlation as measured by the last term in Eq. (5). However, from 

Table 1, Ci decreases with increasing Z and c2 increases, indicating that 

the radial effect, although never becoming large, does become more 

significant at the expense of the angular correlation. The total electron 

correlation must decrease, though, since the effect of the electrons on 

each other decreases with large Z. 

Table 1 also shows that <r is roughly constant and about one-half the 

value expected from Slater’s rules. Although this was the main reason 

for the calculation, it is seen that fairly accurate total energies can be 

obtained with the 3-parameter function, and from Table 2 the ioniza¬ 

tion potentials are in good agreement with those calculated from 

Pekeris (1958, 1959) results. 
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''Potato Hills” in Sabine National Forest, 

Sabine County, Texas 

by DeWITT C. VAN SICLEN 

Department of Geology, University of Houston, 

Houston 77004 

ABSTRACT 

A tract of about 5 acres in Sabine National Forest, Sabine County, 

Texas is distinguished by more than 50 steep-sided hills, 10 to 40 feet 

high, and about 20 closed depressions, 1 to 5 feet deep, in the interven¬ 

ing and bordering valleys. The area, referred to locally as the “Potato 

■ Hills,” has been designated a recreational site (officially titled “Indian 

Mounds”) by the U. S. Forest Service. However, an outlying low hill 

■■ partly opened by a bulldozer in 1966 discloses no evidence that it had 

been constructed by Indians, or anyone else. This hill consists princi- 

pally of clay with irregular streaks of very fine sand dipping about 

] parallel to the topographic surface, resting on thinly laminated clay 

j believed to be unconsolidated Eocene “bed rock.” 

The Potato Hills appear to have formed as follows: 

(1) Late in the Pleistocene, at a stage now represented by an extensive 

terrace at 150-165 feet, the Sabine River flowed against the base 

of a broad hill that occupied the site of the present Potato Hills, 

developing a steep bluff overlooking the River. 

(2) The bluff and hill behind it were dissected by rainwater into a 

network of closely-spaced steep-walled gullies. 

I (3) The gully slopes became stabilized by a cover of vegetation. 

(4) The closed or “undrained” depressions resulted from constriction 

of the gullies due to (1) slow flow of the clay on the steep slopes 

beneath the vegetative cover; and (2) the vegetation stabilizing 

sandier residual material that fell, rolled, and slid down the sur¬ 

face of the slope, thereby reducing its inclination. 

Origin by wind action, underground water, or landslide must 

be ruled out. The distinctive hills and closed depressions are re¬ 

stricted to a small area in which material with the requisite physi¬ 

cal properties occurred under appropriate topographic and cli¬ 

matic conditions. 

INTRODUCTION 

The distinctive area known to local residents as the “Potato Hills” is 

I The Texas Journal of Science, Vol. XX, No. 2, December, 1968. 
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characterized by about 50 closely-spaced, steep-sided hills, 10 to 40 

feet high, and about 20 closed depressions, 1 to 5 feet deep, in the inter¬ 

vening and bordering valleys. These occupy a tract of about 5 acres 

in Sabine National Forest 10 miles S 81° E from the town of Hemp¬ 

hill in Sabine County, Texas. Isolated small hills of the same form but 

lacking associated closed depressions occupy adjoining tracts totalling 

about 10 additional acres. The entire area of Hills lies about 0.2 miles 

west of the Sabine River and will be along the shore of the lake created 

by Toledo Bend Dam. The Hills are to be made accessible as a scenic 

recreational site (officially titled “Indian Mounds”) by the U. S. Forest 

Service in connection with the development of facilities along the new 

lake. This impending development has led to the current interest in 

their distinctive nature and origin. 

The present account is based on brief visits to the Hills on June 11 

and July 17, 1966, in company with Mr. Keith A. Utz, District Ranger 

with the U. S. Forest Service in Hemphill, Mr. and Mrs. Laurence N. 

Dexter of the Texas Conservation Council (who engendered my inter¬ 

est in the Hills), and a number of other members of both organiza¬ 

tions. The purpose of the 2nd visit was to examine a bulldozer cut 

made on July 8 into one of the Hills, isolated from the main group 

and at a much lower elevation, which will be flooded by the new lake. 

Failure to find any evidence that the bulldozed Hill was constructed 

by man (Indians), led to renewed consideration of possible origins for 

the hills. Such consideration is rendered difficult by the inaccessibility 

of the area, by dense cover of forest vegetation, and by lack of large- 

scale aerial photographs. The area is included on the Columbus Quad¬ 

rangle, Texas-Louisiana, prepared by the U. S. Corps of Engineers in 

1954, to a scale of 1:24,000 and contour interval of 10 feet, but the 

Potato Hills are not shown. They are located on the east side of the 

large hill shown 0.2 mile north of Cutoff Pond (an oxbow lake). 

DESCRIPTION 

The average slope in the immediate vicinity of the Hills, as shown 

on the Columbus Quadrangle map, is about 5° toward the ea:t and 

east-northeast. The main Hills rise abruptly toward the west from 

more level ground which appears to be a terrace, probably equivalent 

to an extensive terrace about one mile to the north (between Blackman 

Branch and Hogpen Branch) at a 150-165 foot elevation. On the inner 

edge of the terrace along the foot (ENE) of the Hills is a series of 3 

undrained depressions, each with one to 3 feet of closure, above which 

the highest Hill rises 40 feet by hand level measurement. All the Hills 
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are fairly steep-sided, and most are notably elongated parallel to the 

bordering drainage lines. There are perhaps 20 closed depressions, gen¬ 

erally located between 3 or more Hills where the intervening valleys 

are widest. The constrictions between the Hills (which close the de¬ 

pressions) occur where the Hills are closest together and their sides 

are steepest. There is no preferred direction of Hill elongation, except 

that the Hills which rise above the terrace are elongated in the direc¬ 

tion of over-all slope; and there is a strong tendency toward parallel¬ 

ism among adjacent Hills. The higher, broader Hills tend to be less 

elongated than the lower, narrower Hills, implying a fairly uniform 

areal distribution or density of the drainage. 

The bulldozed hill is about 50 feet lower than the main group of 

Potato Hills and has much less elevation. Depending on what base is 

assumed, it is only about 10 feet high, 35 feet wide, and 75 feet long. 

The cut, made diagonally on the southwest side, disclosed no human 

cultural items nor have any been found on the surface among the Hills. 

Internally, this Hill consists primarily of clay, with irregular streaks 

of very fine sand and one 2-inch layer of dark humus-rich material. 

The layering dips 10° to 15° southwest, roughly parallel to the ad¬ 

jacent topographic surface of the Hill. At the very base of the cut was 

one foot of undisturbed clay with thin laminations, probably uncon¬ 

solidated Eocene bedrock. 

INTERPRETATION 

The observations imply that the Potato Hills were etched out by 

ordinary erosion of the intervening valleys, and that the undrained 

depressions formed (after vegetation had stabilized the slopes) as a 

result of slopewash and very slow mass movement of material under¬ 

lying the steeper slopes. 

The pattern of valleys between the Hills is normal for surface drain¬ 

age. The series of 3 closed depressions along the foot of the east side of 

the main area of Hills, where they rise above a fairly level terrace, ap¬ 

pear to be remnants of a former channel of the Sabine River where it 

flowed at the base of a steep bluff subsequently dissected to form the 

present Hills. The principal drainage (which is occupied by water 

only when it rains) from the Hills down to the terrace is parallel to 

what would have been the direction of steepest slope. The Hills are 

highest in the approximate middle, as would be expected if the area 

had been originally a single larger hill that was then dissected by 

gullies flowing down the steep face. The drainages from the Hills onto 

the terrace are rather uniformly spaced, with subordinate drainage 
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entering them at angles approaching 90°. Farther back in the Hills the 

degree of tributary development is about proportional to the spacing 

of the principal drainage; where it is relatively close together there is 

little subordinate drainage and the intervening Hills are long and nar¬ 

row, but where the principal drainage is more widely spaced there are 

more tributaries and the intervening Hills are more nearly equidimen- 

sional. Thus, the general pattern of the valleys is consistent with their 

having been produced by erosion by running water. 

The numerous closed or “undrained” depressions could not have 

been formed directly by surface drainage, but must have developed 

through constriction of the valleys through (1) small scale mass wast¬ 

ing beneath a cover of vegetation that inhibited further development of 

the gullies, plus (2) accumulation of slopewash sediment trapped by 

the vegetation. This is inferred because the closed depressions gen¬ 

erally occur in wide places between 3 or more of the Hills, whereas the 

constrictions occur where the Hills are closest and their flanks steepest. 

It is supported by the uneven layering of clay with very fine sand in 

the exposure on the bulldozed Hill. This layering is quite unlike the 

Fig. 1. A medium-sized “Potato Hill,” looking west-southwest from the terrace toward 

the principal group of Hills. Relatively bare area in foreground is a closed or “undrained” 

depression several feet deep. 
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bedding produced by wind, or by standing or channelled water, and 

suggests accumulation on a steep slope by rainwash and mass move¬ 

ment. The sandy layers may be a residual concentrate produced by 

slopewash from indigenous or from windblown sediment. Whether 

the change from gully development to deterioration represents a nor¬ 

mal progression of events, or is a result of changing climatic or other 

conditions, can not be determined. 

Several other proposed origins for the closed depressions must be 

rejected. An aeolian origin is not reasonable because of the small 

amount of sand and the complete absence of recognizable aeolian fea¬ 

tures in the bulldozed hill, and elsewhere in the vicinity. Solution by 

underground water is eliminated by the absence of limestone or other 

soluble material. Origin by extensive mass movement (landslides) is 

not consistent with the absence of significantly higher ground in the 

immediate vicinity. 

The restriction of these distinctive Hills and closed depressions to 

such a small area is attributed to the presence of sediment of just the 

right properties, in a suitable topographic position, with appropriate 

Fig. 2. Irregular layering of clay and very fine sand (darker) dipping southwest (about 

parallel to the nearest topographic surface) in bulldozer cut made into an isolated “Potato 

Hill” in July 1 966. 
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vegetative cover. The sediment had to be rigid enough to maintain 

steep slopes, yet capable of sufficient flow to help obstruct the drainage 

and so create the closed depressions. 

It is hoped that this unique geological site will not be impaired by 

its development as a recreation area. A detailed topographic map of the 

area of the Potato Hills should be made in connection with this de¬ 

velopment before their form is modified by acts of man. 
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ABSTRACT 

Mosquito minnows (Gambusia affinis) exposed to 0.1 % solutions of 

ABS and LAS were killed within 17 minutes. The survival time in¬ 

creased as the fish were exposed to lower concentrations. Fish reached 

the cut-off point in LAS at a higher concentration than ABS. This 

shows ABS to be more toxic than LAS. Four to 9-week old fish suc¬ 

cumbed in a shorter period of time than older ones. Females consist¬ 

ently withstood concentrations that were lethal to males. 

The gills of fish killed by ABS and LAS showed severe damage and 

in many cases only the skeletal portion of the gills remained. 

INTRODUCTION 

The toxicity of detergents to animals and plants is of greater im¬ 

portance and concern to the detergent industry and the public than 

the foaming associated with detergents. The Detergent Association 

proposed to replace non-degradable ABS by bio-degradable LAS by 

the summer of 1965. Naturally, these questions arise: Is LAS lethal 

to aquatic organisms and to organisms consuming water containing 

LAS? Is it more or less lethal than ABS? The present work is designed 

to compare the toxicity and other effects of ABS with those of LAS 

on Gambusia affinis. 

MATERIALS AND METHODS 

The ABS (Alkyl Benzene Sulfonate) and LAS (Linear Alkylate 

Sulfonate) used in this study were furnished by the American De¬ 

tergent Association of New York. Their composition is seen in Table 1. 

The test animal used in this study was Gambusia affinis (mosquito 

minnow) collected and treated similarly as reported by Dooley and 

Cavil (1964) in a previous study. In this study, however, the fish were 

sexed. Five males and 5 females were placed separately in battery jars 

containing 2000 ml of selected concentrations of ABS or LAS for each 

experimental test. Fish killed by the LAS and ABS solutions were 

The Texas Journal of Science, Vol. XX, No. 2, December. 1968. 
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Table 1 

Chemical analysis of alkyl benzene sulfonate (ABS) 

ABS 48.7 

Sodium sulfate (Na2S04) 47.0 

Free oil 0.4 

Water (H20) 3.9 

pH (1% solution) 6.8 

Equiv. wt. 365 

Chemical analysis of linear alkylate sulfonate (LAS) 

LAS 60.8 

Sodium sulfate 36.1 

Free oil 0.4 

Water 2.7 

Equiv. wt. 348 

measured and time of death recorded. Surviving fish were not meas¬ 

ured. Very seldom did the 5 fish die at the same time nor were 

they of the same size; therefore, average survival time and size were 

determined. This method of recording was used rather than the median 

tolerance limit. (Swisher, et aL, 1964.) 

The behavior of the fish was observed closely and periodically from 

the moment they were placed in the experimental solution until death 

or for a period of 72 hours, the cut-off period. 

Previous experiments (Dooley and Cavil, 1964) revealed that a 

0.1% of ABS was lethal; therefore, 0.1% solutions of ABS and LAS 

prepared by dissolving the chemicals in tap water, were used as the 

beginning experimental concentration. From this concentration, serial 

dilutions were made until a non-toxic concentration was obtained. 

The pH of the tap water and the different concentrations of LAS 

and ABS solutions were determined by use of a Sargent Digital pH 

meter. 

Histological preparations of gills were made following the procedure 

of Swisher, et al. (1964). Fish succumbing to lethal concentrations of 

LAS and ABS were preserved in a 7% formaldehyde solution for 18 

to 24 hours. The gills were then dissected from the fish and washed in 

several changes of ethanol. Individual gills were placed on 1 x 3 inch 

glass slides and the surplus of ethanol was removed with filter paper. 

The sections were then covered with several coats of acrylic plastic 

and sealed with a cover slip. Gills of normal fish not exposed to LAS 

and ABS were prepared similarly. 

Microscopic examinations, and microphotographs were made under 

high dry and oil immersion objectives. 
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RESULTS 

The fish, when first exposed to the 0.1% solutions and higher con¬ 

centrations of both ABS and LAS, would swim swiftly but with a 

jerky movement. At times, they would jump above the surface of the 

water and this activity was followed by periods of immobility. Some¬ 

times they would resume movement spontaneously and at other times 

would move only when disturbed by being touched with a glass rod. 

The time of death was determined when the fish failed to respond to 

touch. 

The pH of the tap water in which the fish were kept and from which 

experimental solutions were made was 7.6. The pH of solutions of 

ABS ranged from 6.85 to 8.2, the minimum being 0.75 of a degree less 

than and the greatest being 0.6 of a degree greater than the pH of water. 

There was an increase in pH with an increase in dilution. Similar vari¬ 

ations were noted with LAS (Table 2). 

Females survived for a consistently longer period of time than males 

in the same concentrations of ABS and LAS (Table 3). Both males 

and females showed individual differences of ability to withstand ef¬ 

fects of the same concentration. This difference was greater as the 

concentrations of LAS and ABS were diminished. In some cases the 

span of individual endurance was as long as 40 minutes. It is for this 

reason the average survival time was used instead of TLm. 

The 72-hour survival time was reached at 0.00078% concentration 

in LAS whereas the 72-hour survival time in ABS was not reached 

until fish were exposed to a 0.00052% concentration, indicating greater 

toxicity of ABS to Gambusia affinis. 

Many fish bled through the gill slits when exposed to the higher 

concentrations. It is interesting to note that bleeding occurred only in 

Table 2 

Comparative pH of ABS and LAS 

ABS 
Percent concentration pH 

LAS 
Percent concentration pH 

.1 6.85 .1 7.75 

.05 6.8 .05 6.8 

.025 7.75 .025 7.8 

.0125 7.75 .0125 7.75 

.0062 7.75 .0062 7.73 

.00312 7.8 .00312 7.8 

.00156 8.1 .00156 8.0 

.00078 8.2 .00078 7.95 

Tap water 7.6 
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the female and diminished as the concentration decreased. Bleeding 

was observed only in 0.1 and 0.05% concentrations. In many cases 

where bleeding was not obvious, clear thread-like streaks of materials 

often appeared to be given off from the body, presumably from the 

gill slits (Swisher, et al., 1964). The streaks also disappeared as the 

concentration was diminished. 

Gravid females kept in lab often gave birth to young which were 

subjected to 0.1, 0.05 and 0.02% solutions of ABS and LAS. The num¬ 

ber of available young fish was insufficient for testing in a complete 

sequence of experimental concentrations. 

The reaction of 4-9 weeks old young fish to the experimental solu¬ 

tions were similar to that of adults. They swam with swift, jerky 

movements followed by periods of immobility and resumption of move¬ 

ment automatically or upon being touched. Failure to respond to touch 

indicated death. Bleeding was not observed which may have been a 

result of their small size. The young fish also showed variations in sur¬ 

vival time when exposed to lethal concentrations. The average survival 

time ranged from 6 to 9 minutes. 

Results indicated that there were increases in survival time of the 

4-9 weeks old fish as the percentage of the solutions were reduced. In 

the 0.1 % solution, the average survival time was 6% minutes and 8^2 

minutes in 0.025% solutions. No young fish were tested in dilutions 

below this concentration. It is obvious, however, that young fish are 

killed in a shorter period of time than older fish in identical concen¬ 

trations. 

Examination of gills of fish killed by ABS and LAS showed a mat¬ 

ted condition and at times coagulated blood masses when examined 

under a dissection microscope. With high dry and oil immersion ob¬ 

jectives, the prepared sections of gills showed a loss of mucosa and at 

times the soft under-lining tissue leaving only the skeletal portions. In 

comparison with normal gills (Fig. 1) the treated gills exhibit globular 

bodies at the ends of many of the lamellae (Figs. 2, 3, and 4). 

DISCUSSION 

In a previous study, the authors subjected fish to 15 different de¬ 

tergents taken off the shelves of supermarkets and found that a 1.0% 

solution was always lethal (Dooley and Cavil, 1964). On reading the 

label of detergents one readily observes the additives they contain. It 

is probable that the additives were more toxic than the basic ABS. 

Therefore, only the basic components, ABS and LAS of detergents, 

were used in the present study. 
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Fig. 1. Appearance of norma! gills. 

The initial 0.1% concentrations of ABS and LAS were lethal to all 

fish. However, fish exposed to the same concentration of each experi¬ 

mental solution succumbed at different periods of time. The time lapse : 

Fig. 2. Appearance of gills from treated fish. 
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Fig. 3. Appearance of gills from treated fish. 

Fig. 4. Appearance of gills from treated fish. 

between the deaths of the first and last fish of a group was as short as 

one minute; in some cases, however, up to 46 minutes elapsed between 

the death of the first and last fish in the lower concentrations. It was. 
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therefore, decided to use the average survival time rather than TLm. 

The reaction of the fish such as the swift, jerky movement and 

jumping above the surface of the water with periods of immobility 

was common in the higher concentrations, diminishing as the concen¬ 

trations were decreased. 

There was a sexual difference in the ability of the fish to withstand 

the effects of the ABS and LAS (Table 3). In all cases, the females 

survived for a longer period of time and in some cases, permanently 

survived at a concentration that was fatal to males. 

Bleeding and exudation of a gelatinous material from the body which 

were more severe in the higher concentrations, were observed only in 

the females. The females are the larger of the sexes, and it is probable 

that they exude a larger quantity of blood than the males. It is felt that 

deterioration of the gills (noted in the histological study) involved 

destruction of blood vessels causing blood clots and bleeding. Cairns, 

et al. (1964) and Swisher, et al. (1964) also attributed these condi¬ 

tions to the destruction of the soft tissue of the gills. 

Since the cut-off point, the concentration at which the fish lived for | 

72 hours, was reached in LAS at 0.00078% concentration and was not j 

reached in ABS until a 0.00052% soultion was used, it was concluded 

that ABS is slightly more toxic than LAS. 

The influence of pH in bringing about death may be insignificant 

because in a previous study (Dooley and Cavil, 1964) it was found 

that after the pH became stable the solutions retained their toxicity. 

This was confirmed also in this study. 

The young fish (4-9 weeks old) responded to the effects of the ABS 

and LAS in a manner similar to older males and females. Since the 

young fish exhibit little sexual dimorphism, no attempt was made to 

sex them. Even though the number was limited and the young fish 

were not exposed to all of the concentrations used in the study, it is 

significant to report that they succumbed in a shorter period of time 

than adults in the same concentration. 

The histological picture of the gills was similar to the findings of 

Swisher, et al. (1964) and Schmid and Mann (1961). In severe cases 

only the skeletal portions of the gill lamellae remained (Fig. 4). In 

some cases, globular swellings occurred on many of the lamellae. 

Preparation of gills of fiish exposed to both LAS and ABS showed dif¬ 

ferent degrees of deterioration as compared with the gills of normal 

fish as seen in Figure 1. 

Severe destruction of the lamellae is associated with hematomas and 

exuding of flaky material from the body. Swisher, et al. (1964) and 
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Cairns, et al. (1964) made similar observations. Bardach, et at (1965) 

observed a deterioration of tissue in the taste buds of fish exposed to 

ABS and LAS. The destruction of the tissue of the gills is believed to 

be the chief cause of death of the fish. 
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ABSTRACT 

Aggressive behavior and social organization in Mollienesia lati¬ 

pinna were examined in aquaria and the field. Aggressive and court¬ 

ing behavior are described. In aquaria small groups of M. latipinna 

formed straight line hierarchies with nip-right dominance. Such hier¬ 

archies were stable and both sexes participated. In larger groups, males 

formed hierarchies while females did not. Size and sex were important 

in dominance determination. Aggressive behavior was linked to court¬ 

ing and feeding. Field studies revealed that males show a more random 

distribution than females in favorable habitats. Females range over 

wider areas than males. Prior residence was effective as a determinant 

of male movement in the field. Both sexes appeared to have home 

ranges. The structure of M. latipinna social organization is discussed 

including its possible significance in population dynamics and in a 2 

species breeding system. 

INTRODUCTION 

Mollienesia latipinna is a small viviparous poeciliid fish found in 

shallow, subtropical, coastal waters of North America. Studies of Its 

ecology, growth, reproduction and life history have been made by 

Kilby (1955), Gunter (1945), C. Hubbs (1964), Raney, et ah (1953), 

and others. M. latipinna over parts of its range is a member of a com¬ 

plex breeding system which includes a gynogenetic sexual parasite, 

Mollienesia formosa Girard, a species shown by C. L. Hubbs and L. C. 

Hubbs (1932) to lack functional males. C. Hubbs (1964) Indicated the 

importance of M. latipinna males in sexual selection. The sex ratio of 

allopatric and sympatric populations showed marked differences; the 

latter had fewer males. The number of males present and their dis- 

1 Present address: Museum of Comparative Zoology, Hareard University, Cam¬ 

bridge, Mass. 
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tribution and reproductive behavior could have significant conse¬ 

quences for the reproductive potential of both species. 

Aggressive behavior and its role in the social organization of fish 

populations has received considerable recognition (Allee, et al. 1948; 

Braddock 1949; Collias, 1944; Greenberg 1947; McAllister 1958; 

Noble 1938). Numerous studies have acknowledged the role of aggres¬ 

sive behavior in intra-specific competition for food and space (Allee, 

et al. 1948; Breder, 1959; Magnuson, 1962; Miller, 1958; Newman 

1956). This paper inquires into the nature of aggressive behavior and 

social organization and their significance ecologically in M. latipinna. 

MATERIALS AND METHODS 

M. latipinna and M. formosa were obtained from the vicinity of 

Brownsville and San Antonio, Texas. Groups of 2 and 3 individuals of 

varying species, size, and sex were transferred to 32 X 61 X 28 cm. ; 

tanks where they remained 24 hours prior to initial observation. Water 

temperature was maintained at 26 ± 0.5°C. Ten minute observations j 

were made during feeding and non-feeding situations on every 2nd 

day. The fish in each group were selected primarily by size for indi¬ 

vidual identification. Social hierarchies were determined by record¬ 

ing the number of aggressive acts by each individual, and to whom 

directed. 

An aggressive act was defined as threat, nipping, chasing, or any I 

combination of the 3. At the completion of each experiment the fish 

were weighed by measuring water displacement in a 25 ml. graduated 

cylinder. Males were identified by their modified anal fin or gono- 

podium. In groups containing 7 or more individuals, large tanks of 

64 X 48 X 48 cm. or 209 X 53 X 23 cm. were used. Fish were fed every | 

2nd day and the food was often placed in different locations at each 

feeding. 

Field observations of M. latipinna were conducted in a series of sul¬ 

phur springs at Palmetto State Park near Luling, Texas, during April, ; 

May, and June 1965. Stakes were placed at one yard intervals along 

either side and at the 2 ends of the study pond. Sail twine connected 

the stakes, forming a grid pattern of one-yard numbered squares. A 

population census was compiled by counting the number of fish per 

square. Fish with brilliant breeding colors were recorded as males. All 

others were recorded as females. 

A number of fish were captured with standard 2-foot minnow traps 

and code marked. Resident fish were released where caught and non- 

resistant males, captured at various downstream areas, were released 
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in the study area. After 24 hours observations were made and the loca¬ 

tion of marked fish recorded by reference to the. grid system used for 

population censuses. The hourly recordings were taken at various times 

of the day and at 24-hour intervals while upstream and downstream 

areas were searched for marked fish at daily intervals. To facilitate 

management, no more than 12 fish were marked at any time. 

Behavior patterns were observed during 15-minute periods. Male 

behavior was arbitrarily divided into aggressive and non-aggressive 

categories. Situations in which 2 adjacent males chased, nipped, or 

threatened (the latter indicated by elevation of the large dorsal fin) 

were considered aggressive. Non-aggressive situations occurred when 

adjacent males, 20 cm. or less apart, failed to display the above be¬ 

havior. The presence of courting within approximately 30 seconds of 

this time was then recorded. 

characteristics of MolUenesia Latipinna societies 

Courting behavior in M. latipinna was described by Baird (1965a). 

The females’ behavioral role in courting was not established although 

j female receptivity appeared important. Clark, et ah (1954) found 

j that female receptivity in X, helleri affects copulation frequency and 

the manifestations of other parts of courtship behavior in the male. 

Aggressive behavior appeared in both sexes. It consisted of threat dis¬ 

play often followed by a nipping and chasing sequence similar to that 

described by Greenberg (1947), Barlow (1961), and Baird (1965b) 

for other species. Fighting which resulted in physical injury was 

never observed. 

Aquaria 

Two and Three Fish Societies 

A social hierarchy was established in all of the 2 and 3 fish societies, 

usually within 24 hours. Both sexes participated and could take any 

rank in the social order. Invariably hierarchies were either ‘straight 

line’ or ‘pseudo-straight line’ (Braddock 1949). Nipping was a ‘peck 

right’ rather than a ‘peck dominance’ (Collias, 1944). Hierarchies 

were generally permanent once established and lasted for the duration 

of the experiment (2-4 weeks). Only one case of peck order reversal 

was noted and this occurred within the first 48 hours. The reversal in¬ 

volved a subordinate male dominating a female. Beach (1947) noted 

that in mammals, males appeared more affected than females by 

strange surroundings. This interpretation may apply in this instance. 

Ill 
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Aggressive acts were more frequent during the commencement of 

hierarchy establishment. Normal courting behavior was common es- i 

pecially when the dominant fish was male. Males were more aggres¬ 

sive than females, particularly when both sexes were present. Terri¬ 

toriality, the defense of a given area (Colliaas, 1944) was observed | 

under special circumstances. When food was localized, the dominant 

fish, regardless of sex, defended the feeding area. In the aquarium 

the territory moved as the feeding area was moved. Several hours after 

the food was eaten no territorial behavior was ascertained. Aggressive 

acts still occurred however, but with less frequency. Aggressive be¬ 

havior was quite variable and periods of little aggression were often 

observed. 

Seven or More Fish Societies 

Aggressive acts involving females were less frequent in larger so- 

cieties. No female social hierarchy or territorial behavior was observed I 

when food was localized and females actually tended to aggregate 

under all conditions. Males, in contrast, were quite aggressive and es- j 
tablished clearly discernible hierarchies. Aggressive actions were di¬ 

rected mainly toward other males and courting behavior was evident. 

Males defended the feeding area, but primarily against other males, j 

Although the males often directed threats toward females, there was 

little chasing or nipping. During non-feeding intervals males fre¬ 

quently dispersed, the dominant male moving at will throughout the 

tank. In the largest tank, males spread out. The 2 largest males were j 

often at opposite ends of the tank; only during feeding were they ob¬ 

served together. Males were less aggressive in this larger area as the 

opportunity to separate increased. 

No hierarchies of either sex were observed in societies of high den¬ 

sity although it would be very difficult to observe in a complex group. 

Male to male aggressive behavior was observed however, in crowded 

aquarium tanks (30 + fish). 

Natural Populations 

Females tended to move about in loose aggregations and except for 

occasional aggressions and courtship involvement, simply grazed from 

place to place. Similar sized fish were frequently found together. 

The only obvious example of female aggressive behavior occurred 

when food was introduced artificially. Generally, they ignored the 

males. 
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Males were brightly colored and the more prominent ones appeared 

longer than the larger females. The largest fish present, however, was 

a female. Males were aggressive toward other males, particularly 

when courting. One instance of aggression toward females was ob¬ 

served following artificial introduction of food. At times males mani¬ 

fested territorial-like behavior by defending an area against other 

males. During these activities which usually lasted for at least 15 min¬ 

utes, visibly smaller, active males were often able to drive out larger 

males. Small area-defending males frequently were displaced by larger 

aggressive males which also showed this behavior. 

Defended areas varied considerably but were limited to approxi¬ 

mately one square yard with no well defined boundaries or permanent 

spatial centers. Males usually returned to an area (not necessarily the 

same point in the area) after courting a female or driving out another 

male. Defended areas were not geographically oriented in the same 

manner reported for territorial fish (Marlow, 1961, Raney, et ah, 

1953). Perhaps this was due to the absence of a nest or egg laying site. 

Considerable overlap of movement by adjacent males was frequent and 

at times they roamed over a large area. Long periods were noted when 

males were not particularly aggressive toward one another. During 

these times the males were frequently feeding. 

The state of ‘activity’ or ‘drive’ appeared particularly important. 

Some males were observed vigorously defending an area while other 

males displayed little activity. Although daylight may affect activity, 

individual males seemed to be active or inactive at any observation 

period. Occasionally several males exhibiting thrusting or copedatory 

behavior followed a female. Aggressive behavior was seldom ob¬ 

served in this high ‘activity stated No more than 3 males were usually 

found within one square yard except during this courting behavior 

and under most circumstances, groups of males remained together 

for only a short period of time. 

SEX, SIZE, AND DOMINANCE 

Fish ranged in size from 0.5 to 9.0 gms. Large fish tend to dominate 

small fish. Table 1 illustrates the importance of size as a determinant 

of dominance. In heterosexual relationships however, maleness may 

compensate for a sizeable difference in weight. At greater weight dif¬ 

ferences, sex does not overcome the effect of size. Other factors may 

also affect these relationships in natural populations. Sample sizes and 

weight measurement precision preclude a too literal interpretation of 
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Table 1 

Size, sex, and the determination of dominance. Weight differences between dominant 
fish and next subordinate fish of the same or opposite sex. + = dominant fish larger. 

Sex of 
Fish dominate fish 

Difference in 
weight absolute 

(gms) 

wgt. small fish 
100%- 

wgt. large fish 

A. Female/female relationships 
1 + 2.5 + 83 
2 + 2.0 + 58 
3 + 2.2 + 52 
4 + 1.0 + 17 

B. Male/male relationships 

1 + 1.0 + 29 
2 + 0.5 + 20 
3 + 4.0 + 73 
4 + 0.5 + 8 
5 + 1.0 + 14 
6 + 3.0 + 43 
7 + 2.0 + 58 
8 + 4.0 + 62 
9 + 2.0 + 40 

C. Male/female relationships 

1 male + 2.8 + 40 
2 male — 2.0 — 44 
3 male — 3.0 — 44 
4 female + 8.0 + 84 
5 female + 6,0 + 63 
6 female + 3.5 + 39 

the data. The overall relationships concerning size and sex are clear 

however, and have been repeatedly stated (Braddock, 1949; Barlow, 

1961; Collias, 1944; Greenberg, 1947; Raney, et al., 1953). 

SEX AND AGGRESSIVE BEHAVIOR 

The nature of aggressive behavior when the sex ratio and population 

density are altered is presented in Table 2. Table 2A involves homo¬ 

sexual societies or societies containing only one male. Males were not 

more aggressive than females in these unusual circumstances. 

Table 2B illustrates the effect of 2 males and one female in a society. 

As expected, the dominant male directed considerably more aggres¬ 

sion toward the rival male. The presence of a female apparently caused 
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Table 2 

Sex and its relation to aggressive behavior. A trial was one 10 minute observation 

period. All hierarchies were allowed to stabilize. 

A. Dominant males vs. dominant females in 2 and 3 fish groups. 

Aggressive acts by dominant males per trail == 4.6 

Aggressive acts by dominant females per trail = 6.4 

X2 = 0.7 N male =' 54 

p == 0.40 N female = 28 

B. Groups with 2 males in the same tank with one female-male dominant. 

Aggressive acts toward subordinate male = 104 

Aggressive acts toward subordinate female == 9 

Aggressive acts by dominant male per trail == 11.3 

C. Societies containing 7 or more fish with at least 3 males and 4 females. 

Aggressive acts involving only males — 330 

Aggressive acts involving females = 6 

an increase in the frequency of aggressive acts by the dominant male. 

The number of aggressive acts involving males in larger societies is 

significantly greater than the number involving females (Table 2C). 

The presence of 2 males apparently resulted in less female aggression. 

Heterospecific all-female societies formed social hierarchies having 

the same characteristics as homospecific ones (Table 3) . Homospecific 

Table 3 

Interspecific hierarchies. All were established3 fish groups. All fish were female. 

Weight differences were between dominant fish and the next subordinate of the 

other species, -f- = dominant fish larger. 

M. formosa/M. latipinna relationships 

F — M. formosa 

L — M. latipinna 

Fish Species 

Difference in 
weight absolute 

(gins) 

wgt. smaller 
100%-- 

wgt. larger 

1 F + 2.5 + 83 

2 L + 3.5 + 70 

3 F 0 0 

4 F + 1.5 + 50 

5 F + 0.5 + 33 

Aggressive acts and inter-sepcific hierarchies. 

M. latipinna dominant: 

Aggressive acts toward M. latipinna =_ 15 

Aggressive acts toward M. formosa = 9 

M. formosa dominant: 

Aggressive acts toward M. latipinna = 24 

Aggressive acts toward M. formosa = 19 
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societies of M. formosa were not studied as they could not occur in 

nature. Some of the disparity in the number of aggressive acts directed 

toward each species by the dominant fish is due to size differences and 

society composition. Literal interpretation of size differences and the 

relative number of aggressive acts toward each species are to be avoided 

because of the low number of experiments performed. Aggression and 

dominance, nevertheless, crossed species lines. 

ACTIVITY STATE AND AGGRESSIVE BEHAVIOR 

Table 4A and 4B present the results of experiments in which the 

number of aggressive acts before and after feeding were recorded. The 

significantly greater number of aggressive acts which occurred under 

feeding conditions compared to non-feeding conditions is evidence that 

feeding lowers the threshold of aggressive behavior. The disparity be¬ 

tween the number of trials showing zero acts in both situations (Table 

4B) is significant. Courting behavior and the overall activity of the 

fish increased during feeding. 

Males were observed in the field to determine the relationship 

between activity and aggression. Courting behavior was used as a 

measure of activity. Table 4C indicates that courting and aggressive 

behavior are related. If a male was sexually active he was usually 

aggressive. Section 4D is included to demonstrate that the aggressive 

behavior-feeding relationship was not simply a laboratory phenom¬ 

enon. In both tests a small piece of food was placed in the study pond. 

When food was concerned, aggressive behavior involved both sexes 

in dominant and subordinate roles. In both cases the more frequent 

aggression directed toward females can be explained by a sex ratio 

favoring females. 

PATTERNS OF DISTRIBUTION 

Distribution patterns of the 2 sexes were obtained from census data. 

The censuses, particularly female counts, were biased in favor of 

larger fish. Smaller females were often difficult to see and at times con¬ 

fused with Gambusia affinis. A fish was not counted when recognition 

was doubtful. There were fewer highly colored males and seldom 

were these confused with G. affinis females. Immature males may have 

been counted as females however, resulting in an artificially high 

female percentage. 

Problems of overlap (a fish moving and being counted a 2nd time) 

were minimized by using 2 or 3 fast working observers. In general, 

pond census figures showed that the fish were contagious in distribu- 
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Table 4 

Activity state and aggressive behavior. A trial equals 10 minute observation period. 

A. Feeding and non-feeding situations (7 sets of fish). 

Feeding Non-feeding 

Trials 41 41 

Aggressive acts 2791 65 

Aggressive acts per trial 6.8 1.6 

B. Variation in number of aggressive acts per trial in the feeding vs. non- 

feeding situation. 

Feeding Non-feeding 

Trials showing no aggressive acts 7 24 

Trials showing 1-4 aggressive acts 10 9 

Trials showing 4 -J- aggressive acts 24 8 

Contingency X2 = 17.2 p < 0.1 

C. Aggressive vs. non-aggressive situations i in the field involving adjacent 

males (20 cm. apart) in which courting occurs : or does not occur 

within 30 seconds of the observation. 

Courting No courting 

Aggression 56 16 

Non-aggression 8 42 

Contingency X2 = 47.6 p < .001 

D. Aggressive acts involving food (in field) : 10 minute observations. 

Dominant fish = female 

Aggressive acts toward females 15 

Aggressive acts toward males 2 

Dominant fish: male 

Aggressive acts toward females 13 

Aggressive acts toward males 9 

tion. Many areas contained few or no fish and were arbitrarily desig¬ 

nated sub-optimal (Fig. 1). Males and females inhabited essentially 

the same areas although not in pairs. This was indicated by the high 

coefficient of association Q (Table 5). An optimum habitat was arbi¬ 

trarily determined by eliminating the squares which were without fish 

in half or more censuses. Those squares falling within this optimum 

area were used in compiling Table 5 (except the association coefficient 

Q). 
Data presented in Table 5 indicates that male counts are more uni¬ 

form than female counts. High male counts show correspondingly 

high female counts and vice-versa. Populations averaged 20% male, 

a figure somewhat lower than Hubbs’ (1964) reported 33% for allo- 

patric (with M. formosa) populations of this species. Much of the vari¬ 

ation can be explained by differences in sexing procedure. Data in 
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Table 5 

Patterns of distribution based on census results of the more optimum habitat. Poisson 

figures indicated X2-test for randomness. 

A. Census results 

Males 

Poisson 
Total fish X fish 

Census per census square Variance X2 p 

1 22 0.8 1.34 1.51 0.47 

2 24 0.9 0.71 0.19 0.90 
3 25 0.9 0.72 0.76 0.69 

4 40 1.5 1.80 3.20 0.20 

5 28 1.0 1.11 1.64 0.43 

6 17 0.6 1.76 1.11 0.59 

Females 

1 154 5.7 16.6 14.0 <.001 
2 120 4.4 16.5 

3 103 3.8 11.2 14.0 <.001 

4 193 7.1 24.9 

5 131 4.9 23.9 

6 84 3.1 9.1 

X of means— male—0.95 

X of means—female—4.83 

X variance male—1.07 

X Variance female — 15.4 

Sex ratio 5:1 

Association Q = 0.798 ± .33 (Yule’s coejcient based on < contingency) 

S(x—x)2 (N—1) 
B. Index of Dispersion (I) = 

X 

Males Females 

Census I P I P < 

1 26.0 0.46 75.4 .001 

2 20.3 0.79 98.8 .001 

3 20.3 0.79 75.4 .001 
4 31.2 0.22 91.0 .001 

5 28.6 0.33 127.0 .001 

6 33.0 0.16 75.4 .001 

Table 5 were based on mature males showing nuptial coloration while 

Hubbs used morphological criteria involving the presence of the gono- 

podium and testes. Many immature males, considered males by Hubbs 

(1964) would have been designated females. 

Females manifested a highly contagious distribution shown by a 

variance larger than the mean. Males were found to have a variance 

about equal to the mean, indicative of a considerably less clumped dis- 
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tribution. Table 5B illustrates this in another way. By calculating an 

index of dispersion the degree of regularity of a distribution can be seen 

by examining its p value (Greig-Smith, 1957). A p. value of 0.95 indi¬ 

cates a regular distribution while a p value of 0.05 indicates a con¬ 

tagious one. The difference in the magnitude of p in males and females 

is considerable. Comparisons with the Poisson distribution over the 

optimal area indicate randomness for males and high contagion for 

females. 

Further analyses of census results indicate that sex ratios vary con¬ 

siderably both temporally and spatially (Baird, 1965a). The danger of 

determining population/sex ratios from localized collections is evident. 

If, for example, every fish counted 'in the 6 censuses in the first quarter 

of the study area was collected, the resulting sex ratio would be ap¬ 

proximately 242/21. If the 3rd quarter was sampled a ratio- of ap¬ 

proximately 72/27 would result. A sex ratio based on short term field 

investigations is to be treated with caution. 

SEX AND SPATIAL MOVEMENT OF RESIDENT FISH 

Attempts were made to determine the extent of movement in time 

and space of marked individual males and females. (For marking 

technique see Baird, 1965a). The results shown in Table 6A were 

obtained by plotting hourly observations of marked fish and measuring 

the distance moved. Females range significantly farther per hour than 

males. The distributions overlapped slightly and individual variation 

was high, manifest by the large standard error. Table 6B (24-hour 

observations) demonstrates that females range significantly farther 

per day than males. Due to small sample size Table 6C can be interp¬ 

reted only as an indication that results obtained during shorter time 

intervals appear to be maintained over a 2-day period. The above re¬ 

sults, however, describe only the emergent distance moved per time 

interval and are not continuous movement records. 

Table 6D and 6E indicate activity and range of movement over a 

10-minute period. Both marked and unmarked fish were watched for 

10 minutes. As a fish moves across a boundry between squares the new 

square was recorded. Table 6D represents the number of lines bound¬ 

ing squares crossed and is a measure of activity. Table 6E measures 

range of movement and presents results from the number of different 

squares entered. In this case any single square was counted once only 

per observation period. 

The data indicate that females move more frequently and farther 

than males. The levels of significance are important. The activity data 
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Table 6 

Spatial movement of males and females. A, B, and C refer to changes in position at 

measured intervals. D and E are measurements of continuous movement over a 

10 minute interval. 

A. Yards per hour (± S.E.) 

X2 = 36.7 

Male = .86 ± .8 N:Male = 291 df =36.7 

Female = 2.3 ±1.2 N: Female = 58 p < .001 

Male = .86 d- .8 N:Male = 29 df =3 

X2 = 36.7 

X2 = 8.2 

B. Yards per day (± S.E.) 

CSJ 
00 II 
03 
X

 

Male —1.3 ± .8 N: Male = 12 df =1 

Female3.4 ±1.5 N: Female = 15 p =0.02 

C. Yards per 2 -j- days 

Male Fish Distance (yds) Female Fish Distance (yds) 

1 3 1 6 

2 3 2 3 

3 1 3 1 

4 0 4 8 

5 O' 5 3 

6 4 

7 3 

D. Boundries between squares crossed per 10 minutes per fish (± S.E.) 

X2 = 6.7 

Male = 6.4 ± 1.1 df = 6.7 

Female - - 7.2 ± 1.0 P = .035 

N = 24 

E. Different squares recorded per 10 minutes per fish (± S.E.) No square was 

counted more than once during an observation period). 

X2 = 24.0 

Male = 3.5 ± .8 df =2 

Female = 4.9 ± .7 P < .001 

N — 24 

has a low significance level with high individual variation, and 

broadly overlapping distribution. In the field males seem to be more 

active than females. This movement, however, appears so limited 

spatially that the method used for determining activity produces what 

may be an artificial indication of more activity by females although 

females range over greater distances than males. 

PRIOR RESIDENCE 

Resident fish could have an advantage over non-resident fish if, as | 
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Table 7 

Resident and non-resident males sighted in and out of the study area one to 6 days 

after marking. 

In Out 

Resident 18 0 

Non-resident 17 14 

X2 = 11.2 

p < .001 

(Yate’s correction applied in calculation) 

above results indicate, the population has some degree of social struc¬ 

ture. The importance of prior residence has been shown in other fish 

species (Braddock, 1949; Miller, 1958). Movement of fish captured 

from downstream areas, marked and released in the study area, was 

compared with movement of resident fish marked in the same manner. 

The results presented in Table 7 show that observed resident males 

were less likely to move from the study area than the non-residents. 

Sample sizes were not as large as desired and homing behavior was 

not eliminated. Homing seems a less likely explanation for non¬ 

resident movement by reasons of the high percentage of non-resident 

fish moved away from their original residence. The initial level of re¬ 

covery was 70% or greater for all fish marked. Significantly, no resi¬ 

dent fish were found outside the study area. All marked females were 

residents and in several instances were found in the outlet stream but 

never far away. 

HOME RANGE 

Because resident males and females did not move from the study 

area, attempts were made to ascertain the range of movement within 

the area (Table 8). Plots were made of individual fish over a 6-day 

period except for female #6 which was observed over a 5-week period. 

Size of home range was determined by enclosing the observed plots of 

fish location and by roughly calculating this area. Sample sizes were 

very small and results provide little more than indications. Males ap¬ 

peared to range over smaller areas than females and female #6 was 

found throughout the pond. The results are in accord with previous 

movement data (Table 6). 

social organization in M. Latipinna 

Aggressive behavior structures hierarchies (Collias 1944) and is the 

principle means of determining them. Size appears to be the primary 
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Table 8 

Approximate size of home range based on movement of marked fish. 

Fish Relative size 
Number of 

observations 
Area 

(sq. yds) 

1 

Male 

large (5-f- gms) 7 8 

2 medium (2-5 gms) 10 7 

3 large 8 13 

4 large 7 5 

1 

Female 

large (4-f- gms) 5 12 

2 large 11 18 

3 large 6 10 

4 large 8 12 

5 large 6 8 

6 very large (8-j- gms) 21 22 

determinant of dominance in M. latipinna although sex is significant 

over a broad range of size differences. Population density affects the 

manifestation of dominance but seems to have little affect on its actual 

determination. 

The numerous variables—drives and levels of motivation, the 

sensory-response systems, and learning processes are tightly bound to 

the outward appearances of behavior. Aggressive behavior in M. lati¬ 

pinna has been positively linked to courting behavior and feeding. It 

seems to be a unit of both higher order systems and may be related to 

other behavioral processes not studied here. Although present in both 

sexes, aggressive behavior is manifest more often in males and is sub¬ 

ject to considerable variation in frequency of occurrance. The ‘state of 

activity’ or ‘level of motivation’ is important. Males are more likely to 

be involved in aggressive activities and are also the active sex in court¬ 

ship activity (Clark, et al., 1954). Aggressive behavior must be con¬ 

sidered in context with the overall behavioral makeup. 

Social organization in a natural population of M. latipinna males is 

best described as a series of ‘open ended’ hierarchies. These are char¬ 

acterized by the presence of large dominant males whose home ranges 

are spread throughout the area. The ranges may overlap in varying 

degrees. The dominant fish usually remain apart yet may manifest 

dominance-subordinate relationships in the area of overlap. Smaller 

males are subordinate to the dominant males and form hierarchies 

which show varying degrees of overlap. For example a small male 
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may act as an omega fish in more than one hierarchy. The degree of 

organization may vary in time and space. Intersexual and female or¬ 

ganization is less clear but may have a similar foundation. 

Small societies of both sexes formed permanent social hierarchies 

rather than territories. These hierarchies were 'straight line’ and in¬ 

volved nip-right social orders, characteristic of hierarchical rather than 

territorial organization (Braddock, 1949). Males displayed high ag¬ 

gression and formed all-male hierarchies at medium population densi¬ 

ties. Both sexes were found together, contrary to the somewhat 

separate distributions of some territorial fish (Baney, et al1953; 

Barlow, 1961). Mature male density remained relatively low because 

of the apparent low sex ratio. 

Males moved over a smaller area and displayed a random and less 

clumped distribution than females. Individual males were restricted 

to specific parts of the pond although several males appeared in these 

areas. The males that met might or might not display aggression. Sexes 

were dimorphic, the males having morphological characteristics im¬ 

portant in social ranking. The males also had ritualized threat be¬ 

havior and exhibited varying degrees of coloration, both important in 

hierarchy (Tinbergen, 1951; 1953; McAlister, 1958). Braddock 

(1949) has shown the effect of prior residence on viviparous fish 

which are not territorial and concluded that social hierarchy functions 

to spread individuals. M. latipinna males have distributions which are 

not clumped indicating a degree of spreading among individuals. 

Prior residence is not equal to territoriality as it weakens with time 

and often involves nip-right aggression. It would have its greatest 

effect therefore, in the first meeting. Prior residence is more effective 

in natural populations than in aquaria where fish have little freedom 

of movement and hierarchies eventually stabilize around other deter¬ 

minants. It does not appear however, that prior residence in nature 

would exert much influence on dominance because of a stabilized 

social structure. Any long range movement would probably involve 

young or immature fish or sub-dominant individuals. The migratory 

individuals would thus be at the omega end of the dominance scale. 

Prior residence does seem to be effective in natural populations of M. 

latipinna males. Besident fish remain in the area but non-residents 

move about and usually leave. Some larger non-resident fish remained 

and established residence. 

Braddock (1949) maintained that because prior residence is im¬ 

portant, fish must be able to recognize their surroundings. This state¬ 

ment combined with positive evidence of prior residence effectiveness 
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lead to the conclusion that fish must have a residence. Marking data 

indicates that both sexes of M. latipinna have home ranges although 

the number of observations was small. 

McAlister (1958) provided evidence for the nature of 'open-ended’ 

hierarchies. He found that tank size affected the degree of hierearchial 

organization. For example 2 individuals displayed dominant sub¬ 

ordinate relationships in small tanks but not in large tanks. In the 

later the 2 fish remained apart and a ‘double dominance’ hierarchy 

resulted. Both fish dominated others in the tank. This illustrates how 

dominance tends to spread individuals and how a series of ‘open 

ended’ hierarchies could function over large continuously populated 

areas. M. latipinna males spread out in the largest tank and the largest j 

males were observed at either end. The presence of a few large 

dominant-appearing males in natural populations was previously re¬ 

ported for M. latipinna (Kilby, 1955) and pertains to the above rea¬ 

soning. 

SOCIAL ORGANIZATION AND POPULATION DYNAMICS 

Social organization is in some manner density dependent and may 

function directly or indirectly to limit population numbers in M. lati¬ 

pinna. Magnuson (1962) discussed the effectiveness of aggressive be¬ 

havior as it relates to competitive advantage for dominant fish under 

varying conditions. Alee, et al., (1948) and Magnuson (1962) demon¬ 

strated the effectiveness of dominance in terms of comparative growth 

rate. The presence of aggressive behavior under feeding situations in¬ 

dicates a similar role for dominance in M. latipinna. 

Low populations densities seem to increase effectiveness of social 

organization (Magnuson, 1962; Landau, 1957; Collias, 1944). Under 

observed densities the effectiveness of social organization in females 

was difficult to appraise although aggressive behavior was noted when 

food was introduced. 

Male density remained lower than female density and social organi¬ 

zation appeared to operate chiefly through the males. The number of 

mature males in a population affects reproductive potential (Hubbs, 

1964). Similar to other poeciliids (Krumholz, 1948; Schultz, 1961, 

Turner, 1941) M. latipinna males grow little after maturity (Hubbs, 

1964). Because males vary in size and size is extremely important in 

dominance, a mechanism for regulation presents itself. Krumholz 

(1948) reported a lack of ‘necessity’ for young males to become ma¬ 

ture in G. affinis populations due to the presence of other males. The 

presence of large dominant males could affect the maturation of young 

males through a stress mechanism (Wynn-Edwards, 1964); Christian, 

! 
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1959). Such a mechanism, coupled with the relatively short life span 

of the male could exert some control of population density by varying 

the number of dominant males in time and space, in response to en¬ 

vironmental variables. 

The significance of social organization for a breeding system in¬ 

cluding M. formosa is not clear. M. formosa is incorporated into inter¬ 

specific hierarchies with M. latipinna. Effects of female social 

organization are therefore, probably the same for both species and it 

may be that the 2 species act as one where females are concerned. The 

presence of a rather elaborate courtship behavior in M. latipinna males 

however is indicative of a more important role for the female in inter- 

sexual relationships. The possibility of it acting as an isolating me¬ 

chanism adds a new dimension to the selection process. 

The lower percentage of males in bi-species populations can be re¬ 

lated to the studies on population structure. The census data (Baird, 

1965a) indicates considerable difference in the sex ratio between ad¬ 

jacent, small areas, a probable outgrowth of male social interaction. If 

male densities were lowered, males would be less likely to occur in 

sub-optimal areas whereas they might be relatively common in an 

optimal environment. This should have an adverse effect on M. form¬ 

osa reproduction because the large females would occupy the optimal 

environment. Male M. latipinna have been shown to best discriminate 

between larger females of both species (Hubbs, 1964). 

Moreover, subordinate males in suboptimal environments would 

have less choice, be most likely to produce M. formosa young, yet also 

produce fewer and less vigorous M. latipinna young. 

SUMMARY 

Courting behavior, threat displays, and aggression consisting of 

nipping and chasing were common behavioral manifestations in M. 

latipinna populations. Small groups formed social hierarchies in 

aquaria characterized by straight-line social orders and nip-right dom¬ 

inance. In artifically constituted all-male or single-male heterosexual 

societies males did not appear any more aggressive than females. 

When two males were present in small heterosexual groups male ag¬ 

gression increased and was directed toward rival males. 

Females were less aggressive in larger societies and did not form 

discernable hierarchies. Males, in contrast, were highly aggressive and 

formed all-male hierarchies under similar conditions. Size and sex 

were important determinants of dominance. Size appeared to be the 

major determinant although in heterosexual societies, males were able 
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to overcome a considerable size disadvantage and attain dominance. 

Interspecific all-female societies of M. latipinna and M. formosa I 

formed social hierarchies which appeared similar to single species 

hierarchies. Dominance and aggression crossed species lines. 

Social characteristics of aquaria societies were confirmed in field in- j 

vestigations. Males had a more random, less clumped distribution than 

females over the optimum habitat. They exhibited aggressive behavior, 

dominance, and defended areas against other males although the areas 

were not geographically oriented in the same manner as territories. 

Females ranged over greater areas than males and both sexes appeared i 

to have home ranges. Males showed varying degrees of home range 

overlap. Peior residence was effective in determining male movement. ; 

In many instances introduced non-resident males left the area while 

residents remained. Aggressive behavior was positively linked to re¬ 

productive and feeding behavior. 

Highly colored aggressive males represented about 20% of the 

natural population studied. This comparatively low male density tends 

to increase social structure. Social organization in M. latipinna is j 

manifest primarily in males. Males seem to form overlapping ‘open 

ended’ social hierarchies. Social behavior appears to spread individuals 

and probably functions in some way to regulate population numbers. 

It may also function to reduce the reproductive ability of M. formosa 

in bi-species populations. 
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Notes on Inter-pond Dispersion of Some Marked 
Adult Dragonflies in Oklahoma1 

by KENNETH W. STEWART2 and RAY MURPHY, JR.3 
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Denton 76203 

ABSTRACT 

A total of 311 dragonflies of 11 species was marked over a 4-week 

period on 4 ponds in a study area of approximately 5.8 sq. km in south¬ 

ern Oklahoma. Records of movement to other ponds were obtained for 

13 specimens, representing 4 of the species. Maximum distance of 

inter-pond dispersion within the study area was 1.62 km by a male 

Dythemis fugax. One male Libellula luctuosa traveled 1.40 km. No 

pattern in direction of movement was indicated, except that the 2 

longest distance records were in a northerly direction, with prevailing 

southerly winds. Minimum longevity records were obtained by the 

marking-sighting procedure. Observations suggested that the inter¬ 

pond movements were appetential, and that they were probably re¬ 

sponses to combinations of reproductive drive, low prey density, and 

combat (lack of available territories). 

INTRODUCTION 

Recent studies by Stewart and Schlichting (1966) and Parsons, et al. 

(1966) have shown that dragonflies are important passive dispersal 

vehicles for viable algae and protozoa. These increase the already 

recognized need for more information regarding movements of these 

insects between bodies of water. 

Corbet (1963: 183-197) related numerous records and discus¬ 

sed dragonfly migrations. Most of the foundation work in this area 

has been reported from Great Britain; few published accounts are 

available regarding migration of North American fauna. Especially 

lacking are records of short-range or “inter-pond” movements of adult 

dragonflies. Their general circadian pattern includes roosting away 

from water at night, then during the day resting or foraging near the 

1 Study supported in part by funds from Grant #5 ROl WPOO855-02, U.S. Dept, 

of Interior, and by the Faculty Research Fund of North Texas State University. 

2 Visiting Zoologist, University of Oklahoma Biological Station, 1966. 

3 NSF Research Participant, University of Oklahoma Biological Station, 1966. 

The Texas Journal of Science, Vol. XX, No. 2, December, 1968. 
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roost when the weather is windy and/or cold, or moving to water for 

foraging, mating and oviposition on warm or sunny days when wind 

velocities are relatively low (Moore, 1953). Little attention has been 

given to whether dragonflies use the same body of water or the same 

roost day after day, subsequent to any post-teneral flight. The present 

paper provides a few records of inter-pond movements of marked 

adults of 4 species. Moore (1953) recognized difficulties in marking 

and recapture technique to determine movements of specific indi¬ 

viduals. Relatively low population densities and man-hours required 

to capture, mark, and recapture dragonflies are problems in such j 
studies. 

I 
TECHNIQUES 

A marking procedure, similar to that used by Borrer (1934), was j 

used to identify individual adult dragonflies. Three colors of commer¬ 

cial mark-sa-lot (Speedry Chemical Products Inc., Glendale 27, New 

York) were used to mark specimens on Ponds I (green), III (orange), 

and IV (red). Individuals from Pond II were marked with crystal 

(gentian) violet dye (Fig. 1). Dragonflies were marked on 7, 4, 6, and 

3 dates, respectively on Ponds I—IV between July 6 and July 27, 1966. 

A combination of dyeing some wings completely, and use of dots on 

others, enabled subsequent identification of each individual, its “home” 

pond, and date marked. 

The 4 marking ponds and an additional 5 sighting ponds (A-E, Fig. 

1) were observed with binoculars on 10 dates during the same time 

period mentioned above. Marked individuals were easily identified at 

distances up to approximately 40 meters. All ponds were in an ap- j 

proximately 5.8 sq. km area immediately west of Highway 99-99c 

intersection, just south of Madill, Oklahoma (Fig. 1). 

RESULTS AND DISCUSSION 

A total of 311 dragonflies of 11 species were marked over the 4-week 

study period. Twenty-two (7.1%), representing 5 of the species, were 

subsequently sighted (Table 1). Thirteen of these, representing 4 

species, moved from the “home” pond (pond from which captured, 

marked, and released). 

Individuals of the following species were marked, but not subse¬ 

quently sighted: Erythemis simplicicollis Say (24); Libellula pulchella 

Drury (3); Perithemis tenera Say (21); Tarnetrum corruptum Hagen 

(5); Tramea lacerata Hagen (3); and Tramea onusta Hagen (5). ' 

Comparison of numbers of these with those for 5 other species, for 

i 
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Fig. I Dragonfly dispersion study area and direction of movement of 13 marked specimens. 
Madid, Oklahoma, 1966. 

which subsequent sightings were successfully made, suggest that mark¬ 

ing 30-50 specimens of a species may be required to yield any degree 

of expected sighting success in an area of this size. 

Of the 111 specimens of 10 species marked on Pond I (green), (Fig¬ 

ure 1), 3 were subsequently sighted; all were Libellula luctuosa Bur- 

meister and had moved from the “home” pond. All 3 moved in a north¬ 

westerly direction; 2 to Pond III (orange), a distance of .44 km, and 

the other to Pond D, a distance of 1.40 km. 

Eighty-five speciemns of 10 species were marked on Pond II (violet). 

Four were subsequently sighted; 3 had moved away from the “home” 

pond. One Celithemis eponina Drury, moved southwesterly to Pond I 

(green), a distance of .53 km; another Celithemis moved westerly to 



180 THE TEXAS JOURNAL OF SCIENCE 

Pond III (orange), a distance of .53 km. One Libellula luctuosa also 

moved to Pond III (orange). 

Seven sightings were made of 43 marked specimens of 7 species 

from Pond III (orange); 3 had moved to other ponds. All 3 were 

Libellula luctuosa; 2 moved easterly to Pond II (violet), a distance of 

.53 km, the other moved .53 km southeasterly to Pond I (green). 

Of 72 specimens of 8 species marked on Pond IV (red), 9 were sub¬ 

sequently sighted, of which 4 had moved to other ponds. Two of these 

were Dythemis fugax Hagen; 1 moved 1.62 km north to Pond D 

(farthest inter-pond movement possible within the study area), and 

the other moved easterly to Pond B, a distance of approximately .59 

km. One Dromogomphus spoliatus Hagen moved northeasterly to 

Pond I, a distance of approximately .72 km. One Libellula luctuosa 

moved southwesterly to Pond C, a distance of approximately .34 km. 

The low sighting percentage of marked individuals does not permit 

quantitative comparison of dispersion tendency by species; however, 

the movement of 7.7% of marked Libellula luctuosa from their “home” 

pond suggests a relatively active inter-pond dispersion rate for this 

species (at least over short distances). The recorded movement of 2 in¬ 

dividuals (L. luctuosa 1.40 km and D. fugax 1.62 km) across the entire 

diameter of the restricted study area, the low sighting percentage, and 

no resighting of once-sighted marked individuals, suggest that many 

of the marked specimens moved entirely out of the study area. A spe¬ 

cial point was made to check Pond D to which both Libellula luctuosa 

and Dythemis fugax males above had moved, on the day following 

their sighting. Neither was present, indicating that they had moved 

again. 

No apparent directional pattern was exhibited in the 13 recorded 

dispersions. The 2 longest records (1.40 and 1.62 km) were in a gen¬ 

erally northerly direction. It is possible, however, that these 2 males 

visited other ponds in the area before attaining the position where they 

were sighted. Southerly winds were prevalent during the study period, 

and it is apparent from directional movements (Figure 1) that some 

dispersions were against prevailing winds or were made during times 

when wind velocities were low. 

Some indication of minimum longevity of marked adults is included 

in Table 1. All 13 dispersing individuals exhibited normal foraging and 

flight behavior on the ponds where they were sighted. The colors used 

in marking did not appear to influence behavior or cause rejection of 

marked specimens by other members of the species. One male Libellula 

luctuosa marked with bright orange mark-sa-lot at Pond III was ob¬ 

served in tandem with an unmarked female at Pond II. 
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Table 1 

Inter-pond movements of marked, mature dragonflies, Madill, Oklahoma, July, 1966. 

Species Sex 
No. 

marked 

No. 
sighted 
home 
pond 

No. 
sighted 
other 
ponds 

Max. 
distance 

km 

Min. age 
based on 

mark-sight 
interval 

days 

Dromogomphus spoliatus M 25 1 1 .72 7 

F 6 0 0 

Dythemis fugax M 42 4 1 1.62 3 

F 8 0 1 .59 5 

Libellula luctuosa M 52 0 4 1.40 10 

F 52 3 4 .53 7 

Celithemis eponina M 30 0 1 .53 10 

F 25 0 1 .53 7 

Plathemis lydia M 7 1 0 

F 3 

Other Species (6) M 33 0 0 

F 28 0 0 

The authors submit that a combination of reproductive drive, low 

prey density, and combat (lack of available territories), were factors 

greatly influencing the appetential or “pond to pond” movements re¬ 

corded in this paper. Marked specimens could have been engaged in 

such irratic mavements when captured. It is further suggested that this 

phenomenon in part accounts for colonization of newly impounded 

surface waters with dragonflies (along with the viable algae and pro¬ 

tozoa that they carry) and their population fluctuations at existing 

aquatic habitats. Thought was given to the possibility that movements 

could have resulted from the “traumatic” experience dragonflies were 

subjected to in the capture and marking procedure. Several observa¬ 

tions indicated that this was not the case: (1) Almost as many speci¬ 

mens were sighted on ponds where they were originally marked as 

there were those that had dispersed to others (Table 1), (2) Marked 

individuals usually remained in the immediate vicinity of a pond when 

released, and (3) Individuals did not take up residence at ponds to 

which they dispersed within the study area. 
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Some Unusual Artifacts from Val Verde County, Texas 
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INTRODUCTION 

During the past few years the Val Verde County area has come into 

the limelight of archeological interest in Texas, due to construction of 

a dam just below the mouth of the Devils River to form Amistad Inter¬ 

national Reservoir. Recause many archaeological sites will be flooded 

in this unique area of Texas, salvage of archeological information has 

been concentrated in the southern part of the county by such agencies 

as the Texas Archeological Salvage Project, Austin. During field work 

in the area, individual artifacts or situations have been encountered 

which are either outside the area to be reported, or were not related to 

the current work and therefore would not be reported. A few of the 

important and generally rare artifacts are described in this report. 

PAINTED MUSSEL SHELL 

In April, 1965, a painted mussel shell (Fig. 1, a-b) was found in 

rockshelter site 41 VV 63 (University of Texas county site number) 

on the Pecos River, about 12 stream miles above its mouth. The shelter 

is quite large, over 100 feet long and 40 feet deep. Pictographs cover¬ 

ing a large boulder before an altar-like platform have been described 

by Grieder (1966). Potholes near the back of the shelter show the dry 

deposits to be primarily shallow, generally less than 3 feet, and full of 

grass beds, yucca and lechuguilla concentrations, stick clusters, and 

other vegetal materials. Projectile points include Langtry, Frio, and 

Ensor points, and possibly other types. 

The painted shell was one of numerous local river shells in an upper 

fiber zone exposed in the front, central portion of the shelter. At this 

location, quids, string, and large amounts of fiber and other plant re¬ 

mains were exposed by the natural sloping of deposits toward the 

shelter front. This zone, no doubt, represents the Ensor-Frio period 

(Greer, 1966) or possibly early Neo-Indian groups, sometime after 

A. D. 500. 

The shell is 97 mm. long and 66 mm. wide. On the inner surface is a 

The Texas Journal of Science, Vol. XX, No. 2, December, 1968. 
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linear drawing in black of a stylized man with 2 arrows or spears stick¬ 

ing into each side. The hooked lines at the head probably represent a 

headdress (pronghorns of an antelope ?), and the painted areas above 

the head are of unknown significance. Paintings of similar wounded, 

shaman-like men are common in the mouth of Rattlesnake Canyon 

(site 41 VV 180) on the Rio Grande just above Langtry (see New¬ 

comb, 1967: 9-12). Highly stylized shaman figures of this sort are 

reminiscent of those found within the Pecos River Style pictographs, 

Period 3 or 4 (Newcomb, 1967: 45; Parsons, 1967: 6-8). No other 

painted shells of this sort are known for western Texas. 

CLOVIS POINT 

The proximal section of a Clovis point (Fig. 1, c) was found in 1965 

adjacent to a midden circle site (Greer’s site TX-30) in central Val 

Verde County about 23 miles north of Comstock. The site is on the 

west bank of the Devil’s River at the mouth of a canyon known locally 

as Rurnt Canyon. Although the midden circles date to the Ensor-Frio 

or Neo-Indian periods, underlying terrace deposits range back at 

least into early Pandale-Nolan times. The point is made of a gray 

flint, possibly of local origin, and is covered with a smooth, white 

patina. The lower lateral edges are smoothed; the base is not. Channel 

flakes were removed from the base on both faces. 

Other Paleo-Indian period projectile points have also been found in 

Val Verde County. Plainview points have been found at the mouth of 

the Devils River (Johnson, 1964), in Mile Canyon near Langtry 

(Dibble, 1965), at a small burned-rock midden about 10 miles north 

of Comstock near Dead Man Pass in the upper reaches of Dead Man 

Canyon, which drains into the Devils River (Salome Cantu, pers. 

comm.), and various rockshelters along the Rio Grande and in the 

Pecos drainage (Ibid.; Nunley, et al., 1965). Folsom points have been 

found on an open site just outside of Del Rio by a local collector, and 

one was found in or below early Plainview levels of Bonfire Cave near 

Langtry (Dibble, 1965). I found a wide, thin, fluted point and a small, 

Angostura-like point (laterally smoothed) on a small site near Cie- 

negas Creek just west of Del Rio. This surface site also contained 

abundant Archaic materials, such as Langtry, Shumla, Frio, and 

Ensor points. Gonzalez Rul (1959) reported the only other Clovis 

point from this region. It was found in a small burned rock midden on 

the south side of the Rio Grande just above Ciudad Acuna, Coahuila. 

ceramics (Fig. 1, d-e) 

A small, clay pipe of Indian origin was recently collected by J. H. 

Word about 23 miles north of Comstock in central Val Verde County 
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(Devils River drainage). This is a bowl fragment with 18 vertical 

and over 10 horizontal parallel, incised lines covering all but the upper 

part of the rim (Fig. 1, d-e). During manufacture of the pipe, first 

the horizontal lines were made, circumscribing the entire bowl. Then 

the vertical lines were made from botton up. After drying, the upper 

centimeter to clay was smoothed off about 1 mm. deep, thus removing, 

the incisings in that area. A portion of the back was also smoothed at 

that time. The sides of the interior are nearly parallel (not converg¬ 

ing), and the lower part of the interior is burned, obviously from 

smoking. The lip is flat, and the very hard paste is light gray, fine 

texture with no obvious temper. 

Dee Ann Story (pers. comm.) suggests that the incised pipe is a 

trade item from the Frankston Focus, probably dating around a.d. 

1200-1600 along the upper Neches River around Anderson County in 

Northeast Texas (Suhm, et al., 1954: 184-189). The Handbook of 

Texas Archaeology {Ibid.) lists as characteristic of the Frankston 

Focus elbow pipes having widely-flaring bowls decorated with en¬ 

graved or punctate designs. The specimen from the Devils River is 

nearly parallel-sided and is decorated by incising and grinding. It 

seems possible that this pipe is attributable to roving Plains groups who 

were in contact to some extent with Frankston Focus peoples (Ha- 

sinais ?) to the east. There could easily have been free exchange of 

ideas and goods between such groups. Kelley (1955) has already indi¬ 

cated how some groups (e.g. Jumano) traveled great distances both 

across the state and into Mexico and apparently were in friendly con¬ 

tact with many different peoples. 

This incised fragment is the only ceramic pipe of Indian manufac¬ 

ture known for Val Verde County. Archaic stone pipes have been 

found at Castle Canyon (41 VV 7), Eagle Cave (Davenport, 1938; 

Schuetz, 1961: 199, Ross, 1965: 105), and the Devil's Mouth Site 

(Johnson, 1964: 68). Historic porcelain pipes have been found at a 

small site near the S. P. Raker ranch house on the Devils River 23 

miles north of Comstock. The ages for the porcelain pipes are un¬ 

certain, but they apparently predate the memories of the present 

family, i.e. back to circa 1890. 

At a site (Greer’s site TX-30) near the location of the Indian pipe 

described above, Word collected 2 small potsherds of a type generally 

called Leon Plain. Both appear to have come from the same vessel. 

These have a black exterior and a light brown to tan interior. The core 

is half gray and half brown, corresponding to the surface colors. The 

paste, of very fine texture, contains small white flecks, probably shell 

temper. Both specimens are 5 mm. thick. 
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G H 

Fig. 1. Miscellaneous artifacts, a-b, painted shell; c, Clovis point; d, pipe; e, pipe 

cross-section; f, clay figurine (41 VV 7); g-i, clay figurine (Arroyo Caballo), front, side, 

and back. (Horizontal line on right side of mouth punctuation omitted from drawing.) 
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These sherds do not appear to be related to any Mogollon types and 

probably belong to the Eastern tradition of ceramic styles, possibly 

from the Plains area. Although pottery is extremely rare in this 

county, similar sherds have been found at the mouth of Devils River 

(Johnson, 1964) and at a midden site about 10.5 stream miles above 

the mouth of the Devils River (McClurken, 1967). 

CLAY FIGURINES 

A clay figurine (Fig. 1, g-i) from the Amistad Reservoir area was 

found in a dry rockshelter in Arroyo Caballo, a tributary canyon on 

the Mexican side of the Rio Grande (George Pappas, pers. comm.). It 

has a medium-dark gray color and is made of fine, unbaked clay, 

which occurs abundantly in cobble to small boulder-size chunks in the 

gravel bars along the Rio Grande. The figurine is relatively flat and 

pointed at the “top”; the “bottom” has been broken, but was probably 

pointed in the same manner. Decorations include punctations, raised 

areas of clay, and black paint on parts of the specimen. This figure is 

71 mm. long (93 mm. estimated total length of the complete specimen), 

31 mm. wide (maximum), 12 mm. thick at the body, and 15 mm. thick 

at the nose. This definitely represents a human figure without repre¬ 

sentations for arms or legs. Interestingly, the Chiricahua Apache 

thought it bad luck to represent human forms too exactly (Opler, 

1965:47). 

Facial features include 2 punctate eyes and a raised nose. The eyes, 

at the edges of the front side, are painted black; and painted lines 

lateral to the eyes run just to the back of the head. The nose is raised, 

has a painted black stripe on the dorsal ridge, and is bordered by black 

lines toward the lower end. Midway down the nose, zig-zag lines begin 

at the edges of the nose and go laterally onto the edge of the figurine. 

The nose terminates at a single, centered punctation, possibly the 

mouth. A horizontal, black line running laterally on each side of this 

punctation1 is suggestive of some of the designs on painted pebbles. 

This straight, black line continues onto the edges of the specimen, the 

same as the zig-zag line from the nose, but does not continue around 

to the back. 

A single straight black line, bordered by 2 zig-zag lines Which meet 

just below the end of the straight line runs vertically down from the 

central punctation. These zig-zag lines are painted on slightly raised 

ridges. It is probable that the lines are some sort of distinctive or 

1 The line on the right side of the figurine is shown in the side view, Fig. 1, h, but 

was inadvertently omitted from the front view, Fig. 1, g. 
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symbolic markings, such as the tatoos mentioned by Ruecking (1955: 

359) for the Coahuiltecan bands and Kelley (1955: 983) for the Ju- 

mano. Still the question arises as to why the lower painted lines are 

on raised sections of clay. 

This specimen was found in deposits containing Shumla and Conejo 

points and probably dates to that age (circa 1000 b.c.). Since the dig¬ 

ging was not controlled, the associations can only be speculative. 

Another clay figure (Fig. 1, f) was found in the reservoir area at 

site 41 VV 7 by Tom Munnerlyn (pers. comm.) of Del Rio. This is a 

small, headless figurine of dark gray, unfired clay, the same type ma¬ 

terial as the Mexican specimen just described. It has a smooth, cigar- 

shaped torso with prominent breasts and no arms or legs. Although the 

head is missing, the break is not sharp and gives the appearance of 

being slightly smoothed or of having occurred while the clay was still 

damp. The torso has a maximum length of 57 mm. and a maximum 

width (just below the breasts) of 23 mm. The maximum thickness 

(same point) is 19 mm. Seven millimeters above the breasts and cen¬ 

tered just below the break at the neck is one small punctation. This 

specimen was found during uncontrolled digging, but from deposits 

yielding primarily Shumla points. 

Fragments of unbaked clay figurines have been found in Val Verde 

County in caves near Langtry (Davenport, 1938; Schuetz, 1961: 203; 

Ross, 1965), near Shumla (Davenport and Chelf, 1947: 6), and on the 

Rio Grande below the mouth of the Pecos (Nunley, et al., 1965). Simi¬ 

lar figurines are reported from Brewster County (Coffin, 1932: 57). 

Almost all specimens of recognizable form are female figures, and the 

one from Muertos Cave near Shumla bears painted designs similar to 

those on painted pebbles (Morss, 1954: 46, 113). Considering the 

amount of archeological work done in western Texas, it can be said 

with certainty that clay figurines are not only quite rare, but their 

variation, age, and function are unknown. 

GROOVED STONES 

In May, 1967, Antonio Reyes (pers. comm.) found a grooved stone 

on a small burned-rock midden a few miles north of Langtry (Fig. 2). 

The fine-grained, black stone appears to be a chert-like igneous ma¬ 

terial. The cobble is unaltered except for a very highly polished groove 

which takes on a very dark greenish-black luster. The stone is 166 mm. 

long, 50-55 mm. wide, and 39 mm. thick. The groove across the center 

of the stone is 43 mm. long, 7 mm. deep, 17 mm. wide at the top (maxi¬ 

mum) , and 7 mm. wide at the bottom (minimum). The type of midden 
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Fig. 2. Grooved stone. 

on which this stone was found is unknown, nor is it known whether 

arrowpoints were associated. 

In November, 1967, I found another grooved stone of the same type 

on the surface of midden circle site TX-30, the location of the Clovis 

point. This stone and the Langtry specimen are of the same type of 

back, semi-porous material. It is 130 mm. long, 51 mm. wide, and 38 

mm. thick. The centrally located groove is 35 mm. long, 8 mm. deep, 

17 mm. wide at the top (maximum), and 7 mm. wide at the bottom 

(minimum). All measurements (except the total length of the natural 

stone) are nearly identical with the previous specimen. The stone was 

found on the upper part of the hillside site in an area of material dat¬ 

ing almost exclusively from the Ensor-Frio period or Neo-Indian stage. 

P. M. Baker, the owner of an adjacent ranch previously found an 

almost identical grooved stone on a nearby midden site. Unfortunately, 
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the age of this specimen is also uncertain, but it probably dates from 

the Ensor-Frio period or later. 

Although grooved stones of this sort are found periodically in the 

La Junta (Presidio) and El Paso areas and throughout the Mogollon 

region, they have not been reported for the Val Verde County area. 

The western specimens are thought to have been used as arrow 

straighteners or shaft smoothers (Kelley, 1948). The possibility that 

these stones date from the Ensor-Frio period again suggests that the 

bow and arrow was introduced during an earlier period than pre¬ 

viously expected. It seems quite possible that the grooved stones are 

part of the midden circle complex, in which the small side-notched 

Ensor “dart points” were hafted on arrows. Midden circles generally 

date after a.d. 1000 (unpublished dates from the University of Texas 

Radiocarbon Laboratory) and range west throughout the Jornada dis¬ 

trict, where grooved stones are generally found. 

FOUR-EDGED BEVELED KNIFE 

In the collection of P. M. Baker of Comstock is a Plains-type 4-edged 

knife beveled on the left edge of the distal two-thirds (70 mm.) and the 

right edge of the proximal third (33 mm.) of the blade. The specimen 

is 103 mm. long, 32 mm. wide at the widest point (the juncture of the 

beveled sections), and about 6 mm. thick. It is made of a non-local, 

bluish-gray flint with a yellow cortex. The shoulders are rounded and 

the base dully pointed, although other knives of this type are often 

quite diamond-shaped with angular corners and pointed bases. The 

lower 20 mm. of one edge and 12 mm. of the other edge next to the base 

are smoothed, probably from use. 

The knife was found on the surface of an area of scattered midden 

material on a terrace of the Devils River about 20 miles north of 

Comstock near Camp Hudson. No diagnostic projectile points were re¬ 

ported from the site. 

Only 3 other 4-edged knives have been reported from Val Verde 

County (Poteet, 1938: 262), all of unknown cultural context in cave 

sites. They are also rarely found by collectors over most of Texas as far 

south as the Rio Grande below Del Rio, east into the Caddo regions, 

and west into the area of the Jornada Branch of the Mogollon. In 

Texas they become increasingly more common as one moves north 

from the southern edge of the plains country around Sheffield up 

through the Panhandle toward their primary distribution on the Great 

Plains. 

In Texas, knives of this type, usually made of a bluish flint similar 
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to the Baker specimen or of alibates dolomite, are often found with 

notched and plain triangular arrowpoints (e.g. the Harrell type), but 

stemmed arrowpoints (e.g. Perdiz) occasionally occur in the assem¬ 

blages. This data would suggest a probable date of after a.d. 1350 or 

1400. For the central plains area, Wedel (1959: 559, 561, 564, 566, 

613) lists the 4-edged beveled knife (designated the Harakey type) 

as a trait of the Upper Republican (beginning circa a.d. 1100), Ne¬ 

braska (a. d. 1100), Smoky Hill (a. d. 1000), and Great Bend (a. d. 

1500) aspects. Poteet (1938) and Krieger (1946: 142) both stress that 

the beveled knives are also quite late in Texas and were probably in¬ 

troduced in protohistoric or early historic times. 

This style of 4-edged knife, possibly beveled as a result of resharp¬ 

ening, is presumed to be attributable to Plains groups ranging down 

well into the Texas Panhandle. As one continues to follow the plains 

country south from Midland, he begins to encounter mountainous 

areas, or more properly, high steep-sided mesas. The drainage is us¬ 

ually north-south at this point, and the plains areas follow the streams 

into the mesa country in broad “troughs” of flat grasslands bordered 

by steep escarpments. Traveling southward, one would naturally 

follow the grassy plains and water courses, avoiding the bare, rocky 

hills. He would thus be channled into the natural troughs, which must 

have served as major thoroughfares for plains groups moving south in 

prehistoric times. 

These trails continued to be used through the 1800’s, when one such 

trail went from Fort Lancaster south to Howard’s Well (in Howard 

Canyon), from there branching with the main trail continuing east¬ 

ward up a canyon to just below Beaver Lake (the present town of 

Juno) on the Devils River. There the trail branched again with one 

route following the river south to Camp Hudson and San Felipe 

Springs (Del Rio), passing by the sites reported here containing the 

Clovis point, 2 grooved stones, the pipe and potsherds, and the beveled 

knife. It is stated throughout early reports (e.g. Bliss, n.d.; Bieber, 

1938) that the military road followed the earlier Indian trails, along 

which Indian groups were often sighted. 
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Notes Section 

NOTES ON THE DISTRIBUTION OF BLACKBASS (MICROPTERUS) IN THE 

SAN MARCOS RIVER, HAYS COUNTY, TEXAS. The blackbasses comprising 

the genus Micropterus are significant aquatic piscivores in the freshwater of the 

southern United States. A few snakes, gar, bowfin, pickerel and serranids use a 

similar food source. The blackbasses and serranids differ from the other piscivores 

in that they are highly desired by sportfishermen. Likewise both groups are pri¬ 

marily sight feeders and abound in clear water. Serranids usually occur in large 

lotic bodies, therefore blackbasses are the “top predators” in spring-fed streams. 

Although 6 species of Micropterus are known to occur in the southern United 

States no more than 3 have been recorded from any one area. Similar habitat re¬ 

quirements would make it difficult for all 6 species to be sympatric. This paper 

reports the first occurrance of 4 species of Micropterus in the same area, the Upper 

San Marcos River, Texas. 

The San Marcos River originates in a large spring within the city limits of San 

Marcos, Texas. Here the water is clear and thermally consistent (Brown, 1953, 

Tex. Jour. Sci., 5 : 245-251). About 5 kilometers southeast of the spring, the Blanco 

River empties into the San Marcos. Downstream from the juntion the San Marcos 

is appreciably murkier and temperatures vary both daily and seasonally. The upper 

segment of the river is unique in containing a large fraction of endemic fishes 

(Hubbs, 1957, Sw. Nat., 2: 89-104), insects, and amphibians, as well as several other 

endemic organisms not yet recognized, and in having successful introductions of 

north temperate and subtropical fishes (Brown, 1953, op. cit.). As a result unusual 

combinations of fishes may be found. 

As a part of several long term studies on fishes in Central Texas, 2 segments of 

the San Marcos River have been collected frequently during the last 15 years. 

Station No. 1 extends about 200 meters along the San Marcos River from the Inter¬ 

state 35 highway bridge to the outlet ditch of the San Marcos State Fish Hatchery. 

This segment, known locally as Thompson’s Island, is about 3 kilometers southeast 

of the river’s source. The ecology is distinctly that of a clear spring-fed river. Station 

No. 2 extends about 30 meters on each side of the next road crossing downstream. 

It is about 3.5 kilometers east of station No. 1. Although it is about one kilometer 

east of the entrance of the Blanco, much of the river, and especially the southwest 

edge, is clear and thermally constant. 

The upper segment of the San Marcos has long been known to be inhabited by 

Micropterus salmoides and M. treculi (Jurgens, 1951, Unpubl. M.A. Thesis, Univ. 

of Tex., Austin: Hubbs, 1954, Tex. Jour. Sci., 6: 277-291) reported that M. treculi 

and M. punctulatus were sympatric at several localities in Central Texas and that 

M. punctulatus occurred in the San Marcos at Martindale, 6 kilometers southeast 

of station No. 2. Subsequently several M. punctulatus have been obtained at Station 

2 including one from the southwest bank on 24 March, 1967. Therefore, 3 species of 

Micropterus are sympatric in most, if not all, of the San Marcos River. 

Much effort has been expended by the Parks and Wildlife Department in an 

attempt to introduce the smallmouth bass (Micropterus dolomieui) into Texas 

waters. On 24 March 1967, a smallmouth bass (THNC 7123) was collected at 

station 1. This fish has the coloration of M. dolomieui and more critically its scale 

counts are distinctly outside the range of other Micropterus species that occur in 
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the San Marcos (Table 1). This 102 mm. S.L, fish, obviously in poor condition, 

has large numbers of nematode parasites in the intestine and 6 large cysts on each 

side at the base of the caudal fin. The proportionally large head indicates extensive 

stunting. The left pelvic fin is missing. On October 6, 1956, 1500 smallmouth bass 

with the left pelvic clipped were released in the Upper San Marcos by Richard 

White. The poor condition and small size of the individual indicates that survival 

of the stocked fish was low. Several other smallmouth bass have been collected in 

1968. 

Mr. Richard White, Texas Parks and Wildlife Biologist, provided information 

concerning the introduction of smallmouth bass. The field work was supported by 

NSF GB 3206. Clark Hubbs and A. E. Peden, Degf. of Zoology, The University of 

Texas, Austin, 78712. 

Table 1 

Scale counts for four species of Micropterus* and the putative M. dolomieui collected 

from the San Marcos River, Texas 

Scales 
San Marcos 

fish dolomieui punctulatus treculi salmoides 

Lateral line 77 67-81 55-71 61-90 58-69 

Around caudal peduncle 32 28-32 22-28 23-28 24-30 

Above lateral line 11 11-14 7-9 8-10 7-9 

Below lateral line 21 19-25 14-18 15-19 14-17 

* Counts taken from Hubbs and Bailey (1940, Misc. Publ. Mus. Zool. Univ. Mich., 48; 1942; Occas. 
Papers Mus. Zool. Univ. Mich., 457). 

A RANGE EXTENSION OF THE WATER SNAKE, NATRIX HARTERl 

HARTERI TRAPIDO. The water snake, Natrix harteri, was discovered by Philip 

Harter twenty-six years ago. It was described and named by Trapido, (1941, Amer. 

Midi. Nat., 25 (3): 673-680), from the Brazos River, 7.9 miles north of Palo Pinto, 

Palo Pinto County, Texas. Harter also collected a series of specimens from Fortune 

Bend and Chick Bend of the Brazos River. Both localities are upstream from his 

original collections. Donald W. Tinkle found one specimen just below the Possum 

Kingdom Lake Dam. This dam impounds the Brazos River approximately twelve 

miles upstream. In 1964 the range of Natrix harteri harteri was extended on the 

basis of one specimen collected In Throckmorton County, Texas, 28.5 miles northwest 

of Albany, Texas. This record extended the range upstream 60 miles (Tinkle and 

Knopf, 1964, Herpetologica, 20: 42-47). There have not been recorded collections 

downstream from the original collection sites. 

In 1947, Floyd E. Potter, Jr. (Tinkle and Conant, 1961, Sw. Natl., 6(1): 33-44) 

collected one specimen, from Dove Creek, one mile west of Knickerbocker, Tom 

Green County, Texas. John C. Marr (1944, Amer. Midi. Natl., 32(2): 478-490) 

also reported two specimens from the South Fork of the Concha River, Tom Green 

County, Texas. Both streams are tributaries of the Colorado1 River. Tinkle (Tinkle 

and Conant, 1961) found Natrix harteri to be abundant in the upper Colorado River 

at Robert Lee, Coke County, Texas. A total of 114 specimens were collected in the 

area. 

The Brazos River population and the Colorado River population are separated by 

more than 140 miles of land. Tinkle and Roger Conant found that the two popula- 
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tions were distinct subspecies. Natrix harteri harteri Trapido in the Brazos River 

population, while the Colorado River population in Natrix harteri paucimaculata 

Tinkle and Conant. 

Until the present, Natrix harteri harteri has had a known range of approximately 

seventy miles of the Brazos River. This includes the one specimen collected by Tinkle 

and Knopf (1964). The snake has been collected frequently from the Brazos River 

Bridge, 7.9 miles north of Palo Pinto, Palo Pinto County, Texas, to the Possum 

Kingdom Dam, twelve miles upstream. 

On April 30, 1967, one of my ecology students, Paul Jordan, collected one female 

Natrix harteri harteri one mile downstream from Walters Bend of the Brazos River 

in Hood County, Texas. (See United States Geological Survey Map, Action Quad¬ 

rangle.) Its total length was 346 mm. We made a trip on May 30, 1967, to this 

locality and collected one adult female, 4101 mm. in length. Five others were also 

observed in the shallow, swift water. The locality is similar to the habitat north of 

Palo Pinto, Texas. Both sites are shoal areas where the water is very swift. 

This extends the range of Natrix harteri harteri Trapido approximately 120' miles 

downstream, or approximately 60 air miles, Fig. 1. 

Fig. 1. The square in the inset map of Texas shows the location of the enlarged portion 

of the Brazos River. The solid circle indicates the discovery site of Natrix harteri harteri. 

This is also the locality of the largest population of this animal that is known. The solid 

triangle indicates the newly discovered Walter’s Bend population. 
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This note is very important from another standpoint. Approximately three miles 

downstream the new De Cordova Dam is being built which will eventually flood the 

habitat of the Walter’s Bend population. Plans are now underway to study the 

reactions of the population to such flooding. 

In September 1967, float trips down the Brazos River were started to ascertain if 

there were additional populations of Matrix harteri harteri. 

Sherman Jones and Paul Jordan collected one specimen September 30, 1967, in 

Littlefield Bend of the Brazos River in Palo Pinto County, Texas. This is a locality 

record only. This collection was made on a mud bank. This was not at all like the 

type locality 7.9 miles north of Palo Pinto, Palo Pinto County, Texas. 

On a float trip, October 14, 1967, Sherman Jones and Paul Jordan collected one 

specimen in De Cordova Bend of the Brazos River across from El Tesora Girl Scout 

Camp, Hood County, Texas. This locality is below the new De Cordova Dam. This 

is also a shoal area. On October 21, 1967, Sherman Jones, Paul Jordan, and the 

author collected six specimens from this same locality. All specimens collected at this 

site were juveniles. This is seven miles down stream from the Walter’s Bend popu¬ 

lation. 

Also, on October 21, 1967, Paul Jordan collected one specimen just below the 

Brazos River bridge 6 miles east of Glen Rose, Somervell County, Texas. This 

extends the range an additional thirty miles downstream. 

This makes a total range extension of 157 miles downstream from the type locality 

7.9 miles north of Palo Pinto, Palo Pinto County, Texas. 

At the present time, float trips are continuing down the Brazos River to ascertain 

if 'there are additional populations of Matrix harteri harteri. Virgil E. Wade, Dept, 

of Biol. Sciences, Tarleton State College, Stepkenville, 76401. 

EFFECTS OF WIND ON WATER LEVELS IN THE TEXAS LAGUNA MADRE. 

Along the Texas coast, where bays are shallow and relief is low, winds play an 

important role in maintenance of a particular bay water level. Indeed, lunar tidal 

effects are rather minor behind the barrier islands that separate Texas bays from 

the Gulf of Mexico (usually less than 6 inches; Collier and Hedgpeth, 1950, Puhh 

Inst. Mar. Sci., IJniv. Tex., 1 (2): 121-194). Generally speaking, seasonal fluctuations 

in water levels are often greater than daily tidal fluctuations (Marmer, 1954, Fish. 

Bull., U.S. Fish and Wildl. Serv., 89: 101-137; Hoese and Jones, 1963, Puhh Inst. 

Mar. Sci., Univ. Tex., 9: 37-47). 

Water levels in the shallow Texas bays are of great ecological importance. With 

very small fluctuations in water levels, thousands of acres of productive mud flats 

and grass flats are alternately flooded and drained. The alternate flooding and drain¬ 

ing phenomenon is apparently necessary for cycling of nutrient materials between 

the mud “reservoir” and bay-water “ecomix” (Nichols, 1966, Puhh Inst. Mar. Sci., 

Univ. Tex., 11: 159-167). It is, therefore, of considerable importance for estuarine 

ecologists to gain a knowledge of the factors influencing water levels and to be able 

to predict the relative fluctuation. 

We are reporting the results of a study in which water level and wind direction 

and velocity were simultaneously recorded at a point in the Texas Laguna Madre 

during January through April 1963. Although the time interval was short, the data 

indicate that a tremendous influence on relative water levels was exerted by wind. 

Water level data were collected from a recording tide gauge located on the Padre 

Island side of Murdoch’s Basin in the Laguna Madre of Texas about 40 miles south 

of Corpus Christ! Bay (27° 11' N; 97° 23' W). Wind data were obtained from re- 
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Fig. 1. Examples of changes in water level due to wind shifts in the Texas Laguna 

Madre on 9—10 February, 21—22 February and 5—6 March 1963. The wind velocity is 

reported in knots and the water level in feet in relation to mean tide level of the Gulf of 

Mexico. The vertical lines indicate the times of a major wind shift. 

cording anemometers and made available to us by the U. S. Naval Base, Kingsville, 

Texas. 

Examples of the relationship between water level and shifting wind are presented 
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N 

S 
Fig. 2. The relationship between water level (in relation to mean Gulf of Mexico tide 

level) and wind direction regardless of velocity for all data obtained during the study. 

Vertical lines indicate the range of water level at each wind direction (connected by dotted 

lines). The rectangles indicate the standard deviation of the data about the mean. The 

solid line connects the mean water level at each wind direction. 

in Figure 1. In every situation, when the wind shifted to the north the water level 

at the gauging station increased. Conversely, when the wind shifted to a southerly 

direction the water level decreased. The decreasing water level, however, was much 

more gradual than the increasing water level with the oncoming “norther”. The 

apparent “lag” in change of water level after the wind shift to a northern direction 

may be a reflection of the distance between the source of the wind data (Kingsville, 

Texas) and the gauging station in the Laguna Madre. According to the physics 

involved, there should be a “head” of water moving south along the Laguna Madre 

slightly ahead of the oncoming “Norther”. 

Also shown in Figure 1 are examples of the relationship of the intensity of the 

“norther” to the magnitude of the change in water level. On 5 March 1963 there 

was a tremendous increase in the wind velocity (more than 20 knots sustained wind 
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velocity) along with the shift in wind direction. The resulting water level increase 

was about 1.5 feet in an interval of a few hours. The 15-knot north wind on 21 

February 1963 resulted in a water level increase of only one foot. The data for 

9-10 February 1963 were taken after the wind had blown from a southerly direc¬ 

tion for more than a week. The water level at the gauging station during that time 

was as low as one foot below mean Gulf of Mexico tide level. The wind shifted to 

the north on 10 February and resulted in a somewhat gradual increase in water 

level to about one foot above mean tide. This more gradual water level increase 

coincided with the advent of a norther that gradually gathered intensity. 

The relationship between water level and wind direction, ignoring the wind 

velocity, is shown in Figure 2. The mean water level in the Laguna Madre at the 

gauging station was slightly below mean Gulf of Mexico tide level when the wind 

was from a southerly direction (prevailing winds are south-southeast). When the 

wind was from the northerly direction, the mean water level at the gauging station 

was about 0.6 feet above mean Gulf of Mexico tide level. Because of the location of 

the recording tide gauge (eastern side of the Laguna Madre), winds from the 

southwest lowered the water level slightly below that caused by the prevailing 

winds and when the wind was from the northwest the water level was slightly 

above the caused by most “northers” (usually north-northeast winds). 

As shown by the preceeding data, water level in the Laguna Madre of Texas is 

regulated by wind direction and the intensity of cyclonic fronts. Decrease in water 

level of a few inches is known to leave large acreages of bay bottom exposed and, 

conversely, an increase in water level of a few inches is known to result in large 

acreages of normally dry land to become inundated. These phenomena make the 

establishment of water boundaries in shallow Texas bays rather difficult (e.g., the 

establishment of state and private boundaries upon the formation of the Padre 

Island National Seashore). 

This study was supported by a grant of funds from the Attorney General’s Office, 

State of Texas, Austin. By B. J. Copeland, John H. Thompson, Jr., University of 

Texas Marine Science Institute at Port Aransas, Texas and William B. Ogletree, 

Consulting Engineer, Corpus Christi, Texas. 

PHYSICAL PROPERTIES OF POTASSIUM DODECYLSULFATE. Potassium 

dodecylsulfate, which can be obtained by the reaction 

C12H250S03Na (aq) ■+ K+ = C12H25OS03K + Na + 

is a silky, finely divided white precipitate which is similar in appearance to mrecury 

(I) chloride. It forms slowly at room temperature, but will form more quickly if 

the reaction mixture is chilled in an ice-bath. As might be expected of a compound 

with such a large organic anion, its decomposition temperature, 110°C., is relatively 

low for a salt. 

One of the more unusual aspects of potassium dodecylsulfate is that it is insoluble 

in water. (Only a few salts of potassium are relatively insoluble in water; some of 

the more common ones include K3Co(NO06, KBPh4, and K2PtCl6.) Sodium dodecyl¬ 

sulfate, like the sodium form of each of the other common insoluble potassium salts, 

is quite soluble in water.1 

The solubility of potassium dodecylsulfate as a function of temperature was de- 

1 Sodium dodecylsulfate, C12H2g0S03Na, has been investigated as a reagent for 

the determination of potassium, both qualitatively and quantitatively. (Neman, 

1967, Jour. Chem. Ed. 44: 479.) 
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FIGURE I 

TEMEERATUBE vs POTASSIUM ION CONCENTRATION 

termined by flame photometry measurements made upon samples of a saturated 

solution of the salt at various temperatures. The data from the flame photometry 

measurements were compared with a standardization curve ('% transmittance vs 

K+ ion concentration in ppm) to obtain the solubility of potassium dodecylsulfate 

as a function of temperature. The measurements were made at 767 millimicrons 

(Dean, I960,Flame Photometry, McGraw-Hill, p. 167.) with a Beckman DU 

Spectrophotometer. The data from these measurements are given in Table 1. The 

results, plotted in Figure 1, show that the solubility increases as the temperature 

increases. The standardization curve was made by determining the % transmittance 

of potassium ion solutions of concentrations ranging from 100 to 1 ppm. The 

standardization data are given in Table 2 and the resulting curve plotted in Figure 2. 

Though it was expected that the heat of solution would be endothermic, the 

sharp change in the temperature vs solubility curve at 38 °C. was not expected. It 

seems likely that this sudden change in the solubility is the result of either a change 

in the conformation of the dodecylsulfate anion or an alteration of its state of 

hydration. 
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The unexpected behavior of the solubility curve at 38°C. led to an investigation 

of viscosity as a function of temperature. Viscosity measurements were made at 

various temperatures on a solution of potassium dodecylsulfate which was saturated 

at 29°C. The data for these measurements are given in Table 3. The results, plotted 

in Figure 3, also show a change at 38PC. This break in the viscosity vs temperature 

curve lends further support to the conclusion that the dodecylsulfate anion under¬ 

goes some change at this temperature. 

The writer would like to thank Drs. A. O. Parks and C. R. Willms, Professors of 

Chemistry at Southwest Texas State College for their help in preparing this paper. 

R. L. Neman, Department of Chemistry, Laredo Junior College, Laredo, Texas 

78040. 
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FIGURE III 

VISC OS IH vs TEMPERATURE 
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Table 1 

Data and results of the solubility of potassium dodecylsulfate as a function of 

temperature 

Experiment 1 
Temperature 

(°C) 
Transmittance 

(%) 
[K+]* 
(ppm) 

[K+i 
(m/l X 10-3) 

2 0 0 0 

5 1 50 1.78 

10 1 50 1.78 

15 2 88 1.78 

20 3 125 2.24 

25 3 125 3.20 

29 3 125 3.20 

35 3 125 3.20 

39 7 300 7.67 

40 31 1,300 33.00 

42 50 2,250 57.60 

Table 1 (Continued) 

Data and results of the solubility of potassium dodecylsulfate 

temperature 

as a function of 

Experiment 2 
Temperature Transmittance [K.+]■* fK+l 

(°C) (%) (ppm) (m/l X 10-3) 

5 1 50 1.78 

10 1 50 1.78 

15 2 88 2.24 

20 3 125 3.20 

25 4 162 4.16 

30 4 162 4.16 

35 4 162 4.16 

38 4 162 4.16 

39 7 300 7.67 

40 36 1,500 39.70 
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Table 1 (Continued) 

Data and results of the solubility of potassium dodecylsulfate as a function of 

temperature 

Experiment 3 

Temperature 
(°C) 

Transmittance 

(%) 
[K+]* 
(ppm) 

[K+] 
(m/1 X 10-3) 

10 2 88 2.24 

15 2 88 2.24 

20 3 125 3.20 

25 4 162 4.16 

30 4 162 4.16 

35 5 205 5.24 

38 10 425 10.90 

40 50 2,750 70.50 

Fuel gas: Bottled Hydrogen, 3 lb/in2 

Oxidant: Bottled Oxygen, 16 lb/in2 

* Indicates that the solutions were 1-ml. aliquots diluted to 50ml. Therefore, the potassium ion 
concentrations in parts per million as read from the standardization curve were multiplied by 50 to get 
the actual concentrations of potassium ion in the solutions tested. 

Table 2 

Potassium standardization data 

K+ 
(ppm) 

Transmittance 

(%) 

100 100.0 

75 76.0 

50 56.5 

25 30.0 

10 12.5 

5 7.0 

1 2.0 

Blank (distilled water) 

Fuel gas: H2 (3 lb/in2) 

Oxidant: 02 (16 lb/in2) 

0.0 
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Table 3 

Data and results of the viscosity of a saturated solution of potassium dodecylsulfate 

Temperature 
(°C) 

Time (Water) 
(sec) 

Time (KDS) 
(sec) 

•jj(KDS) 
(centipoise) 

34 89.2 98.2 0.812 

35 88.0 96.3 0.791 

36 87.5 94.5 0.765 

37 84.7 93.2 0.764 

38 83.3 92.8 0.759 

39 82.3 91.6 0.745 

40 80.6 89.6 0.730 
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3tt Mutwrimn 
DR. WILSON STUART STONE 

WILSON STUART STONE was born October 6, 1907 and 

died February 28, 1968. Dr. Stone achieved renown for his 

research in genetics at The University of Texas at Austin 

where, with the exception of three years active duty with 

the United States Air Force (1942-45), he was a member 

of the faculty from 1932 until his death. During this time 

he served as Chairman of the Department of Zoology (1959- 

63), Advisor to the Chancellor on Graduate and Research 

Programs (1963-65), and Vice Chancellor (1965-66). 

Dr. Stone’s research in the fields of general genetics, 

radiation genetics, speciation, and population genetics re¬ 

sulted in the publication of numerous papers and his elec¬ 

tion to the National Academy of Science in 1960. 

Dr. Stone’s achievements in teaching, research, and ad¬ 

ministration are too many to list. It may be sufficient to say, 

he will be missed. 

Ins titu tiofl 
iK C. ZUObS 

Liorary 
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Wats ling ton * 
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West Slope Arroyo Vegetation of the 

Franklin Mountains, El Paso, Texas 

by JOHN S. WILLIAMS 

Department of Biology, 

University of Texas at El Paso, El Paso 79999 

ABSTRACT 

Measurements were taken of vegetation in 62 arroyos located on 

stepped geomorphic surface remnants of the Rio Grande River. One 

hundred quadrats of 60 m2 each were used to estimate frequency, 

crown coverage, and density. Arroyo vegetation was evaluated from 

quadrats perpendicular to and across the water channels. Importance 

values (the sum of relative frequency, relative coverage, and relative 

density) were used to express species dominance in arroyos. Of the 85 

species concerned in the study, importance values were sufficiently 

high for discussion on only 13 desert dominants. In descending order 

of relative preponderance these were as follows: Larrea divaricata, 

Krameria parvifolia, Coldenia canescens, Fouquieria splendens, Rhus 

microphylla, Nama hispidum, Yucca torreyi, Muhlenbergia porteri, 

Ephedra trifurca, Dalea formosa, Parthenium incanum, Acacia con- 

stricta, Prosopis juliflora. These data were analyzed by CDC 3100 and 

660. 

INTRODUCTION 

During the geological entrenchment of the Rio Grande River west 

of the Franklin Mountains, many geomorphic surfaces have developed. 

Phytographical and geological heterogeneity is evident. This has re¬ 

sulted from three principal sources: lacustrine deposition, mountain 

debris aggradation and river action. During late Wisconsin to Recent- 

Historical ages, secondary erosion has created arroyos and exposed 

geological layering. This geological activity and concurrent channel¬ 

ing and deposition have provided variations in species composition 

and distribution. The purpose of this study is to describe this variation 

as it is influenced by geological action. A second objective is to express 

community relationships in water channels as revealed by correlation 

coeffecients. 

The Texas Journal of Science, Vol. XX, No. 3, February, 1969. 
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STUDY AREA AND LITERATURE 

The study site lies in the Rio Grande Valley northwest of El Paso, 

Texas between the western face of Mount Franklin and the river 

flood plain. According to the U. S. Geological Survey (1955) the study 

area is bounded by lat. 31°50' N.; lat. 31°52' N.; long. 106°32'30" W.; 

long. 106°35' W. The arroyos studied initiated on a long alluvial fan 

locally known as Gold Hill or Picacho Surface (Ruhe, 1967). Altitude 

varied from 3920 to 4120 feet. Drainage water from flat surfaces, 

subsequent arroyo initials, and deepening and widening arroyos lead¬ 

ing to the Rio Grande provided data for this paper. Geological layers 

are variously weathered and exposed as arroyos cut deeper. These 

changes in land surfaces appear to reflect the geological strata beneath 

and the resultant vegetation now present. 

In an in-print soil survey of El Paso Co., Texas, Jaco (1967) mapped 

the study area as grading from the Del Norte series to the Canutillo 

series, neither of which are suitable for domestic cultivation. The 

Canutillo series consists of arroyo detritus near alluvial fans, and 

therefore are pertinent to the present study as they integrade into 

some arroyos in this work. The principal soil concerned here is the 

Del Norte series. “It consists of shallow to very shallow, light colored, 

very gravelly soils occurring on the foot slopes and outwash plains of 

igneous and limestone mountains. The soils have developed from out- 

washes of sands and gravels.” 

“The soil surface is plane on the gentle slopes and convex on the 

higher slopes. Slopes vary from 1 to 8 per cent on the lower elevations 

and 5 to 30 per cent on the higher elevations nearest the mountains. 

They are excessively drained, run-off is rapid and internal drainage 

is restricted. . . . They have a low amount of available moisture . . . 

and organic matter is less than 1 per cent.” 

The most relevant climatic records for the study site are those of 

the Environmental Science Services Administration, Environmental 

Data Service, U. S. Department of Commerce. Excerpts below are 

taken from Local Climatalogical Data Annual Summary with Com¬ 

parative Data, 1966, El Paso, Texas. The reported annual mean total 

precipitation is 8.50 inches. Precipitation varies from a low of 2.73 

inches in 1934 to a high of 17.19 inches in 1958. Approximately half 

of the precipitation occurs during the summer months of June through 

October. Torrential downpours in a 24 hour period as great as 7 inches 

or more have occurred. General observations indicate that in some 

places no precipitation occurs during some years. 
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Summer temperatures are frequently above 90 °F and the humidity 

averaged 10 to 14 per cent in April through June, whereas July 

through September averaged 22 to 24 per cent. Winter temperatures 

rise to 55°F to 60°F on the average. They drop below freezing about 

half the time in December and January. The average number of days 

with temperatures below 10°F are rare, having occured on only 28 

days in more than 80 years’ records. An extreme of —8°F was recorded 

in 1962. 

Wind velocities as high as 70 mph were recorded in June, 1964. 

Very high velocities over 45 mph have been recorded at some time 

during each month of the year. 

Although the study site is located adjacent to the 16th century 

North-South travel routes, there are few writings directly pertinent 

to the vegetation. However, two comprehensive reviews are impor¬ 

tant to the present work. Parry (1859), accompanying the 1850 United 

States Boundary Survey, mentioned the presence of Fouquieria splen- 

dens, Larrea mexicana, Flourensia cernua, Rhus microphylla, Con- 

dalia obovata, Koeberlinia spinosa, and species of Krameria, Ephedra, 

and Yucca. He further points out that, “Upon the tablelands which 

spread out beyond the mountain barrier, the eye falls upon a great 

variety of plants, none of which are seen in the fertile valley. The 

margin of the tableland, where it borders upon the valley, is broken by 

deep ravines, and we find upon the sandy bluffs a growth of chaparral, 

made up principally of mesquite and the equally thorny Acacias.” 

Gardner (1951) points out the presence of Rhus microphylla, Chilop- 

sis linearis, and Brickellia laciniata as being present in arroyos empty¬ 

ing into the Rio Grande flood plain. Weaver and Clements (1938) 

mapped the general study area as desert grassland. Many military, 

geological and botanical surveys were made subsequent to or con¬ 

current to Parry’s. These reports broadly describe the vegetation of 

the Rio Grande flood plain and its valley border surfaces. 

The vegetation now present varies in an apparently consistent man¬ 

ner across the rubble covered eroded upper and lower surfaces and 

down deepening arroyos. As water channels develop, gradients or 

changes in vegetation appear. These changes originate in slight de¬ 

pressions on the surface tops and vary in species composition across 

lower surfaces. Further community changes arise as arroyos develop 

and eventually drain into the Rio Grande flood plain adjoining the 

study site. Erosion by wind and water is intense. Ruderals readily 

invade the more disturbed environments and annual species germi¬ 

nating after seasonal rainfall outline the arroyo intials. Other species 
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such as Krameria parvifolia, Coldenia canescens and particularly 

Fouquieria splendens are arroyo indicators in the study area. Scien¬ 

tific names are after Kearney and Peoples (1951). 

METHODS 

Observations were begun in the fall of 1961 and continued through ; 

the summer of 1966. Detailed measurements were taken from April 

through July, 1966. Floristic lists and measurements permitted inter 

and intra quadrat comparisons of the species composition. Measure- j 
ments were made on 5,000 plants from one hundred 60 m2 quadrats. 

Data were taken from each meter along the sides of a 30 m steel tape. 

All woody species in each quadrat were measured; the non-woody 

species were recorded. When possible, quadrats were arranged per¬ 

pendicular to observable water channels and were located to cover 

apparent observerable communities. All species in each quadrat were 

listed. Depending on the growth habit of each species, shrub diameters, 

number of stalks, heights, and basal area were recorded. Average 

shrub diameter of each species was used to represent crown coverage 

by the species. Borderline plants with crown spread more than half¬ 

way outside the quadrat were excluded, whereas those with crown 

spread more than halfway inside were included. Ocotillo, Fouquieria 

splendens, and Yucca torreyi were measured by number of stalks, 

height and basal area. For comparative purposes with species of dif¬ 

ferent growth habits an estimate was made of the “crown coverage” 

for Fouquieria splendens and Yucca torreyi. Eighty-five species were 

concerned in the study; detailed measurements and statistical analyses 

were made on 28 of these. Importance values (the sum of the relative 

density, relative dominance, relative frequency) were used to express 

principal dominance (Cox, 1967). Importance values on 12 desert 

dominants are shown in Table 1. Sixty-eight arroyo initials or arroyos 

were studied. Within each quadrat, species were listed as to whether 

they occurred inside or outside an arroyo. Preliminary surveys had 

shown that seasonal annuals and Fouquieria splendens along all water 

courses delineated arroyo influence. (Fig. 1.) When communities of 

these plants were encountered, that area of the quadrat was designated 

as “in arroyo.” Detailed quadrat measurement was discontinued in 

arroyos with excess steepnes of slopes or broad denuded basins. Addi¬ 

tional data on species composition were obtained by walking down 

the arroyos to the Rio Grande flood plain. This procedure provided 

statistical information for expressing total species present, species com¬ 

position, and relationship in water channels from the higher geomor- 

phic surfaces through the arroyo washes to the river flood plain. 
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Fig. 1. Arroyo influence within study site. From left to right arrows indicate Fouquieria 

splendens and seasonal annuals, respectively, delineating array© influence on Picacho geo- 

morphic surface. Muhlenbergia porter/ (pointed out! is also common to array© influence 

areas. Larrea divaricata is predominant in middle ground and on Kern Place surface in the 

background. 

RESULTS AND CONCLUSIONS 

Quadrat vegetation varied from 100'% Larrea divaricata outside 

arroyos through relatively simple communities in the arroyo influence 

areas to very complex associated species in the deep and broad arroyos. 

It was found that Larrea divaricata varied in importance value from 

109 inside arroyos to 224 outside. (Table 1.) Krameria parmfolia 

varied from an importance value of 97 inside arroyos to 83 outside. 

The large importance values of these species indicate their community 

preponderance. Coldenia canescens had the next highest overall im¬ 

portance value; it was calculated at 54 inside arroyos and 44 outside. 

Nama hispidum and Coldenia canescens had similar values and cor¬ 

relation to Krameria parvifolia, and jointly compose the 3rd level of 

importance. Fouquieria splendens had the 4th highest overall impor¬ 

tance value, and contrary to the preceding species, had a marked dif¬ 

ference in importance value inside and outside arroyos. Consequently, 

in this study, Fouquieria splendens was considered an arroyo indica¬ 

tor. Rhus microphylla had the 5th highest overall importance value. 

This value is slightly inflated by its large coverage and hence high rela- 
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tive dominance. Rhus microphylla was rarely observed outside arroyos. 

Yucca torreyi was another arroyo indicator. Its importance value was 

3 times greater inside arroyos as outside and ranked 6th in overall 

importance value at the study site. (Fig. 2.) As arroyo channeling 

deepens, Fouquieria splendens and Yucca torreyi become more prom¬ 

inent on the arroyo walls instead of the water channels and hence 

have fairly high importance values outside arroyos. Muhlenbergia 

porteri was 7th in importance value but was only slightly more preva¬ 

lent inside arroyos than outside arroyos. However, ocular evaluations 

show Muhlenbergia porteri to be related to arroyos as it is generally 

found on the banks in close proximity to arroyos. This would account 

for the similar relative frequency inside and outside arroyos. Ephedra 

trifurca was next in rank and had 4 times the importance value inside 

arroyos as outside. The smaller value outside arroyos is due primarily 

to its infrequency, small diameter, and low number of individuals 

per quadrat. Dalea formosa (Fig. 3) and Parthenium incanum were 

next in importance values. Both species appear to be related to arroyos 

but are very erratic in occurrence. Acacia constricta is another arroyo 

indicator. Its importance value appears low because few quadrats 

covered Acacia sites. It is prevalent in the deeper arroyos where it is 

unwieldly to measure in quadrats. 

Fig. 2. Arroyo indicators. Left to right as indicated by arrows are Ephedra trifurca, 

Fouquieria splendens and Yucca torreyi. 
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Fig. 3. Zone 3™showing first appearance of Dalea formosa. Arroyo species of Zone 2—- 

present in background. 
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Observations revealed that as arroyo channeling deepens and 

broadens, Larrea divaricata declines to the point that it is almost 

completely absent in the deepest arroyos and reappears as the wash 

broadens and gradient decreases. Since this decrease is directly re¬ 

lated to the increase in arroyo development within the study site, the 

correlations of other species to Larrea divaricata in arroyos is the in¬ 

verse of the correlations of these plants to arroyo development. 

(Table 2.) 

The correlations and importance values substantiate these condi¬ 

tions as observed in the field and as presented here. In the more xeric 

sites Larrea divaricata is the predominant species, accompanied by 

occasional Krameria parvi folia, Coldenia canescens and Nama his- 

pidum. Increased growth conditions as found in crevices, deeper soil, 

water trapped by impervious layers, and especially water channeling, 

result in greater complexity, increased number of plants, and greater 

size. 

Four zones are observed as arroyo development progresses. These 

zones encompass the areas in which certain species first appear as “in 

arroyo” plants. The species which originate in the zones are: Zone 

1—Krameria parvi folia, Coldenia canescens, Nama hispidum, Fou- 

quieria splendens; Zone 2—Yucca torreyi, Ephedra trifurca, Muhlen- 

bergia porteria; Zone 3—Dalea formosa, Rhus microphylla, Parthe- 

nium incanum; Zone 4 (By observation only)—Acacia constricta, 

Prosopis juliflora, Yucca elata, Chilopsis linearis, Brickellia laciniata, 

Viguiera stenoloba; Zone 5 (By observation only)—Atriplex canes¬ 

cens, Tamarix pentandra, Allenrolfea occidentalis. Species originating 

Table 2 

Correlation of species to Larrea divaricata inside and outside arroyos 

Species Inside arroyo Outside arroyo 

1. Krameria parvifolia .7 25 .041 
2. Fouquieria splendens .478 —.331 
3. Nama hispidum .286 .229 
4. Coldenia canescens .220 .229 
5. Rhus microphylla .171 —.229 
6. Yucca torreyi .111 —.150 
7. Ephedra trifurca .064 —.272 
8. Muhlenhergia porteri .009 —.255 
9. Parthenium incanum .007 .033 

10. Dalea formosa —.049 —.039 
11. Acacia constricta —.067 —.344 
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in one zone are often found in subsequent zones, but rarely in pre¬ 

ceding zones. 

Larrea divaricata is not assigned to a zone as it is found to some 

degree in all areas and is the only species present in many of the more 

xeric sites. Zones 1, 2 and 3 are relatively uniform in species composi¬ 

tion and sequence as arroyos deepen. Zone 4 contains four species, 

Yucca elata, Chilopsis linearis, Brickellia laciniata and Viguiera steno- j 

loba, which appear only in areas of slight grade where sandy soil has 

accumulated. The three species of Zone 5 are definite indicators of 

the saline to alkaline flats into which the arroyos often empty. Atriplex 

canescens is found near the flood plain on the gently sloping to flat 

areas where there is free drainage. Tamarix pentandra and Allenrolfea \ 

occidentalis are found in the poorly drained swampy areas. The alkali 

flats of the flood plains are highly conducive to the growth of Allen¬ 

rolfea occidentalis. Screwbean mesquite Prosopis pubescens is found 

near the better drained alkaline edges of the flood plain. 

Under the extreme water deficiency of this desert study it is pro¬ 

posed that vegetative zones may be observed with increasing and de¬ 

creasing growth factors. These zones comprise gradients in vegetation. 

As arroyos empty into the broad washes, the channel gradient often 

lessens. Subsequently, a cut and fill action occurs with variations in 

run-off. Flash floods often denude the vegetation in varying degrees. 

This cut and fill action both exposes geological strata and results in 

increased deposition. Lower washes are periodically denuded and 

rapid succession is noted. Influence areas are greater as washes 

broaden. Very complex communities arise in the sedimentation areas 

adjacent to the water channels and on the islands formed by meander¬ 

ing currents. 

As recognized in this study, five vegetational zones are described as 

water channeling deepens and broadens. Although there is consid¬ 

erable overlapping of species among the five proposed zones, statis¬ 

tical treatment indicated definite zones of species initiation, subse¬ 

quent species zonation and several complex communities. The latter 

are yet to be more deeply delineated. Above the washes there was a 

positive decrease in the correlation of 11 species in arroyos to Larrea 

divaricata as arroyos deepened. 
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Some Soil Algae from Bastrop State Park, Texas 

by LARRY E. MILLIGER1 

Department of Biology, North Texas State University, 

Denton 76203 

ABSTRACT 

This paper reports on some of the soil algae of Bastrop State Park, 

Bastrop County, Texas, as observed by the writer upon examination 

of enrichment cultures made of the soils of that area. 

Thirty-five different genera of chlorophycean and xanthophycean 

algae were present in the soils. The 6 most common genera, in order 

of diminishing prominence were: Chlamydomonas (44/50),2 Chloro- 

coccum (36/50), Chlorosarcinopsis (29/50), Hormidium (27/50), 

Tetracystis (18/50), and Neochloris (18/50). The total incidence of 

xanthophycean genera was only approximately 22% of that of chloro¬ 

phycean genera. 

Two chlorophycean algae new to science were isolated into axenic 

culture. These 2 new organisms (Charaeium N. sp. and a new Pedi- 

nomonas-Y\ke organism) will be described in another report. 

INTRODUCTION 

This study was conceived as an extension of a series of studies on 

soil algae which have been carried on by various workers during the 

last 12-15 years. (Trainor and Bold, 1953; Starr, 1955; Herndon, 

1958; Arce and Bold, 1958; Deason, 1959; Deason and Bold, 1960; 

Chantanachat and Bold, 1962; Mattox and Bold, 1962; Bischoff and 

Bold, 1963; Brown and Bold, 1964; and Cain, 1964). Since a study of 

the macro-vegetation of Bastrop State Park has been made (Mitchell, 

1964), and the area represents a rather unique vegetation region with 

several endemic macrospecies, the writer felt that these unique charac- 

1 This paper concerns a portion of the research presented to the Department of 

Botany at the University of Texas in partial fulfillment of the Requirements for the 

Degree of Master of Arts. 

The author would like to thank Professor Harold C. Bold for his guidance and en¬ 

couragement which made this research possible. 

2 (44/50) indicates that this genus was found in 44 of the 50 soil samples which 
were examined. 

The Texas Journal of Science, Vol. XX, No. 3, February, 1969. 
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teristics might also be revealed in a study of the soil algal flora. Furth¬ 

ermore, the acid soils of the Park differed markedly from other Texas 

soils from which algal flora have been assayed. This study had 2 

main objectives: (1) to identify the genera of soil algae present, nam¬ 

ing the organisms new to science and describing their life cycles; (2) 

to investigate the major physical attributes of the soils of the Park 

(texture, composition, pH, soil type, macrovegetation on the surface, 

etc.) relating these factors, whenever relevant, to the occurrence and 

distribution of the soil algal genera. 

DESCRIPTION OF THE STUDY AREA 

Bastrop State Park is located 30 miles southeast of Austin, Texas, 

just off State Highway 71 and approximately 1 mile east of the town of 

Bastrop, Texas. The Park is located in a vegetatively unique area; 

Tharp (1939) described the whole area as Oak-Hickory Forest, while 

the Park itself is actually densely populated with stands of Pinus taeda 

L. and is one of the western-most locations for this species of pine. 

The soil surface layers are composed mainly of Pleistocene terrace 

deposits or are derived from the Carrizo Sand Formation, which is 

composed of a light-gray, coarse-to-fine sand containing considerable 

amounts of silt and clay particles (Rogers, 1947). In some areas, the 

sands contain large amounts of very coarse gravel, while in a few 

places small creeks in the Park have cut through the Pleistocene layers 

into the underlying red sandstone beds of Eocene origin (Craddock, 

1947). 

In addition to Pinus taeda L., other common trees in the Park are 

Blackjack Oak (Quercus marilandica) and Post Oak (Quercus drum- 

mondii). Other common plants in the Park are: Myrica cerifera 

(Southern Wax-Myrtle), Andropogon scoparius (Little-Bluestem 

grass), Juniperus virginiana (cedar), and Vactinium aboreum 

(Farkleberry). 

MATERIALS AND METHODS 

Soil Collections 

Soil samples were taken at 50 stations located throughout the Park 

including the widest variables of available soil and vegetation types. 

The soil samples were all taken from the top 4 inches of soil, after any 

leaves or excess humus had been scraped aside. Care was taken not to 

mix the soils (which were placed in separate bags), and the trowel 

was washed clean with formaldehyde and dried between collections. 

pH Determination 
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The pH of each soil sample was determined in the following man¬ 

ner: first lOg of each soil sample were added to separate 25-ml aliquots 

of glass-distilled water, after which they were shaken well and allowed 

to stand for 2 hr. At the end of this period, 5 ml of the supernatant 

from each mixture was placed in separate glass vials and tested for 

pH on a Beckman Zeromatic pH meter. 

Soil Analysis 

In order to test the soils for percent composition, the soil samples 

were sifted to remove all larger particles, rocks, debris, etc. Samples 

were then analyzed for percent sand, silt, and clay, using the standard 

Boyucos Hydrometer Method of determining particle size (Mitchell, 

1964). 

Culturing 

Following pH determination and soil analysis, 15g of each soil 

sample were introduced into separate, sterile, cotton-plugged, 125-ml 

Erlenmeyer flasks to which 50 ml of sterile Bolds’ Basal Medium 

(BBM) (Bischoff and Bold, 1963) had been added. Bold’s Basal Me¬ 

dium was prepared as follows: Six stock salt solutions were prepared, 

each one 400 ml in volume and each with one salt in the following 

amounts: 

NaN03 10.0g k2hpo4 3.0g 

Cacl2-2H20 l.Og kh.,po4 7.0g 

MgSo4-7H20 3.0g NaCl l.Og 

Ten ml of each stock solution were then added to 940 ml of glass- 

distilled water, and 1 ml each of the following 4 stock micro-nutrient 

solutions: (1) 50g EDTA and 31 g KOH dissolved in 1 liter of glass- 

distilled water; (2) 4.98g of FeS04-7H20 dissolved in 1 liter of acidified 

H20 (acidified H20 prepared by adding 1 ml of H2S04 to 999 ml dis¬ 

tilled HoO); (3) 11.42g of H3B03 dissolved in - liter of glass-distilled 

H20; (4) The following, the amounts given, all dissolved together in 

1 liter of glass-distilled H20: 

ZnS04’7H20 ~ 8.82g CuS04-5H,0 1.57g 

MnCl2-4H20 1.44g Co(N03)-6H20 0.49g 

Mo03 0.71g 

The inoculated flasks were then placed on specially illuminated 

tables in a temperature-controlled hallway (±70°). After several 

weeks, algal growth was evident in all of the flasks. Algae were pres¬ 

ent in suspension, on the water surface as phototactic rings, and on the 

surface of the soil itself. 

As each flask showed a sufficient level of growth, 3 random, 5-ml 
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samples were taken from the supernatant, including material from the 

top, sides, and bottom of each flask. Each of these was mixed well on 

a Scientific Industries Vortex Jr. Mixer to dissociate the cells and the 

resulting suspension was then sprayed onto 2 sterile Petri dishes of 

BBM agar with 3 times its normal amount of NaN03 stock, herein¬ 

after to be referred to as 3N BBM (Wiedeman, et al. 1964). 

The 6 resulting sprayed Petri dishes for each soil sample were in¬ 

verted and placed in a culture room under “Standard Conditions” j 

(illumination approximately 250 ft-C intensity for 12 hr followed by 

12 hr of darkness, with relatively constant day and night temperature 

of 22°C). After 1 week of growth, these dishes were examined under 

stereoscopic binocular and light microscopes. At least one portion of 

every different colony type and, thus presumably, every different or¬ 

ganism on each plate isolated into fresh sterile 3N BBM agar. Later, 

unialgal samples of each colony type of the different algae in each of 

the soil samples were transferred into sterile slant tubes of 3N BBM 

agar and plugged with cotton. These unialgal slants were stored in a 

culture chamber for later purification and identification. 

Axenic cultures were obtained by passing the unialgal cultures 

through a series of physical and chemical treatments which are de¬ 

scribed in detail by Brown and Bischoff (1962). Since it was evident 

that the purity of axenic cultures could not be determined merely by 

microscopic examination, a series of 5 test media which favor the 

growth of bacteria and other microorganisms were prepared as follows: 

(1) Nutrient agar—23g of “Difco Nutrient Broth” were added to each 

liter of BBM which was then solidified with 16g of “Difco Bacto-pow- 

dered agar”; (2) Nutrient broth—8g of “Difco Nutrient Broth” were 

dissolved in 1 liter of glass-distilled water; (3) Thioglycollate broth— 

30g of “Difco Thioglycollate Medium” were dissolved in 1 liter of 

glass-distilled water by heating in the autoclave for 10 minutes at 10 

P.S.I., after which it was dispensed into 10-ml test tubes which were 

plugged with cotton and then autoclaved for 15 min at 15 P.S.I.; (4) 

Proteose-peptone agar—lg of “Proteose-peptone” was dissolved in each 

liter of glass-distilled water, and the resulting solution solidified with 

agar; (5) Yeast Extract agar—5g of “Yeast Extract Powder” were 

added to 1 liter of glass-distilled water and solidified with agar. 

These 5 media provided an excellent method for testing the purity 

of axenic culture; however, before each tube was utilized, a standard 

Gram’s Stain technique was employed as a final check of purity. 

RESULTS 

So many different algae were found in the first few soil samples 
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studied that it was decided to limit the study to include only the chloro¬ 

phycean and xanthophycean algae. Cyanophycean genera and dia¬ 

toms were commonly observed but were not identified. 

The pH, physical composition, and the chlorophycean and/or 

xanthophycean genera which were found in each of the samples are 

given in Table 1. The pH ranged from a minimum of 4.65 to a maxi¬ 

mum of 6.98. The sand ranged from 38% to 93%, silt ranged from 

5.2% to 33.8%, and clay ranged from 0.9;% to 27.7%. 

Careful studies of the data in Table 1 and notes taken on the macro- 

Table 1 

A list of random soil samples selected from over 75 collections, their physical 

attributes, and the chlorophycean and xanthophycean organisms present in them 

Soil site number 
and soil information Organisms 

#40 Bumilleria sp. 

pH = 5.9 Chlamydomonas sp. 

% sand !|| 83.6 Chlorococcum sp. 

% silt = 13.9 Cylindrocystis hrebissonii 

% fine clay = 1.8 Desmid (Cylindrocystis or Perdum) 

% total clay = 2.5 Hormidiurn sp. 

Pedinomonas-like alga 

Ulothrix sp. 

#36 Bracteacoccus sp. 

pH = 6.85 Bumilleria sp. 

% sand = 78.0 Chlamydomonas sp. 

% silt — 16.5 Chlorococcum sp. 

% fine clay = 4.4 Chlorosarcinopsis sp. 

% total clay = 5.5 Neochloris sp. 

Stichococcus sp. 

#39 Bumilleria sp. 

pH = 6.4 Chlamydomonas sp. 

% sand = 83.7 Chlorococcum sp. 

% silt = 12.1 Chlorosarcinopsis sp. 

% fine clay = 2.7 

% total clay = 4.2 

Hormidiurn sp. 

#6 Botrydiopsis sp. 

pH = 6.35 Chlamydomonas sp. 

% sand = 78.8 Chlorococcum hypnosporum 

% silt = 17.5 Chlorococcum sp. 

% fine clay — 2.2 Hormidiurn sp. 

% total clay = 3.7 Neochloris sp. 

Spongiochloris sp. 

#31 Bumilleria sp. 

pH = 6.45 Chlamydomonas sp. 
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Table 1—Continued 

Soil site number 
and soil information Organisms 

% sand = 80.5 

% silt = 14.5 

% fine clay 4.4 

% total clay = 5.0 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Hormidium sp. 

Tetracystis sp. 

#35 

pH = 6.25 

% sand = 81.8 

% silt = 12.0 

% fine clay = 5.8 

% total clay = 6.2 

Chlamydomonas sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Hormidium sp. 

Spongiococcum sp. 

#3 
pH = 6.15 

% sand = 84.6 

% silt = 11.4 

% fine clay = 3.4 

% total clay = 4.0 

Chlamydomonas sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Chlorosphaeropsis sp. 

Neochloris sp. 

Tetracystis sp. 

#2 

pH = 5.9 

% sand = 77.6 

% silt = 9.4 

% fine clay = 12.3 

% total clay = 13.0 

Bracteacoccus sp. 

Bumilleria sp. 

Chlamydomonas sp. 

Chlorococcum sp. 

Neochloris sp. 

#13 

pH = 5.62 

% sand = 63.5 

% silt = 29.8 

% fine clay = 4.9 

% total clay = 6.7 

Chlamydomonas sp. 

Chlorococcum sp. 

Neochloris sp. 

Stichococcus sp. 

Tetracystis sp. 

Xanthophycean (unicellular) 

#41 

pH = 6.35 

% sand = 81.0 

% silt = 13.7 

% fine clay = 4.9 

% total clay = 5.3 

Bumilleria sp. 

Chlamydomonas sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Hormidium sp. 

Neochloris sp. 

Oedocladium sp. 

Pedinomonas-\ike alga 

Stichococcus sp. 

Tetracystis sp. 

Tribonema sp. 

#56 

pH = 6.25 

% sand = 60.8 

% silt = 10.9 

Botrydiopsis-like alga 

Bumilleria sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 
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% fine clay = 27.7(Max.) Hormidium sp. 

% total clay = 28.3 (Max.) Neochloris sp. 

T etracystis sp. 

#55 

pH — 6.15 

% sand = 82.2 

% silt = 12.7 

% fine clay = 4.1 

% total clay = 5.1 

#30 
pH = 5.58 

% sand = 75.7 

% silt = 16.1 

% fine clay =7.1 

% total clay = 8.2 

#8 
pH = 6.60 

% sand = 38.0 (Max.) 

% silt = 33.8 (Max.) 

% fine clay = 25.5 

% total clay = 28.2 (Max.) 

Chlamydomonas sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Gloeocystis sp. 

Hormidium sp. 

Tetracystis sp. 

Chlorocloster-like alga 

Bumilleria sp. 

Chlamydomonas sp. 

Chlorococcum sp. 

Chlorococcum multinucleatum 

Neochloris sp. 

Spongiochloris sp. 

Botrydiopsis sp. 

Bracteacoccus sp. 

Chlamydomonas sp. 

Hormidium sp. 

#33 

pH = 5.35 

% sand = 81.0 

% silt = 12.5 

% fine clay = 4.7 

% total clay = 6.5 

#57 

pH = 6.20 

% sand = 87.4 

% silt = 9.2 

% fine clay = 2.0 

% total clay = 3.4 

#37 

pH = 6.05 

% sand = 56.0 

% silt = 27.0 

% fine clay = 14.5 

% total clay = 17.0 

#43 

pH = 6.20 

% sand = 81.5 

% silt = 15.7 

% fine clay = 2.1 

% total clay = 2.8 

Botrydiopsis-like alga 

Chlamydomonas sp. 

Neochloris sp. 

Tetracystis sp. 

Chlamydomonas sp. 

Chlorococcum sp. 

Hormidium sp. 

Neochloris sp. 

Chlamydomonas sp. 

Chlorococcum sp. 

Three unicellular Xanthophycean algae 

Chlamydomonas sp. 

Stichococcus sp. 

Tetracystis sp. 

Xanthophycean alga, Filamentous 
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Table 1—Continued 

Soil site number 
and soil information Organisms 

#7 Botrydiopsis sp. 

pH = 6,30 Botrydiopsis-like alga (with vegetative 

% sand = 82.3 cell division) 

% silt = 13.4 Chlamydomonas sp. 

% fine clay = 4.0 Chlorococcum sp. 

% total clay = 4.3 Chlorosarcinopsis sp. 

Hormidium sp. 

Neochloris sp. 

Neochloris pseudostigmatica 

Spongiochloris sp. 

#54 Bracteacoccus sp. 

pH = 6.58 Bumilleriopsis sp. 

% sand = 87.5 Chlorocloster sp. 

% silt = 10.1 Chlorococcum sp. 

% fine clay =1.6 

% total clay = 2.4 

Spongiochloris sp. 

#11 Chlamydomonas sp. 

pH = 6.40 Chlorococcum-like (polymorphic) 

% sand = 83.1 Chlorosarcinopsis sp. 

% silt = 14.6 Tetracystis aeria 

% fine clay 2.1 

% total clay = 2.3 

Tetracystis sp. 

#20 Bumilleria sp. 

pH = 6.05 Chlamydomonas sp. 

% sand = 81.5 

% silt = 14.2 

% fine clay = 2.8 

% total clay — 4.3 

Spongiochloris sp. 

#21 Chlamydomonas sp. 

pH — 5.70 Chlorella-like alga 

% sand = 78.5 Chlorococcum sp. 

% silt = 12.4 Hormidium sp. 

% fine clay = 8.3 Neochloris sp. 

% total clay = 9.1 Pleurastrum sp. 

#27 Chlamydomonas sp. (2) 

pH = 6.98 (Max.) 

% sand = 83.2 

% silt = 12.3 

% fine clay = 2.7 

% total clay = 4.5 

Tetracystis sp. 

#25 Botrydiopsis sp. 

pH = 5.85 Chlamydomonas sp. 

% sand = 71.8 Chlorella sp. 
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% silt = 21.4 

% fine clay = 5.1 

% total clay = 6.8 

#18 

pH = 5.23 

% sand = 74.0 

% silt = 20.2 

% fine clay = 5.6 

% total clay = 5.8 

#29 

pH = 5.95 

% sand = 75.8 

% silt = 16.7 

% fine clay = 5.3 

% total clay = 7.5 

#53 

pH = 5.85 

% sand = 93.5 (Max.) 

% silt = 5.1 (Min.) 

% fine clay = 0.9 (min.) 

% total clay =1.4 (Min.) 

#16 

pH = 5.75 

% sand = 75.4 

% silt = 17.1 

% fine clay = 6.2 

% total clay = 7.5 

#26 

pH = 4.65 (Min.) 

% sand = 74.8 

% slit = 19.9 

% fine clay = 4.3 

% total clay = 5.3 

#14 

pH = 5.80 

% sand = 80.3 

% silt = 16.2 

% fine clay = 3.0 

% total clay = 3.5 

#24 

pH = 5.72 

% sand = 70.2 

% silt = 23.4 

% fine clay = 4.8 

Stickococcus sp. 

Xanthophycean alga (unicellular) 

Chlorococcum sp. 

chlorococcacean alga (?) 

Chlorella sp. 

Xanthophycean algae, two unicellular 

Chlamydomonas sp. 

Hormidium flaccidum 

Hormidium sterile 

H or mo ti lop sis sp. 

Tribonema sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Hormidium sterile 

Hormidium sp. 

Neochloris sp. 

Tetracystis sp. 

Xanthophycean, unicellular 

Bumilleria sp. 

Chlorella sp. 

Chlorosarcinopsis sp. 

Hormidium sp. 

Spongiochloris sp. 

Tribonema sp. 

Stichococcus sp. 

Planktosphaeria sp. 

Xanthophycean algae, four genera, 

unicellular 

Botrydiopsis sp. 

Chlamydomonas sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Neochloris sp. 

Spongiococcum-like alga 

Xanthophycean algae, two, unicellular 

Chlamydomonas sp. 

Cylindrocystis brebissonii 

Neochloris sp. 

Tetracystis sp. 

Xanthophycean algae, three, unicellular 
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Table 1—Continued 

Soil site number 
and soil information Organisms 

% total clay = 6.4 

#22 Bracteacoccus sp. 

pH = 5.50 Chlamydomonas sp. 

% sand = 72.1 Chlorella sp. 

% silt = 20.2 Chlorococcum sp. 

%fine clay = 6.2 Chlorosarcina sp. 

% total clay = 7.7 Chlorosarcinopsis sp. 

#38 Bracteacoccus sp. 

pH = 5.95 Chlamydomonas sp. 

% sand = 69.5 Chlorella sp. 

% silt = 16.1 Chlorococcum sp. 

% fine clay = 12.6 Hormidium sp. 

% total clay = 14.4 Neochloris sp. 

Pleurastrum sp. 

#32 Bracteacoccus sp. 

pH = 5.90 Chlamydomonas sp. 

% sand = 65.5 Chlorella sp. 

% silt = 28.1 Hormidium sp. 

% fine clay = 4.8 Neochloris sp. 

% total clay = 6.4 Xanthophycean alga, unicellular 

#50 Bumilleria sp. 

pH = 5.95 Chlamydomonas sp. 

% sand = 83.5 Chlorosarcinopsis sp. 

% silt =7.2 Hormidium sp. 

% fine clay = 8.9 

% total clay = 9.3 

Spongiochloris sp. 

#23 Bracteacoccus sp. 

pH = 6.95 (Max.) Chlamydomonas sp. 

% sand = 88.4 Chlorella sp. 

% silt = 8.7 Chlorosarcinopsis sp. 

% fine clay = 1.8 

% total clay = 2.9 

Xanthophycean alga, unicellular 

#9 Chlamydomonas sp. 

pH = 5.70 Chlorococcum sp. 

% sand = 83.8 Cylindrocystis brebissonii 

% silt = 10.4 Hormidium sp. 

% fine clay = 4.8 Neochloris sp. 

% total clay = 5.8 Tetracystis sp. 

#19 Chlamydomonas sp. (several) 

pH = 6.0 Chlorococcum sp. 

% sand = 83.6 Chlorella sp. 

% silt = 12.6 

% fine clay = 3.1 

Hormidium sp. 



SOIL ALGAE FROM BASTROP STATE PARK 

% total clay = 3.8 

#59 

pH = 5.50 

% sand = 73.5 

% silt = 20.5 

% fine clay = 4.2 

% total clay = 6.0 

Chlamydomonas sp. 

Chlorosarcinopsis sp. 

Hormidium sp. 

Spongiochloris sp. 

Tetracystis sp. 

#61 

pH = 5.45 

% sand = 65.4 

% silt = 17.2 

% fine clay = 13.5 

% total clay = 17.4 

Chlamydomonas sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Hormidium sp. 

Pleurastrum sp. 

Tetracystis sp. 

Xanthophycean alga, unicellular 

#51 

pH = 6.05 

% sand = 87.6 

% silt = 8.0 

% fine clay = 4.01 

% total clay - 4.4 

Characium paradoxum sp. nov. 

Chlamydomonas sp. 

Chlorella sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Hormidium sp. 

Spongiochloris sp. 

Tetracystis sp. 

#1 
pH = 5.95 

'% sand = 86.8 

% silt = 9.8 

% fine clay = 2.6 

% total clay = 3.4 

Chlamydomonas sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Hormidium sp. 

Pedinomonas minor-like 

#12 

pH = 5.85 

% sand = 91.4 

% silt = 5.2 (Min.) 

% fine clay = 2.9 

% total clay = 3.4 

Bracteacoccus sp. 

Characium sp. 

Bumilleria sp. 

Chlamydomonas sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Hormidium sp. 

Spongiochloris sp. 

#46 

pH = 5.02 

% sand = 64.0 

% silt = 29.5 

% fine clay = 4.9 

% total clay - 6.5 

Chlamydomonas sp. 

Chlorella sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 

Hormotilopsis sp. 

Radiosphaera-like alga 

Stichococcus sp. 

#49 

pH = 5.41 

% sand = 73.5 

Chlamydomonas sp. 

Chlorococcum sp. 

Chlorosarcinopsis sp. 
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Table 1—Continued 

Soil site number 
and soil information Organisms 

% silt — 7.6 Hormidium sp. 

% fine clay = 17.0 Spongiochloris sp. 

% total clay =18.9 Tetracystis sp. 

#28 Chlamydomorms sp. 

pH = 5.67 Chlorococcum sp. 

% sand = 75.0 Cylindrocystis brebissonii 

% silt = 17.0 Stichococcus sp. 

% fine clay = 6.1 Xanthophycean algae, four, unicellular 

% total clay = 8.0 Xanthophycean alga, filamentous 

#58 Bracteacoccus sp. 

pH = 6.05 Bumilleria sp. 

% sand = 83.5 Chlamydomonas sp. 

% silt =12.1 Chlorococcum sp. 

% fine clay = 3.3 

% total clay = 4.4 

Hormidium sp. 

#52 Bracteacoccus sp. 

pH = 6.20 Bumilleria sp. 

% sand = 81.9 Chlamydomonas sp. 

% silt = 9.5 Chlorella sp. 

% fine clay = 7.1 Chlorococcum sp. 

% total clay = 8.6 ' 

#45 Chlamydomonas sp. 

pH = 5.70 Chlorococcum sp. 

% sand = 68.5 Chlorosarcinopsis sp. 

% silt = 24.5 Stichococcus sp. 

% fine clay = 4.7 

% total clay = 7.0 

Tetracystis sp. 

vegetation present at each site revealed no significant correlations be¬ 

tween pH, soil composition, or macro-vegetation and the presence or 

absence of any algal genera at that site. The only generalization which 

could be made was that the soil sites with the greatest numbers of 

xanthopycean genera were all in the more acid pH range, that is, be¬ 

tween 6.0 and 5.0. 

The genera found and the number of sites at which each was present 

(Table 2) clearly indicates that the six most common algal genera in 

order of diminishing prominence were: Chlamydomonas sp. (44/50)3, 

Chlorococcum sp. (36/50), Chlorosarcinopsis sp. (20/50), Hormidium 

sp. (27/50), Tetracystis sp. (18/50), and Neochloris sp. (18/50). 

In general, filamentous forms of both the green and yellow-green 

(44/50) indicates that this genus was found in 44 of the total 50 soil samples. 
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algae were not nearly so numerous as unicellular or colonial ones 

[yellow-green unicellular isolations (35), yellow-green filamentous 

isolations (19), green unicellular isolations (206), green filamentous 

isolations (32)] The total incidence of yellow-green genera (54) was 

only approximately 22% of the total incidence of green algal genera 

(238) in these samples. 

The Oedocladium sp., which was found in these soil samples, was 

sent for identification to Dr. L. R. Hoffman at the University of Illinois. 

Table 2 

Frequency of occurrence of chlorophycean and xanthophycean genera in Bastrop 

State Park soil samples, giving how many soil samples in which they were found. 

Number of soil 
Organisms samples found in 

Bracteacoccus sp. 11 

Botrydiopsis sp. 7 

Bumilleria sp. 14 

Bumilleriopsis sp. 1 

Characium sp. (2) 2 

Chlamydomonas sp. 44 

Chlorella sp. 11 

Chlorocloster sp. 2 

Chlorococcum sp. 36 

Chlorosarcina sp. 1 

Chlorosarcinopsis sp. 29 

Chlorosphaeropsis sp. 1 

Cosmarium sp. 1 

Cylindrocystis sp.* 4 

Gloeocystis sp. 1 

Hormidium sp. (at least 3) 27 

Hormotilopsis sp. 2 

Neochloris sp. 18 

Oedocladium sp. 1 

Pedinomonas sp. 1 

Pedinomonas-like sp. 2 

Pleurastrum sp. 3 

Planktosphaeria sp. 1 

Radiosphaera sp. 1 

Spongiochloris sp. 11 

Spongiococcum sp. 2 

Stichococcus sp. 10 

Tetracystis sp. 18 

Tribonema sp. 4 

Ulothrix sp. 1 

Xanthophycean unicellular algae (unidentified) 25 

* Hannah Croasdale identified one of these Cylindrocystis sites (No. 40-7) as Penium exiquum. 



234 THE TEXAS JOURNAL OF SCIENCE 1 

It is his opinion that it represents a new species of Oedocladium, but | 

he has not as yet given it a name. 

The desmids found in the soil samples were sent first to Dr. Hannah 

T. Croasdale at Dartmouth College and later to Dr. G. W. Prescott at 

Michigan State University for identification. Both of these authorities | 

agreed that #28-14, #24—4, and #9-20, are Cylindrocystis brebis- \ 

sonii and that #40-5 is Cosmarium anceps; however, they disagreed 

on #40-7 in that Dr. Croasdale thought it to be Penium exiguum and 

Dr. Prescott thought it to be another variety of Cylindrocystis brebis- 

sonii. 

Isolate #29-11, Hormotilopsis sp., seemed to be identical in every 

way to Hormotilopsis gelatinosa. Cain (1964), in a study of Texas 

alkaline soils, found the following genera of algae not found by the 

writer in the acid soils of Bastrop State Park: Ceratium, Chaetophora, I 

Dispora, Mesotaenium, Microspora, Microthamnion, Palmellococcus, | 

Peranema, Protosiphon, Sorastrum and Stigeoclonium. Chlamy- j 

domonas, Chlorosarcinopsis, and Tetracystis which were the most , 

abundant genera in the alkaline soils were also among the most fre¬ 

quently encountered in the acid soils. 
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An Apparatus for Quantitatively Recording 

Locomotor Activity in Fishes 

by DARRELL D. HALL and MICHAEL E. ARMSTRONG 
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ABSTRACT 

Methods used in previous studies for detecting and recording loco¬ 

motor activity in fishes are discussed with emphasis upon those using 

photoelectric techniques for measuring such activity. 

An efficient activity-detecting-and-recording system is described 

which utilizes Cadmium Sulphide photo cells (light sensitive resistors), 

an ink-writing 62OX Esterline-Angus event recorder, a 7.6 x 30.5 x 

45.7 cm all-glass aquarium, hollow-drilled 5.1x5.1x10.2 cm wooden 

blocks with lenses, and a 40 V D/C transformer. 

Principles of operation, construction costs, inherent defects, limita¬ 

tions and possible applications of the system are also considered. 

INTRODUCTION 

Few attempts have been made to quantitatively measure locomotor 

activity in fishes. Field studies, such as those by Wells (1935) and 

Carlander and Cleary (1949) have shown that certain species of fishes 

do exhibit seasonal and daily variation in locomotor activity. Spencer 

(1939), Spoor (1941), Childers (1956), Adams and Hiestand (1958), 

Bainbridge and Brown (1958), Davis (1964), and Davis and Bardach 

(1965) have also reported on diurnal rhythms and/or methods for 

measuring locomotor activity in fishes. 

De Groot and Schuyf (1967) used a ferrite magnet attached to a 

flatfish moving across rectangular coils to generate induction voltage 

to activate an aktograph. They also summarized previous methods 

used in detecting and recording locomotor activity in fishes. 

Myrberg (1958) apparently was the first to use photoelectric cells 

to detect locomotor activity in fishes. He did not use more than 2 photo¬ 

electric cells per aquarium and several problems were encountered in 

his study. Thines and Delabastata (1965) used a system of 10 photo¬ 

electric cells wdth infra-red beams and also listed useful criteria for the 

design of any apparatus for detecting and recording locomotor activity. 

The Texas Journal of Science, Vol. XX, No. 3, February, 1969. 
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DISCUSSION 

In this study some of the problems were eliminated in detecting, 

and ultimately recording, locomotor activity by using Cadmium Sul¬ 

phide photo-conductive cells (light sensitive resistors). A room free 

from excess noise was chosen to house a 91 x 122 x 213 cm cabinet in 

which fish and equipment were kept. The cabinet, covered with 0.5 

cm thick masonite and having 2 hinged access doors, shielded experi¬ 

mental animals from extraneous light and movements. An LD 12:12 

(6 a.m.-6 p.m.) photoperiod was maintained inside the cabinet using 

2 electrically timed overhead incandescent lamps. Cabinet ventilation 

was provided by a small 115 V A/C fan. 

Fish were maintained in a 7.6 x 30.5 x 45.7 cm all-glass aquarium 

constructed with 0.3 cm-thick clear plate glass. Maximum water capa¬ 

city was 10 liters. The aquarium was mounted on a 1.3 x 30.5 x 50.8 

cm sheet of marine plywood and its top was stabilized with a wooden 

frame. 

A 20-channel, ink-writing, 620X Esterline-Angus event recorder 

(Fig. 1A) was used to record locomotor activity. The 20 electro-mag- 

netically-deflected pens of the event recorder required a minimum of 

110 V A/C or 40 V D/C for activitation. We chose to use D/C since 

the lower applied voltage did not damage the photo conductive cells as 

readily as the higher A/C voltage. The separately-activated chart-drive 

motor of the event recorder was operated on 115 V A/C. 

A 40 V D/C transformer (Fig. IB) was constructed to provide the 

proper voltage for 9 International Rectifier CS 120 Cadmium Sulphide 

Photo Conductive Cells1 and to simultaneously activate the 9 pens of 

the event recorder which were used. All photo conductive cells were 

wired in parallel to the recorder and each was attached externally to 

the side of the equarium with masking tape or electrical tape. 

Electrical circuits were completed to the event recorder as beams 

of light from 9 General Electric, 40-watt, high-intensity lamps were 

focused through the aquarium and onto the photo conductive cells on 

the opposite side. Unlike selenium-containing photocells, the CS 120 

cell does not generate electricity, but changes resistance when illum¬ 

inated. When the CS 120 cell is in total darkness, maximum resistance 

(1.5 Megohm) allows only a small current to flow in the controlled 

circuit. When fully illuminated, the resistance drops to approximately 

200 ohms and almost the entire applied voltage flows through the con¬ 

trolled circuit. Maximum power dissipation is approximately 0.2 watt 

per cell.' 

1 Available from Edmund Scientific Company, Barrington, New Jersey, $2.35 

each. 



Fig. 1. A. Esteriine-Angus 620X Event Recorder. B. 40 V D/C Transformer. C. Wooden 

Lens Holder. 
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A 15.2 x 30=5 x 50.8 cm cabinet of 1.0 cm thickness marine ply¬ 

wood was constructed to house the high-intensity lamps. The rear wall 

of this cabinet held 9 high-intensity lamp receptacles in 2 horizontal 

rows. Four lamps were placed in the top row and 5 lamps in the bot¬ 

tom row. Aligned with these lamp receptacles were holes approxi¬ 

mately 2.5 cm in diameter in the front wall of the cabinet. Externally j 

on the cabinet and immediately below each of the 2 rows of holes was | 

attached a plywood shelf, 1.0 x 10.2 x 50.8 cm in size. Onto these 

shelves were placed 9 5.1 x 5.1 x 10.2 cm wooden blocks (Fig. 1C), 

each of which had a longitudinal hole approximately 2.5 cm in diam¬ 

eter drilled through it. Slits approximately 0.5 cm in width were then j 

cut across the longitudinal axis of each block. Lenses of various focal 

lengths were obtained from inexpensive magnifying glasses and placed j 

into these slits (and attached in some cases to the front of the block), ! 

Narrow, uniform-gradient beams of light approximately 1.0 cm in 

diameter were produced and directed across the aquarium and onto 

the photo conductive cells. 

As a fish swam through each beam of light, a circuit was momen¬ 

tarily broken causing the pen of that circuit to return to the resting 

or base position. Circuit breaks per unit of time were then counted 

and recorded by hand on master sheets. Various chart-drive gear com¬ 

binations were used to effect variable chart speeds for recording loco¬ 

motor activity. For most recordings a chart-drive speed of 3.8 cm/hr 

was used. This was adequate for resolution of circuit breaks for the 

one fish species studied. For more active species the chart speed could 

be increased (to a maximum of 1830 cm/hr) to maintain resolution 

of circuit breaks. 

The apparatus described was used to study the circadian rhythm of 

locomotor activity in Trickogaster leeri (Bleeker), a relatively small 

teleost fish (5-10 cm total length). Much wider application is pos¬ 

sible, such as use of the apparatus to study the effects of noxious ma¬ 

terials on locomotor activity; the effects of crowding on locomotor ac¬ 

tivity; studies on optimum temperature for locomotor activity; and 

studies of locomotor activity in aquatic reptiles and amphibians. 

Several problems are inherent in this system. The GE 40-watt high- 

intensity lamps have a relatively short life-span when used continu¬ 

ously. Frequent checks are necessary to remove and replace burned- 

out lamps. All International Rectifier CS 120 Photo Conductive Cells 

were not equally sensitive to illumination and in some cases varied in 

sensitivity from place to place on the reactive surface of the cell. There¬ 

fore, each cell was tested empirically as the system was constructed. 

Proper alignment of each photo conductive cell with its light source 

was also critical. 
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Growth of algae presented a problem which was eliminated by pe¬ 

riodically cleaning and refilling the aquarium. Light transmittance 

is also a factor in determining the width of the aquarium and the 

thickness of glass to be used in its construction. The width and overall 

dimensions of the tank also limit the size of animal that can be used. 

Animals that are either positively or negatively phototactic are, 

obviously, not well-suited for use with this apparatus since normal, 

unrestricted movement through beams of light is essential. Mainten¬ 

ance of completely dark periods is not feasible with this system. 

The total cost of this apparatus (exclusive of the event recorder and 

labor) was approximately $75.00. Recorders and other components 

are available from several suppliers and many faults could, no doubt, 

be corrected by additional testing of components. In spite of its short¬ 

comings we feel that it is a useful system for quantitative measure¬ 

ment of locomotor activity in aquatic animals. 
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Development of the Gulf Coast Geosyncline 

by D. H. SHURBET 

Department of Biology, 

Texas Technological College, Lubbock, Texas 79409 

ABSTRACT 

Gravity data alone can be interpreted to indicate that the Gulf Coast 

Geosyncline developed over either oceanic or continental crust. Mag- 

netic measurements, made on the land, are used to strengthen the con¬ 

clusion that the geosyncline developed over oceanic crust. This inter¬ 

pretation is in agreement with the observation that high-frequency S 

phases from Central American earthquakes recorded at Lubbock, 

Texas, indicate that the upper mantle beneath parts of the continental 

shelf and the Gulf Coastal Plain is more like the upper mantle beneath 

the ocean crust than like that beneath continental crust. 

INTRODUCTION 

The Gulf Coast Geosyncline, a trough-like wedge of sediments, 

might be expected to cause negative gravity anomalies of 100 milligals 

and larger along the coast of Texas. However observed anomalies are 

about —20 milligals and smaller. This observation lead Worzel and 

Shurbet (1955) to suggest that the ocean has been partially filled with 

sediments along the Gulf Coast. They suggested that the thickest wedge 

of sediments rests upon a thin oceanic crust. Miller and Ewing (1956) 

agreed with this interpretation mainly because they observed no large 

positive magnetic anomaly between the Texas shore and the abyssal 

plain in the Gulf of Mexico similar to that which marks the continental 

margin in other areas. However, Dehlinger and Jones (1965) con¬ 

sidered the Gulf Coast Geosyncline to have formed over continental 

crust as thought the thick sediments displaced a granitic layer. Since 

the interpretation of Dehlinger and Jones (1965) does not agree with 

the earlier ones, additional calculations have been made and some new 

measurements have been added. The new data support the Worzel 

and Shurbet (1955) hypothesis as does the new interpretation of other 

data. 

DISCUSSION OF DATA 

Figure 1 shows a model which includes the same seismic measure¬ 

ments used by Dehlinger and Jones (1965) to determine their model 

The Texas Journal of Science, Vol. XX, No. 3, February, 1969. 



244 THE TEXAS JOURNAL OF SCIENCE 

of the Gulf Coast Geosyncline. In Figure 1 the geosyncline is assumed 

to have formed over the oceanic crust. Otherwise it is the same as and 

is equally as valid as the model of Dehlinger and Jones (1965) since 

the crust is not completely known in the region of thick sediments 

and the M-discontinuity has not been mapped. Slight subsidence into 

the mantle is shown in Figure 1 but the significance is that little change 

in standard crustal models, beyond the replacement of water with 

sediment, is required to completely explain the gravity data. Theoreti¬ 

cal calculations were made using the computer program described by 

Talwani, et al. (1959) and Figure 1 shows that the model proposed ; 

here explains the gravity measurements of Dehlinger and Jones 

(1965) very well. 

Fig. 1. The assumed structure is shown above and the densities are indicated. The curve 

below is that observed by Dehlinger and Jones and the points are those calculated using 

the assumed structure. Clearly only insignificant changes in the assumed structure would be 

necessary for perfect agreement between observed and calculated gravity data. 
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Ambiguity in gravity interpretation is well known and obviously 

seismic data are insufficient in this Gulf Coast area to differentiate be¬ 

tween 2 models each of which explains the gravity data. However the 

magnetic data of Affleck (1948) indicated an obvious positive trend 

starting about 25 miles off the coast from Brownsville, Texas, and 

Figure 2 shows recent magnetic profiles along lines extending inland 

from the coast. The recent profiles were made with a reconnaissance 

type flux-gate magnetometer and they are unfortunately short but all 

these magnetic profiles clearly indicate a positive magnetic anomaly 

roughly coinciding with the coast line. Heirtzler, et al. (1966) also 

observed a magnetic anomaly more or less parallel to and coincident 

with the coast of Texas and Louisiana. 

Drake, et al. (1963) found magnetic anomalies approximately paral¬ 

leling the east coast of North America and the anomaly reported here 

is interpreted to correspond to their anomaly “Ar5 because, as reported 

by Miller and Ewing (1956), no similar anomalies are observed fur¬ 

ther seaward. This interpretation suggests that the present day Texas 

coast line is in approximately the same structural position, with re¬ 

spect to the edge of the continent for example, as the 1,000 fathom 

depth contour along the east coast. This relationship corresponds pre¬ 

cisely to the structural cross section in Figure 1. Therefore both grav¬ 

ity and magnetic measurements suggest that the Gulf of Mexico has 

been filled until the present coastline corresponds approximately to 

a previous 1,000 fathom depth contour. 

Shurbet (1964) reported arrivals at Lubbock, Texas, of high-fre¬ 

quency S phases from Central American earthquakes which indicated 

that the upper mantle beneath the margin of the Gulf of Mexico is like 

the upper mantle beneath the ocean and not like the upper mantle 

beneath the continents. This is additional evidence of the amount of 

filling which has been accomplished in the Gulf of Mexico. 

Following the interpretation above, the small gravity anomalies re¬ 

sulting from such a thick sedimentary section are easily explained. 

Worzel and Shurbet (1955) have shown that sedimentation along a 

continental margin actually modifies the positive 50-60 milligal 

anomaly which marks the young continental margin. In the Gulf 

Coast area sedimentation is far advanced as compared to the east coast 

of North America for example. Small isostatic adjustment has appar¬ 

ently taken place along the Gulf Coast, but the small size of the ob¬ 

served gravity anomalies is in part due to the fact that much of the 

volume of sediment actually displaced water rather than more dense 

rock material. 
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Fig. 2. The solid vertical line represents the Texas coast. Magnetic profiles extending 

inland from the beach, as well as the profile approaching the beach from the Gulf, indicate 

a positive anomaly which approximately coincides with the coast. 
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1. INTRODUCTION 

Suppose F is a field of subsets of a set U, R is the set of all real-val¬ 

ued functions on F, RB is the set of all bounded elements of F, RA is 

the set of all finitely additive elements of RB, and for each p in RA, 

A(p) is the set of all elements in RA absolutely continuous with respect 

to p. Suppose furthermore that for each H in R, TH is the element of R 

defined by 

f 1 if O < H(I) 
th(i) m 

L-l if H(I) < O 

In this paper the following theorem is proved (section 4): 

Theorem 4.1. If Q is in RB and p is in RA, then the integral (section 

2) equation, 

(1) $vQ(I)f(I) — p(V) for all V in F, 
has a solution f in RA iff JuTQ(I)p(I) exists and there is a number M 

such that if O < K, then 

^(|p(I)|/max{|Q(I)|,K}) 

exists and does not exceed M. If (1) has a solution in RA, then there is 

only one solution, w, of (1) in A(p). Furthermore, if f is a solution 

of (1) in Ra, then 

$v|w(I)| < $v|f(I)| 
for allV in F. 

2. PRELIMINARY DEFINITIONS AND THEOREMS. 

If V is in F, then the statement that D is a subdivision of V means 

that D is a finite collection of mutually exclusive sets of F whose union 

is V. 

If D is a subdivision of a set V of F, then the statement that E is a 

refinement of D means that E is a subdivision of V, every set of which 

is a subset of some of D. 

Throughout this paper all integrals considered will be Hellinger 

(1907) type limits (i. e., for refinements of subdivisions) of the ap- 
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propriate sums. Thus, if H is in R, then ^uH(I) exists iff for each V 

in F, ^yH(I) exists, in which case the element P of R defined by 

P(V) = $VH(I) is finitely additive. 

We state without proof a theorem of Kolmogoroff (1930). 

Theorem 2.K.I. If H is in R and (uH(I) exists, then 

$uj|H(I)| — I ^ iH( J) 11 < £|H(I)-^0)1 = 0, 

so that if V is in F, then JV|H(I) | exists iff ^v| JiH(J) | exists, in which 

case equality holds. 

We state an immediate consequence of theorem 2.K.I. 

Corollary 2.K.I. If H is in RB and Q is in R and ^uQ(I) exists, then 

$u|H(I) | |Q (I) — $iQ(J) | — O, 

so that if V is in F, then ^VH(I)Q(I) exists iff ^VH(I) ^iQ(J) exists, in 

which case equality holds. 

Suppose each of a, b, c and d is a number. We see that 

min{a,b} + min{c,d} < min {a + c,b + d). 

This implies that if each of x and y is in the set R+A of all nonegative 

valued elements of RA and E is a refinement of a subdivision D of a 

set V of F, then 

O < SEmin{x(I),y(I)} < 2i>min{x(I),y(I)}, 

so that 

^vmin{x(I),y (I)} 

exists. 

We also see that 

|min{a,b} — min{c,d}| < |a — c| + |b — d|, 

which together with theorem 2.K.1 implies the following corollary 

which we state without proof. 

Corollary 2.K.2. If each of P and Q is in R and C is in RB and each 

of ^uP(I) and $uQ(I) exists, then 

\u|C(I) | |min{P(I),Q(I)} min{ ^P(J),^Q(J) }| g 0, so that if V 

is in F, then ^vC(I)min{P(I),Q(I)} exists iff ^vC(I)min{^^(J), 

^ iQ (J)) exists, in which case equality holds. 

We state four extensions of previous theorems of Appling (1962a, 

1962b). The proofs carry over for the appropriate elements of R with 

only minor modifications. 

Suppose each of P and Q is in RB and h is in RA. 

Theorem 2.A.I. If each of ^uP(I)h(I) and ^uQ(I)h(I) exists, then 

so does ^uP(I)Q(I)h(I). 

Theorem 2.A.2. (LP(I)h(I) exists iff ^uP(I) Ji|h(J) | exists. 

Theorem 2.A3. If JuP(I)h(I) exists, then ^u|P(I)|h(I) exists. 

Theorem 2.A.4. If^uP(I)h(I) exists, and for some number K > 0, 

|P(I)| > K for all I in F, then ^h(I)/P(I) exists. 

We state without proof a theorem which follows by conventional 

methods. 
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Theorem 25. Suppose each of {Qn}^_0 and {hn}/_o is, respec¬ 

tively, a sequence of elements of RB and RA, and for each positive 

integer n, an % sup|Qn(I) — Q0(I)| for all I in F, and $uQn(I)hn(I) 
exists. Then, if max{an,^u|hn(I) — h0(I) |}—as n-^oo, then ^uQ0(I) 

h0(I) exists and $u| $iQ0(J)h0(J) — $iQn(J)hn(J) | ^ 0 as n oo. 

If, in subsequent statements in this paper, the existence of an inte¬ 

gral or its equivalence to a given integral is a simple consequence of 

one or more of the preceding remarks, corollaries of theorems, then the 

integral may simply be written and the proof of existence or equiva¬ 

lence is left to the reader. 

3. SOME THEOREMS ABOUT ABSOLUTE CONTINUITY. 

Suppose each of h and m is in R+A and g is the element of R de¬ 

fined by 

g(V) = sup ^vmin{h(I),Km(I)} for 0 <K. 

We see that each of g and h — g is in R+A and ^u|g(I) — ^imin{h(J), 

Km(J)}j -> OasK-> oo. 

We state a previous theorem of the author (Appling, 1963). 

Theorem 3.A.1. h is in A(m) iff h = g. 

We adopt the convention that if each of a and b is a number, then 

a/b = 0 if b = 0 and has the usual meaning otherwise. 

Theorem 3.4. If Q is in RB and t is in RA and s is in A(t) and 

■$uQ(I)t(I) exists, then ^uQ(I)s(I) exists. 

Proof: Let h and m be the variation functions of s and t, respectively, 

h is in A(m), so that by theorem 3.A.1, ^n|h(I) — ^imin{h(J), 

Km(J)}|->0asK-+ oo. 

Suppose K is a positive integer. The element P of R defined by 

P(V)|min{h(V)/m(V),K} is in RB. ^umin{h(I),Km(I)} = ^uP 

(I)m(I), and, since JuQ(I)*n(I) exists, it follows that ^uQ(I)P(I)m 

(I) exists and is ^L-Q(I) ^minfh^J) ,Km(J)}. 

It therefore follows from theorem 2.5 that ^uQ(I)h(I) exists, so 

that by theorem 2. A.2, ^uQ(I)s(I) exists. 

Theorem 35. If each of s and t is in RA and Q is in RB and ^uQ(I) 

t(I) exists and Ju|Q(I) | |t(I) — s(I) | =0 and each of s and t is in 

A(p), where p is the element of RA defined by p(V) = ^vQ(I)t(I), 

then s = t. 

Proof: Suppose c is a positive number and G is a subdivision of U. 

There is a positive number d such that if V is in F and ^v|Q(I)t(I)| 

< d, then max{ Jv|s(I) |, Jv|t(I) |} < c/4. 

There is a positive number c* such that c*Ju|t(I)| < d/4. 

There is a subdivision D of U such that if E is a refinement of D, 

then 
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2B||Q(I)t(I)| - Ji|Q(J)t(J)|< d/4 and 

2E|Q(I)||t(I)-s(I)|<c*c/4. 
There is a common refinement E of D and G. 

Let E* denote the set (if any) of all I in E such that c* < |Q(I) |. j 

We see that c*c/4 > 2JQ(I>||t(I) — s(I) | > 2E,c*|t(I) — s(I)|, 

so that 2E*|t(I) — s (I) | < c/4. 

Now 2^_Wl*|Q(I)t(I) | ^ c*Cu|t(I)| < d/4, which implies that 

2e E^i|Q(J)t(J)l < d/2, so that 2e BJt(I) — s(I)| < 2. i.$i[|t(JJ| + 

|s(J)|] < c/2. 

Therefore 2E|t(I) — s(I) | < 3c/4 < c. 

Therefore $u|t(I) — s(I) | = O, so that s= t. 

4. THE INTEGRAL EQUATION THEOREM. 

We now prove theorem 4.1, as stated in the introduction. 

Proof of theorem 4.1: Suppose, first, that (1) has a solution, f, in RA. 

UIQ(I)|f(I) I JuTQ(I)Q(I)f(I) = ^uTq(I) $iQ(J)f (J) = 
^TQ(I)p(I). 

^ JuQ(I)Q(I)f(I) = JuQ(I) JiQ(J)f(J) = JuQ(I)pd). Therefore 

(u|Q(I)|^i|p(J)| exists, which implies that if O < K, then 

^umax{|Q(I) |.K} ^i|p(J) | exists, so that we have the existence of 

^u[(^i|p(J)|)/max{|Q(I)|,K}] = ^u[(\I|Q(J)f(J)|)/max{|Q(I)/K}] 

^u[|Q(I)f(I)|/max{|Q(I)|,K)] < ^|f(I)j 

Now suppose that ^uTQ(I)p(I) exists and that there is a number M 

such that if 0 < K, then $u[|p(I) }/max{|Q(I) |,K)] exists and does not 

exceed M. 

Let w* be the element of R defined by w*(V) — sup Jv[|p(I)|/ 

max{|Q(I) |,K}] for 0 < K. We see that w* is in R+A and ^u|w* (I) — 

^ i [ | p (I) |/max{|Q(I) |,K}] | -> 0 asK-^ 0, so thatw* is in A(p). 

If 0 < K, then by theorem 2.A.4, ^uinax{|Q(I) |,K} ^ijp(J) | exists, 

so that by theorem 3.4, ^umax{|Q(I) |,K}w* (I) exists. If n is a positive 

integer and I is in F, then 0 < max{|Q(I) |,l/n} — |Q(I) | < 1/n, so 

that by theorem 2.5, each of ^u|Q(I) | Ji|p(J) | and ^u|Q(I) |w* (I) 

exists. 

If V is in F and 0 < K, then | JV|Q(I) |w* (I) — ^v]p(I) 11 < 

WIIQ(I)I -max{|Q(I)|,K}|w*(I) + $vmax{|Q(I) |,K}|w* (I) - 

5I[p(J)l|max{|Q(J)|,K}]| < Kw*(V) + (K + sup{|Q(I)|, I in F}) 

$v|w*(I)/f JI[|p(J)|/max{|Q(J)|,K}]|->0 as K-O, so that $V|Q 
(I)|w*(I) = $v|p(I)|. 

If V is in F, then p(V) = JVTP(I) |p(I) |, so that $VTQ(I)TP(I) 

^11P(J) I exists and therefore, by 3.4, ^vTq(I)Tp(I)w* (I) exists. 

We let w denote the element of RA defined by 
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w(V) = JyTQ(I)Tp(I)w*(I) 
If V is in F, then p (V) = $VTP(I) (i|p(J)| = $VTP(I) ^|Q(J) |w* (J) = 

^vTp(I) |Q(I) |w*(I) f $vTp(I)Tq(I)Q(I)w* (I) = ^vQ(I)^Tq(J)Tp 

(J)w*(J) = ^ VQ (I) w (I), so that w is a solution of (1). 

We see that w* is the variation function of w so that w is in A(p), 

since w* is in A(p). 

It is an immediate consequence of theorem 3.5 that w is the only 

solution of (1) in A (p). 

We now show that if f is a solution of (1) in RA, then for each V in 

Mv|w(I)| < $v|f(I)[. 
Suppose f is a solution of (1) in RA. Let q* be the element of R+A 

defined by 

q* (V) 'f= $vmin{|f(I) |,w*(I)} 

We see that q* is in A(w) *, so that ^uTQ(I)Tp(I)q* (I) exists. 

Let q be the element of RA defined by 

q(V) = <jvTQ(I)Tp(I)q* (I). 
We see that q* is the variation function of q so that q is in A(w). 

Therefore, if V is in F, then we have the existence of the integral 

JvQ(I)q(I) - $vQ(I)TQ(I)Tp(I)q*(I) = ^vTp(I) |Q(I) |min{|f(I) |, 

w*(I)} = ^Tp(I)min{^I|Q(J)f(J)|^I|Q(J)w*(J).|} = $vTp(I)min 

{^i|p(J)|,^i|p(J)|} = ^vTp(I) |p(I) | = p(V). This implies that q is a 

solution of (1) in A(p), since q is in A(w) and w is in A(p). Therefore 

q = w, so that if V is in F, then Jv|w(I) | = q* (V) < Jv|f(I)|. 
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A Generalization of the Wielandt Inequality 

by T. L. BOULLION and P. L. ODELL1 

Mathematics Department, Texas Technological College 

Lubbock 79406 

INTRODUCTION 

The spectral condition number K(A) of an arbitrary non-singular 

matrix A is defined in terms of the spectral norm (Householder, 1964: 

81) as 

K(A) = |JAf| \\A-'M 

Clearly, if A is an arbitrary singular matrix, K(A) would not be 

finite; however, one can define quite naturally a generalization of the 

spectral condition number by defining for square matrices 

K(A)g|A|| ||A+|| 
where A is the Penrose generalized inverse of A (Penrose, 1955). 

The purpose of this paper is to develop generalizations of the Wie¬ 

landt and Kantorovich inequalities to singular matrices along with an 

application to systems of equations. A discussion of these inequalities 

for non-singular matrices can be found in (Householder, 1964:81-84; 

1965:462-473). 

Let 11 x 11 denote the ordinary Euclidean norm of the vector x, and let 

the associated matrix norm be 

||AH-sup ||Ax|| 

_ ||x|j = 1. 

A singular value of a matrix A is the non-negative square root of an 

eigenvalue of AA*, where * indicates the conjugate transpose of A. 

Thus the value of ||A|| is the largest singular value of A. We will 

denote the singular values of A by cl (A) and the eigenvalues of A 

byAi (A). 

The symbols R(A) and N(A) will denote the range and null space 

of A, respectively, and a superscript1 will denote their orthogonal com¬ 

plements. 

A GENERALIZED WIELANDT INEQUALITY 

It is convenient to state and prove the following preliminary lemmas: 

1 This paper was prepared with partial support from NASA-MSC (Houston) 

Contract NAS9-2619. 
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Sn = X — Xn. 

A method of projection is briefly one that assigns at any step a sub¬ 

space, defined by pn > 1 linearly independent columns of a matrix Yn 

and selects un in such a way that if 

Cnrn = Ynun, 

then 

S n -f-1 Sn YnUn 

is reduced in some norm. 

For a given Yn, it is required to minimize 

S*n + 1 Sn + 1 = (s„ — Ynun) * (sn — Ynun). 

Let 

un-(Y*nYn)+Y*nsn + wn (4) 

where wn is an arbitrary vector. 

Then 

s*n+1sn+1 = s*nsn - s*„Yn(Y*nYn) +Y*nsn + w*nY*nYnwn. (5) 

Since Y*nYn is positive definite, (5) is minimized when wn = 0. 

Therefore, 

| |Sn| I2 - I |sn+1| I2 = s*nYn(Y*nYn) +Y*nsn. (6) 

The matrices Yn, which are, ordinarily, single column vectors must 

change from step to step. The choice Yn is equivalent to the choice 

CnAn = Yn(Y*nYn)+Y\ (7) 

since 

Cnrn = CnAsn = Ynun = Yn(Y*nYn) +Y*nsn 

for any sn. This in turn implies that 

CnA = Yn(Y*nYn)+ Y*n. 

But this is feasible only if Y*„:— V*„A for some Vn, since otherwise Cn 

could be obtained only after calculating A+. 

Taking Y*n — V*nA, where V*n is selected and Yn computed we 

have 

CnA * A*Vn(V*nAA*Vn) + V*nA 

or 

Cn = A*Vn(V*nAA*Vn) + V^nAA+. (8) 
It follows then from (6), (7), and (8) that 

||sn||2 - ||sn+1|i2- s*nA*Vn(V*nAA*Vn) +V*nAsn 

= r*nVn(V*nAA*VE)+V*nrn. 

If each Vn = vn is a single column vector, then from (2) and (8) 

xn+1 = xn + A*vn(v*nAA*v-) +v*nrn 

since rn = Asn e R (A). 

Let un — V*nrn./(v^nAA^nrn). Then xn+i = xn + UnA^vn and 

11sn112 — ||sn+1||2- Unr*nvn, 

or 

(s*n + lSn + l)/(s*nSn) = 1 ~ |r*nVn|:2/s*„SnV*nAA+Vn. (9) 
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If x and y are allowed to vary throughout N (A) % the right member 

is minimized and |x*My|2/(x*Mxy*My) is maximized when x*Mx = 

y*My. When this is true, \x*My\2/[x*Mxy*My) = (X1/X2—l)2/ 

(Ai/A2+1)2. The right member is a monotonically increasing function 

of Ai/A2, hence is greatest when Ax = a2 and A2 = Ak2. 

Since K2(A) =f K(M) = <ri2/o-k2 it follows that K(A) = o-i/<rk. 

Hence, if the angle 9 is defined by 

K(A) — K(A)-1 
-■== cos 9 
K(A) ■+ K(A)-1 

we obtain 

|x*My|2 < x*Mx y*My cos2 0, 

the desired generalized Wielandt inequality. 

In the case in which A is non-singular, the Kantorovich inequality is 

simply a special case of the Wielandt inequality. This holds for the 

generalized situation also. 

Corollary: For any square matrix A and unit vector x in N (A)1, 

(x*x)2 > x*Mx x*M+ x sin2 6. 

Proof: Let y = (x*x)M+x— (x*M+x)x. It is easily verified that 

x*y f= 0 and that y e N (A)1. 

Let ut =■ x*Mtx and u t := x* (M+)tx for t= 0, 1, 2, . . . Then y “ 

u0M+x — u_!X and x*My = u0x*MM+x — u_iUi. But N(A)1 = 

N(M)1 = R(M+) — R(M), so that M+Mx = x and also MM+x^x 

for x s N(A)1. Hence x*My = u0 — u_iux and y^My ^ u_1(u1u_1 — 

Uo2). Therefore 8(G)/(x*Mxy*My) = u02/uiU_i. But (1) implies that 

this is not less than sin2 0 and the corollary, a generalization of the 

Kantorovich inequality, follows; that is, 

(x*x)2 > x*Mx x^M+x sin2 9. 

AN APPLICATION 

As an indication of the usefulness of the generalizations presented 

here consider the following problem of solving a system (that is, ob¬ 

taining a solution vector x) 

Ax — h 

in which we select our initial guess, say x0 and iterate to an approxi¬ 

mate solution. We require that h £ R(A) which implies that a solution 

exists. 

Let 

Xn + l Xn T Cnrn (2) 
where 

rn|h- Axn = A(x — xn) = Asn 

and 
(3) 
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Lemma 1: Let or > o-2 > . . . ok be the non-zero singular values of A, 
then for any unit vector x in N (A \ crk2 < x*Mx where M = A*A. 

Proof: Let xi9 x2, . . xkbe an orthonormal set of basis vectors for 

N(A)1 which are eigenvectors of M corresponding to or2, . . o-k2, re- 
k 

spectively. Let x = 2 aiXi so that 
i =1 

k k 

x*Mx — 2 aiajo-i2Xi*Xj = 2 aiSiO-i2 
i> j i 

> 2 | ail 2 £Tk2 — C7k2. 

Lemma 2: Let G = (x,y) *M(x,y) where x and y are orthonormal 

vectors in N (A)1. 

Then the field of values F(G) of G is contained in 

{w*Mw|w*w - 1, w e N(A)\ M = A* A}. 

Proof: By definition, F(G) is the set of all (complex) scalars of the 

form z*Gz as z varies over all possible unit vectors. Let z* — (zi,z2), 

and w = (zxx+z2y), then z*Gz = w*Mw. Certainly w is a vector in 

N (A)1 and w*w = 1, hence, the conclusion follows. 

Theorem 1: For any square matrix A and any pair of orthonormal 

vectors x and ymN(A)1, 

|x*My|2 < x*Mxy+My cos2 9, (1) 

where 

M = A*A 

and 

cot (9/2) =K(A). 

Proof: The inequality is trivial if A is of rank 1, hence we assume 

that if A is singular, it is of rank of at least two. Now K(M) =j | (A*A) 11 

||(A*A) + || = 11A112 ||A+||2 = K2(A), since M is Hermitian, and 

(M+)2 = (M2) +. 

Let x, y e N( A)1 and form the two dimensional section 

G == (x,y)*M(x,y) 

The rows of G can be shown to be linearly independent, thus G is 

nonsingular. 

Let Ai and A2 > be the eigenvalues of G and o-i > <r2 > . . . > <rk 

the non-zero singular values of A. Then o-i2 = Ai (M) and or2 > Ax > 
A2 > o-k2. The latter follows from the fact that G is non-singular and 

lemmas 1 and 2. 

Let 8(G) denote the determinant of G and consider 

|x*My|2 _ 48(G) 

x*Mxy%My~ (x*Mx+y*My)2- (x*Mx-y*My)2 

4AiA2 

(Ax+A,)2 - (x*Mx-y*My)2 
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The method of steepest descent imposes the restriction that vn — ra. 

The generalized Kantorovich inequality then provides a bound for the 

right side of (9). By the corollary and (3) it follows that 

|r*nrn|2 > r*nAA*rnr*n(AA*)+rn sin2 6 

> r*nAA*rnr*nA+*A+rn sin2 0 

> r*nAA*rns*nsn sin2 6. 

And finally from (9) we conclude that 

||s„+i|!2/||sn|i2 < cos2 e. 
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Burials from the Frisch Auf! Site: 41 FY 42 

by THOMAS ROY HESTER and MICHAEL B. COLLINS 

Texas Archeological Research Laboratory, 

The University of Texas at Austin, Austin 78757 

ABSTRACT 

Salvage excavations at the Frisch Auf! site in Fayette County, 

Texas, in November of 1966, revealed the remains of 5 (and possibly 

6) skeletons. Scallorn arrow points were associated with 2 of the in¬ 

terments, which suggests that they are assignable to the Neo-American 

Period. The chronological placement of the other burials is uncertain. 

INTRODUCTION 

In late October, 1966, human skeletal remains were found by work¬ 

men digging a pipeline ditch on the Frisch Auf! golf course (Fig. 1) 

south of La Grange, Texas. The owners of the Frisch Auf! housing de¬ 

velopment contacted the office of the State Archeologist, Curtis D. 

Tunnell, in Austin. Tunnell and M. B. Collins visited the site on No¬ 

vember 1 and examined the exposed skeletal material. The site was 

designated 41 FY 42. On November 19, Tunnell and Collins returned 

to the site, accompanied by T. R. Hester and Riley Furr. Excavations 

were begun, and parts of 4 skeletons were recovered; a few skeletal 

fragments representing a 5th individual (and perhaps a 6th) were 

also found. Excavations were continued on November 20 by Hester 

and Gentry Steele. Significantly, the excavations produced the first 

reported association of the Scallorn arrowpoint type as grave goods 

with burials in Central Texas. 

The Frisch Auf! site lies on a small knoll in the Colorado River flood- 

plain less than a mile west of Monument Hill in Fayette County. The 

site is several hundred yards southeast of the confluence of Buckners 

Creek and the Colorado River. A few artifacts were collected and a 

small amount of occupational debris was noted at the site. The site has 

now been mostly destroyed by construction of the golf course. 

The only major archeological work previously carried out in Fayette 

County was an archeological survey of the proposed Columbus Bend 

Reservoir (Nunley, 1963). This survey located 41 sites, several of 

The Texas Journal of Science, Vol. XX, No. 3, February, 1969. 
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which could be assigned to the Archaic and/or Neo-American stages. 

The remainer of the sites lacked diagnostic artifacts, and generally 

speaking, the area is not well-known archeologically. 

METHOD OF EXCAVATION 

When work at the Frisch Auf! site was begun, the skeletal remains 

of 2 individuals were visible in the side of the pipeline trench approxi- 
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mately 2.5 ft. below the surface; therefore, a 3x5 foot excacation unit 

was laid out adjacent to the trench over the exposed bones. Three-inch 

vertical levels were used in the first foot of excavation in the hope that 

outlines of the burial pit(s) could be detected. The alluvial soil at the 

site was a homogeneous sandy clay, dark brown in color and moder¬ 

ately compacted. Subtle color differences in the soil were observed and 

interpreted as evidence of multiple burial pits; however, the homogen¬ 

eous alluvium prevented clear delineation of any pit or determination 

of relationships between pits. 

Each burial was carefully exposed, photographed, and then re¬ 

moved. After all skeletal material had been removed, additional testing 

was carried out to a depth of 3 feet below the surface. While the exca¬ 

vations were in progress, a plan showing the location and position of 

the skeletons and associated objects was prepared (Fig. 2). Field notes 

and other documentation are on file at the Texas Archeological Re¬ 

search Laboratory in Austin. 

DESCRIPTION OF THE BURIALS 

The Frisch Auf! burials occupied an area approximately 5 feet east 

Fig. 2. Plan of Burials. 



B 
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skeletal material passed through the northern portion of this area. As 

the top of the ground had been altered in the construction of the golf 

course (Fig. 3A), it was not possible to determine the original depth 

of the burials; however, at the time of excavation, the skeletons oc¬ 

cupied a position ranging from 1.4 to 2.5 feet below the surface. 

Within this limited area, the remains of 5, and possibly 6, individ¬ 

uals were recovered, and evidence of at least 3 burial pits was observed. 

The disturbed nature of some of the skeletons, and the multiple pits, 

indicate that burial was intermittent. Because the burial pits were not 

distinct, and could only be traced through partial circumference due 

to the homogeneous nature of the soil, it was not possible to determine 

the sequence of the 3 pits. Similarly, the positions of the skeletons were 

such that no reliable sequence could be established. An attempt to de¬ 

termine which pit contained which individual was also unsuccessful. 

Skull 1. The incomplete calvarium exposed in the wall of the pipe¬ 

line ditch (at 2.5 feet below the surface) prior to our excavation was 

designated Skull 1 (Fig. 4,B). The skull lay on its right side, and faced 

southeast. The left half of the skull was missing. 

Skull 2. A nearly complete skull adjacent to and south of Skull 1 

was designated Skull 2 (see Fig. 4,B). The skull lay on its right side 

and faced northeast. The face of Skull 2 was against and slightly above 

the face of Skull 1. In light of the damaged condition of Skull 1 and the 

slight superposition of Skull 2 above it, the suggestion is made that the 

interment of Skull 1 preceded that of Skull 2. 

Skeleton 1 (?). An incomplete, poorly preserved post-cranial skele¬ 

ton extended north from Skulls 1 and 2 and was tentatively designated 

Skeleton 1 (i.e., the same individual as Skull 1). The lower portion of 

Skeleton 1 was removed by the ditching machine and its position could 

not be determined. If the assumption is correct that Skeleton 1 and 

Skull 1 are the same individual, the absence of the post-cranial skeleton 

of Skull 2 seems to contradict the assumed order of internment. Por¬ 

tions of a skeleton thought to belong to Skull 2 were recovered from 

the dirt removed from the ditch; however, their distance from Skull 2 

would suggest that the skeleton was not articulated. Two Scallorn ar- 

rowpoints (Fig. 4,B) were against the left ribs of Skeleton 1 or, if it 

existed, ‘'Skeleton 2.” 

Skeleton 3. The flexed skeleton of a child (Fig. 3,B) found near the 

west edge of the burial area at 1.5 feet below the surface was designated 

Fig. 3. A. Genera! view of the Frisch Auf! Golf Course. Note bluffs and monument in 

background. B. Skeleton 3. 
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Skeleton 3. It lay on its right side with head to the south. No objects 

accompanied Skeleton 3. 

Skeleton 4. An infant skeleton (Fig. 4,A) in a very poor state of 

preservation was uncovered at the east edge of the burial area at about 

1.5 feet below the surface. The skeleton was flexed with skull to the 

south. The infant was accompanied by 3 offerings. An antler tine frag¬ 

ment was at the west side of the skeleton and was oriented north-south. 

North of the skeleton, and oriented east-west lay a piece of petrified 

wood that had been shaped and smoothed. Adjacent to the north edge 

of the ground stone object was one valve of fresh water mussel lying 

with its concave surface up. 

Skeletons 5 and 6. Several skeletal fragments were found in the fill 

overyling Skulls 1 and 2. These were designated as Skeleton 5 after the 

materials had been examined in the laboratory. Skeleton 6 is repre¬ 

sented by a fragmentary infant mandible that was found above Skulls 

1 and 2 at about the same level as Skeleton 4. The fragment was about 

3 feet west of Skeleton 4, and might possibly represent the mandible 

for that particular burial. 

BURIAL GOODS 

A total of 6 funerary offerings were recovered from the Frisch Auf! 

burial area. Two of the offerings, a carnivore baculum and a mussel 

shell, exhibited no alterations and 4 of the offerings were definite 

artifacts. 

The baculum was removed by the ditching machine and both its 

proximal and distal ends exhibit fresh breaks. The remaining portion 

of the specimen shows no polish or other signs of use, but either or both 

ends may have been altered. Although it is not certain with which 

individual this specimen was associated, it seems possible that it was 

an offering. 

An unaltered Unio valve associated with the infant burial (Skeleton 

4) seems to have been an offering. 

Two nearly identical Scallorn arrowpoints (Fig. 5 A and B) were 

associated with either individual 1 or 2. The points have long, keen 

blades with straight edges that are deeply serrated. The stems are 

formed by wide side notches that are angled slightly toward the tip of 

the blade. The shoulders are strong though not barbed. The expanding 

stems are as wide as the shoulders and the bases are slightly convex. 

Fig. 4. A. Skeleton 4 in upper left corner. Note burial goods. Skull 2 is on right. B. Skulls 

1 and 2. Skull 1 is on the left. Note Scallorn arrowpoints in place. 
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Fig. 5. Burial goods. A, B. Scallorn arrowpoints (Skulls 1 and 2); C, Antler tine fragment 

(Skeleton 4); D, petrified wood object (Skeleton 4). 
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One specimen is 50.5 and the other 49.0 millimeters long. Blade 

widths at the shoulders are 15.0 and 14.1 millimeters. The stems meas¬ 

ure 15.0 and 16.0 millimeters wide. Both specimens exhibit a maximum 

thickness of 4.0 millimeters. The material of both specimens is a light 

tan to pink flint and apparently is from the same source. The striking 

similarity of material, workmanship, and outline of these arrowpoints 

leads us to believe that they were manufactured by one individual. 

The antler tine fragment (Fig. 5C) found with Skeleton 4, measured 

178 mm. in length, with a maximum thickness of 20 mm. and maxi¬ 

mum width of 23 mm. The specimen has been smoothed near the tip. 

The tip is blunted, apparently due to use as a flaking tool or as an awl. 

A long, slender piece of gray petrified wood (Fig. 5D) was also 

found with Skeleton 4. The entire specimen seems to have been 

smoothed, with considerable polish present near the tip. The specimen 

is 240 mm. long; it is 32 mm. wide at the proximal end, contracting to 

a width of 12 mm. at the tip. It has a maximum thickness of 23 mm. 

The tip is rounded and polished. 

SURFACE ARTIFACTS 

As was mentioned previously, a few artifacts were recovered from 

the surface of this site. Most of the artifacts had been exposed by 

landscaping activities at the golf course. 

One small sherd of Leon Plain pottery (Suhm and Jelks, 1962:95) 

was picked up. It has a reddish exterior and a dark brown interior. 

It is 9 mm. thick, and has been tempered with pulverized hone and 

grit. 

Two unifacial snub-nosed end scrapers were found. Both have tri- 

anguloid outlines, with convex, steeply-beveled bits, and plano-convex 

cross-sections. One specimen is made from a gold-colored flint. It is 

48 mm. long, with a maximum width of 35 mm., and a maximum 

thickness of 12 mm. The other specimen is made from a tan flint, and 

is 60 mm. in length. It has a maximum width of 46 mm. and a maxi¬ 

mum thickness of 9 mm. 

Other artifacts found on the surface include: 3 thick, crude bifacial 

tools, the distal fragment of a gouge or knife, and a small fist axe. The 

fist axe measures 81 mm. in length. The poll, or proximal end, retains 

the original cortex. The tapered blade is crudely-flaked, and the blade 

edges are sinuous. The width of the specimen at the poll is 64mm. 

It has a maximum thickness of 27 mm. 
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SUMMARY AND CONCLUSIONS 

In November of 1966, remains of at least 5, and perhaps 6, skeletons 

were excavated at the Frisch Auf! site (41 FY 42) in Fayette County, 

Texas. Though evidence of multiple burial pits was observed, the 

sequence of the burials could not be determined. Skeleton 3, that of a 

flexed child, had no accompanying burials goods. An antler tine frag¬ 

ment and a piece of petrified wood (both of which had been modified), 

as well as a mussel shell were found with Skeleton 4. Skulls 1 and 2 

represented the deepest interments at the side. Associated with one of 

these 2 burials were 2 Scallorn arrow points (Fig. 4,B). It is the occur¬ 

rence of this diagnostic arrow point type that gives us a hint as to the 

possible cultural affiliation of these burials. 

Scallorn arrow points occur in 3 cultures which are in close prox¬ 

imity to the Frisch Auf! site. The Central Texas Aspect (Kelley, 

1947: 103) represents the Neo-American occupations in the Central 

Texas Area which encompasses Fayette County. This cultural unit, 

characterized by the use of the bow and arrow, and the introduction 

of pottery, has been divided into 2 foci: Austin and Toyah. The Austin 

Focus has been found to be the earliest of the 2 foci (Jelks, 1953; Suhm, 

1957; Jelks, 1962); the Scallorn arrow point type is one of the diag¬ 

nostic traits of the focus. Pottery does not occur in the Austin Focus; 

it makes its appearance, along with the Perdiz arrow point, in the later 

Toyah Focus (Jelks, 1962: 86, 88). 

Scallorn arrow points also occur in other nearby Neo-American 

cultures. For example, the type is found rather commonly in the 

Galveston Bay Focus (Wheat, 1953: 201; Suhm et al., 1954: 129), 

and sites of this culture are found less than 100 miles east of the 

Frisch Auf! site. Scallorn arrow points are also found on sites at¬ 

tributable to the Rockport Focus (Suhm, et al., 1954: 125), which are 

found to the southeast of the Fayette County area. The authors do 

feel, however, that since the Frisch Auf! site is well within the limits 

of the Central Texas Aspect, as defined by Suhm, et al. (1954: 112; 

Fig. 5), it is most probable that Skulls 1 and 2 are assignable to the 

Austin Focus. 

The association of the smoother antler tine with Skeleton 4 also 

suggests Central Texas Aspect affiliations. Similar artifacts have been 

listed as one of the traits shared by both the Austin and Toyah Foci 

(Jelks, 1962: 189). Jelks (1962: 62) found a number of smoothed 

antler tine fragments in “all zones” at the Kyle Site. Suhm (1957: 47) 

found 7 antler tine fragments “with rounded and also smoothed distal 

ends” at the Smith Site. Four of these fragments, which she describes 
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as “flaking tools,” were found in Layer XI, which was attributed to 

the Toyah Focus. Little data are available as to the presence of this 

artifact form in either the Rockport or Galveston Bay Foci (Suhm, 

etaL 1954: 124,129). 

Though Skulls 1 and 2 can be assigned to the Neo-American period 

(and less surely to the Austin Focus of the Central Texas Aspect), 

Skeletons 3-6 lack any truly diagnostic artifacts. It seems possible that 

they, too, are Neo-American interments. The strength of this possi¬ 

bility is supported by the association of the antler tine with Skeleton 4, 

and by the occurrence (on the surface of the site) of Leon Plain 

pottery and snub-nosed unifacial end-scrapers, both of which Jelks 

considers to be traits of the Neo-American Toyah Focus (1962: 87, 88). 

The significance of the burials from Frisch Auf! is twofold: (1) the 

discovery of the Scallorn points as grave goods represents the first 

reported instance of the firm association of this type with Central 

Texas burials; and (2) new data are added to our knowledge of the 

burial patterns of the Central Texas area. 
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The Skeletal Material from the Frisch Auf! Site: 41 FY 42 
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ABSTRACT 

Five partial human skeletons, 2 adult males, one adolescent, and 

possibly 2 infants were found at the Frisch Auf! site. Evidence of a 

disturbed burial was noted in the laboratory. The material is ex¬ 

tremely fragmentary, but such measurements and observations as are 

possible are discussed. 

INTRODUCTION 

Skeletal material taken from the Frisch Auf! site (41 FY 42) con¬ 

sists of the burials of 5 individuals, with evidence of at least one dis¬ 

turbed burial. Methods used to describe this material are those in 

standard use by American physical anthropologists. Identification of 

sex and age utilized the works by Brothwell (1965), Krogman (1962), 

and Comas (1957). Detailed information regarding these burials is 

recorded in the Physical Anthropology Laboratory of the University 

of Texas at Austin. 

GENERAL DESCRIPTION 

Skull 1 (Catalogue No. 2237) 

This skeleton is in a very poor state of preservation and no measure¬ 

ment was possible. However, the appearance of the mandible, the size 

of the mastoid processes, and the supra-orbital tori indicate a male. The 

heavy attrition of the occlusal surfaces of the teeth, the complete fu¬ 

sion of the epiphyses present, the lipping around the articular surfaces 

of the proximal ulnae, and the degree of closure of the cranial sutures 

indicate an adult 30 to 40 years of age. The only pathology noted was 

possible presence of periodontal disease on the mandible in the region 

of the left 1 st and 2nd molars. 

Skull 2 (Catalogue No. 2238) 

This burial of a male is quite incomplete. The reconstructed calvaria 

and the major portion of the mandible are present. Features of the 

calvaria and mandible indicate a male, and dental wear and closure 

The Texas Journal of Science, Vol. XX, No. 3, February, 1969. 
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of the sagittal suture suggests an age of approximately 30 years at the 

time of death. 

The following cranial measurements are practically the only meas¬ 

urements that could be determined on this skeleton (and, for that mat¬ 

ter, are the only metrical data which could be taken for the entire 

population from the Frisch Auf! site): maximum length 189 mm; 

maximum breadth, 132 mm; basion-bregma height, approximately 

133 mm. 

The cranial index of 69.84 revealed this to be a dolichocranic indi¬ 

vidual. The sagittal area is somewhat keeled. Loss of the 3rd mandi¬ 

bular molars and near complete adsorption occurring in the sockets was 

noted. 

Skeleton 3 (Catalogue No. 2239) 

This individual is a sub-adolescent, possibly a male, and is in the 

poor state of preservation noted in all the burials from this site. The 

eruption of the mandibular molars indicate an age of approximately 

8 years at the time of death. Both decidious and permanent teeth are 

present, and the incisors display a marked degree of shovel-shaping. 

The cranium and post-cranial material was so fragmentary that no 

other observations could be taken. 

The size of the fragments of the left ulna and radius are so dispro¬ 

portionate to the rest of the post cranial material that their association 

is doubtful. They might possibly belong to Skeletons 4 or 6, or even 

represent another individual entirely. 

Skeleton 4 (Catalogue No. 2240) 

This burial is that of an infant. No reconstruction was possible. The 

dentition present is loose, and entirely deciduous. The 2 molars dis¬ 

play only partial formation of enamel while the others (3 incisors, 

2 canines, and 2 premolars) are completely covered with enamel. The 

incisors show marked shovel shaping. 

Skeleton 5 (Catalogue No. 2241) 

These fragments represent at least one individual and appear to be 

part of the grave fill for Burials 1 and 2. This burial was not reported 

as such by the archeologists but was formed during analysis by a du¬ 

plicate shaft of a left humerus from the collection (produced by the 

ditch-digging machine) and the duplicate skull fragments and denti¬ 

tion of Skull 2. All the fragments are adult, and the muscle mark¬ 

ings on the humerus and the size of the teeth and mastoid processes 

would suggest a male. The teeth show heavy wear on the occlusal 

surfaces; more, even, than that of Skull 2. The greater relative wear 
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and the duplication of certain teeth were the criteria for deciding that 

another individual was present. 

Both of the mastoid areas show noticeable lipping around the man¬ 

dibular fossa. 

Skeleton 6 (Catalogue No. 2242) 

This burial of an infant is represented only by the symphysis area 

of the mandible, some loose deciduous teeth, and fragments of both 

fibulae. The teeth, 3 molars, display incomplete enamel formation 

similar to Skeleton 4. 

Collection Produced by the Ditch-Digging Machine 

Skeletal material encountered by the ditch-digging machine are re¬ 

ported as being from Skulls 1 and/or 2, with association of their re¬ 

spective individuals impossible for the greater part of the fragments. 

A left humerus shaft fragment was assigned to Skeleton 5 since Skulls 

1 and 2 each had 2 humeri. Some fragments in this collection could 

be fitted to properly excavated bones. 
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Notes Section 

NOTES ON THE DISTRIBUTION OF DIDELPHIS MARSUPIAL1S AND 

CITELLUS SP1LOSOMA IN WESTERN TEXAS. Field studies conducted by the 

senior author on the High Plains and Rolling Plains of Texas have revealed some 

noteworthy geographic records and distributional data on the opossum and spotted 

ground squirrel. AH numbers refer to specimens in the Wayland Baptist College 

Vertebrate Natural History Collection. 

Didelphis marsupialis virginiana Kerr.—Opossums have been recorded by Davis 

(1960, Tex. Game and Fish Comm. Bull., 27: 30) in Oldham, Armstrong and Garza 

counties, by Blair (1954, Tex. Jour. Sci., 6: 241) in Hutchinson County, and by 

Packard and Garner (1964, Tex. Jour. Sci., 16: 387) in Lynn County. Four addition¬ 

al specimens are reported from the Llano Estacado: 2 sub-adult males (WBC 225, 

227) taken June 8, 1966, 5 mi. NE Abernathy, Hale County; an adult female 

(WBC 235) taken March 7, 1964, 11 mi. NE Plainview, Hale County; an adult male 

(WBC 226) taken March 4, 1964, 3 mi. N Floydada, Floyd County. Packard and 

Garner (op. cit.) suggested opossums might occur on the Llano Estacado wherever 

good stands of mesquite grew. Our specimens were taken in extensively cultivated 

areas where trees and shrubs were found only around buildings and along shelter 

belts. The distribution of the opossum on the Llano Estacado may be correlated with 

the headward extension of streams of the Brazos and Red River drainages. Such 

intermittant stream courses offer an avenue of dispersal onto the Llano Estacado. 

(Opossums must travel considerable distances over open land to reach trees in the 

shelter belts and around farm and ranch buildings.) This may account for the 

absence of the opossum in eastern New Mexico, because most of the tributaries reach 

their headward extension in western Texas. It would not be surprising, however, to 

find opossums in eastern New Mexico along the Canadian River. 

Citellus spilosoma marginatus V. Bailey.—Spotted ground squirrels have been 

collected from Stinnett, Hutchinson County, near Lamesa and from 4 mi. NE Sand, 

Dawson County, (see Blair, op. cit.: 245) Eastern marginal records of the spotted 

ground squirrel in Texas are Mobeetie, Wheeler County, and Colorado (Colorado 

City), Mitchell County (Bailey, 1905, N. Amer. Fauna, 25: 88). An adult male 

(WBC 279) was obtained April 9, 1966, 2 mi. N, 3^4 mi. W Paducah, Cottle County, 

a point ca. 100 mi. S Mobeetie and ca. 110 mi. NE Colorado City. It seems likely to 

us that spotted ground squirrels may extend farther eastward along stream flood 

plains where there are deep sandy loam soils. 7. Hoyt Bowers, Department of Biol¬ 

ogy, Wayland Baptist College, Plainview, Texas and Frank W. Judd, Department 

of Biology, Texas Technological College, Lubbock, Texas. 

ON THE MECHANISM OF TRYPSIN ESTERASE ACTIVITY. Hummel (1959, 

Can. Journ. Biochem. Physiol., 37:1393) has reported that para toluene sulfonyl L 

arginine methyl ester (TAME) has a higher affinity for trypsin than has the alterna¬ 

tive substrate benzoyl L arginine ethyl estre (BAEE). Unlike BAEE, however, 

TAME is not hydrolyzed by chymotrypsin. This suggests that trypsin and chymo- 

trypsin do not have an identical mechanism for their esterase activity. We have 

undertaken to relate the esterase mechanism to structural characteristics of trypsin. 

Trypsin, in concentrations of 5, 50, 500, and 5000 /zg/ml (in 10“3 M HCl) was 

irradiated by exposure, at a distance of 6 inches, to a lamp (rated at 80 ^W/cnj2, 18 
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inches, at 2537 A) for 30 minutes. All samples were brought to a final concentra¬ 

tion of 5 ,fig/ml. An aliquot of 0.5 pg (0.1 ml) was incubated for 5 minutes at 22° C 

in 3 ml of a substrate solution containing 0.87 X 10~3 M TAME in 0.05 M phosphate 

buffer, pH 8.0. Esterase activity was determined by change in absorbance at 247 mjj, 

(Hummel, op. cit.; Anon., 1965, Determatube—TAME data sheet. Worthington 

Biochemcial Co., Freehold, N.J.). In some experiments 10~4 M cystine was present 

in the reaction mixture; in others 10-4 cysteine, glutaric acid (10-4 M or 10~2 M), 

or 1CM M glutaric acid dihydrazide. 

Both trypsin and chymotrypsin have His-Phe-Cys-S-S-Cys-His and Gly-Asp-Ser- 

Gly linkages. However, while acyl chymotrypsin has been described (Desnuelle, 

1960, in The Enzymes, P. Boyer, et al., eds., Academic Press, N.Y., 4:119), acyl 

trypsin is not known. Histidine interaction, well established in the chymotrypsin 

mechanism has been directly related to trypsin catalysis only upon the evidence of 

pH dependence (Bender and Kezdy, 1965, Ann. Rev. Biochem., 34:49). 

Augenstein, et al., (1961, Proc. Nat. Acad. Sci., 47:1733) and Augenstein and 

Ghiron (1961, Proc. Nat. Acad. Sci., 47:1530), using BEAE substrate, showed that 

ultraviolet irradiation reduced tryptic activity 40 to 50'% and attributed this, in part, 

to disulfide reduction. Mechanisms of tryptic activity in terms of serine-histidine in¬ 

teraction have been suggested by other workers (Bender, et al., 1961, Journ. Amer. 

Chem. Soc., 83:1255; Anderson, et al., 1961, Journ. Biol. Chem., 236:455; Dixon 

and Neurath, 1957, Journ. Amer. Chem. Soc., 79:4558; Bruice, 1961, Proc. Nat. 

Acad. Sci., 47:1924; Spencer and Sturtevant, 1959, Journ. Amer. Chem. Soc., 81: 

1874). Disulfide reduction, because the disulfide bridges importantly determine the 

molecule’s conformation, could cause such a functional separation of histidine from 

serine moieties. Were histidine-serine interaction the sole mechanism of enzyme 

function, we should then expect that esterase activity would be completely destroyed 

by ultraviolet disulfide reduction. 

We have found that trypsin concentration makes little contribution to the effect 

of irradiation upon esterase activity (Table 1). The fact that irradiation does lower 

activity is certainly consistent with the assumption that disulfide linkages hold his¬ 

tidine and serine moieties close together. However, the fact that irradiation does not 

inhibit activity completely we take as an indication that some other mechanism 

must contribute to the enzymatic activity. The supposition that irradiation reduces 

disulfide bridges is supported by our observation that the effect of irradiation, i.e., 

decrease in tryptic activity, can be reproduced by the total reduction of native trypsin 

with cysteine (Table 1). Further treatment with cysteine of irradiated (photo- 

reduced) trypsin has no effect. Oxidation of irradiated trypsin with cystine effects 

a substantial restoration of the lost trypic activity presumably by partial reforma¬ 

tion of its native character. Epstein and Anfinsen (1962, Journ. Biol. Chem., 237: 

2175) have reported similar disulfide interchange of carboxymethyl cellulose trypsin 

but interpretation of their experimental results involves the complication of a con¬ 

trolled enzyme conformation. 

We induce from our results that a contribution to the catalytic activity must in¬ 

volve a mechanism additional to histidine-serine interaction. Several supplementary 

or alternative mechanisms have been suggested and are discussed by Bender, et al., 

(1961, Journ. Amer. Chem. Soc., 83:1255) but the only one which presently ap¬ 

pears consistent with all reported observations is the thesis of Rydon (1958, Nature, 

182:929). Rydon has proposed that the existence of a A? oxazolone intermediate. This 

thesis has an unique virtue, in that it, of all those extant, explains inhibition of 

trypsin by organo-phosphorus compounds. 
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Experiments with glutaric acid and glutaric acid dihydrazide (Table 1) can, in 

thesis, be interpreted in terms of Rydon’s mechanism. Thus the increased enzyme 

inhibition resulting from increase in glutaric acid concentration may represent a 

shift of tautomeric equilibrium of the transitory intermediate (A2 oxazolone). The 

pronounced effect of glutaric acid dihyrazide thus resulting from its interaction with 

the free carboxyl moiety of the enzyme. The interaction completely blocks the A2 

oxazolone synthesis. 

We conclude that trypsin esterase activity is based upon a concerted mechanism. 

The serine-histidine interaction plays the major role and affects pH responses most 

directly. The serine-aspartate contribution (A2 oxazolone formation) may be es¬ 

sentially a secondary phenomenon. 

Supported by USPHS, NIH grant HE 09571. The work described was done while 

the authors were at the University of Texas at Galveston. Anil B. Patel, Harry D. 

Brown, and Swaraj K Chattopadhyay, Cancer Research Center, Columbia, Missouri. 

Table 1 

Effects of irradiation, oxidation-reduction, and glutarate interactions upon trypsin 

activity (units [Anon., 1965] of tryptic activity/mg). Measured control rate for the 

preparation was 60 X 103 units/mg. 

Experimental procedure Activity X 103 
% decrease 
in activity 

Irradiation 253 m/z, 5 jig trypsin 42 30 

Irradiation 253 m/z, 50 pg trypsin 40 33 

Irradiation 253 m/z, 500 pg trypsin 41 32 

Irradiation 253 mp, 5000 pg trypsin 40 33 

Cystein (10~4 M) reduction of native trypsin 38 37 

Cystine (10~4 M) oxidation of native trypsin 28 53 

Cysteine (lO"-4 M) reduction of irradiated trypsin 39 35 

Cystine (10-4 M) oxidation of irradiated trypsin 50 17 

Glutarate (lO-4 M) 40 33 

Glutarate (10~2 M) 18 70 

Glutaric acid dehydrazide (lO"-4 M) 12 80 

SURVIVAL OF CHLORELLA PYRENOIDOSA POPULATIONS FOLLOWING 

ACUTE GAMMA RADIATION. Chlorella seems to be among the more resistant 

to radiation of the nucleate algae, Godward (1962, Physiol, and Biochem., Chap. 34), 

who has reviewed much of the literature on the effects of radiation on algae, reports 

“ultimate survival” of Chlorella following 1000 K rads of Beta irradiation (106 e.v.), 

a factor of 10 greater than the next most resistant form reported. 

Her summary of X-ray data show only Char a vulgaris (survived 600 KR) and 

Acetabularia mediterranea (survived 400 KR) to be more resistant than Chlorella 

(survived 100 KR). 

The only data on survival of Chlorella following gamma irradiation are those of 

Posner and Sparrow (1964, Radiat. Bot., 4:253-257), who report a 10 day LD-90 

of 23 KR and LD-99 of 38 KR based on colony counts on agar plates. 

In this study, Chlorella pyrenoidosa, Chick, 7-11-05 high temperature strain, 

was grown in the following medium, (gm/L): MgS04-7H20—2.5, KN03—1.23, 

KH2P04—1.25, CaCl2—0.0835, H3B03—0.1142, FeS04-7H20—0.0498, ZnSO47H20 
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—0.0882, MnCl2-4H20—0.0114, M003—0.0071, CuS04-5H20—0.0157, Co(N03)2- 

6H20—0.0049, EDTA—0.50. The medium was adjusted to pH 6.8 with KOH. Stock 

cultures were grown in 250 ml. flasks at 25-27° C., under 300-350 foot candles of 

continuous light from cool white fluorescent bulbs. Control and experimental cul¬ 

tures were kept under the same conditions of light and temperature. Initial cell den¬ 

sities in the stock cultures were established by haemacytometer counts, with counts 

taken to 200 cell totals, giving precision of approximately ± 15%. Experimental 

concentrations were established by volumetric dilution of the stock cultures in fresh 

media. Screw top glass vials, 8 ml. capacity, were filled as exposed and control popu¬ 

lations. An equal number of control vials and exposed vials were used at every ex¬ 

posure level and cell density. 

The cultures were irradiated in the annulus of the cobalt-60 facility of the Nuclear 

Science Center at Texas A&M University. The dose rate was 45,800 rads/hour, 

established by calibration using thermolumninescence of lithium fluoride. All ex¬ 

posures were uninterrupted. 

Survival was determined in three ways: one half (4 ml.) of the vial contents was 

left in the original vial, one half was poured into 15 ml. of fresh nutrient solution in 

a 30 ml. screw cap tube; and for some experiments 0.1 ml. from the original vial 

was spread on 1.5% agar plates of the nutrient solution. Original vials, fresh nutrient 

tubes, and agar plates were placed under the light source, and after 20 days the 

cultures were rated on the basis of presence or absence of macroscopically visible 

growth. At this time cells of dead populations were well bleached and surviving 

populations were large enough to be recognized. 

Data from another experiment not reported here give additional support to the 

choice of 20 days as the cut-off time. During that experiment more than 200 tubes, 

irradiated and control, were kept for 60 days. In no case did growth appear in a tube 

after 20 days when none was apparent at 20 days, and in only one case did a popula¬ 

tion die out between 20 and 60 days. 

Data from the irradiated populations are summarized in Table 1. The control 

populations had uniformly excellent growth. No growth was observed from popula¬ 

tions receiving 195 X 103 rads or more. Under the conditions of these experiments 

the LD-100 is near 190 Krads, somewhat higher than the X-ray data but much less 

than that reported for Beta irradiation. 

Lawrence, et al. (1953, Nucleonics, 11: 9-11) report LD-100 levels of gamma 

irradiation for non-spore forming bacteria of 205 Krep; and for fungal spores of 225 

Krep to 340 Krep, figures of the same order of magnitude as ours for Chlorella. A 

reduction in the LD-100 with reduced population size was anticipated, but the data 

show only a suggestion of this. The data show an expected lower sensitivity for agar 

plates in testing for survival as compared to liquid media. The loss of colony forming 

ability on agar has been well documented (Posner and Sparrow, op. cit.; Posner, 

1965, Radiat. Bot5: 129-141) and the small fraction plated here (.1ml. out of 

8 ml.) must also be considered. 

Since survival only has been judged, and not the condition of the surviving popu¬ 

lation, the criterion of “ultimate survival” as put forth by Godward (op. cit.), which 

required “retention of ability ultimately to multiply at the normal rate,” has not 

been met. The surviving populations did vary considerably in their apparent con¬ 

dition and growth rate, and the problem must ultimately be faced. That this will not 

be an easy task is evidenced by reports of retention of growth rate depression through 

three transfers following irradiation (Porter and Watson* 1954, Amer. Journ. Bot., 

41: 550-555) and persistence of some mortality over a 4 month period (Blinks, 1952, 
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Jour. Cell. Comp. Physiol, 39: Supp. 2: 11-18). The author gratefully acknowledges 

the support for this research from the Fund For Organized Research of Texas A&M 

University. William J. Clark, Biology Department, Texas A&M University, College 

Station, Texas. 

Table 1 

Survival of Chlorella Pyrenoidosa populations 20 days after acute gamma irradiation 

Survival 

Denominator—number of replicate populations 
Numerator—number surviving 

Total exposure 
in rads 

Millions of 
total cells in each 

radiated population 
Original 

vials 
Fresh nutrient 

vials 
Petri 
plates 

917,000 160 0/2 0/2 0/2 
680,000 160 0/2 0/2 0/2 
367,000 160 0/2 0/2 0/2 
195,000 160 0/2 0/2 0/2 
183,000 320 3/3 3/3 
137,000 320 3/3 3/3 

32 3/3 3/3 
3.2 3/3 3/3 

92,000 320 3/3' 3/3 3/3 
32 3/3 3/3 3/3 

3.2 2/3 3/3 0/3 
48,000 320 3/3 3/3 3/3 

32 3/3 3/3 3/3 
3.2 3/3 3/3 1/3 

TANT1LLA DIABOLA FROM VAL VERDE COUNTY, TEXAS.—Tantilla dia- 

bola Fouquette and Potter (Copeia, 1961: 144-148) was described on the basis of 

a male specimen from Val Verde County, Texas. No additional specimens have 

been reported in the literature, although several have been collected (Roger Conant, 

pers. comm.). 

A large female snake (Fig. 1) referable to this species was collected by Hibbitts 

on April 15, 1967, 9 miles NW of Del Rio along the Devils River, 25 miles from the 

type locality. The specimen (Texas Cooperative Wildlife Collection No. 23663 

Texas A&M University) differs from the holotype (Texas Natural History Collec¬ 

tion No. 24647 Univ. Texas) in several details (Table 1). 

In our specimen the second supralabials are in broad contact with the prefrontals 

on both sides, while in the holotype these scales barely touch on the left side and are 

separated by the posterior nasal on the right side. Coloration is similar to that of the 

holotype except that the black pigmentation of the head does not involve the pos¬ 

terior tips of the temporals, the second vertebral scale or any of the paravertebrals. 

The white nuchal collar is 2*4 scale lengths long (2 in the type) and is bordered 

posteriorly by a black band 3y2 scale lengths long (4 y2 in the type). R. W. Tread¬ 

well, and Terry Hibbitts, Wildlife Science Department, Texas A&M University, 

College Station, Texas. 
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Fig, 1. Tantilla diabola (TCWC 23663) from Veil Verde County, Texas. (Photograph by 

Isabell Hunt Conant). 

Table 1 

Differences in size and scalation between TCWC 23663 and the holotype of Tantilla 
diabola 

TNHC 24647 
(Holotype) TCWC 23663 

Total length 221 mm 534 mm 
S-V length 172 mm 409' mm 
Tail length 49' mm 125 mm 
Ventrals 174 181 
Sub caudals 73 73 
Temporals 2.3 2.2 



Abstracts of papers presented at the Annual Meeting, Beau¬ 

mont, Texas, March 14-16, 1968. 

Section II—-Physical Sciences 

A NEW STUDY OF THE SLATER SEMI-EMPIRICAL SCREENING COEF¬ 

FICIENTS—Jimmy W. Baker and James C. Dennis, Stephen F. Austin State 

College, Nacogdoches. 

A computer program has been written to calculate the diamagnetic contribution 

to the magnetic susceptibility using the Slater semi-empirical screening coefficients 

for elements up to z = 86. Other physical properties of solids have been found to be 

predictable in terms of the Slater constants. 

SOME MINOR VARIATIONS ON LOCAL SHOP CONSTRUCTION OF AIR 

TRACKS—John P. Decker, Stephen F. Austin State College, Nacogdoches. 

Modifications have been incorporated in the design of “home-constructed” air 

tanks to be used in the elementary laboratories. Construction problems will be dis¬ 

cussed and copies of working plans and material list will be available. 

STRONG-FIELD WAVE FUNCTION APPROACH TO THE BAND STRUC¬ 

TURE OF NiO TYPE (IONIC) STRUCTURES—James C. Dennis, Stephen 

F. Austin State College, Nacogdoches. 

Crystal field theory, group theory, and the tight-binding approximation are used 

in conjunction with the LCAO method to obtain the energy band scheme of NiO. 

The compatibility relationships associated with particular high symmetry axes of 

the cubic Brillouin zone are applied to obtain a reduction in dimension of the secular 

equation. The general approach to evaluating the perturbation integrals is one 

suggested by Slater (two-center integrals). 

PRECISION CAPILLARY VISCOMETRY OF LIZUIDS—L. D. Eicher, B. J. 

Zwolinski, and R. C. Wilhoit, Texas A&M University, College Station. 

A modified photocell meniscus sensing device has been shown to significantly 

extend the accuracy of efflux time measurements in an Ubbelohde type capillary 

viscometer. Preliminary testing has also been carried out on a direct pressure drop 

measurement capillary viscometer. Calibration data for the 2 systems will be 

presented. 

A brief discussion of the importance of highly accurate viscosity data for certain 

“key” compounds to the study of effects of molecular structure and intermoleeular 

association on shear viscositites of pure liquids will be presented. 

SOME CONTRASTING HYDRATION MECHANISMS: LITHIUM OXIDE vs. 

CARBON DIOXIDE OR CHLORINE MONOXIDE—Willis W. Floyd, Sam 

Houston State College. 

During dissolving ionic basic oxides, water deprotonates as oxide ion protonates, 

each to hydroxide ion. The overall reaction involves transferring a proton from 

water to oxide, releasing 2 hydroxide ions: 

0= + HOH —» 2 OH- 
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By proton transfer, water dissolves oxides of lithium, sodium, potassium, rubidi¬ 

um, cesium, thallium (I..), calcium, tsrontium, and barium. 

Lithium oxide forms ionic lithium hydroxide: 

Li,-!-0= + HOH 2 Li+OH- 

Water dissolves mononmental dioxides and trioxides a nonmetal-oxygen double 

bonds adding water radicals, producing hydroxy acids: 

E—O + HOH —» E(OH)2. 

Carbon dioxide and dioxides and trioxides of sulfer, selenium, and tellurium hydrate 

this way. 

Carbon dioxide becomes carbonic acid: 

0=0=0 + HOH -»■ 0—C(0H)2: 

Several acid anhydrates3 

Several acid anhydrides having 2 different atoms of the same nomnetal singly 

bonded through oxygen dissolve by hydrolyzing with water, yielding hydroxy acids: 

E—0—E -r HOH 2H0—E. 

Chlorine monoxide hydrolyzes typically to 2 molecules of hypochlorous acid: 

Cl—0—Cl + HOH -> 2 HO—CL 

Chlorine monoxide type hydrolyses parallel organic anhydride and ester hydrolyses, 

but proceed more completely, without added catalyst. 

Iodine pentoxide, chlorine heptoxide, phosphorus (V) oxide, and phosphorus (III) 

oxide dissolve hydrolytically. Phosphorus (III) oxide hydrolysate, however, is found 

to contain no tripotic P(OH)3 but instead tautomeric diprotic phosphorous acid, 

HPO(OH)2. 

Unstable oxides of bromine (I), nitrogen (III), and nitrogen(V) decompose com¬ 

petitively before and while hydrolyzing, so with water give low yields of hydroxy 

acids. 

Generally, water dissolves (1) ionic metal oxides by proton transfer, (2) covalent 

carbon dioxide types by double bond addition hydration, and (3) covalent chlorine 

monoxide types by single bond radical hydrolysis. Yet molecular equations written 

for action of all three oxide types with water suggest combinations; consequently 

all 3 action types are conventionally classified as hydration. 

Characterized mechanistically, acid anhydride hydrations and hydrolyses are 

nonionic, whereas basic oxide proton transfers, involving ions as both reactants and 

products, are essentially ionic reactions. 

THERMODYNAMICS OF TRIOXANE-POLYOXYMETHYLENE POLYMERI¬ 

ZATION—Claude W. Hayes and Bruno J. Zwolinski, Texas A&M University, 

College Station. 

The heat of combustion of trioxane, (H2CO)3, was measured using a high pre¬ 

cision isothermal jacket bomb calorimeter. This result along with previously pub¬ 

lished data for triox and and polyoxymethylene has been used to calculate enthalpy, 

entropy, and Gibbs energy changes accompanying the polymerization of trioxane. 

Two literature values disagreeing by approximately 6 kcal/mol are available for 

trioxane,1 (H2CO)3, the monomer of polyoxymethylene. To resolve this problem, the 

heat of combustion of a highly prafide sample of trioxane was measured in a pre¬ 

cision isothermal bomb calorimeter. Results obtained will be discussed in terms of 

the standard enthalpy of formation of the polyoxymethylene monomer unit, to¬ 

gether with values for the enthalpy, entropy, and Gibbs energy for polymerization 

of trioxane. 
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COPOLYMERIZATION OF METHYL ACRYLATE AND METHACRYLIC 

ACID: EFFECT OF TEMPERATURE CHANGE ON MONOMER REAC¬ 

TIVITY RATIOS—Everett C. Hurdis and Irene H. Christmas, The Koppers 

Company, Monroeville, Pennsylvania. 

According to a statement in the literature [Drinberg, et al., Zur. Priklad. Khim. 

32, 2075 (1958)], the copolymerization of methyl acrylate and methacrylic acid is 

highly temperature sensitive, in that copolymer prepared at 70° is much richer in 

methacrylic acid than copolymer prepared at 90° from the same starting mixture. 

This statement implies a considerable change in monomer reactivity ratios over a 

small temperature interval. In order to determine whether such an unusual effect 

was really occurring, the copolymerization was studied at low conversions at 60°, 

80° and 90°. These variations in temperature caused no significant change in the 

methacrylic acid content of the copolymers formed, so that the monomer reactivity 

ratios must have been practically constant over the 30° temperature range studied. 

The literature statement as to copolymer composition change with temperature is 

evidently incorrect. The following approximate monomer reactivity ratios were 

determined for the copolymerization (taking methyl acrylate as monomer 1): 

rx = 0.16, ra=2.1. 

These ratios are fairly close to values predicted from the Price-Alfrey Q-e relation¬ 

ship: 

rx 0.22, r2 = 4.45. 

THE COPOLYMERIZATION OF STYRENE AND METHACRYLIC ACID: 

EFFECT OF POLYMERIZATION MEDIUM ON COPOLYMER COMPOSI¬ 

TION—Everett C. Hurdis and Irene H. Christmas, The Koppers Co., Monroe¬ 

ville, Pennsylvania. 

In a study of the copolymerization of styrene with methacrylic acid, it was noted 

that, for any monomer feed ratio, the copolymer prepared by suspension polymeriza¬ 

tion was richer in styrene than was copolymer prepared by bulk polymerization. A 

similar discrepancy in composition between the bulk and emulsion copolymer of 

styrene and acrylonitrile has been reported. This has been explained by W. V. Smith 

[J. Am. Chem. Soc. 70, 2177 (1948)] as solely due to the extraction of acrylonitrile 

from the oil phase by the water present during emulsion polymerization. The ap¬ 

plicability of this explanation to the bulk and suspension copolymerization of styrene 

and methacrylic acid was tested by determination of the paratition coefficient of 

methacrylic acid between styrene and water and calculation of the true methacrylic 

acid content of the oil phase in each suspension polymerization. A plot of copolymer 

composition versus true oil phase mole percent of methacrylic acid for the suspension 

copolymerization was nearly identical with a similar curve plotted for the bulk 

copolymerization. It was therefore concluded that the observed composition differ¬ 

ences between bulk and suspension copolymers of styrene and methacrylic acid are 

quantitatively explainable by the tendency of a water phase to extract methacrylic 

acid from a polymerizing oil phase. 

FREQUENCY SPECTRA OF PULSE SLOPE MODULATED WAVES—Olan E. 

Kruse, Texas A&I University, Kingsville. 

Starting with the Fourier series expansion of a train of unmodulated triangularly 

shaped pulses, the mathematical method employed in the determination of the 

frequency spectrum of the train of pulses when their trailing edges are modulated 

is illustrated and the case of a leading-edge variable slope pulse modulated wave 
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is also presented and compared to the previous case. For both cases the theoretically- 

predicted spectra are compared with experimentally determined results. 

INVESTIGATION OF SURFACE FEATURES OF SINGLE CRYSTALS OF 

ALUMINUM—David A. Roseland and James C. Dennis, Stephen F. Austin 

State College, Nacogdoches. 

Free surface studies of etched crystals are not always indicative of volume struc¬ 

ture. An examination of interior features should be included in any report on the 

growth of single crystals of metals. 

Section III—Earth Sciences 

HORIZONTAL DISTRIBUTION OF SUMMER WARMING IN THE SURFACE 

WATERS OF THE GULF OF MEXICO AND ITS RELATIONS TO OCEAN 

SURFACE CURRENTS—James E. Arnold, Texas AdcM University, College 

Station. 

The pattern of warming experienced by the surface waters of the Gulf of Mexico 

was determined from commercial ship reports of sea surface temperature for the 

summer of 1967. The warming trend was examined in one week intervals from May 

to September and was found to occur in such a manner that the initial pattern of 

sea surface temperature increased approximately 2 degrees Celsius. Accentuated 

temperature gradients were often present in the vicinity of known surface currents 

and gave an insight into the variation of the general Gulf circulation pattern through 

the period examined. A positive correlation between the surface temperature pat¬ 

tern and surface circulation can be extremely useful in the oceanographic applica¬ 

tions of spacecraft observations concept presently being developed. 

EARTH SCIENCE FOR EIGHTH GRADE: A COLLEGE-SCHOOL COOPERA¬ 

TIVE PROJECT—Robert E. Boyer, The University of Texas at Austin. 

During the past 10 years, the Federal Government has supported innovative 

science curricula programs. The prime example of interest to geology and other 

earth science teachers is ESCP. The National Science Foundation has now indicated 

a definite plan to switch from innovation to implementation. The Cooperative 

College-School Science Program (CCSS) affords an excellent opportunity for col¬ 

leges and universities to participate in this implementation. 

Through CCSS, a college or university collaborates with a school system to im¬ 

prove parts of the science program of that system. Two of us at The University of 

Texas at Austin worked with the science supervisor and 50 teachers of the San 

Antonio Independent School District during the 1966-67 academic year in a joint 

effort to improve their earth science program. 

The textbook adopted by the school system contained an entire year’s material, 

written for the ninth or higher grade level. Thus we had to suggest the deletion of 

large sections of the textbook from the course. We redesigned the one-semester course 

around 25 laboratory experiments. We arrived at a schedule beginning with 6 weeks 

of geology, then 3 weeks of oceanography, 3 weeks of meteorology, and finally 5 

weeks of astronomy. The experiments became the center of the course, everything 

else was designed with this objective in mind. 

The program achieved several desired results. The teachers felt that they were 

able to cope with the textbook in a meaningful way within the limited time they 

have. Also, many students responded to the experiments with a high degree of 

enthusiasm. As a result of this apparent success, the experiments are being revised 
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in a current program with the Austin Independent School District, and a manual 

of these experiments is being readied for distribution by the Texas Education 

Agency. 

CONVECTIVE CELLS INDUCED BY EVAPORATION AND THEIR POSSI¬ 

BLE RELATION TO WAVE GENERATION—Jimmy D. Cain, Texas A&M 

University, College Station. 

Spangeberg and Rowland (1961) have shown the existence of small convective 

cells induced by evaporation at a water surface. These cells were observed with 

average evaporation rates and no wind. They ranged in size from 1.5 to 3.0 centi¬ 

meters in width. From the data of Spangeberg and Rowland, Foster (July, 1965) 

calculated a critical wavelength at the onset of convection as 2.4 centimeters. It is 

noted that the wavelength of minimum wave speed (23.1 cm/sec) is equal to 1.72 

centimeters, which is within the observed cell size. Before a mathematical analysis 

can be performed relating these cells to wave generation, more measurements are 

needed of the surface distortion and the particle velocities induced by the convection. 

It is obvious, however, that differential stresses are present. These may be quite 

important as a process for the generation of wind waves from an initially flat 

ACTIVATION ANALYSIS OF OILFIELD CORES—Ekillis M. Chandler and 

Paul B. Crawford, Texas A&M University, College Station. 

Sedimentary rock samples were activated with thermal neutrons, allowed to cool 

and counted. Under certain conditions requiring no wet chemistry, Si, Al, Na, Mg, 

Hf. La, Sc and Fe have been qualitatively confirmed. This trace element analysis 

of sedimentary rocks may have significant applications in tracing or confirming 

specific geologic strata. 

TRANSIENT PRESSURE FOR CYLINDRICAL WATER DRIVEN RESER¬ 

VOIRS HAVING DIFFERENT MOBILITIES AT WATER-OIL INTER¬ 

FACE—Thomas E. Crippen and Paul B. Crawford, Texas A&M University, 

College Station. 

The purpose of this paper is to develop the equations showing the transient pres¬ 

sure distribution in oil and water zones when a transition zone exists between the 2 

principle fluid zones. 

Initially the reservoir is at a constant pressure and suddenly at a well or cylin¬ 

drical producing face in the oil zone the pressure is reduced to P0 and maintained 

constant at this value. 

AN ION EXCHANGE-FILTRATION-ATOMIC ABSORPTION SPECTROM¬ 

ETRY TECHNIQUE FOR THE DETERMINATION OF CERTAIN TRACE 

METALS IN THE WATER AND SEDIMENTS OF THE NORTHWEST 

GULF OF MEXICO—Donald R. Davis and Edward R. Ibert, Texas A&M 

University, College Station. 

Due to the increasing interest in water pollution and waste disposal at sea the 

purpose of this work was to devise a technique that would allow some means of at 

least estimating the various chemical forms of certain trace metals in the near shore 

environment. To do this an oxidation-filtration-ion exchange-atomic absorption 

spectroscopy technique has been chosen. 

Trace concentration (ppb to ppm) of copper, manganese, zinc, nickel, and lead 

have been determined in the waters and sediments of the Northwest Gulf of Mexico. 

Water samples collected at sea were filtered through glass fiber filters, passed 

through chelating type ion exchange columns to concentrate the metals, and the 
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columns returned to the on-campus laboratory for elution and analysis. Untreated 

water from the same sampling sites were returned to the laboratory, subjected to 

a persulfate oxidation to eliminate any material that might be associated with the 

metals and treated in the same manner as the filtered water. 

The sediment samples as well as the material retained on the filters were sub¬ 

jected to a hydrofluoric acid digestion and analyzed by atomic absorption. 

The Chemical form of the metals in the filtrate that was retained by the ion 

exchange columns was designated as being soluble-reactive (or ionic). The metals 

retained by the filters were given the name particulate-nonreactive to signify that 

they existed in the water as being associated with some sort of organic matter (living 

or dead) or as suspended insolubles. The concentrations found in the oxidized samples 

were termed as the “total” concentrations of the metals. 

For the most part the data obtained thus far indicate that the metals exist chemi¬ 

cally in the particulate form. This appears to be the case for all the metals investi¬ 

gated and not for any particular ones. Further, their distribution in the water and 

sediments appears, at this point to be related primarily to bio-geochemical processes. 

SPECTROSCOPY AS AN INVESTIGATIVE PROCESS IN EARTH SCIENCE— 

William A. Dexter, Fred Northcutt, Warner Schulz, St. Mark’s School of Texas, 

Dallas. 

Spectroscopy as an important investigative tool for the identification of elemental 

materials studied as a part of geology and astronomy courses is no less important to 

the newly emerging earth science curricula. Students should be confronted with the 

excitement of spectroscopy to be meaningful low-cost materials must be provided 

to small student groups and such materials must allow quantitative analysis of the 

various types of spectra, i.e., continuous, emission, and absorption spectra. This 

paper is concerned with the presentation of spectroscopic materials and their effec¬ 

tive application to earth science curricula. 

THE PROBLEM OF DISTINGUISHING SEDIMENTARY ENVIRONMENTS 

WITH GRAIN-SIZE DISTRIBUTIONS—Frank G. Ethridge, Texas A&M 

University, College Station. 

Samples are taken from beach, dune, and point bar environments according to a 

hierarchial sampling plan. Inter-sample variability is minimized by sampling only 

within units of sediment, subdivided on the basis of bedding characteristic differences. 

The samples are tested by means of chi-square and F-tests, using sieve-sizes as the 

variable and the weight on each sieve-size as the frequency, to determine the sig¬ 

nificance of the internal variation at various scale-levels in each environment. 

Results indicate that significant internal variation between individual small 

samples within a sampling locality is greater than variation between sampling 

localities. This high internal environmental variation is as great as the intra- 

environmental variation between the beach and dune which are tested to determine 

if they can be distinguished on the basis of direct grain-size distribution differences. 

It is concluded that in characterizing sedimentary environments on the basis of 

grain-size distributions, the design of a sampling plan that reduces bias and variance 

due to sampling, is critical to accurate results. 

CHANGES IN WATERS OF THE WESTERN GULF OF MEXICO ASSOCI¬ 

ATED WITH HURRICANE INEZ, OCTOBER, 1966—Guy A. Francesschini 

and S. Z. El-Sayed, Texas A&M University, College Station. 

Hurricane Inez, a small intense storm, traversed the western Gulf of Mexico 
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effecting changes in the physical, chemical and biological state of the water. Obser¬ 

vations made immediately before and after the storm along a line normal to the 

hurricane path permitted diagnosis of local changes. A discussion will be presented 

of these changes. In the light of recent numerical experiments, implications regard¬ 

ing induced water circulation will be considered. 

THE EXCHANGE OF WATER BETWEEN THE ATMOSPHERE AND THE 

GULF OF MEXICO—Guy A. Franceschini and Allen D. Cummings, Texas 

A&M University, College Station. 

Based on continuity considerations, computations of the horizontal divergence of 

water-vapor flux in the atmosphere over the Gulf of Mexico were made for two 

water years, 1959-1960 and 1960-1961. Results will be presented showing the role 

of the atmosphere in the water balance of the Gulf, and the seasonal reversal from 

atmospheric source to sink of the Gulf waters. 

THE INFLUENCE OF HURRICANES ON THE NET EXCHANGE OF WATER 

BETWEEN SEA AND AIR—Guy A. Franceschini and Nathan M. Reiss, 

Texas A&M University, College Station. 

Based on continuity considerations, computations of the horizontal divergence of 

water-vapor flux over the Gulf of Mexico were made for 2 continuous periods which 

included times of entry and exit of hurricanes Carla, September 1961, and Hilda, 

September-October, 1964. Results will be presented showing the reversal of role of 

the Gulf from source to sink of water. Day-to-day variations of flux divergence as 

well as its vertical distribution will be discussed. 

THE WHAT AND WHY OF ATS (APPLICATIONS TECHNOLOGY SATEL¬ 

LITE)—Donald W. Frazee, Texas A&M University, College Station. 

The characteristics of the Applications Technology Satellite (ATS), a new high- 

altitude research weather satellite, will be discussed and compared to characteristics 

of the current low-altitude weather satellites. A few typical cloud patterns seen in 

the ATS pictures will be compared to actual cloud photographs taken from weather 

reconnaissance aircraft. 

MICROWAVE PARAMETERS OF SEA WATER—George L. Huebner, Texas 

A&M University, College Station. 

Microwave Radiometes offer some promising advantages in the study of oceano¬ 

graphic variations. There are, however, areas such as variations in emissivity that 

need greater study. There is particular need for greater knowledge in the variations 

in emissivity as a function of frequency, salinity, temperature, and dissolved atmos¬ 

pheric gases. Texas A&M University, through sponsorship by the Office of Naval 

Research, had had a study program in operation for about one year whose purpose 

is to provide more nearly uniform answers to some of these questions. This paper 

presents the results of the program insofar as data on absorption coefficient and 

emissivity variations as functions of frequency (3-15 GHz), salinity (0-40%0), 

temperature (5-50 deg. C), and defines as indication of the variations to be expected 

as a result of changes in the dissolved atmospheric gases. 

THE PHYLLOID ALGAL MOUNDS OF THE UPPER MEMBER, HUECO 

LIMESTONE, SOUTHERN ROBLEDO MOUNTAINS, DONA ANA COUN¬ 

TY, NEW MEXICO—David V. LeHone, Karl Element, William E. King, The 

University of Texas at El Paso, Texas Technological University, and New 

Mexico State University. 
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Studies are in progress to delineate the stratigraphic position and paleoecology of 

a sequence of Lower Permian (Wolfcamp) phylloid algal mounds in the southern 

Robledo Mountains, Dona Ana County, New Mexico. 

Sediments of Lower and Middle Wolf camp age in the southern Robledo Moun¬ 

tains were deposited on the Robledo Shelf. The shelf existed between a western 

positive Florida Islands area and an eastern negative Orogrande Basin area. Two 

distinct sedimentary facies of Late Wolf camp to possible Early Leonard age inter¬ 

finger in the area; they are the northern Abo Formation (red beds of dominantly 

terrigeneous materials) and the southern Hueco Formation (marine, shallow water 

carbonates and fine elastics). Apparent cyclicity was developed because of sea level 

fluctuation, periodic increase in elastics, tectonic instability of the Robledo Shelf, or 

a combination of these factors. 

In the shallow offshore waters of the marine Hueco facies biohermal mounds 

were developed from phylloid algal banks. Units within these mounds exhibit an 

autochthonous biogenetic development. Mechanical reworking of the phylloid algae 

is substantiated by an observed gradation to finer size fragments particularly 

towards the top of individual bioherms. A selectively silicified mound (phylloid 

algae-bryozoa consortium) has been studied in the Late Wolfcamp rocks. Lenses of 

dasycladacean algal have been observed in association with the Lower Wolfcamp 

mounds. 

AN ENCHODID MANDIBLE FROM THE EAGLE FORD SHALE, DALLAS 

COUNTY, TEXAS—C. L. McNulty and Geraldine Kienzlen, The University 

of Texas at Arlington and Arcadia Park. 

A partial mandible of an Enchodid fish was found in the upper Britton member 

of the eagle Ford Shale, near the Loop 12 crossing over the West Fork of the Trinity 

River, Dallas County, Texas. The specimen consists of most of the 2 dentaries, united 

without distortion at the symphysis. Small, random teeth of the external, occlusal 

margin are present anteriorly but absent posteriorly where preservation is poorer. 

Five laniary teeth are present on each dentary but al lare broken off just above or 

just below the ankylosis of crown and base. 

The strong ornamentation of dentaries, the minute striation of laniary teeth, and 

the dimensions are inseparable from those of Enchodus lewesiensis (Mantell). 

The excellent preservation of the symphysial area reveals that the characteristic 

knobs of the anterior and anteroventral margin of Enchodids are actually distally 

enlarging processes that arise from each dentary, cross over the symphysial plane, 

and intertwine with similar processes from the opposite dentary. The twisting, 

mutually enrolled union of club-shaped processes suggests a function of interlock 

of the dentaries. 

A coronal plane extending from anterior to posterior edge of each laniary tooth 

forms an angle of approximately 30° with the medial mandibular plane. The angle 

is open anteriorly, provoking the speculation that crown orientation may contribute 

to movement of food medially and posterioly within the mouth. 

Cross sectional outline of laniary teeth changes from strongly asymmetric an¬ 

teriorly to slightly so posteriorly. Asymmetry of the anteriormost laniary tooth is 

heightened by a groove upon the anterointernal face, so positioned that it might 

receive the palatine tooth from above. 

THE DIURNAL VARIATIONS OF LOW-LEVEL CLOUDINESS OVER TROPI¬ 

CAL WATERS—Wayne M. Peterson, Texas A&M University, College Station. 

Most notable in diurnal cloud variations is the rapid decrease in amount during 
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the mid-morning hours. It is apparent that air-sea interaction processes affect this 

change. A correlation of sea surface conditions with air-mass properties appears to 

indicate some definite relationships. These will be discussed. 

ENERGY TRANSFORMATIONS IN THE ATMOSPHERE: A CASE STUDY— 

James R. Scoggins and Richard A. Wagoner, Texas A&M University, College 

Station. 

The transformation of kinetic energy into other forms of energy (gravitational 

potential and internal) is investigated in a cut-off vortex located over the South 

Central United States during the period October 30 to November 2, 1967. Individual 

terms in the energy equation are evaluated and results presented. The importance 

of surface friction in the conversion of kinetic energy into other forms of energy, and 

the resulting decrease in the intensity of the circulation is discussed. 

BIOSTRATIGRAPHY OF THE FREDERICKSBURY GROUP IN BOSQUE 

COUNTY, TEXAS—Jerry W. Vincent, Texas A&M University, College 

Station. 

With the exception of the lower and middle portions of the Walnut Formation, 

the Fredericksbury Group is well exposed over Bosque County, Texas and contains 

a well developed fauna of ammonites, pelecypods, gastropods, and achinoids. 

The purpose of this investigation is to study the Fredericksburg ammonite fauna, 

and establish as closely as possible, the stratigraphic ranges of species collected and 

identified. Nineteen species of ammonites representing the subfamily Mosjsisoviszi- 

inae and family Engonoceratidae were collected from formations called Walnut, 

Comanche Peak, Edwards, and Kiamichi. Stratigraphic ranges assigned to each 

species considered significant are Manuaniceras supani-Lower Walnut through 

Comanche Peak; Manuaniceras uddeni-Middle Walnut; Manuaniceras carbo- 

narium-Comanches Peak; Venezoliceras acutocarinatum-uppermost Walnut and 

lowermost Comanche Peak; Adkinsites bravoensis-Kiamichi; Metengonoceras hilli- 

Lower Walnut. 

A local range zonation is herein proposed that is based upon these significant 

species. Each zone is defined as the body of strata bounded by the lowest and highest 

observed occurrence of the species for which it is named. Of the species identified, 

9 are described in detail. 

REMOTE SENSOR OCEANOGRAPHY IN THE MISSISSIPPI DELTA REGION. 

Don Walsh, Texas A&M University, College Station. 

Within the past 10 years, the use of aircraft in oceanography has been increasing 

at a slow rate. Most of the work has involved very basic observations with either 

the human eye or simple instruments. As a result, aircraft have really not been 

fully evaluated as oceanographic observation platforms by the oceanographic com¬ 
munity. 

The primary advantage of aircraft is the long-range coverage in a short period 

of time; something that no oceanographic vessel can do and something that is vital in 

synoptic studies of oceans over large areas. The principal disadvantage is their high 

support and operating costs. 

In 1964 the National Aeronautics and pace Administration (NASA) asked Woods 

Hole Oceanographic Institution to look into the possibilities of using earth orbiting 

spacecraft at remote sensor platforms for oceanographic studies. The result was the 

establishment of the Spacecraft Oceanography Project (SPOC) under the U.S. Naval 

Oceanographic Office (NAVOCEANO) in 1965. In the Spring of 1966 Texas A&M 
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University established its Space Oceanography Project under the Department of 

Oceanography. The project is now in its second year and is funded by NASA with 

management by NAVOCEANO. 

The objective of the A&M SPOC Program is to define what sensors can best 

measure oceanographic features from a remote platform. Initially the remote plat¬ 

forms have been 2 specially instrumented NASA aircraft but by late 1969 the first 

orbital mission will take remote sensors to space altitudes for oceanographic obser¬ 

vations. 

The Mississippi River system is the second largest in the world and it provides 

an ideal “laboratory” for remote sensing that is geographically close to NASA, 

Manned Spacecraft Center, Houston, and to Texas A&M! University. The local 

gradients of temperature, salinity, sediment transport and coloration are very sharp 

in the Delta region and thus provide relatively good signals for the various remote 

sensors. The basic philosophy being that if a sensor can’t see these strong energy 

emissions here then there is not much hope for that instrument in its present form. 

Since July, 1966, 7 flight missions have been conducted at altitudes of 1500-50,000 

feet over the Delta with NASA aircraft. Only one of the missions was supported by 

“ground truth” in the form of a research vessel in the area of interest. The aircraft 

were equipped with multi-spectral sensors; that is, sensors which look at the ocean 

surface in several different energy bands of the electromagnetic spectrum. Spe¬ 

cifically, the following bands have been used: 

1) Ultraviolet, with a UV imager (3900-4900A0). 

2) Visual, with cameras utilizing various film emulsions. 

3) Near infrared, using cameras with infrared color film. 

4) Infrared (8-14 micron, with an IR imager and an IR thermometer. 

5) Microwave radiometry, using a 2-band radiometer in the channels: 9.2, 12.9, 

22.2 and 9.2 GHz. 

The flight missions have shown that useful data can be obtained by remote sensors 

and that the multi-sensor approach is sound in developing comparative measure¬ 

ments of significant sea surface phenomena. Such phenomena as surface current 

circulation, frontal zones between river and Gulf waters, internal wave structures, 

and thermal contours of the sea surface have been observed though not yet precisely 

correlated with surface ship observations. The major limitation in the program at 

this time is lack of ground truth data. The only valid and certain means of correla¬ 

tion of sensor data with actual sea conditions is through simultaneous “classical” 

oceanographic measurements at “zero altitude” by a research vessel. This problem 

has been identified and is under serious study by NASA and NAVOCEANO man¬ 

agement. 

THE COTTRELL VISCOUS ADHESION CELL, A MICRO-RHEOLOGICAL 

MODEL FOR CLAYS. Raymond C. Wilson, Jr., Texas A&M University, College 

Station. 

Dense clay suspensions exhibit a strong cohesion relative to their shear strength. 

At present, this cohesion is explained by bonding the clay particles by a balance 

of electrostatic repulsation and van der Waals attraction. For such bonds to be strong 

enough to account for the cohesion, they must be much too strong to account for the 

low shear strength. Further, these bonding theories suffer from basic misunder¬ 

standing of electrostatic and van der Waals forces. The use of the Cottrell viscous 

adhesion cell as a micro-rheological model for clays constittues a radical departure 

from present clay-mechanics theories: The Cottrell cell consists of closely spaced, 
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thin, parallel, rigid, circular paltes surrounded and separated by incompressible, 

viscous fluid. This system can withstand finite tensions for finite times and thus 

possesses a cohesion, even without any other type of bonding. Further, the shear 

strength of the system is very low relative to its cohesion. Electron micrographs of 

illite, kaolinite, and some montmorillonite reveal microscopic domains of thin 

stacked plates, suggesting at least a geometric similarity between the Cottrell cell 

and these clays. If the model is valid, the Cottrell viscous adhesion cell can be used 

to predict compaction times, viscosities, and other bulk properties as functions of the 

suspension concentration and microscopic geometries of the clay particles. 

Section IV—Biological Sciences 

ULTRASTRUCTURAL ALTERATIONS WITH AGE IN THE EPITHELIUM 

OF THE SEMINAL VESICLE OF THE RAT. Venita F. Allison, Southern 

Methodist University, Dallas, Texas. 

A preliminary study of the ultrastructure of the seminal vesicle epithelial cells 

of Holtzman rats weighing between 400 and 600 gm. has revealed certain altera¬ 

tions attributed to ageing. Regions that are interpreted as anomalous endoplasmic 

reticulum are often seen. Several types of dense bodies which are larger in mass and 

number than those seen in normal epithelial cells are also present. Certain dense 

bodies are believed to represent the so-called “fatty-like” pigment of this organ. In 

specific regions of the cytoplasm, myelin figures are numerous. The Golgi zone, al¬ 

though large and obvious, is modified. Mitochondra are abundant; some few rather 

bizarre configurations of this organelle have also been observed. Although secretion 

granules are present, they are reduced in number as compared to the condition ob¬ 

served in active epithelial cells from the seminal vesicle of younger mature rats. 

Microvilli are present on the free cell surface; the basal lamina is intact; and, lateral 

cell attachments have been observed. Descriptive comparisons of changes observed 

with ageing to changes occurring following castration are offered. 

AN ELECTRON MICROSCOPIC STUDY OF THE HYPODERMIS OF THE 

CRAYFISH, PROCAMBARUS. Venita F. Allison, Phillip R. Craven, Jr. and 

E. A. Ashby, Southern Methodist University and University of Texas South¬ 

western Medical School, Dallas, Texas. 

Experimental evidence has shown that the normal form and funrtiou of the hypo- 

dermis of the crayfish varies with molting. It is also known that ablation of the eye- 

stalks, which results in the removal of the Molt Inhibiting Hormone, wil lbring about 

molting. The hypodermis of the crayfish, Procambarus, has been studied in the 

normal intermolt condition and at various time periods following ablation of the 

eye-stalks. Certain changes observed in the ultrastructure of the cells of the hypo¬ 

dermis are attributed to their involvement in the events that occur prior to molting. 

The hypodermal cell layer extends from just beneath the multilayered cuticle to 

a “basement membrane.” The outline of the normal cell is highly irregular. Some 

nuclei lie close to the cuticle; others are near the basal area. Much individual varia¬ 

tion can be observed among the cells. Most of the normal cells contain rough¬ 

surfaced endoplasmic reticulum, mitochondria with electron-dense particles, pig¬ 

ment, dispersed Golgi profiles and other dense inclusions uncharacterized at this 
time. 

Following ablation of the eye-stalks the endoplasmic reticulum becomes very 

abundant with material stored in large aggregates inside distended cisternae. Large 

obvious Golgi profiles are seen. The visual impression recieved is that mitochondria 
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are more abundant. Long, fiinger-like processes extending for some distance into the 

cuticle from the apical cell surface of certain cells may facilitate the processes by 

which events of resorption of the old and deposition of the new exoskeleton occur. 

High-resolution electron micrographs are offered which characterize nuclear fine- 

structure, especially chromatin and nuclear pores. A close look at the endoplasmic 

reticulum and the Golgi zones shows sub-structural organization not obvious at 

lower magnifications. 

A cell type which differs greatly from those typically observed within the hypo- 

dermis is also described, for it is apparently involved in the secretion of the new 

exoskeleton. 

MYOCARDIAL MODIFICATIONS IN PEROMYSCUS LEUCOPUS INDUCED 

BY TEMPERATURE ACCLIMATION.* R. R. Eller, University of Texas at 

Arlington, Texas. 

Performance at reduced temperatures of perfused isolated hearts from Peromyscus 

leucopus, a species capable of daily torpor, was modified by subjecting the animals 

to different environmental temperatures. Acclimation for 35 days at 5° and 33°C 

produced differences in heart mass (202.70 ± 10.77 mg and 109.10 ± 10.53 mg; 

mean ± SE) as well as temperatures at which spontaneous contractions ceased 

(4.2 ± 0.2°C and 7.1 ± 0.4°C). A 22 day acclimation did not produce a difference 

in ventricular “cut-out” even though a significant difference in heart mass developed. 

The magnitude of the action potential (a.p.) increased down to 20°C for the 33°C 

hearts and 10°C for the 5°C hearts before beginning to decline as the temperature 

was lowered. A 200 mg tension applied to the heart caused the peak value of the 

a.p. to occur at higher temperatures as well as revealed differences in changes of 

contractile force at lower temperatures. Hearts from 5°C animals were capable of 

maintaining a contractile force of approximately 60% of the maximum down to 

7°C whereas 33°C hearts showed an equivalent force between 11.0— 11.5°C. 

* Supported by USPHS Grant 7-F1-GM23, 281-01A2 and USPHS Research 

Grant 11368-03, the latter to Jack W. Hutson at Rice University. 

EFFECTS OF TEMPERATURE AND UV IRRADIATION ON B-GALACTO- 

SIDASE INDUCTION IN ESCHERICHIA COLI. K. A. Fry and Mary P. Fry, 

Texas Woman’s University, Denton, Texas. 

Preliminary studies have been undertaken on the effects of temperature on in¬ 

duced B-galactose production in Escherichia coli after exposure to U.V. irradiation. 

E. coli cells harvested during the log and stationary phases were centrifuged and 

washed in medium lacking an energy source. The cells were diluted in this incom¬ 

plete medium and subjected to irradiation. Aliquots and controls were removed and 

shaken at 27°C, 37°C, or 15°C for thirty minutes. All samples were brought to 37°C 

and an energy source and inducer were added. B-galactosidase induction was as¬ 

sayed colorimetrically after 75 minutes incubation. 

It was found that there was a drop in ability to produce B-galactosidase in ir¬ 

radiated cells kept at 15°C compared with those kept at 37°C, but not of those kept 

at 27 °C. Further studies are underway to determine the molecular basis of this 

difference in activity. 

EFFECTS OF ATMOSPHERIC HYDROGEN FLUORIDE UPON PHYSIOLOGI¬ 

CAL PARAMETERS OF DROSOPHILA MELANOGASTER. R. A. Gerdes, 

J. D. Smith and H. G. Applegate, Texas Woman’s University, Denton, Texas 

and Texas A&M University, College Station, Texas. 
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Two strains, oregon-r and yw, of Drosophila melanogaster, were used to determine 

the effects of various levels of atmospheric hydrogen fluoride. The physiological 

parameters measured were fecundity, egg hatchibility and adult fertility. All pa¬ 

rameters showed significant strain and level differences. However, the greatest effect 

is treatment duration. 

EVIDENCE FROM “LIVING TAGS” THAT FISH GO EIGHT HUNDRED 

MILES UP ATCHAFALAYA-RED RIVER TO DENISON DAM. Sewell H. 

Hopkins, Texas A&M University, College Station, Texas. 

The spiny skins of a number of Kinorhyncha (marine free-living worms) were 

found embedded in the pyloric caeca of a threadfin shad, Dorosoma (Signalosa) 

petenense, caught in June 1956 immediately below Denison Dam. In the air bladder 

of another threadfin caught at the same time and place was found a juvenile trema- 

tode of the family Hemiuridae, otherwise known only from marine and estuarine 

fish. In an alligator gar, Lepisosteus spatula, caught just below the dam in 1958, and 

in a long-nosed gar, L. osseus, caught just below the dam in 1961, were found mature 

trematodes, Rhipidocotyle lepisostei, which are otherwise known only from estuarine 

waters and are believed to have a life cycle involving oysters and mullets. Further¬ 

more, adult striped mullets, Mugil cephalus, have been reported by Riggs from the 

same location, immediately below Denison Dam. 

It is concluded, therefore, that individual fish of several species may and probably 

do travel upstream from Louisiana marine and estuarine waters, through the Atcha- 

falaya River to Red River, and up Red River to Denison Dam, which is 806 miles 

from the Gulf of Mexico by river. In the case of Mugil cephalus the individual fish 

must have come from the Gulf itself, since this species reproduces only in water of 

oceanic or nearly oceanic salinity. Movement of fish from salt or brackish water into 

and up the Red River may be facilitated by the fact that Red River has a high salt 

(0.7 — 0.9 ppt) and calcium content (as compared with most “fresh” water), and 

a slow current (0.7 fps) during low-water periods. 

THE STRUCTURE OF AVIAN EGGSHELL AS REVEALED BY ELECTRON 

MICROSCOPY AND X-RAY DIFFRACTION.* J. R. Howes, Texas A&M 

University, College Station, Texas. 

A study of the ultra-structure of egg sheels by x-ray diffraction, and electron- 

microscopy confirmed that the calcium carbonate present in the shells of several 

avian species occurred as calcite. Diffraction patterns of egg shells were found to ex¬ 

hibit three predominant features—asterism, discontinuous Debye-Scherrer rings, and 

a clear orientation effect. Asterism was often found to be associated with breaks in 

the Debye-Scherrer rings, and a clear orientation effect. Asterism was often found 

to be associated with breaks in the Debye-Scherrer rings and its incidence was corre¬ 

lated with crystal size. These conclusions were corroborated by electro-microscopy 

of suface replicas. 

X-ray patterns of egg shells of several domesticated birds and some species of 

turtle and tortoise were studied using standard conditions. Shell from various parts 

of the same egg, and shells that had been ground to equal thcikness were also in¬ 

vestigated. A comparison of the occurrence of asterism and of Debye-Scherrer rings 

indicated large differences in crystal size between comparative parts of the shell of 

different species, and various parts of the same shell. Electron-microscopy confirmed 

* Partially supported by funds from the American Poultry and Hatchery Fed¬ 

eration. 



296 THE TEXAS JOURNAL OF SCIENCE 

the distinct orientation of crystals in the body of the egg shell but indicated that the 

crystals in the mammilla layer were randomly oriented. 

LOCALIZATION OF RADIATION DAMAGE IN INDIVIDUAL SEMINIFER¬ 

OUS TURULES OF RATS.* Bettye Hall and E. W. Hupp, Texas Woman’s 

University, Denton. 

Control and irradiated Sprague-Dawley rates were used. The irradiated rates were 

of 2 groups: one group given 150 rad of gamma irradiation from cobalt-60 on the 

first day of post-natal life and the second group given 150 rad of X-irradiation on the 

seventeenth day of prenatal life. These rates were killed at 100 to 265 days of age 

and their testes removed. One of the testes was skinned and bechanically kneaded. 

Then individual seminiferous tubules were microdissected and fragments over 10 

mm. in length were prepared by the paraffin method and serially sectioned at 5 

microns. Ten tubules from 5 different control testes and 22 tubules from 9 different 

irradiated testes were analyzed for the degree of spermatogenic activity. The results 

indicate that the majority of the tubules are either entirely active or entirely in¬ 

active. A few of the active tubules exhibited local irradiation damage yielding short, 

probably regenerating inactive segments of tissue sandwiched between 2 active seg¬ 

ments. 

* Financed in part by USPHS grant HD 02237. 

FLUORESCENCE MICROSCOPIC STUDIES OF THE ADRENAL MEDULLA. 

Fran Morriss and Vick Williams, The University of Texas Southwestern Medi¬ 

cal School at Dallas. 

In the presence of gaseous formaldehyde, catecholamines in freeze-dried tissue 

form products which fluoresce characteristically when exposed to ultraviolet light. 

Epinephrine and neopinephrine fluoresce yellow-green, serotonin more yellow. 

Furthermore, epinephrine requires longer formaldehyde exposure to form such 

product, so that it is possible to react only norepinephrine. 

Adrenal medullae of rats, mice, and Syrian hamsters were freeze-dried, exposed 

to formaldehyde vapor under controlled conditions of temperature and humidity 

according to the method of Falck and Hillarp, and examined in the fluorescence 

microscope. In these preparations, islets of cells possessing an orange-brown fluores¬ 

cence were found scattered among the yellow-green fluorescing cells ordinarily 

described. In Syrian hamsters, in which norepinephrine-producing cells occupy the 

medullary border, the “orange-brown” cells were also peripheral. The color is not 

one expected for formaldehyde-treated catecholamines, nor did it match that of 

known solutions of norepinephrine or serotonin in protein reacted under conditions 

comparable to those used in preparing the adrenals. 

Ultraviolet examination of freeze-dried, untreated tissue revealed no medullary 

fluorescence. Cortical lipofuschin autofluoresces golden yellow. No difference in 

fluorescence pattern or color was discernable after prolonged exposure to formalde¬ 

hyde gas. 

Histochemical studies of adrenal medulla included: (1) ferric ferricyanide stain¬ 

ing for reducing substances; (2) the chromaffin reaction for catecholamines; (3) 

KIOs fixation, specific for norepinephrine; and (4) glutaraldehyde fixation followed 

by Os04. Sections of medulla prepared with ferric ferricyanide or K2Cr507 stained 

positively, and no unstained cells were recognizable. While the KIOs and glutaralde- 

hyde-0s04 methods are apparently specific for norepinephrine, direct comparison 
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of these preparations and the fluorescent material was difficult. The impression 

gained from such a comparison is that the patterns do exactly correspond. 

The significance of the orange-brown fluorescence at present remains unknown. 

The possible sources seem to include intermediates of catecholamine metabolism or 

other medullary products, as yet uncharacterized by fluorescence techniques. 

THE EVOLUTION OF A KARYOTYPE DURING MURINE LEUKEMOGENE- 

SIS. John J. Session, Texas Southern University, Houston. 

The effects of syngeneic tissue grafts on changes in the cell population in thymus 

and on the incidence of keukemia were studied in C57B1 mice exposed to repeated 

sublethal doses of X-rays (6 X 200 rads), and also in C57B1 mice treated with 7; 12- 

Dimethylbenz (2) anthracene (DMBA) at birth. Both X-rays and DMBA injec¬ 

tions caused the formation of karyotypically abnormal cells which proliferated and 

form clones in the preleukemic thymus. The leukemias induced by X-rays or DMBA 

were of thymic origin and were usually characterized by cells with abnormal karo- 

types. Syngeneic bone marrow or spleen graft, but not thymus grafts, prevented 

the development of leukemias and also prevented the proliferation of karyotypically 

abnormal cells in the preleukemic thymus. 

Teh hypothesis that syngeneic bone marrow cells prevent the development of leu¬ 

kemia by recolonizing the host thymus was tested by injecting syngeneic male bone 

marrow cells into irradiated females. Karyological studies of cells from the thymuses 

of the irradiated female mice revealed only cells with male karotypes proliferating 

in over 90% of these mice when examined 70 days after the last X-ray dose. 

The fact that bone marrow or spleen grafts not only prevent the development of 

leukemia, but also inhibit the proliferation of cells with abnormal karyotypes, 

strongly suggest that abnormal chromosome patterns are one of the factors involved 

in the transformations of normal cells into leukemic ones. 

POSTNATAL OSSIFICATION IN THE FELINE APPENDICULAR SKELE¬ 

TON. R. F. Sis, W. C. Banks, and Donald C. Copeland, Texas A&.M University, 

College Station. 

It is important that the normal appearance of ossification centers and time of 

epiphyseal fusion be determined so that departure from normal can be recognized. 

Radiography presented the opportunity to examine the feline skeleton and begin to 

establish radiographic standards of skeletal development of the cat. Radiographic 

studies of skeletal maturation consist essentially of determining the rate and the 

time of appearance of secondary ossification centers and the age at which closure of 

the epiphyses occurs. The purpose of this study is to obtain information on the ap¬ 

pearance of ossification centers and the time of epiphyseal closures in the domestic 

cat. 

The objective determination of age has economic importance and is important in 

biological investigations. Data concerning the normal age changes of a bone over a 

period of time is needed by veterinary clinicians and by investigators working with 

cats as experimental animals. 

In this investigation the skeletal development is studied longitudinally within the 

same cats. Ten domestic shorthair kittens from 4 litters are examined radiographi¬ 

cally. Radiographs are made at one day of age and continued at weekly intervals. 

The cats will be radiographed once each week until they reach the age of 6 months, 

then once every 2 weeks until the end of the survey. 

The mediolateral view of the left forelimb and the left hindlimb are obtained by 

positioning the kitten on its left side. An anteroposterior view of the front feet and 
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the hind feet is obtained on another x-ray film. The ventrodorsal view of the pelvis 

is obtained by placing the cat in dorsal recumbency. The kittens are given a general 

anesthetic prior to positioning. An interpretation of the x-ray picture is recorded 

after the film has been processed. 

We are looking at 39 ossification centers in the thoracic limb and 40 ossification 

centers in the pelvic limb and pelvis. The progress of 39 epiphyseal closures are 

under observation. 

An example of the observations made thus far are those of 3 bones, the humerus, 

radius and ulna of 2 oats in the study. The proximal epiphyses of the humerus is 

the first ossification center to appear after birth. It appears at one week of age in 

both the male and female. It is interesting to note that beyond this age each addi¬ 

tional center appears approximately one week earlier in the female than in the 

male. The secondary ossification centers have appeared in the following order: 

Age (days) 

Female Male 

1. Proximal epiphysis of humerus 6 7 

2. Lateral condyle of humerus 15 22 

3. Distal epiphysis of radius 17 23 

4. Distal epiphysis of ulna 23 29 

5. Proximal epiphysis of radius 23 31 

6. Proximal epiphysis of ulna 30 36 

7. Medial condyle of humerus 30 38 

The distal epiphyses of the humerus have united at 5 months of age. Although 

it is also the first epiphysis to close in the dog, it is 2 to 3 months earlier than that 

reported in the dog. The fusion of the proximal epiphysis to the diaphysis, was com¬ 

plete at 6 months in the female and at 7 months in the male. 

The proximal epiphysis of the ulna has united at 8 months of age in the female. 

The proximal epiphysis of the humerus and the distal epiphysis of the radius and 

ulna have started to unite at this age in the female. These 4 epiphyses have not 

begun to unite at 8 months in the male. 

This research project will continue until all epiphyses under observation have 

united. We hope to find that the ossification centers appear and the epiphyses close 

in a definite pattern. In addition to observing the appearance of ossification centers 

and closure of epiphyses, we will observe 1) sex differences, 2) differences among 

the same sex in the same litter and 3) correlation of body weight to skeletal growth. 

THE EFFECT OF HIPPURIC ACID ON PLANT GROWTH. Lucille H. Tunstall 

and Duncan C. Grant, Bishop College, Dallas. 

Oat coleoptiles grown in solutions of hippuric acid in a range of 10-6M to 10-1M 

showed a 2% growth increase at 48 hours in the 10~5M and 10~4M dilutions; 

whereas, controls grown in water demonstrated a 10% growth increase. Growth 

curves do not show inhibition at low concentrations. With the standard amounts of 

indoleacetic acid used to promote growth, the hippuric acid had a synergistic effect 

in ranges of 10-9M to 10-7M, and enhanced the growth rate. 
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SPORE PRODUCTION IN A NEW SPECIES OF LABYR1NTHOMYXA PARA¬ 

SITIC IN MACOMA BALTH1CA FROM VIRGINIA CHESAPEAKE. George 

A. Valiulis, Texas A&M University, College Station. 

Ry isolation of enlarged cells (hypnospores) of an undescribed species of Labyrin- 

thomyxa found in the clam Macoma balthica and placement of these cells in arti¬ 

ficial sea water, sporangial and biflagellated zoospore stages were induced. This 

particular species of Labyrinthomyxa was chosen for study because it had been 

noted by Mackin in 1962 (Publ. Inst. Mar. Sci. Univ. Texas, 7:132-229) that the 

cells enlarged naturally in decaying host tissue and a certain amount of cytoplasmic 

cleavage occurred. 

Although Perkins in 1966 (Proc. Nat. Shelif. Assoc., 56:23-31) had earlier in¬ 

duced similar sporangial and zoospore stanges in Labyrinthomyxa marina from 

oysters, he had to first expose the parasite cells to Fluid Thioglycollate Medium as 

outlined by Ray in 1952 (Science 116:360-361) in order to get the initial cell en¬ 

largement. There were still some misgivings as to whether these stages, as obtained 

by Perkins, could be considered as natural occurrences because Fluid Thioglycollate 

Medium is not a natural environment for this parasite. It may have been inferred 

that this sporangial and zoospore formation could have been due to this unnatural 

environment. 

In the present study Fluid Thioglycollate Medium was not used because the cells 

enlarged naturally. Isolation of these enlarged cells from the host tissue was ac¬ 

complished in 2 ways. The first method was essentially the same as was used by 

Perkins in that trypsin was used to digest away the host tissue followed by a series 

of filtrations and centrifugations. The second method consisted of freeing the cells 

by breaking up the host tissue in a Waring blender and followed by a similar series 

of filtrations and centrifugations. Once isolated, the enlarged cells were placed in 

artificial sea water with added antibiotics and kept in petri plates. 

In using the trypsin method of isolation many replications were made and 

sporangia and zoospores were regularly and abundantly obtained. Although these 

stages were slightly different from those described by Perkins for Labyrinthomyxa 

marina, they were basically the same in their formation and morphology. 

Using the Waring blender method of isolation 3 replications were made but only 

2 sporangia with zoospores were seen. These seemed identical to the ones that were 

obtained using the tryspin isolation method. Of the other cells some showed some 

sporangial development but were different in their size and method of cleavage 

and a great majority seemed to simply degenerate. 

It is therefore concluded from these results that sporangial and zoospore forma¬ 

tion in this particular species of Labyrinthomyxa does occur without introducing 

elements not present in the natural habitat and that production of such stages can 

probably be considered a naturally occurring phenomenon. The fact that sporangial 

and zoospore formation occurs readily when the tryspin isolation method is used but 

only rarely when the Waring blender method is used may also be significant. How¬ 

ever, a more thorough study into this aspect would have to be done before more 

definite conclusions could be reached. 

WEST SLOPE ARROYO VEGETATION OF THE FRANKLIN MOUNTAINS, 

EL PASO, TEXAS. John S. Williams, University of Texas at El Paso, El Paso. 

Measurements were taken of vegetation in 62 arroyos located on stepped geo- 

morphic surface remnants of the Rio Grande River. One hundred quadrats of 60 m2 

each were used to estimate frequency, crown coverage, and density. Arroyo vegeta- 
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tion was evaluated from quadrates perpendicular to and across the water channels. 

Importance values (the sum of relative frequency, relative coverage, and relative 

density) were used to express species dominance in arrovos. Of the 85 species con¬ 

cerned in the study, importance values were sufficiently high for discussion on only 

13 desert dominants. In descending order of relative preponderance these were as 

follows: Larrea divaricata, Krameria parvifolia, Coldenia canescens, Fouquieria 

splendens, Rhus microphylla, Nama demissum. Yucca torreyi, Muhlenbergia por- 

teri, Ephedra trifurca, Dalea formosa, Parthenium incanum, Acacia constricta, 

Prosopis juliflora. These data were analyzed by CDC 3100 and 660. 

Section VI—Environmental Sciences 

IS A PILE OF TIGER SALAMANDERS A SUPERORGANISM? Frederick R. 

Gehlbach, James R. Kimmel, and William A. Weems, Baylor University, Waco. 

Recently transformed tiger salamanders (Ambystoma tigrinum) from the Grand 

Canyon region, Arizona, sometimes occurred in aggregations under ground surface 

cover. When desiccated in the laboratory, aggregations of 2, 3, 4, 5, and 7 sala¬ 

manders lost signifiantly less body water than single individuals. No significant 

differences obtained among the different sized aggregations, however. All tiger 

salamanders rehydrated individually, so disaggregation was immediate upon the 

initiation of rehydrating conditions. 

THE EFFECTS OF HIG TEMPERATURES AND HUMIDITIES UPON AVIAN 

APPETITE AND NUTRITIONAL REQUIREMENTS. J. R. Howes, Texas 

A&M University, College Station. 

In the last decade research into the interrelations between nutrition and environ¬ 

ment have been intensified. Specific data are still limited, possibly because of ex¬ 

pense and complexity. Each individual, breed, and species probably responds dif¬ 

ferently to the complexities of environmental factors. 

Physical environmental factors include temperature, humidity, ventilation, il¬ 

lumination, atmospheric pressure, and such subtle factors as cosmic radiation, in¬ 

visible radiant energy, electromagnetic forces, and gravity. The interrelationships 

between these factors are probably as important in nutrition as the prime factors 

themselves. 

Artificial environmental factors must also be considered and these include atmos¬ 

pheric and water pollution, noise, motion, and ionizing radiations. In addition, 

psychological environmental factors must be considered and these include popu¬ 

lation density, previous knowledge of the effects of any particular environmental 

stress, and behavioral attitudes. 

Some environmental factors affect the nutritional requirements of animals indi¬ 

rectly. For instance, a high incidence of atmospheric ammonia will reduce appetite 

in birds. This possibility may occur in under-ventilated poultry houses. During 

darkness there is a greater need for vitamin A to maintain good vision. Photosensi¬ 

tivity may develop in ruminants grazing certain forages during intense illumina¬ 

tion. 

High temperatures have more effect upon animal nutrition than low temperatures 

or high or low humidities. High humidities tend to aggravate conditions of tempera¬ 

ture extremes. The known ways in which temperature affects nutrition in animals 

including man are summarized as follows: 

(1) Reduction of appetite at high temperatures. Need, therefore, to improve 

dietary quality in hot weather to ensure adequacy of nutrient intake. 
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(2) Reduction of energy intake during hot weather. Possible association of greater 

incidence of fatty liver syndrome during hot weather. 

(3) Alteration of metabolism at high temperatures. Increased needs for thiamin, 

choline, vitamin K, ascorbic acid, calcium, iron, sodium, potassium, and 

water. Lower riboflavin requirement. Greater sensitivity to development of 

rickets at high temperatures. 

(4) Beneficial nature of some orally consumed drugs at high temperatures— 

tranquilizers, reserpine, etc. 

(5) Reduced protein requirement in mammals at high temperatures; heat of spe¬ 

cific dynamic action. Increased dietary protein quality needed for birds to 

counterbalance loss of appetite irrespective of heat of S.D.A. 

(6) Greater energy intakes, particularly carbohydrates required at low tempera¬ 

tures. Decreased water demand and shorter interval needed between food 

intakes. 

THE EFFECT OF A SPECIFIC ENVIRONMENT ON SELECTION RESPONSE 

IN CALLUS DOMESTICUS. W. F. Krueger, M. H. Mahmound and J. H. 

Quisenberry, Texas A&M University, College tation. 

Full sibs from 182 sire-dam New Hampshire matings were sexed at one-day of 

age and half of each sex placed on an 18% or a 24% protein starter ration. The ra¬ 

tions were isocaloric and similar in vitamin and mineral fortification. When 8 weeks 

of age, all birds were weighed. Ten males and approximately 20% of the females 

from each ration group were selected on the basis of 8-week weight and mated inter 

se to reproduce the second generation. Progeny from matings of these selected 

parents were placed on both rations. This permitted a comparison of progeny grown 

on 18% and 24% protein rations, but produced by parents selected under an 18% 

ration, and similarily from parents selected under the 24% ration. Repeat matnigs 

were used as genetic controls. 

Estimates of heritability of 8-week body weight from progeny grown on 18% and 

on 24% protein were very comparable. In generation one heritabilities were .19, 

.81 and .50 based on the paternal half-sib, maternal half-sib and full-sib correlations 

respectively for progenies reared on 18% protein. Progeny grown on 24% protein 

had heritabilities of .19, .66 and .42 for 8-week body weight. 

Highly significant differences in 8-week weights resulted from feeding the 2 

rations. Selection of breeders grown on low protein resulted in 177 gms. and 83 gms. 

improvement in growth of progeny grown on the 24% and 18% protein rations 

respectively. Selection of breeders grown on the high protein ration resulted in 99 

gms. and 1 gm. improvement in growth of progeny grown on 24% and 18% pro¬ 

tein rations respectively. 

SEASONAL ASPECTS OF PARASITISM RELATED TO HOST DENSITY IN 

SELECTED RODENTS (BAIOMYS, S1GMODON, PEROGNATHUS). Jo 

Ann meadows, Baylor University, Waco. 

A study of 3 rodents and their parasites reveals the presence of 3 communities: 

Host, ectoparasite, and endoparasite. The ectoparasite and endoparasite communities 

are seemingly independent of each other, but seasonably dependent upon the density 

of the host. The ectoparasite community increases in density with the increase in 

host population density which appears seasonal. The endoparasite community, how¬ 

ever, seems to be dependent upon the seasonal age class distribution of the host. 

When the adults are more abundant, a concomitant endoparasite increase occurs. 

When the juveniles are dominant, the ectoparasties decrease. 
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STATISTICAL ASPECTS OF MAJOR AIR POLLUTANTS. H. Nugent Myrick 

and Jacoby A. Seller, University of Houston, Houston. 

An urban air pollution control planning program has many ramifications asso¬ 

ciated with it. The important parts of the program are the following: 

1) Establishment of goals for air quality 

2) An ambient air survey network to establish the quality of the air environment 

and trends in this quality 

3) A source inventory to determine the quantity of material entering the atmos¬ 

phere 

4) An enforcement program to -achieve the goals. 

Also important in an urban program are investigations into the effect of air pol¬ 

lutants on human health, biological growth, and visibility. 

The data presented (which is mostly from Los Angeles and San Francisco) shows 

the effect of legislation and applications of new technology upon trends in major air 

pollutants. Particular emphasis was placed on the Importance of the automobile in 

air pollution. The effect of control of the automobile and stationary sources can be 

seen where enforcement is strict and new technology is utilized. 

MOVEMENTS AND POPULATION SIZE OF A CENTRAL TEXAS CARABID 

BEETLE (PASIMACHUS). David H. Nelson, Baylor University, Waco. 

Pitfall trapping was employed In a 9-month mark-recapture study of a Central 

Texas ground beetle, Pasimachus punctulatus. Movements were studied in a grid 

of 64 traps covering 1,225 square feet of mixed-grass prairie. Captures were found 

to be indepedent of topography or trap position. 

Adults were most abundant during September when mating was observed and 

the range of daily movement averaged 10.2 feet. Recapture frequency in some 

adults indicated the presence of an activity range greater than the area of the grid. 

A population estimate during peak activity indicated one beetle per 4.3 square feet. 
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Reactions of the American Eel to Dissolved 
Oxygen Tensions1 

by LOREN G. HILL 

University of Oklahoma Biological Station, and 

Department of Zoology, University of Oklahoma, 

Norman 73069 

ABSTRACT 

Reactions of the American eel, Anguilla rostrata (LeSueur), to dis¬ 

solved oxygen tensions were tested. The eel consistently selects high 

over low oxygenated water. The tolerance point for oxygen selection 

appears to be near 2.5 mg/1 at 21C. Hyperbranchial ventilation and 

random agitated swimming are characteristic behavior patterns of the 

eel in poorly oxygenated water. This behavior presumably is attri¬ 

buted to the fish sensing the unfavorable nature of the water and 

searching for a more desirable area. As the fish penetrates a high- 

oxygen zone, rest and recovery form its behavior pattern. The ap¬ 

parent selection of highly oxygenated water may primarily be infl- 

enced by the sudden removal of the stimulus to swim. 

INTRODUCTION 

Most fishes are adapted for aquatic respiration only. Some, how¬ 

ever, have acquired accessory organs for breathing atmospheric oxy¬ 

gen. Adaptational structures for the utilization of atmospheric oxygen 

in fishes include the development of a respiratory epithelium in the 

pharynx, highly vascular absorbent organs of supra-branchial cham¬ 

bers, modification of the swim bladder, and the use of the skin as a 

respiratory organ. The last is present in the American eel, Anguilla 

rostrata (LeSueur), which, at low temperatures, can obtain sufficient 

oxygen by cutaneous respiration alone (Jones, 1964). 

This study presents information on the selection and sensitivity of 

the eel to dissolved oxygen tensions and provides data for future re¬ 

search. 

1 This research was supported, in part, by a grant from the Faculty Research 

Fund, University of Oklahoma. 

The Texas Journal of Science, Vol. XX, No. 4, April, 1969. 
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MATERIALS AND METHODS 

Specimens of A. rostrata were collected from the Red River, Mar¬ 

shall County, Oklahoma. They were brought to the laboratory and 

were held in 50 gallon aquaria containing water from Lake Texoma, 

an impoundment formed by Denison Dam on the Red River. Water 

temperatures were maintained at 21 ± 1°C and all tanks were con¬ 

tinuously aerated. Pieces of cut-fish were fed daily. 

To test the reactions of eels to dissolved oxygen tensions, a pre¬ 

ference chamber (Fig. 1), which presents a moving fish with a sharp 

gradient of known dissolved oxygen concentrations, was used. 

Experiments were conducted in the following manner. Two water 

Fig. 1. Apparatus for studying the reaction of the eel to dissolved oxygen tensions, and 

diagramatic representation of the behavior of the eel within the chamber. Time is recorded 

in minutes on the ordinate and figures at the arrows indicate the oxygen concentrations; 

thus the experiment was begun with water containing 11.92 mg/I flowing through both 

halves of the tube; water contianing 1.96 mg/I was run in on the left side at 2 min. 
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supplies were prepared from the same source, their temperature ad¬ 

justed, and the oxygen concentration measured with a galvanic probe 

oxygen cell analyzer. Critical oxygen values were prepared and main¬ 

tained by use of a vacuum-degassing system patterned after Mount 

(1964) with modifications (Fig. 2). Fish were placed within the re¬ 

action tube and this was filled with water from 2 aspirators. Separa¬ 

tion of the 2 water supplies within the chamber was checked visually 

by injecting a red dye into one aspirator. The demarcation between 

the red and clear water within the chamber remained sharp. The gra¬ 

dient was also checked chemically by removing water samples from 

the center of the chamber. The oxygen concentration in each half of 

the chamber varied from its source by approximately 0.001 mg/1. 

Time required to establish a sharp gradient between oxygen concen¬ 

trations within the chamber was 9 ± .6 seconds. When the fish ap- 

Fig. 2. Apparatus employed to control the dissolved oxygen concentration in water 

(Mount, 1 964); this apparatus was modified with a gas inlet value. 
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peared to become accustomed to its surroundings, the experiment was 

started. All experimental animals were placed within the chamber 6 

hours prior to experimentation. The distribution and behavior of the 

fish were recorded on a chart. Vertical lines represent the fish as mo¬ 

tionless corresponding to the position of the fish in the chamber, while 

horizontal lines represent movement. Accompanying minutes on the 

ordinate of the chart indicate the amount of time spent during such 

behavior. Figures at the arrows indicate the introduction of the water 

supplies. Water supplies from the 2 aspirators were interchanged 

between halves of the preference chamber during each experiment. 

Alb experimental data were collected at 21 °C. 

The chi-square test of independence was employed to test the null 

hypothesis that the distribution of the fish within the chamber was 

caused by chance occurrence. Chi-square values were obtained from 

the table presented by Fisher (1954). 

REACTIONS TO OXYGEN CONCENTRATIONS 

The reactions and behavior of the eel to oxygen concentrations of 

1.96 vs 11.92 mg/1 are presented in Figure 1. Random movement 

characterized the behavior of the fish when well-aerated water occu¬ 

pied the chamber. When poorly oxygenated water was introduced on 

one half, the fish showed no immediate recognition to it but crossed 

the zone of oxygen differentiation without hesitation. 

If the fish entered and remained in the zone of low oxygen, the 

amplitude and frequency of respiratory movements increased, with 

movement apparently being incited. This behavior occurred after ap¬ 

proximately 2 minutes in the low oxygen zone. If, while randomly 

swimming, the eel entered the zone of well-aerated water, the stimulus 

to swim was apparently removed. This behavior occurred suddenly 

so that the eel penetrated into the zone of well-aerated water for only 

a short distance before becoming motionless, while respiratory move¬ 

ments equilibrated. Although the eel entered the zone of poorly oxy¬ 

genated water, it consistently selected the high-oxygen zone, 11.92 

mg/1. The chi-square test of independence on the time spent in high- 

oxygen (22.05) was highly significant, p > 0.01 (Table 1). 

A series of experiments were conducted to determine the oxygen 

concentration which appeared not to interfere with the behavior of 

the eel, hereafter referred to as the tolerance point for oxygen selec¬ 

tion. Results of these experiments are summarized in Figure 3 and 

Table 1. When the oxygen concentrations tested are 2.97 vs 0.44 mg/1 

the results are very uniform; hyperbranchial ventilation, agitated ran- 
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Table 1 

Tabulation of time spent in high and low oxygen and statistical test of the time dif¬ 

ferences for A. rostrata confined within the experimental chamber. 

Oxygen concentration 

Time 

High Oxygen 

in Minutes 

Low Oxygen Chi-square 

11.92 vs 1.96 mg/1 22.05 6.55 7.96 

2.97 vs 0.44 mg/1 24.30 4.30 13.98 

8.41 vs 6.32 mg/1 15.40 13.20 0.168 

13.3 vs 6.02 mg/1 13.00 16.00 0.236 

6.80 vs 4.67 17.15 11.45 0.838 

8.34 vs 4.70 13.13 15.47 0.190 

4.03 vs. 2.21 23.00 6.00 9.62 

dom swimming, and rest and recovery characterized the behavior pat¬ 

tern. Tabulation of time spent in high and low oxygen and statistical 

test of the time differences was highly significant, p > 0.01 (Table 1). 

Reactions of the eel are much more variable when oxygen concentra¬ 

tions ranging from 4.67-13.3 mg/1 are tested. Random movement 

exemplified by exploratory swimming is typical. Occasionally, how¬ 

ever, the fish remained on one half of the chamber for a short period al¬ 

though the oxygen concentrations being tested were interchanged be¬ 

tween halves of the chamber. Increased branchial irrigation was ap¬ 

parently satisfactory for supplying sufficient oxygen for its needs. The 

6th record in Fig. 3 is for oxygen concentration of 4.03 vs 2.21 mg/1. 

In this experiment, the eel exhibited a significant preference for the 

high-oxygen zone. Introduction of the poorly oxygenated water into 

the side of the chamber the fish occupied was not accompanied by 

immediate response from the fish, but increased amplitude and fre¬ 

quency of its breathing movements and agitated swimming were in¬ 

cited after approximately 30 seconds. Once entering the high-oxygen 

zone, rest and recovery formed its behavior pattern. Observations on 

the amount of time spent in high oxygen and statistical comparison 

of the time differences strongly suggest that the distribution of the 

eel within the experimental chamber was not influenced by chance 

occurrence, p > 0.01 (Table 1). These data seem to indicate that the 

tolerance point for oxygen selection in the eel is near 2.5 mg/1, with 

oxygen concentrations above this value sufficient for the fish to nor¬ 

mally satisfy its oxygen requirements at 21 °C. 

DISCUSSION 

The eel apparently has no immediate recognition of poorly oxy¬ 

genated water and will enter such a zone without hesitation. The fish 
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may occasionally exhibit an almost instaneous increase in respira¬ 

tory movements, but continues to move into the low-oxygen zone. 

Once in poorly oxygenated water dyspnoea soon develops; this being 

dependent upon the oxygen concentration. Since all experimental data 

were collected at 21 °C, the influence of temperature was not eval¬ 

uated; although, Jones (1952) demonstrated that dyspnoea developed 

in the stickleback, Gasterosteus aculeatus Linnaeus, slower during low 

temperatures than high temperatures with similar oxygen concentra¬ 

tions. Increased susceptibility of fishes to oxygen deficiency at high 

6.80 8.34 _» 4.03 

Fig. 3. The reactions of eels to dissolved oxygen tensions. Time is recorded in minutes 

on the ordinate and figures at the arrows indicate the oxygen concentrations. 
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temperatures has been demonstrated with coho salmon, Oncorhynchus 

kisutch (Walbaum) (Davison, et al., 1959); rainbow trout, Salmo 

gairdnerii Richardson; and smallmouth bass, Micropterus dolomieui 

Lacepede (Burdick, et al., 1954). The water temperature may well be 

a factor in determining the reaction time of the eel to low dissolved 

oxygen tensions. 

Hyperbranchial ventilation and random agitated swimming are 

characteristic behavior patterns of the eel in poorly oxygenated water. 

These reactions appear to be attributed to the fish sensing the unfav¬ 

orable nature of the water and searching for a more desirable area. 

This random movement may eventually bring the fish in contact with 

the high-oxygen zone. As the fish penetrates this zone, rest and re¬ 

covery form its behavior pattern. Thus the fish appears to select the 

high-oxygen zone, but as pointed out by Jones (1952), this selection 

may primarily be influenced by the sudden removal of the stimulus 

to swim. 

Dissolved oxygen concentrations above certain tensions appear not 

to interfere with the behavior of the fish. Whitmore, et al., (1960) 

demonstrated that the avoidance reaction for chinook salmon, On¬ 

corhynchus tschawytscha (Walbaum), coho salmon, O. kisutch, and 

largemouth bass, Micropterus salmoides (Lacepede) decreased with 

oxygen values above 6 mg/1 at variable river water temperatures. 

Avoidance behavior of the eel decreased with oxygen concentrations 

above 2.21 mg/1. This lower value observed for the eel may be re¬ 

lated to the ability of this fish to utilize cutaneous respiration. How¬ 

ever, the tolerance point for oxygen selection is probably not static 

for any species but is influenced by both intrinsic and extrinsic fac¬ 

tors. The handling of fish required to place them in the experimental 

chamber may be sufficient to cause the fish to consume oxygen at a 

maximum rate (Black, et al., 1939), which may only gradually sub¬ 

side (Keys, 1930; Wells, 1932; Ivlev, 1938), and thus must also be 

a factor influencing oxygen selection. In this study, the eel was placed 

in the experimental chamber 6 hours prior to experimentation, which 

may or may not have been sufficient time for this effect to subside. 

The size of the experimental chamber in relation to the size of the 

fish has also been stated as an important parameter in metabolic 

studies (Geyer and Mann, 1939); however the volume of the experi¬ 

mental chamber used in this study was 12 times greater than that 

of the fish, which is probably sufficient not to bias the data. The time 

of day that observations are recorded may also be a factor since Spoor 

(1946), demonstrated that fish often express endoginous rhythms of 

activity which effects oxygen consumption, and perhaps oxygen selec- 
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tion. Observations in this study were not confined to a specific time 

of day, but involved both day and night observations. This may well 

have been a factor influencing the tolerance point observed for the 

eel. Stabilization of the history of the experimental animal before and 

during experimentation appears to be an essential feature for metabolic 

research. Scherbakov (1937), Summer (1938), and Haugaard and 

Irving, (1943), have revealed that the thermal history of the fish has 

a pronounced influence on its oxygen consumption. The experimental 

animals used in this study were maintained at 21° C in the laboratory 

3 weeks prior to experimentation, and all experimental data were col¬ 

lected at 21 °C. Since the fish had been previously maintained and pre¬ 

sumably acclimated at a temperature equal to the experimental tem¬ 

perature, it seems reasonable to assume that temperature did not ex¬ 

press a discrepancy in the data obtained. 

Although preliminary, these data suggest that oxygen tensions 

above a certain value (2.5 mg/1) do not appreciably interfere with 

the behavior of the eel; yet, as previously stated, it also seems reason¬ 

able to assume that this parameter may be extremely variable. 
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ABSTRACT 

The effect of ionizing radiation on the soil microflora that oxidize 

NH+ to NO“ was studied using a system that approximates the native 

habitat of the bacteria. The radiation resistance of the nitrifying bac¬ 

teria was found to be greater than previously reported and a correla¬ 

tion between radiation dose, incubation time, and bacterial survival 

was noted. 

INTRODUCTION 

Studies of the effects of ionizing radiations on microorganisms have 

been severely limited to pure culture studies under laboratory condi¬ 

tions. Little effort has been made to investigate the effects of ionizing 

radiations on bacteria in their natural state and in their natural en¬ 

vironment. The majority of reports in the literature that fall under 

the category of radiation resistance of natural bacteria refer princi¬ 

pally to 3 types of studies: 1) sterilization of foods and other products 

by ionizing radiations; 2) loss of complete segments of microbial popu¬ 

lations from irradiated soils; and 3) the effects of radiation on host- 

parasite systems. The few reported investigations concerned with the 

effects of radiation on soil bacteria in their natural form indicate that 

this may be an important area for research. 

Goring and Clark (1952) showed that large doses of beta-radiations 

were required to upset the biological activities of the soil microflora 

and that the effect was a function of microbial activity; i.e. 0.5 me of 

P32 per mg of P31 inhibited ammonification in soil with low microbial 

activity but 5.0 me of P32 per mg of P31 had no effect on ammonifica¬ 

tion in soil of high microbial activity as determined by C02 evolution. 

Stotzky and Mortensen (1959) showed that soils irradiated with 8 to 

250 kr of gamma rays showed no detectable changes in pH, C02 evolu- 

1 This work was supported in part by the Faculty Research Fund, North Texas 

State University, Denton. 
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tion, or nitrogen mineralization but did show a decreased utilization 

of ammonium. Stanovick, et al. (1961) claimed that the symbiotic 

nitrogen-fixing bacteria are more susceptible to ionizing radiation than 

other soil bacteria, and Popenoe and Eno (1962) proved that nitrifi¬ 

cation and sulfate production are inhibited by ionizing radiation. Ber¬ 

nard and Geller (1962) reported the complete destruction of the azoto- 

bacter and the nitrifying bacteria in sandy soils by 100 kr of gamma 

rays. 

In a previous work (Vela and Wyss, 1965), it was shown that the 

soil azotobacter were much more resistant to gamma rays than were 

the most resistant laboratory forms of the same organisms and that 

the survival of very few organisms was sufficient to endow the soil 

with complete “non-symbiotic nitrogen-fixing abilities.” Additional 

data on the effects of ionizing radiation on the soil microflora in situ 

are presented here. 

MATERIALS AND METHODS 

Soils and Irradiation, The soils employed were collected from the 

south-central Texas area and were obtained from fields not under 

cultivation. Five to 10 100 g portions of soil were collected from the 

area to be sampled. These portions were mixed, ground in a morter 

if necessary, and passed twice through an 80-mesh sieve. The com¬ 

posite samples were placed in test tubes and located under a 600-c 

cobalt-60 source of y rays. The tubes were irradiated at ambient tem¬ 

perature in a rotating chamber to insure uniform exposure to the radia¬ 

tion field. Irradiation doses were varied by adjusting the source-to- 

specimen distance and measured by the use of halogenated hydrocar¬ 

bon chemical dosimeters. Further details of the irradiation method 

were reported previously (Vela and Wyss, 1965). 

Cultures. Since it was deemed impractical (or impossible) to obtain 

accurate population estimates of the nitrifying bacteria in soil, the 

“index” employed by Coppier and de Barjac (1952) was used. This 

index refers to the nitrifying capacity of a soil and reflects the size of 

the population of nitrifying bacteria therein. In these assays, media 

recommended in the Manual of Microbiological Methods, Society of 

American Bacteriologists (1957) for the culture of Nitrosomonas and 

Nitrobacter cultures was accepted as proof of the survival of these bac¬ 

teria in the irradiated soils. 

The cultures used to study the kinetics of nitrification in a system 

approximating the natural habitat of the Nitrobacteraceae, were pre¬ 

pared by placing (aseptically) 1.0 g of irradiated soil in sterile 2-L 
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Erlenmeyer flasks containing 2.0 g of ammonium sulfate and 0.5 g of 

calcium carbonate in 100 ml of water. All cultures for a given experi¬ 

ment were prepared in triplicate and were incubated at room temper¬ 

ature on a reciprocal shaker. 

Analyses. Five ml samples of each flask culture were removed asepti- 

cally at different time intervals, centrifuged, and filtered (0.45 p, mem¬ 

branes) immediately. Ammonium (NH+4) was measured by placing 

1.0 ml of the cell-free supernatant in a distillation tube, adding 1 ml 

of 20% KOH, and then steam-distilling the ammonia into saturated 

boric acid solution. The distilled ammonia was titrated with 0.006 N 

H2S04 in a C02-free system or measured colorimetrically by Nessleri- 

zation. Nitrite was measured in 1.0 ml of the supernatant by the alpha- 

naphthylamine-sulfanilic acid reaction and nitrate was measured in a 

2.0 ml aliquant by the method of Lees and Quastel (1946). 

RESULTS 

It is inferred from unequivocal data such as that shown in Table 1 

that the nitrifying capacity of the soils studied was not great (probably 

some 1000 colony-forming units per gram of soil) and therefore that 

the populations of nitrifying bacteria were also not great. These data 

show plainly that the radiation resistance of the nitrifying bacteria in 

their natural environment is much greater than that reported by 

Bernard and Geller (1962). Doses of 1000 kr of gamma rays did not 

destroy the nitrifying bacteria in these soils or in soils from several 

other cities in Texas, i.e. Manor, San Marcos, San Antonio, Waco, 

Corpus Christi, and Grand View. Each culture in which bacterial 

growth was detected by gross appearance was confirmed by micro¬ 

scopic examination. 

Preliminary studies showed that the “index” shown in Table 1 

varied as a function of time. It was noted that prolonged incubation of 

these irradiated soils was necessary to reveal the presence of surviving 

bacteria. Detectable numbers of bacteria, disappearance of substrate 

(NH+4 or NO~2), and appearance of metabolites (NO~2 or NO_3) were 

all delayed as a function of irradiation dose. The data shown in Table 2 

were obtained from the flask cultures and show the kinetics of nitrifi¬ 

cation in a system approximating the natural habitat of the nitrifying 

bacteria. It demonstrates this phenomenon and illustrates the fact that 

there is a very pronounced correlation among the 3 parameters: radi¬ 

ation dose—incubation time—evidence of survival. The data shown 

in Fig. 1 confirm this finding with regard to the conversion of NH+4 

to NO-2 and other similar data for the conversion of NO~2 to NO_3. It 
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Table 1 

Index of Nitrifying Capacity of a Typical Soil Used in this Study and the Effect of 
Gamma Rays on this Capacity.21 

Radiation dose— 

grams of soil 
per tube 

0 125 250 

NH+4-* NO-2 

500 1000 kr 

1 X io-1 ++++b +-H-+ ++++ +:++- ++++ 

10-2 
10-3 
10-4 
io-5 

++++ 

+++- 

++++ 
_| 

++++ ++— - 
---- 

_______ _,_____ 
Index 2.75 2.25 2.0 1.50 1.0 

no-2-» no-3 

1 X 10-1 
lO-2 

10-3 
10-4 

lO'5 
Index 

++++d 
++++ +++- 
++- - 

++++ 
+-h-- 

++++ 

3.0 2.50 1.75 1.50 1.0 

a All cultures were incubated for 100 days before being considered negative. 
b Frankly evident bacterial growth confirmed by microscopy and by the presence of NO-, and absence 

of NH+4 as determined by qualitative analyses. 

c No evidence of growth by gross appearance, by microscopic examination, and by the fact that NH+4 

was present but NO“2 was not detected by qualitative analyses. 

d Bacterial growth confirmed by microscopy and by the presence of NO~3 and absence of NO-2 as 

determined by qualitative analyses. 
e No evidence of bacterial growth or of NO-3 oxidation, as the NO-, was still present in the medium and 

there was no trace of NO-r 

is ascertained here that the level of metabolic activity of the soil 

microflora is a function of time of incubation and radiation dose. This 

is best stated by the data in Table 3. 

Examination of these flask cultures by serial transfer to Nitro- 

somonas and Nitrobacter isolation media confirmed the presence of 

these bacteria by their ability to utilize NH+4 and MO_2 as sole sources 

of energy and the morphology of the organisms isolated was as that 

reported in the literature for members of these genera. 

DISCUSSION 

The objective of this research was to study the effect of gamma rays 

on the nitrifying bacteria in their natural condition. The experimental 

approach was designed to mimic the natural environment: the addition 

of water and a substrate which favors one segment of the soil micro- 

flora are assumed to be natural occurrences. On the other hand, main- 
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Table 2 

Effect of Radiation on Nitrification 

Radiation 
dose 
kr 

Days of Incubation Post Irradiation 

1 4 8 12 16 26 39 46 56 70 

0 .1 1.9 48 103 0 0 0 
0 0 .1 1.9 56 106 0 0 0 

0 .1 2.6 70 100 0 0 0 

0 .1 .2 1.7 82 104 0 0 0 
125 0 .1 .2 2.6 73 108 0 0 0 

0 .1 .2 2.2 105 102 0 0 0 

fig NO“2-N 0 .1 .2 2.0 69 114 0 0 0 
per ml 250 0 .1 .3 7.0 91 104 0 0 0 
culture 0 .1 .2 8.6 102 104 0 0 0 

0 .1 .1 .2 .6 1.1 84 95 107 119 

500 0 .1 .1 .2 .8 8.7 97 102 109 122 
0 .1 .2 .3 .7 21 110 116 116 0 

0 .1 .1 .6 .2 .4 .9 22 130 3.8 

1000 0 .1 0 .2 .7 .4 .6 1.0 1.9 15 

0 .1 .1 .2 .3 .5 .6 1.9 8.3 70 

0 0 142 133 212 227 

0 0 16 143 131 228 239 

0 18 148 134 218 222 

0 0 0 128 203 214 

125 0 0 0 132 210 190 

0 11 10 124 210 204 

fig NO-3-N 0 0 0 135 200 190 

per ml 250 0 21 10 129 199 220 
culture 0 7 0 114 209 

0 0 0 .7 17 7 

500 0 0 0 0 21 24 

0 0 0 7.2 0 130 183 

0 0 0 0 0 0 14 

1000 0 0 0 .3 0 0 0 
0 0 10 .7 0 0 0 

taining the soil-water mixture in a constant ratio and shaking the 

culture continuously to increase biologic activity are acknowledged 

departures from the natural condition. It is assumed that these de¬ 

partures from the natural condition do not alter the system sufficiently 

to convert the microbial populations under study from “natural bac¬ 

teria” to “laboratory bacteria.” Although this is a moot proposition, it 

is obvious that bacteria grown in a mixture of soil and water are more 

nearly in a natural state than those grown in chemically defined or 
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Table 3 
Delaying effect of Gamma Rays on Bacterial Nitrification in the soil 

Radiation 
dose 
kr 

* Days required to attain 90% conversion: 
NHV N0'o NO-„-> NO-, 

0 14 21 
125 19 38 
250 23 39 
500 39 72 

1000 62 ca 89 

* Average number of days determined from 3 experiments in which triplicate cultures were employed: 
each average represents 9 measurements. See Table 2 for the reproductibility of these numbers. 

laboratory-concocted media. The nitrifying bacteria were chosen for 

this study because they could be easily detected and their metabolic 

activities could be easily monitored by simple chemical analyses even 

in the soil-water milieu. 

Fig. 1. Effect of gamma rays on the nitrifying microflora of the soil. The rate of disap¬ 

pearance of NH+ from irradiated soil is a function of time and is correlated to the radiation 

dose administered. For the sake of clarity, only the points for one line are shown; the other 

lines were drawn in the same way. 
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The results presented here indicate that the nitrifying bacteria 

(found in Texas soils) are much more resistant than previously re¬ 

ported (Bernard and Geller, 1962). Another interesting finding con¬ 

cerns the kinetics of nitrification in irradiated soils. These data indi¬ 

cate that the “nitrifying power” (Coppier and de Barjac, 1952) of 

irradiated soils diminishes as a function of radiation dose and that it 

returns to the level observed in unirradiated soils as a function of time, 

(Fig. 1). In contrast, the nitrogen-fixing capacity of irradiated soils 

remains essentially the same as that of unirradiated soils (Vela and 

Wyss, 1965) until the azotobacter populations are completely de¬ 

stroyed. The author suggests that these observations point to the fact 

that the nitrogen transformations that occur in the soil are disturbed 

in varied and complex ways by gamma rays. It is apparent that the 

biochemical activities of the soil microflora do not reflect a simple die 

or survive system but that, at least in the case of the nitrifying bacteria, 

the overall biochemical activity of the soil is a complex phenomenon 

encompassing population survival, growth rates, and survival of neigh¬ 

boring bacteria (the author, data not yet published). 

In brief summary, it can be stated that the biochemical activities of 

the soil are more resistant to radiation than previously reported and 

that the survival of the nitrifying bacteria can be ascertained only by 

prolonged observation. 
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Isolation of Toxoplasma Gondii from Naturally 
Infected Chickens1 

by B. G. FOSTER, R. G. FORREST and J. F. BLANCO 

Department of Biology, 

Texas A&M University, College Station, Texas 77843 

ABSTRACT 

Parasite isolation and serological studies on toxoplasmosis were con¬ 

ducted on flocks of chickens obtained from 2 South Central Texas facili¬ 

ties. Brain, ovary-oviduct, and heart tissues were processed and Yale 

Swiss Mice used for parasite isolation attempts. The National Com¬ 

municable Disease Center-USPHS Modification (1958) of the Sabin - 

Feldman dye test was used to test blood samples. 

On facility number one, 5 of 6 or 83% of the chicken pools were 

positive for at least one of the tissues processed. By tissue, 4 of 6 or 67% 

of the ovary-oviduct pools, 4 of 6 or 67% of the brain pools, and 4 of 6 

or 67% of the heart pools were positive both by parasite isolation and 

serological titer. 

On facility number 2, 2 of 5 or 40% of the chicken pools were posi¬ 

tive for one or more of the tissues processed. However, only one pool of 

hearts, one pool of brains and one pool of ovary-oviducts were found 

positive. Two of the tissues were positive in the same chicken pool. No 

cysts were observed by mouse inoculation. Infection was based on an 

increase in dye test titer from negative to positive in laboratory mice. 

INTRODUCTION 

The chicken (Gallus domesticus) is one of the natural hosts of Toxo¬ 

plasma gondii. The parasite is ubiquitous, having been found in mam¬ 

mals and birds in many parts of the world. However, infection in the 

domestic chicken has been recognized in relatively few countries. Hep- 

ding (1939) observed Toxoplasma in the retina of a hen with necrotiz¬ 

ing chorioretinitis and neurolymphomatosis. Erickson and Harboe 

(1953) described an epizootic among chickens in Norway. Since that 

time infections have been described in Russia, (Salyaar, 1956), Den¬ 

mark, (Biering-Sorensen, 1956), Czechoslovakia, (Blazek, 1956), 

1 This study was supported by Texas A&M University Research Council grant 

number 15147. 
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Brazil, (Nobrega, et al., 1955), Argentina, (Mayer, 1961), and the 

United States, (McCulloch, et al., 1966). 

Gibson and Eyles (1957) reported finding infected chickens in 

Memphis, Tennessee, near the home of a case of human congenital 

toxoplasmosis. Jacobs and Melton (1966) isolated Toxoplasma from 12 

of 62 pools of ovaries or oviducts obtained from chickens at a Baltimore, I 

Maryland processing plant. The chickens originated from farms along 

the Eastern seaboard. 

McCulloch, et al. (1966) reported a wide spread Toxoplasma infec¬ 

tion in chickens, among other positive domestic animals on a South¬ 

eastern Iowa farm where an adult human case of acquired toxoplas¬ 

mosis occurred. Tissue isolations from chickens, many of which were 

on the farm during the presumed exposure period of the farmer, ; 

revealed the parasite in heart, brain, ovary-oviduct, breast, gizzard, i 
thigh, and liver tissue pools varying from 8 to 92%. 

Although several workers, (Bickford, and Saunders, 1965; Jacobs 

and Melton, 1966; Harboe and Ericksen, 1957) have found chickens 

difficult to experimentally infect and retention of the parasite in the 

tissues of short duration, the increasing number of parasite isolations 

from naturally infected chickens negates the hypothesis that chicken 

flesh cannot serve as a possible source of human and animal infection, \ 

In order to determine if Toxoplasma infections were present in ap¬ 

parently healthy chickens in the South Central Texas area, the follow¬ 

ing project was conducted. 

METHODS AND MATERIALS 

Chickens were obtained from 2 farm facilities in South Central 

Texas. The owner of facility number one (a small farm on the fringe 

of Bryan, Texas) maintained only a small number of chickens for his 

family’s use. Eleven hens were purchased which represented the entire 

population over 2 years of age. Facility number 2 was a university 

teaching facility; the hens were obtained from various South Central 

Texas farms for poultry judging and were housed on this facility for 

varying lengths of time before being purchased by the investigators. 

Ten such hens, 18-24 months old, were selected at random. 

Blood samples were collected by heart puncture and were subse¬ 

quently tested for the presence of Toxoplasma antibodies (Sabin- 

Feldman dye test). 

The chickens were processed in pools of 2. Selected tissues (heart, 

brain and combined ovary-oviduct) were removed aseptically. The 

heart and ovary-oviduct tissues were artificially digested with a modi- 
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fication of a pepsin-hydrochloric acid technique, (Jacobs, Remington 

and Melton, 1960). The processing consisted of homogenizing the 

tissues in a Waring blendor and the addition of peptic digestive fluid 

(4.0 g. pepsin, 7.5 g. NaCl, 10.5 ml. cone. HC1 and 1500 ml. H20) in a 

ratio of 10.7 ml. to one gram of tissue. The tissue and digestive fluid 

were placed on a magnetic stirring device in a 37°C incubator and 

digested for 45 minutes. The digested material was then passed 

through several layers of cotton gauze, washed with physiological 

saline and centrifuged at 2000 rpm for 20 minutes. The supernatant 

was then poured off. The sediment was reconstituted with physiologi¬ 

cal saline for intraperitoneal inoculation into mice. 

The brains of the chickens were not digested, but were triturated in 

a mortar and incubated in a refrigerator for 30 minutes with penicillin. 

All processed tissues were inoculated into Yale Swiss mice weighing 

18-24 grams. All mice were prebled from the orbital sinus and were 

found negative for spontaneous infection. One intraperitoneal inocu¬ 

lation of 1.0 ml. was given immediately after processing and another 

1.0 ml. aliquot was given the following morning. 

The mice were observed for a 4-6 week period during which any 

that sickened or died were examined for proliferative and cyst forms. 

At the end of the observation period, all surviving mice were bled by 

cardiac puncture and examined serologically for dye test antibodies. A 

portion of each mouse brain was triturated in a mortar and examined 

microscopically for cysts. 

The National Communicable Disease Center-United States Public 

Service modification (1958) of the Sabin-Feldman dye test was used. 

An additional modification, that of omitting the use of heparin in the 

accessory factor-exudate mixture, was made. 

RESULTS 

Because of the morphological similarity of the proliferative and cyst 

form of T. gondii and other Sporozoa, only serology or serology and 

cyst formation was used as an indication of infection. 

On the basis of the total number of pools tested, 5 of 6 (83%) of the 

chicken pools on facility number one had evidence of infections in one 

or more of the tissues studied. Of the 6 pools of brain tissue, 4 or 

(67%) were positive. Four of six (67%) of the heart pools and 4 of 6 

(67%) of the ovary-oviduct pools were also positive. 

Details of the mouse isolation study are included in Table 1. With 

the exception of the brain and heart tissue in pool C and the ovary- 

oviduct tissue in pool F, all chickens found positive for one tissue were 



326 THE TEXAS JOURNAL OF SCIENCE 

positive for all. One mouse inoculated with the heart tissue from 

chicken pool C had cysts resembling those of Toxoplasma, but the pool 

was not considered positive because of insufficient mouse sera for a 

serological study. The mice in pool F, inoculated with ovary-oviduct, 

died 4 days after inoculation probably from bacterial infection. There¬ 

fore, Toxoplasma infection could not be proven. 

Table 1 

Details of isolation study on facility number one. 

Chicken 
pool** 

Cyst 

Mice* Positive by Inoculation of Chicken Tissue 
Brain Ovary-Oviduct Heart 

Serology++ Cyst Serology Cyst Serology 

A 4(1) 4(1) 5 5 4(1) 4(1) 
B 3(2) 3(2) 4(1) 4(1) 3(2) 3(2) 

C 0 0 1(1) 1(1) 1(4) NS 

D 0 0 0 0 0 0 
E 4(1) 4(1) 3 4 4 5 

F + 1(4) 1(4) 0(5) 0(5) 3 3 

NS no serum 
* five mice inoculated per tissue 
** two chickens per pool 
+ all five mice inoculated with ovary and oviduct died of bacterial infection in four days 
++ Sabin-Feldman dye test 
( ) number of mice died during the observation period and infection not determined 

The strain of parasite isolated appeared to be of low virulence for 

the mouse as indicated by the large number of mice surviving inocu¬ 

lation and subsequently proven positive by the demonstration of cysts 

in brain preparations and by serology. 

Cysts were demonstrated in all serologically positive mice. The 

mouse sera were diluted only through 1:256 and in every case were 

positive at that dilution. It is noted in pool C that only one mouse in the 

ovary-oviduct group was positive. Possibly a diluting effect was made 

by the presence of negative tissue. 

On the basis of the number of positive chicken pools found on facility 

number 2, 2 of the 5 pools were positive for one or more of the tissues 

processed. Only one pool of hearts, one pool of combined ovary- 

oviducts, and one pool of brains were demonstrated to be positive. One 

chicken pool was positive for both heart and brain whereas one pool 

was positive for ovary-oviduct only. 

It was not possible to demonstrate cysts in any of the mice inocu¬ 

lated; evidence of infection was based on a serological rise in titer from 

negative in the prebled mice to positive in the post inoculation mice. 

In no case was the titer greater than 1:64 and in 4 instances it was as 

low as 1:4. 
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All chicken sera were tested for dye test antibodies. In all but one 

instance, the sera were negative. One of the chickens in pool C (facility 

number one) had a titer of 1:16. 

DISCUSSION 

It can be seen from these data that Toxoplasma was present as a 

residual infection in the tissues of the apparently healthy chickens. 

Jacobs and Melton (1966) found that experimentally infected chickens 

retained the parasite in various tissues for at least 10 months. These 

data also agree with McCulloch, et a\. (1966) that the ovary-oviduct, 

heart and brain are frequent sites of Toxoplasma infection. 

The results of the Sabin-Feldman dye test with the chicken sera were 

inconclusive. Only one of the 21 chickens tested, demonstrated a dye- 

test titer (1:16), even though the chickens were shown to be infected. 

The one positive chicken was in pool C; this supports the probability 

that the cysts noted in mice inoculated with ovary-oviduct but not hav¬ 

ing a positive serology titer was Toxoplasma. Since dye tests are ap¬ 

parently transient in chickens, this positive chicken could have been 

going through an acute inapparent infection and the digestion reduced 

the number of proliferative forms or fewer cysts had been formed at 

this stage of infection. 

Bickford and Saunders (1965) concluded from their analysis of the 

work of several investigators that the dye test is unsatisfactory for diag¬ 

nostic use in chicken toxoplasmosis. Based on this study and previous 

experience the authors agree with this conclusion. In the survey of the 

literature, no dye test titer was found above 1:50 in chicken sera. 

Investigators (Bickford and Saunders, 1965; Harboe and Ericksen, 

1957) have shown that chickens both experimentally and naturally 

infected by Toxoplasma rarely manifested clinical symptoms; they 

concluded that this disease may be more significant as a public health 

problem. 

The number of mature chickens involved in this study is too small 

to determine the extent of Toxoplasma infections in South Central 

Texas, but it does serve as evidence that infection does exist. Further 

epidemiologic and laboratory studies must be conducted to clarify the 

economic and public health importance of chicken toxoplasmosis in 

Texas. 

This is the first report of the isolation of T. gondii from chickens in 

Texas and to the investigators’ knowledge the first in the Southwest 

United States. 
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ABSTRACT 

Screening tests were made to determine if the herbicides Simazine 

80W, Dacthal, Amitrol-T, 2,4-D and 2,4,5-T were toxic to unialgal 

cultures of Scenedesmus quadricaudaChlamydomonas eugametos and 

Chlorella pyrenoidosa TX 7-11-05. Dacthal, Simazine, 2,4-D and 

2,4,5-T showed no toxic effects on any of the algae at concentrations 

up to 200 ug/ml. Simazine increased the growth of C. eugametos in 

concentrations up to 200 ug/ml. Amitrol-T was inhibitory to all the 

alage at high concentrations but showed no effect at concentrations 

below 150 ug/ml. 

INTRODUCTION 

The use of herbicides and plant growth regulators in the control of 

weeds in culitvated lands, grasslands, and water systems has increased 

many fold in recent years. Much of this use has been with little con¬ 

sideration of its metabolic effects on man, other animals, micro¬ 

organisms, and plants. Even less attention has been given to the 

localized ecological changes of the microbial population and to overall 

ecological aspects of all organisms. Fortunately, most herbicides in 

present use appear to make no permanent changes in the ecological 

equilibria where used, but this is no guarantee that it will always be 

so. Therefore, a study of herbicidal effects should include all organisms 

that come under their influence (Audus, 1964). 

Screening tests, using bacteria, fungi, protozoa, and algae, have been 

used extensively in studying potential tumor-inhibiting agents, anti¬ 

biotics, and metabolic requirements, such as vitamins and amino acids. 

Since the first announcement of the herbicidal action of 2,4-D and 

2,4,5-T on bindweed (Hamner and Tukey, 1944), numerous tests have 

been conducted to determine their selective effects and the selective 

effects of other herbicides on all types of the higher plants, but fewer 

tests have been run on the lower plants and even fewer on animals. 

Many studies of herbicidal effects on microorganisms have been in 

The Texas Journal of Science. Vol. XX, No. 4, April, 1969. 
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relation to the degradation of the herbicide by the organisms. Some of 

these studies showed both inhibitory and enhancement effects. The 

results vary with the various genera and species of bacteria and fungi. 

Usually, lower concentrations showed little effect or increased growth 

and higher concentrations inhibited growth (Worth and McCabe, 

1948; Colmer, 1953; Johnson and Colmer, 1955; Roberts and Bollen, 

1955; Pearce, 1958; Dean and Law, 1964). In general, fungi are less 

sensitive to herbicides than bacteria (Stevenson and Mitchell, 1945; 

Colmer, 1953; Roberts and Bollen, 1955). Some can even become more 

resistant and adapt to increased concentrations of certain herbicides 

(Colmer, 1953; Fletcher and Raymond, 1956; Bounds and Colmer, 

1965). 

Fitzgerald, et al. (1952) screened approximately 300 chemicals, 

mostly quinone derivatives, for their effectiveness as algacides com¬ 

pared with that of CuS04 on 15 blue-green and 5 green algae. Seventy 

of these compounds exhibited inhibitory action on the algae. Substi¬ 

tuted methylureas caused varied effects on Chlorella vulgaris var. 

viridis (Geoghegan, 1957). C. pyrenoidosa growth was shown to be 

influenced by 2,4-D (Wedding, et al., 1954; Tomisek, et al., 1957; 

Wedding and Erickson, 1957; Wedding, et al., 1959; Swets and Wed¬ 

ding, 1964), substituted uracil herbicides (Tomisek, et al., 1957; 

Hilton, et al., 1965), and amitrole (Wolf, 1961, 1962). Amitrole in¬ 

hibited Prototheca zopfii (Casselton, 1964, 1966), Scenedesmus quad- 

ricauda (Castelfranco and Bisalputra, 1965), Oscillatoria princeps 

(Fredrick, 1960; Freed, 1964), Ochromonas malhamensis, O. danica, 

and Euglena gracilis (Aaronson, 1960). 

This study was made to determine if some of the commercial herbi¬ 

cides are toxic to Chlamydomonas eugametos, S. quadricauda, and C. 

pyrenoidosa and, if so, at what concentrations. 

MATERIALS AND METHODS 

Bacteria-free cultures of S. quadricauda, C. eugametos (Culture 

Collection of Algae, Indiana University, Stock No. 9.), and C. pyre¬ 

noidosa TX 7-11-05 were used in a screening test of 5 herbicides. 

Three commercial herbicides used were: Simazine 80W,1 active in¬ 

gredient 2-chloro-4, 6-£zV (ethylamino) -s-triazine, which inhibits 

photosynthesis (Hamner and Tukey, 1944; Crafts, 1961); Dacthal 

W-75,2 active ingredient a dimethylester of tetrachloroterephthalic 

acid, used in selective control of crabgrass and weedy annual grasses 

1 Geigy Agricultural Chemical Corp. 

2 Diamond Alkali Co. 



EFFECTS OF FIVE HERBICIDES ON THREE GREEN ALGAE 331 

in turfs and weed control in other crops (Freed, 1964) as a preemergent 

that affects seed germination; Amitrol-T,3 active ingredient 3-amino-l, 

2,4-triazole, a selective herbicide that influences chlorophyll synthesis, 

recommended to control quackgrass and annual broad leaf weeds and 

grasses (Crafts, 1961); and two broad spectrum herbicides of technical 

grade, 2,4-D (2,4-dichlorophenoxyacetic acid), used most effectively 

against broadleaf herbaceous plants and 2,4,5-T (2,4,5-trichlorophe- 

oxyacetic acid), which is most effective against woody broadleaf plants 

(Crafts, 1953). 

Simazine and Dacthal concentrations were based on the active wet- 

table powder of 80% and 75%, respectively. The liquid preparation of 

Amitrol-T with 21.1% active ingredient was the basis of the concen¬ 

trations used. Technical grades of the 2,4-dichlorophenoxyacetic acid 

and 2,4,5-trichlorophenoxyacetic acid were used. All the herbicides 

were dissolved or diluted in distilled water. The insolubility of Dacthal, 

Simzaine, 2,4-D, and 2,4,5-T limited the number of concentrations 

used in the experiment. 

The algae were grown in 125 ml Erlenmeyer flasks with 25 ml of 

Bristol’s liquid medium (Starr, 1964) at pH 7 with continuous shaking 

under continuous fluorescent illumination of approximately 250 ft c 

and at 25 °C. From 4-day-old cultures of the algae, which was approxi¬ 

mately the second day of the logarithmic growth phase, 1 ml aliquots 

of the cultures were added to each experimental flask. The experiment 

was run 3 times in duplicates of each herbicide concentration and 

duplicate controls. The herbicides were prepared in stock solution so 

that the desired concentration of the active ingredient (in ug/ml) of 

solution would be achieved in each culture medium when one milli¬ 

meter of each preparation was added to the 3-day-old cultures. Since 

the cells were in early logarithmic growth phase, any slight difference 

in growth rate would cause prominent differences in the total popu¬ 

lation, which could be determined by visual comparison by color with 

the controls. The results were determined 4 days after the herbicides 

were added. 

RESULTS 

Dacthal, Simazine, 2,4-D, and 2,4,5-T in the concentrations used 

showed no toxic effects on the algae studied. In fact, C. eugametos in 

Simazine grew better than the untreated cultures. C. pyrenoicLosa 

TX 7-11-05 and S. quadricauda did not show an increase in growth 

compared to controls. 

3 Amchem Products, Inc. 
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The effects of Amitrol-T on the algae are summarized in Table 1. 

C. pyrenoidosa and S. quadricauda were completely killed in concen¬ 

trations of 250 ug/ml and above, 70 % inhibition occurred in 200 ug/ml 

and 30'% inhibition in 150 ug/ml. S. quadricauda and C. pyrenoidosa 

were not affected in concentrations of 20, 50, and 100 ug/ml of Ami¬ 

trol-T,, Amitrol-T did not affect C. eugametos at 20, 50, 100, and 150 

ug/ml. Inhibition of approximately of the controls occurred in 200, 

250, and 500 ug/ml. This increased to approximately % at 750 and 

1000 ug/ml. 

Table 1 

The effects of Amitrol-T on the growth of Scenedesmus quadricauda, 
Chlamydomonas eugametos, and Chlorella pyrenoidosa. 

Amitrol-T (UG/ml) 1000 750 500 250 200 150 10O 50 20 

Scenedesmus quadricauda 33 3 3 3 22 l1 0o 0 O' 

Chlamydomonas eugametos 2 2 1 1 1 0 0 0 0 

Chlorella pyrenoidosa 3 3 3 3 2 1 0 0 0 

0 — same as controls 
1 — 30% less growth than the controls 
2 — 70% less growth than the controls 
3 — complete inhibition 

DISCUSSION AND CONCLUSIONS 

Dacthal W-75: Dacthal inhibits the germination of the seeds of certain 

higher plants. It is probably absorbed by the coleoptile of the emerging 

grass seedling (Crafts, 1961). Little study has been done on the effect 

of Dacthal. It could inhibit the synthesis of chloroplast or chlorophyll 

but probably the inhibition is related to the respiratory mechanism of 

the embryonic seedling after being absorbed by the coleoptile. The lack 

of inhibition to the algae studied could be due to a lower absorption 

rate than the coleoptiles. Most herbicides are more effective against 

young growing plants than more mature ones because the site of action 

is greatest where metabolism is the greatest (Crafts, 1961), thus the 

metabolic rate of the algae may be lower than that in coleoptiles, 

thereby resulting in reduced effectiveness of Dacthal on the algae. 

2,4-D and 2,4,5-T: 2,4,5-T was found to be toxic to Rhizobia (Foley, 

el ai1958) but other studies of its effects on microorganisms are 

sparse. Most of the work with the chlorophenoxy compounds has been 

with 2,4-D. C. pyrenoidosa (ATCC No. 7516) was not inhibited in a 

concentration of 1000 ug/ml of 2,4-D at pH 5.1, 6.0, nor 7.4 (Tomisek, 
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et al., 1957). However, workers at the University of California found 

that they could achieve almost the complete range of inhibition of 

photosynthesis in C. pyrenoidosa Emerson’s strain with a single con¬ 

centration of 2,4-D by varying the pH of the solution or by selecting a 

single pH and varying the concentration of 2,4-D (Wedding, et al., 

1954). The amount of undissociated 2,4-D required for inhibition 

increased as the pH was increased (Erickson, et al., 1955; Wedemeyer, 

1966). It was found that the cells were much more inhibited at pH 

values below neutral (Wedding and Erickson, 1957). The amount of 

2,4-D taken up increased at the lower temperatures in the range be¬ 

tween 1° and 25°C (Swets and Wedding, 1964). Concentrations of 

0.0197 to 1970 ug/ml of 2,4-D increased the uptake of carbohydrates 

and phosphates over the untreated cells but higher concentrations 

caused a progressive decrease in this uptake (Wedding, et al., 1959). 

Since no toxic effects were observed with either 2,4-D or 2,4,5-T, 

and since they are structurally similar, it is assumed that their action 

is similar in the algae studied. 

The different strains of C. pyrenoidosa reacted differently. The 

American Type Culture Collection No. 7516 and TX 7-11-05 may 

have a mechanism that is resistant to the action of the chlorophenoxy- 

acetic herbicides whereas Emerson’s strain lacks this resistant mecha¬ 

nism. If this is true, a study of the resistant mechanism of these 2 

strains could aid in a better understanding of the mode of action of 

these herbicides. This mechanism may also be in S. quadricauda and 

C. eugametos since they showed no toxic effects from these herbicides. 

Simazine 80W: The variable effects of Simazine on the algae agree 

with other work that has shown how concentrations inhibit many 

higher plants but are not toxic to others (Crafts, 1961; Wort, 1964). 

In our study, Simazine was not toxic to S. quadricauda and C. pyre¬ 

noidosa. These organisms may have been able to reduce the toxicity of 

Simazine by dechlorinating it to its 2-hydroxy analogue (Hilton, et al., 

1963). The increased growth of C. eugametos treated with Simazine 

may be associated with the use of nitrate nitrogen in the medium as 

was found with the increase in dry weight and nitrogen content of 

corn (Freney, 1965; Ries and Gast, 1965; Tweedy and Ries, 1967) 

and citrus trees (Goren and Monselise, 1966) treated with low concen¬ 

trations of Simazine. 

Amitrol-T: Low concentrations of Amitrol-T appear to be ineffective 

against the algae studied in this experiment, but high concentrations 

were inhibitory. This was found true for Ochromonas malhamensis, 

0. danica, and E. gracilis var. bacillar is 0 which were not inhibited 
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below 1000 ug/ml (Aaronson, 1960) and O. princeps, which was 50% 

inhibited at 84 ug/ml but no further inhibition occurred until the 

concentration reached 8.4 X 104 ug/ml (Fredrick, 1960). However, 

S. quadricauda Stock No. 614, with 18 hours of light per day and 

aerated with 5% C02 was inhibited by 10 ug/ml (Castelfranco and 

Bisalputra, 1965) and 50% inhibition occurred at 30 hours in Proto- \ 

theca zopfii in 12.5 ug/ml (Casselton, 1966) and C. pyrenoidosa strain 

252 aerated with 5% C02 by 5 ug/ml (Wolf, 1961, 1962). 

The primary biochemical site of action of Amitrol-T is not the same ! 

in all organisms (Hilton, 1966), therefore the same effects may not 

occur in different strains of the same species. This is very well illus- I 

trated in the literature cited above. The metabolic changes to create 

the thermophilic strain of C. pyrenoidosa could very well include a ; 

measure of resistance to the Amitrole effects not found in strain 252. 

This could also be true in the 2 different strains of S. quadricauda. 

The aeration with C02 may have caused enough changes in the pH 

of the media to increase the toxicity of Amitrole as was found with 

2,4-D (Wedding, et al., 1954; Hilton, 1966; Wedemeyer, 1966). This 

possibility should be investigated. 

The site of action of Amitrol-T in S. quadricauda and C. pyre- j 

noidosa may be closely related because of the apparent equal sensi¬ 

tivity at the various concentrations and the fact that Amitrole inhi¬ 

bition can be reversed by adenine (Wolf, 1961, 1962; Castelfranco and 

Bisalputra, 1965) in both organisms. Many unrelated organisms have 

this capacity also (Naylor, 1964). 

C. eugametos appears to be less sensitive to Amitrol-T than S. quad¬ 

ricauda and C. pyrenoidosa under our test conditions. It is also less 

sensitive than O. princeps (Fredrick, 1960) and P. zopfii (Casselton, 

1966). Ochromonas malhamensis, O. danica, and E. gracilis var. 

bacillaris were shown to be more resistant than C. eugametos. This 

may be an inherent factor in each of these cases. 

The evidence is very clear that various organisms react differently 

under the influence of each selective herbicide. The concentration that 

enhances or inhibits varies with each organism and each herbicide. 

Therefore, each herbicide should be thoroughly screened with many 

organisms, from the smallest bacterium to the higher animals and 

plants, that might be found in the area where the herbicide is to be 

used. 
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ABSTRACT 

Study of vertebrate teeth recovered from Pawpaw, Woodbine, Eagle 

Ford, Austin, Taylor, Navarro formations, and the Littig Member of 

the Kincaid Formation reveals the presence of Squalicorax pristodontus 

(Agassiz), S. falcatus (Agassiz), and S. kaupi (Agassiz) in 17 locali¬ 

ties. The stratigraphic ranges of these species indicate that zonations 

are more distinct in Texas than in Europe and Africa, where the ranges 

apparently overlap to a great extent. Posterior teeth of S. kaupi and 

S. falcatus may be confused unless a representative collection of adult 

teeth of each species is available. Measurement of the apex angle may 

also be helpful in the determination of species. Both the mean and 

mode values of this angle show distinct divisions between each species. 

INTRODUCTION 

As a result of the bulk-washing process conducted at the Shuler 

Museum of Paleontology, abundant fish remains have been recovered 

from Cretaceous strata of north-central Texas. Examination of teeth 

from 17 localities shows that 3 species of the shark Squalicorax are 

present: S. kaupi (Agassiz), S. falcatus (Agassiz), and S. pristodontus 

(Agassiz). In the past, these forms have frequently been confused, but 

the species are easily distinguished when large collections are exam¬ 

ined. When only 1 or 2 minute posterior teeth are considered, identi¬ 

fication is less reliable. 

The purpose of this paper is to describe the teeth of 3 species from 

the Pawpaw, Woodbine, Eagle Ford, Austin, Taylor, Navarro forma¬ 

tions, and the Littig Member of the Kincaid Formation (Fig. 1); and 

to consider their occurrence in this region, in relation to their appear¬ 

ance in Europe and Africa. The approximate stratigraphic position of 

the collecting localities is shown in Fig. 1. Table 1 presents the sta¬ 

tistical characters of the species in each formation as an aid in evalu¬ 

ating taxonomic characteristics, and showing evolutionary trends 

between formations. 

The Texas Journal of Science, Vol. XX, No. 4, April, 1969. 
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Fig. 1. Geologic column showing the stratigraphic ranges of Squalicorax pristodontus, S. 

falcatus, and $. kaupi. The numbers indicate the approximate stratigraphic horizons of the 

collecting localities. 

Suborder ISUROIDEA 

Family LAMNIDAE 

Genus SQUALICORAX Whitley, 1940 

This genus was originally named Corax (Agassiz, 1843), but has some¬ 

times been referred to as a synonym of Galeocerdo (Emmons, 1858, 
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and others). More recent literature indicates that the name Corax is 

preoccupied by Corax Ledru (Whitley, 1940). Squalicorax (Whitley, 

1940) and subsequently, Anacorax, (White & Moy-Thomas, 1940) 

were presented to replace Corax. 

SQUALICORAX PRISTODONTUS (Agassiz) 

Figs. 2A-E 

Galeus pristodontus AGASSIZ, 1835, Feuilleton 54 ffide Whitley, 

1940, p. 240]. 

Corax pristodontus, AGASSIZ, 1843, p. 224-225, pi. 26, figs. 4-13; 

PRIEM, 1897, p. 45, pi. i, figs. 18, 19; FOWLER, 1911, p. 65, 

fig. 29; WOODWARD, 1911, p. 197, pi. 42, figs. 12-15; BERRY, 

1916, p. 352, pi. 9, fig. 1; ARAMBOURG, 1935, p. 413-439, pi. 19, 

fig. 10; CASIER, 1958, p. 55, pi. 1, figs. 19a, c, 23. 

Galeocerdo pristodontus, EMMONS, 1858, p. 238, fig. 69. 

Squalicorax pristodontus, WHITLEY, 1940, p. 240. 

Anacorax pristodontus, WHITE & MOY-THOMAS, 1940, p. 506. 

Description.—The greatly compressed crown varies from oblique to 

erect and has a pyramidal shape. The root of most specimens has a 

rounded upper boundary which is often almost circular and emargi- 

nate (Fig. 2B). Lateral teeth are notched on the posterior edge and 

form a lobe which may be either hummock-shaped or horizontal. The 

terms “posterior edge” and “anterior edge” are used to denote the 

edges away from the symphysis and closest to symphysis, respectively. 

In some lateral teeth the apex is inflected. The buccal face is flattened 

and has a number of vertical wrinkles on the base of enamel. Some 

teeth are erect, almost symmetrical, the anterior edge being hardly 

distinguishable from the posterior edge. Presumably these belong to 

the symphyseal region. Crowns of lateral teeth are invariably inclined 

to the posterior of the jaw. The middle portion of the anterior edge of 

laterals is frequently gibbous (Fig. 2C) but may also be moderately 

arched or straight, the latter being more characteristic of small pos¬ 

terior teeth. The depth of the root generally exceeds the height of the 

crown, (Fig. 2B) and the total height nearly equals the width. The size 

range in this collection is from 4 mm-28 mm in width and 5 mm- 25 

mm in height. The number of serrations present on the edges varies 

between 12-50 on the anterior edge and 7-31 on the posterior edge. 

Number of serrations tends to be greater in teeth from older deposits. 

Some serrations are uniformly deep and distinct, but others are much 

worn. 
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SQUALICORAX FALCATUS 

(Agassiz) 

Figs. 2F-K 

Corax falcatus AGASSIZ, 1843, p. 226, pL 26, fig. 14, pi. 26a, figs. 1- 

15; WILLISTON, 1900, p. 252, pL 31, figs. 1-40, pi. 32, figs. 1-11; 

PRIEM, 1907, p. 463-465, figs. 3, 6; FOWLER, 1911, p. 63, fig. 

28; WOODWARD, 1911, p. 198, pL 42, figs. 16-28; RERRY, 

1916, p. 353-354, pi. 9, fig. 2; ARAMROURG, 1935, p. 428, pi. 

19, fig. 9; LERICHE, 1936, p. 381-382, pi. 26, figs. 5-6. 

Galeocerdo falcatus, LEIDY, 1873, p. 301-302, pi. 18, figs. 29-43. 

Description.—Teeth are greatly compressed and generally the height 

exceeds the width. The antero-posterior edges converge toward the 

apex, which is commonly sharp and in inflected on both edges (Fig. 

2G, I). These teeth are characterized by their slim shape, oblique 

inclination of the crown and moderately-thick notched root. The 

lingual face is usually convex but the buccal surface shows a greater 

flattening on which ridges extend upward from the base of the enamel. 

The notch between the principal and accessory lobes of the crown is 

very sharp in most specimens. Symphyseal teeth are symmetrical with 

notches on either side which are moderately sharp and form sub-hori- 

L M N O P Q R 

Fig. 2. A-E: Squalicotax prhtodontus (Agassiz). A,D,E: basal Litfig member ©f Kincaid 

Formation, litfig; B-Cs Navarro Formation (NeylandviSle Mb), Terrell; F-K: S. falcatus (Agas¬ 

siz). F,G,Ks Eagle Ford Formation (Arcadia Park Mb), Chalk Hill; H: (Bells Mb), Marsh Lane; 

Is basal Austin, Hebron; J: upper Woodbine Formation, Lillian; L-Q: S. kaupi (Agassiz). L: 

Woodbine Formation (Lewisville Mb), Lewisville; M-Q: (Euless Mb), Carter Field; R: Pawpaw 

Formation, Justin. 
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zontal lobes (Fig. 2F). Inclined lateral teeth have a sharper notch 

which forms a rounded and well-developed lobe. The depth of the root 

is approximately the height of the crown. The teeth range in size 

from 5 mm-18 mm in width and 4 mm-15 mm in height. The number 

of serrations ranges from 24-60 on the anterior edge and 17-51 on the 

posterior edge. The lower number might be due to abrasion. There is 

a tendency towards an increase in number of serrations Vvith a deeper 

notch, and the serrations on the posterior edge are generally more 

distinct. In most specimens, the serrations are worn near the apex, but 

when present they are distinct and uniform. 

SQUALICORAX KAUPI 

(Agassiz) 

Figs. 2L-Q 

Corax kaupi AGASSIZ, 1843, p. 225, ph 26a, figs. 25—34; LERICHE, 

1936, p. 382-383, pi. 26, figs. 7-12. 

Description.—The teeth of this species are large and thick-rooted. 

In many specimens, the upper anterior edge is inflected sinuously 

toward the sharp but thick apex. The lower anterior edge is either 

straight (Fig. 2M) or inclines inward, forming a moderately angular 

hump at mid-height (Fig. 20). The posterior edge is either vertical or 

curves into a notch which may be either sharp or only gently exca¬ 

vated. The lingual face is convex and the buccal face is flat to concave. 

Generally, the depth of the root is slightly less than the height of the 

crown. The teeth range in size from 3.5 mm-15 mm in width and 

4.5 mm-15 mm in height. The number of serrations ranges from 19-44 

on the anterior edge and 16-40 on the posterior edge. In many of the 

specimens, the serrations are worn and indistinct. They are irregular, 

and do not extend to the apex. 

SQUALICORAX SP. 

Fig. 2R 

Minute specimens of Squalicorax found in the Pawpaw Formation 

may belong to either S. kaupi or S. falcatus. They are identical with 

the mature posterior teeth of both species from other formations, but 

since a representative collection was unavailable they have been 

referred to Squalicorax sp. 

Discussion.—The largest fossil teeth of the genus belong to Squali¬ 

corax pristodontus. It is easily distinguished from S. falcatus and S. 
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kaupi by its larger size, pyramidal shape, and the root which is noted 

for its roundness and for exceeding in depth the height of the crown. 

Moreover, the laterals are larger, less inclined, the lobe at the notch 

is shorter, and the anterior edge is more inflated (Figs. 2C-D). S. fall- 

catus is distinguished from S. pristodontus and S. kaupi by slimmer 

crowns which are commonly inflected at the apex, an attenuated apex, 

and a less inflated root. S. kaupi is easily recognized by its angular 

hump in the middle of the anterior edge (Fig. 2N). In comparison 

with S. pristodontus, it has a smaller average size, the root is less mas¬ 

sive, and the crown more elevated and not as triangular. Although 

certain characters suggest a close relationship between the 2 species, it 

does not seem probable that S. pristodontus could be ancestral to S. 

kaupi (Leriche, et al., 1913). Both forms are known from deposits of 

the same age. S. kaupi seems to be more closely related to S. falcatus; 

but in addition to the hump, it is larger, has a more substantial root, a 

thicker region below the apex, and it generally lacks the inflection at 

that point commonly present on both edges in S. falcatus. Posterior 

teeth of these 2 species are often not distinguishable, but representative 

collections of mature teeth are usually identifiable. 

,1 

Fig. 3. Method of measurement of the apex angle. 

Measurement of the angle of the apex (Table 1) may be helpful in 

the differentiation between species. By excluding the curvature and the 

lobes (Fig. 3), a realistic determination of the angle is obtained. The 

measurements of the apex angle for each formation (Table 1) show 

that although overlap occurs between the ranges of each species, both 

the mean and the most frequent value (mode) of the angles indicate 

distinct divisions between each species. Summarizing the data gathered 

from all the formations, S. pristodontus is found to have a mean angle 

of 69° and a mode of 72°, S. falcatus has a mean of 48° and a mode of 

50°, and S. kaupi has a mean and mode of 40°. The size relationships 

of the species between each formation (Table 1) show a tendency to 
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increase in size as well as in angle of the apex from older to younger 

strata. The range in morphology of the teeth of the species is included 

in the description of each species. There are no significant changes in 

shape from formation to formation except in the Taylor Formation 

where S. pristodontus teeth tend to be high and narrow, i.e., the ratio 

of height to width is greater than in succeeding formations. The range 

of shapes noted in the description of each species is related to the 

position of each tooth in the jaw, i.e., medial and symphyseal teeth are 

characteristically vertical and relatively equidimensional, whereas 

lateral and posterior teeth become progressively more inclined and 

have an oblique shape towards the rear of the jaw. Other changes in 

size, apex and serrations are shown in Table 1. 

Occurrence.—In Texas, Squalicorax pristodontus occurs in the fol¬ 

lowing formations: the Austin-Taylor contact (Santonian), the Taylor 

(Campanian), Neylandville member (Maestrichtian) and Littig mem¬ 

ber (Danian). Portions of this member carry reworked Upper Cre¬ 

taceous fossils and angular blocks of Cretaceous sandstone suggesting 

the possibility of slump and a post-Navarro age. In Europe this species 

occurs in the Danian (Woodward, 1889) (Kincaid), Maestrichtian 

and upper Campanian strata (Leriche, et al., 1913) (upper Navarro 

and lower Navarro, respectively). In Africa it is found in the upper 

Campanian, Danian (Arambourg & Signeux, 1952) (lower Navarro 

and Kincaid, respectively), and Maestrichtian (Leriche, et al., 1913) 

(upp er Navarro) deposits. 

S. falcatus occurs in the following horizons: the Woodbine (Ceno¬ 

manian), Eagle Ford (Turonian), basal Austin (Coniacian), and mid- 

Austin (Santonian-Coniacian). It has been reported from New Jersey 

to Mississippi (Woodward, 1889) and in the Niobrara of Kansas (Wil- 

liston, 1900). In Europe, it has been found in Carentonian (Ceno¬ 

manian), Santonian, and Campanian strata (Priem, 1912) (post- 

Woodbine?, upper Austin and Taylor, respectively), and in Africa 

from the Cenomanian (Arambourg, 1935) (Woodbine), Senonian 

(Priem, 1907) (Austin to Navarro), Turonian and Mastrichtian strata 

,Arambourg, 1935) (Eagle Ford and upper Navarro, respectively). 

Of the 3 species, S. kaupi dominates the Woodbine (Cenomanian) 

as well as the Pawpaw of the Washita Group (upper Albian) which 

appears to be the oldest occurrence. In Europe it has been reported from 

upper Santonian (Leriche, 1936) (upper Austin), and in Africa from 

Coniacian, Santonian, and lower Campanian deposits (Leriche, et al., 

1913) (lower Austin, upper Austin and lower Taylor, respectively). 

Its apparent absence in the Eagle Ford and the presence of S. falcatus 

in both the Eagle Ford and Woodbine suggests that when sedimenta- 
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tion was resumed in Eagle Ford time, its niche was taken over by S. 

falcatus, presumably a more adaptive species since it persists from the 

Woodbine into the Austin formations. It might be possible that S. kaupi 

was never present in the Eagle Ford sea since it was also apparently 

absent in the approximately equivalent Turonian strata of Europe and 

Africa. S. falcatus was in turn, during Austin time, replaced by S. 

pristodontus whose range extends continuously into Paleocene strata. 

It is interesting to note that in Texas, zonation is more distinct that in 

Europe—S. kaupi appears in Pawpaw and Woodbine strata, 5. falcatus 

in the Woodbine (sparsely) but are the dominant species from the 

Eagle Ford to mid-Austin deposits, and S. pristodontus in upper Austin 

to lower Paleocene strata. In Europe the ranges of all 3 species appar¬ 

ently overlap to a great extent. 
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: lower Wolf City Mb of Taylor Formation. 

LOCALITIES 

1— Littig: Littig Mb of Kincaid Formation. 

2— Terrell: Neylandville Mb of Navarro Formation. 

3— Bardwell 

4— Feagin 

5— Forney: Lower Taylor Formation. 

6— Lake Waxahatchie: Austin Taylor contact. 

7— Blossem: Mid-Austin Formation. 

8— Hebron 'j 

9— Midlothian ^ ‘ 

10— Marsh Lane: Bell Mb of Eagle Ford Formation. 

11— Chalk Hill: Arcadia Park Mb, Eagle Ford Formation. 

12— Midlothian #2: Brittain Mb, Eagle Ford Formation. 

13— Lake Waco: Eagle Ford Formation. 

14— Lillian: Basal Eagle Ford Formation. 

15— Lewisville: Lewisville Mb, Woodbine Formation. 

16— Carterfield: Euless Mb, Woodbine Formation. 

17— Justin: Pawpaw Formation, Washita Group. 

Basal Austin Formation. 
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Age and Morphology of Small Lake Basins, Southern 
High Plains, Texas and Eastern New Mexico1 

by C. C. REEVES, JR. and W. T. PARRY 

Department of Geology, 

Texas Technological College, Lubbock 79406 

ABSTRACT 

The majority of small lake basins of the southern High Plains, Texas 

and eastern New Mexico, were formed mainly by deflation during the 

Vigo Park and Altithermal intervals, 17,000 and 6,500-5,000 years 

B.P. respectively. Smaller basins, without fringing dunes, represent de¬ 

flation during post-Altithermal time. Shapes of the lake basins reflect 

origin and age. Basins along abandoned stream channels are elongate. 

Recent blowouts are circular, and older basins now altered by end- 

current erosion are subcircular to elliptical. 

INTRODUCTION 

The southern High Plains, or Llano Estacado, of West Texas and 

eastern New Mexico (Fig. 1) is pockmarked by thousands of small, dry 

lake basins, the majority of which are 20-30 feet deep2 and about % to 

nearly one mile in diameter. Previous studies (Judson, 1950; Reeves, 

1966) show that most of the basins formed mainly by deflation of dry, 

incompetent cover sands and soils or from undulatory deposition, but 

absence of adjacent dunes around many of the basins, as well as the 

range in shapes, has not been explained. 

ORIGIN AND AGE 

Origin of the thousands of lake basins on the New Mexico and Texas 

High Plains has been debated for years (Gilbert, 1895; Judson, 1950). 

Evidence for basins due to meteorite impact, animal scouring, stream 

action, deflation, and undulatory deposition exists, but no direct evi¬ 

dence for sinkhole development outside of the Santa Rosa area, New 

1 This report supported in part hy National Science Foundation Grant No. GA- 

292. 

2 Depth is measured from the general surrounding land surface to the playa and 

does not include the fringing dune or lacustrine fill. 

The Texas Journal of Science, Vol. XX, No. 4, April, 1969. 



350 THE TEXAS JOURNAL OF SCIENCE 

Mexico (Fig. 1) is known, at least as far southeast as the Big Spring, 

Texas area. 

Sinkholes in the Santa Rosa, New Mexico area, developed from solu¬ 

tion of the near-surface San Andres Formation, are of upper Triassic 

(Wood, et al., 1949) and Pleistocene ages. To the southeast the San 

Andres is covered by the fluviatile elastics of the Ogallala Formation, 

which may effectively mask any Triassic-aged sinks. Whether modern 

: : • UUfl 

.A 

FT. Stockton \ 

Fig. 1. Index map of southern High Plains (Llano Estacado), West Texas and eastern 

New Mexico. 
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Fig. 2. Transverse dune alcng the eastern side of illusion Lake, Lamb County, Texas. 

Notice Yellow Lake in background, linearity of playas, and old abandoned high-level shore 

(arrow). 

sinks are reflected by the numerous depressions on the northwestern 

part of the southern High Plains is not definitely known but seems im¬ 

probable (Judson, 1950; Reeves, 1966). 

A deflation origin for most of the small lake basins is indicated by 

fringing transverse dunes (Fig. 2). Figures 3-A, 3-B, and 3-C illustrate 

several representative basins and associated dunes; however, Figures 

3-F, 3-G, and 3-H show basins that have no fringing dunes. Presence 

of a fringing dune depends mainly on depth of the basin. The younger 

basins (Figs. 3-G, 3-H) are smaller, containing 5-10 feet of lacustrine 

fill, and underlain by the Pliocene caliche. Deflation has removed only 

the finer-grained, near-surface soil particles, which have been trans¬ 

ported some distance downwind. The older, deeper basins have been 

cut below the fine-grained upper soil profile and into the coarser- 

grained lower soil zones: the Pliocene caliche is often absent. In these 

basins lacustrine fill ranges from 10 to 35 feet thick, the coarser de¬ 

flated debris which has accumulated on the lee flanks of the basins as 

fringing dunes indicating a prevailing wind of S 60 °E, 

Melton (1940) and Reeves (1965), working with dunes in the 
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Fig. 3. Topographic maps of the different types of small lake basins on the southern 

High Plains, Texas and New Mexico. The solid arrow indicates the prevailing wind direction 

which caused basin deflation, the dashed arrow indicates the prevailing wind direction which 

caused the end-current erosion. Present playas are solid black. 

A. Parmer County, Texas, Progress Quadrangle. Large basin with fringing dune. Notice that 

the dune indicates deflation from two directions. Evidence of end-current erosion of the 

upper lake levels exists on the lee side only, but in a direction nearly parallel to the 

largest dune trend. 

B. Lamb County, Texas, Olton Quadrangle. No alteration after deflation has occurred in this 

basin, apparently because of the wrap-around dune. Notice that the prevailing defla¬ 

tionary winds are the same as for A. 

C. Parmer County, Texas, Progress Quadrangle. Divergence in trend between the dune and 

the basin flanks was caused by a shift in the prevailing wind after deflation. An ad¬ 

vanced stage of alteration by end-current erosion of the higher lake stages is suggested 

by the straight lee and windward flanks. 

D. Parmer County, Texas, Lariat Quadrangle. Basins located along an intermittent stream 

channel. 

E. Hockley County, Texas, Lums Chapel Quadrangle. Basins located along a Pleistocene-aged 

stream channel. 

F. Lynn County, Texas, Wilson Quadrangle. A large basin with no fringing dune. Here evi¬ 

dence for end-current erosion is pronounced only for the lower and most Recent lake 

levels. 

G. Lamb County, Texas, Fieldton Quadrangle. Small basins with no fringing dunes. No orien¬ 

tation or alteration noticeable. 

H. Garza County, Texas, Southland Quadrangle. Small basins with no fringing dune, but 

exhibiting effects of end-current alteration on both the lee and windward flanks. 
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northern and southern High Plains, found the prevailing wind during 

the past 5,000 years to have been about N. 20°E. During the period 

5,000-25,000 years B.P. the prevailing wind across the southern High 

Plains, based on dunes and stratigraphy associated with pluvial lake 

basins (Reeves, 1965; 1966) was S. 30-90° E., or with a S. 60° E. mean. 

Dunes associated with the older (larger) deflation basins (Figs. 3-A, 

3-B, 3-C) studied for this report indicate a prevailing wind blowing 

S. 30-80° E., with a S. 55° E. mean. These larger basins were then 

formed sometime during the 5,000-25,000 year B.P. period. Other lines 

of evidence3 specifically and collectively suggest 2 periods of lake desi- 

cation during this time interval: (1) the Vigo Park occurring about 

17,000 years B.P., in the middle of the Tahoka pluvial interval 

(20,000-14,000 years B.P.), and (2) the Altithermal from about 

6,500-5,000 years B.P. (Reeves, 1965). 

The smaller, younger basins without fringing dunes (Figs. 3-G, 

3-H) represent deflation during the last few thousand years or natural 

topographic undulations; however, some also represent larger basins 

that have been nearly filled with lacustrine sediment. Field examina¬ 

tions reveals a local high, often only a few feet above the surrounding 

area, on the southeastern flanks of the filled basins; i.e., the protruding 

top of the almost buried fringing dune. The younger basins commonly 

exhibit a local topographic high on the northeast flank. 

MORPHOLOGY 

The small lake basins on the southern High Plains tend to be either 

circular (Fig. 3-G), subcircular to elliptical (Fig. 3-F) or elongate 

(Figs. 3-D, 3-F). The elongate basins are always found along aban¬ 

doned stream channels: no example of elongation of a basin parallel 

with prevailing Altithermal or Vigo Park winds is known. This is prob¬ 

ably because of the relatively short duration of the basin-forming 

winds; however, many of the basins have undergone alteration. 

Figures 3-A, 3-F, and 3-H illustrate several basins which have nearly 

straight eastern flanks. The subcircular to elliptical basins are shal¬ 

lower and smaller than the dune-fringed basins and, because of the 

absence of the dune, more susceptible to shape changes. Even so, many 

of the older dune-fringed basins do show changes in trend between the 

dunes and the lee basin flank. Notice in Figure 3-C the consistent di¬ 

vergence in trend of the contour lines from the dune trend as the 

3 Carbonate studies, caliche formation, eolian deposition, extinction of Bison an- 

tiquus, tree ring counts, arroyo cutting, and palynological studies. 
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present playa is approached. This illustrates alteration of the basin, 

starting in post-dune time and continuing to the present. 

Lake basins, when full of water, elongate normal to the prevailing 

wind due to end-current erosion (Rex, 1961), thus sometime after the 

arid4 Altithermal, the climate, with a prevailing wind of N. 80° W. to 

about S. 80° W., was moist enough to sustain permanent lakes. As end- 

current erosion alters a lake basin, first the lee flank is straightened and 

then the windward (Figs. 3-C, 3-F); thus, the still rounded western 

(windward) flanks of most of the West Texas basins show that most 

alteration must have occurred during post-Altithermal time during 

short, intermittent wet periods. Permanent lakes existed durnig most of 

the 6,000 year Tahoka interval, therefore, basins that exhibit both 

altered lee and windward flanks are probably of Tahoka age. 
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Differential Thermal Analysis of Some Biological 
Specimens, Proteins, and Starches1 

by V. I. OYAMA2 and GEORGE K. ESTOK3 

California Institute of Technology, 

Jet Propulsion Laboratory, Pasadena, California 

ABSTRACT 

Dynamic differential thermal analysis, with helium flow, of various 

dried plant and animal specimens and related substances yields dis¬ 

crete decomposition peaks of the exothermic type, suitable as valuable 

monitors of the pyrolysis process prior to analysis of volatile decompo¬ 

sition products by gas-liquid chromatography. Two main peaks are 

generally observed, one in the region of 350° and the other more 

variable between 450-600°. Undifferentiated soil organisms give 

generally similar patterns whereas more highly organized plant and 

metazoan animal forms vary appreciably with phylum. 

INTRODUCTION 

In the development of a technique for the analysis of gaseous pyro¬ 

lysis products, differential thermal analyses were made of a number 

of biological specimens, proteins and starches, with the intent of deter¬ 

mining optimum sampling times for use in conjunction with gas-liquid 

chromatographic analysis. 

Some thermograms of sugars, polysaccharides, amino acids, and 

proteins were reported earlier (Perkins and Mitchell ,1957), evidently 

under static air condiitons. Other work related to the organic pyrolysis- 

GLC technique includes early studies on flash pyrolysis (Janak, 1960), 

and pyrolysis at constant temperature (Oyama, et al., 1962). 

EXPERIMENTAL 

Thermograms were determined with the R. L. Stone dynamic gas 

flow DTA technique (Stone, 1960), using helium carrier. Five groups 

of materials were analyzed: (I) soil organisms, (II) and (III) plant 

1 Supported by NASA contract NAS-7-100. 

2 Present addresses: NASA, Ames Research Center, Moffett Field, Calif. 

3 Chemistry Dept., St. Edward’s University, Austin, Tex. 78704. 

The Texas Journal of Science, Vol. XX, No. 4, April, 1969. 
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materials, (IV) animal specimens, and (V) proteins and starches. Five 

figures show the respective thermograms. 

Four of the 6 soil organisms in Fig. 1 show very similar patterns; 

all of the 6 are characterized by a shoulder and 3 discrete peaks. The 

peak near 350° is consistently present, although just suggestible in 

curve 1. 

One specimen of each of the plant divisions are compared in Fig. 2. j 

The peas have 3 distinct peaks, the fern has a suggestion of a similar 

pattern; whereas the mushroom and moss resemble each other with 

only 2 peaks. 

In Fig. 3 Neurospora crassa appears to conform to patterns of uni- | 

cellular microorganisms of Fig. 1, although the initial shoulder is miss- | 

ing. There is a peak in the region of 350° on all of the thermograms, [ 

but the second peak varies widely between about 425° and 580°. 

The animal specimens of Fig. 4 are generally characterized by 2 

peaks up to about 560°, with curve 3 atypical. Curves 4 and 5 show j 

typical endotherms characteristic of carbonate decomposition. 

Fig. 1. Undifferentiated soil organisms. 
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Fig. 2. Plant materials, Group I. (1) fern, (2) mushroom, (3) moss, (4) peas. 

Fig. 5 does not pertain to organisms as such, but does show that 

proteins generally have the largest peaks roughly between 500-600°, 

whereas the starches have strong peaks in the 350° region, as well as 

in a higher region. Curves 3 and 4 for bovine albumin, however, also 

show considerable prolysis in the 350° region. 

It is clear from all of the figures that the peak near 350°, and at 

least one other peak in the region 400-700°, are characteristic of all the 

specimens studied. The possibility that the 350° peak is attributable 

mostly to carbohydrate type material, and the higher peaks mostly 

to protein-like material, could warrant further study. 

The formation of discrete peaks indicates that GLC sampling, with 

multiple columns, may be accomplished of optimum times, and should 

lead to valuable information concerning the tpyrolysis reactions. 
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TEMP. (°C.) 

Fig. 3. Plant materials, Group II. (1) Neurospora erassa, (2) polytoma, (3) oats, (4) cotton 

fiber, (5) undifferentiated tobacco leaf cells, (6) soybean sterols. Broken segments are esti¬ 

mated from regions of erratic behavior. 
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Fig. 4. Animal specimens. (1) hamster embryo, (2) Drosophila melanogaster, (3) pisces 

(goldfish), (4) lytechimas (internal organs), (5) lytechimas shell, (6) annelida, (7) crustacia 

(daphnia). 
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TEMP. (°C.) 

Fig. 5 Proteins and starches. (1) heat denatured edestin, (2) gluten, (3) bovine albumin, 

(4) bovine albumin, cryst., (5) animal starch, (6) arrowroot starch. 
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INTRODUCTION 

In a recent paper Shurbet and Milnes (1967) attempted to extend 

the work of Milnes (1963) who studied the problem of character 

recognition by means of geometric invariants associated with discrete 

dot patterns. Shurbet and Milnes (1967) showed that the invariant 

property of certain points associated with curve segments in a real 

plane could, in most cases, be used to recover any transformation of the 

linear group if an original curve and its image under the transforma¬ 

tion were given. This method fails in the special case of collinear 

invariant points because of the occurrence of a singular matrix. In this 

paper we utilize the Moore-Penrose (Penrose, 1955) pseudo-inverse 

of a singular matrix to recover linear transformations in case of 

collinear invariant points. 

COLLINEAR INVARIANT POINTS 

In an original real plane let a sector s of curve k be determined by a 

chord 1 between endpoints (xx, yx) and (x2, y2) of k. Let L and t2 be 

the lines tangent to k at (xl9 yi) and (x2, y2), respectively, and let 

(xt, yt) be the point of intersection of tx and t2. Let (xm, ym) be the 

midpoint of 1, (x, y) the barycenter of s, (xc, yc) the center of the 

entire curve of which k is a segment, and (xs, ys) the significant point 

of k guaranteed by the mean-value theorem for derivatives, that is, 

the point at which the slope of k is equal to the slope of 1. We shall 

consider any curve k with sufficient properties to insure existence of 

at least two of the points (x, y), (xt, yt), (xc, yc), or (xs, ys). 

The points (xt, yt), (xm, ym), (x, y), and (xs, ys) associated with a 

segment of a plane curve and its chord were shown (Shurbet and 

The Texas Journal of Science, Vol. XX, No. 4, April, 1969. 
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Milnes, 1967) to be invariant under the linear group of transforma¬ 

tions denoted by 

f x = 1,X + m,Y + ni 

(1) T: 
[ y = LX + m2Y + n2, 

where 11? m,, n1? 12, m2, and n2 are real numbers such that 

h m, 
A = 

12 m2 
The elementary proo 

7^0. 

that for central conics the point (xc, yc) is 

also invariant under T is omitted. 

There are many curves which are symmetric with respect to some 

line for which the invariant points are collinear if the chord of the seg¬ 

ment considered is bisected by the line of symmetry. We do not attempt 

to discuss every possibility but only cite illustrative examples: the four 

invariant points (xt, yt), (xm, ym), (x, y), and (xs, ys) lie on the line 

x =0 for the segment y — x4, —1 < x < 1, and on the line y = x for 

the segment of x2/3 + y2/3 = 1 in the first quadrant. 

In case k is a conic segment we make the following assertions: 

(i) the four points (xt, yt), (xm, ym), (x, y), and (xs, ys) are 

collinear, 

(ii) the line lx containing the four points also contains (xc, yc) if 

the conic has a center, 

(iii) in the case of the parabola, lx is parallel to the axis of the 

parabola. 

The elementary proofs that these assertions are valid are omitted. 

We now consider the problem of recovering T if given an original 

curve segment k and its image K in case the invariant points are col¬ 

linear. 

RECOVERY OF LINEAR TRANSFORMATIONS 

To facilitate reading we list some properties of the Moore-Penrose 

pseudo-inverse (Greville, 1959; Penrose, 1955). 

pi) For every matrix A there exists a unique matrix A+ such that 

AA+A = A, 

A+AA+ = A+, 

(A+A)1 = A+A, 

and (AA+)4 = AA+. 

We call A+ the pseudo-inverse of A. If A is nonsingular, then A+=A-1. 

p2) For every matrix A there exist matrices B and C such that 

A = BC, 

and 
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A+ = O (CO)"1 (BdB)*1 B% 

where the columns of B are linearly independent as are the rows of C. 

p3) A solution X exists for the matrix equation A X — Y 
nxm mxl nxl 

if and only if AA+Y = Y. The solution can be written X = A+Y.+ 

(I—A+A)e, where e is an arbitrary (mxl) vector. 

We now prove the following theorem. 

T 
Theorem 1: Exactly two linear transformations T are such that k-»K 

where k is any segment of a non-degenerate conic: section. If the addi¬ 

tional restraint is imposed that endpoints of k and K have a specific 

correspondence, then T is unique. 

Proof: Consider the non-degenerate conics such that 

T 
ax2-fbxy-fcyH-dx+ey+f = 0 ((x4, y4) to (x2, y2) )-» 

AX2+BXY+CYH-DX+EY+F = 0 ((X3, Ys) to (X4, Y4)). 

From the original segment we find the points (xm, ym), (xs, ys), and 

(xt, yt) for example, and from the image segment we find the cor¬ 

responding image points (Xm, Ym), (Xs, Ys), and (Xt, Yt). Then using 

(1) we can write the matrix equations 

Ai = MBt and A2 — MB2, 

where 

A,= (?) ,A-= I) ,B'= (?) 

/xm Ym l\ 
Xs Ys 1 

\nj , \Xt Yt 1/ 
It follows from the collinearity of the image points that the rank of M 

is two. Therefore from p3) we have 

B1 = M+A1+ (I-M+MK, 

and 

B2 = M+A2 + (I-M+M)e2, 

where (I—M+M)e4 and (I—M+M)e2 are arbitrary vectors in the one¬ 

dimensional null space of M. If 77 = (77*, 772, 773)1 is a known column 

vector from the null space of M, then: 

B4 fg M+At + c477 

= «2, a3) 1 + C4 (771,. 772, 773) V 

and 

B2 = M+A2 -P c2t/ 

= (fill @2, fia)1 + C2 (77!, 772, 773)% 

where M+A,. == («4, «2, a3)% M+A2 = (781, /?2, /3?) \ and Ci, c2 are ar- 

B, M = 
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bitrary constants. At this point T Is known to have the form 
f X — (aX •+ Cl 7Jx) X '+ t®2 +- d rj2) Y + «3 + Cl 7]3 

T: j 
l y = (fii'+ C2 rjx) X '+ (P2 '+ C2 rj2) Y4~ ,ps + C2 rj3, 

with Ci and c2 yet to he determined. It Is now clear that exactly two 
transformations will map the original segment into its image. One set 

Ti 
of values for ci? c2 determines Tx such that (x1? y-i)-> (X3, Y3) and 

Tx T2 
(x2, y2)~* (X4, Y4) and a second set determines T2 such that (x1? yi)-> 

T2 
(X4, Y4) and (x2, y2)“> (X3, Y3). Also since T must be such that end¬ 
points map into endpoints, it is clear that T Is determined uniquely if 
a specific correspondence is imposed between endpoints. 

A corollary to Theorem 1 and another similar theorem are now 
stated. We omit the proofs since they are identical except in detail to 
that just given. 

Corollary: If k is a straight line segment and the invariant points 
are considered to coincide at its midpoint, then infinitely many linear 

T 
transformations T are such that k -» K. 

Theorem 2: If k is a curve segment which is symmetric about the 
perpendicular bisector of the chord of k, then exactly two linear trans- 

T 
formations T are such that k K. If the additional restraint is imposed 
that endpoints of k and K have a specific correspondence, then T is 

unique. 

EXAMPLE 

T 
Consider the problem: given that y — x2 ((—1, 1) to (3, 9)) 

X2+2XY+Y2+2X+Y-1 = O' ((-5, 7) to (-1,-1), findT. 
One method for finding T is simply the method used in proving the 

theorem. We find (xm,ym) ■=- (1,5), (xs,ys) = (1,1), (xt, yt) = 

(1,-3), (Xm,Ym) = (-3,3), (Xs,Ys) = (1, —1), and (Xt,Yt) = 
(5, —5). Hence 

/ 5\ 1—3 3 l\ 

A. = 1 and M ■— 1 -1 1 
W , \ 5 -5 1J . 

We find 
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Then T has the form 

fx = CiXi+CiY+l 

T: 

ly= (c2-i/2) X+ (c2 + %) Y&2. 
Ti 

Now if Ci and c2 are determined such that (—1, 1) (—1, —1) and 

T To 
(3, 9) -» (—5, 7), we find Ci,= 1 and c2 '= but if Q—1,1) *-> (“5, 7) 

T> 
and (3, 9) ~>2 (—1, -1), then Cj. = —1 and c2 = —7/2. Therefore we 
have two distinct transformations, 

f x = X rh Y ,+T 
T^ 

Ly= y+2, 

^ |x = -X —Yr+l 

ly=“4X™3Y:+2. 

and 
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The theorem implies a shorter method of solution if only a single 

transformation is required. We simply specify that (xi, yi) 
Ti 

(X..Y.) 

T2 
or (xi, yi) -» (X4, Y4) and, in conjunction with any two invariant 

points and their images, this allows the determination of T4 or T2 with¬ 

out encountering singular matrices. 
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Vapor Pressures and Boiling Points of Five Aliphatic 
Ethers, C2 to Cs1 

by A. P. KUDCHADKER,2 C. O. REED, JR., L. J. CLAGUE, 

and B. J. ZWOLINSKI 

Thermodynamics Research Center, Department of Chemis¬ 

try, Texas A&M University, College Station, 77843 

ABSTRACT 

Critically selected experimental vapor pressure data for 5 aliphatic 

ethers, carbon range C2 to C5, were fitted to the Antoine equation by a 

digital computer program. The resulting Antoine constants, normal 

boiling points, and (dt/dp)760 are tabulated. 

INTRODUCTION 

In spite of the great importance of the simple aliphatic ethers 

(R—0—R') to science, medicine, and technology, no effort has been 

made in the last 40 years to systematically and critically review the 

physical properties of this common class of organic oxygen compounds. 

Reliable experimental information of moderate precision was found 

for only 5 of the straight chain aliphatic ethers in the C2 to C5 carbon 

range, including the common ether, diethyl ether. 

Because of their similarities to hydrocarbons, ethers have a special 

importance in theoretical correlation studies of physical properties. 

Except for the first member of the series, dimethyl ether, the physical 

properties of the ethers bear a striking resemblance to those of the cor¬ 

responding homomorph, in spite of the dipole interactions in the ether. 

The homomorph of an ether is the hydrocarbon which results from 

replacement of the oxygen atom by a methylene group which has a 

relatively small effect on the physical property of the liquids. In con¬ 

junction with this study a convenient digital computer program was 

also developed for initial screening, evaluation, and smoothing of large 

quantities of vapor pressure data for liquids. 

1 This investigation was performed with the support of the Thermodynamics 

Research Center Data Project (formerly the Manufacturing Chemists’ Association 

Research Project) and the National Bureau of Standards Office of Standard Reference 

Data. 

2 Present Address: Indian Institute of Technology, Department of Chemical Engi¬ 

neering, Kanpor, India. 
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EXISTING DATA 

A comprehensive review of the literature from the earliest investi¬ 
gators to date yielded a large volume of experimental vapor pressure 
data on the 5 ethers as listed in Table 1. For the remaning 6 isomeric 
alkyl ethers in the carbon range C2 to C5 (namely, methyl isopropyl, 
ethyl isopropyl, and the 4 isomeric methyl butyl ethers), the available 
data was too meager and of precision too low to be treated by the pro¬ 
cedure outlined below. The reader is referred to the TRC Data Project 
Table 23-1-1-(1.2120) -a (Selected Values of Properties of Chemical 

Compounds, Thermodynamics Research Center Data Project, loose- 
leaf data sheets, extant 1968) for normal boiling points and df/dp at 
760 mm of mercury for these 6 ethers. The complete set of literature 
references for all 11 aliphatic alkyl ethers, C2 to C5, are reported in the 
specific references sheets to the TRC tables. Only the pertinent refer¬ 
ences used in this analysis are cited below. 

PROCEDURE FOR SELECTION AND SMOOTHING OF THE DATA 

The existing data for the compounds listed in Table 1 were indi¬ 
vidually reviewed for compound purity, standardization, and accuracy 
of the experimental procedure, and the preliminary selected values 
were recorded on punched cards. The initially selected values were 
then screened for internal consistency on a digital computer according 
to the screening program described as follows: 

(1) The data is fitted to an empirical equation by the method of least 
squares. For the present investigation the Antoine vapor pressure 
equation, 

logP = A-B/{C + t{QC)) 

was used. Numerous analyses in this laboratory had demonstrated 
its effectiveness, not only for hydrocarbons but also for alkyl de¬ 
rivatives of hydrocarbons such as ethers, alcohols, and other deriva¬ 
tives (Kreglewski and Zwolinski, 1961a; Kreglewski and Zwolinski, 
1961; Selected Values of Properties of Chemical Compounds, Ther¬ 
modynamics Research Center Data Project, loose-leaf data sheets 

extant 1968; Miller, 1964; Rossini, et al1953) providing the re¬ 

duced temperature does not exceed 0.70 ± 0.05. 
(2) The deviation of each data point, normal to the fitted curve (cal¬ 
culated from the individual temperature and pressure deviation), is 
determined, as well as the standard error of estimate of the set. 
(3) Data points falling beyond preset limits, expressed in terms of 
multiples of the standard error of estimate, are called to the attention 
of the investigator. The selection or rejection of the data points may 
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be favored on a quantitative basis by measures of experimental data 

precision (such as the standard deviation of individual data sets, if 

given) or on the basis of subjective criteria. 

(4) Off-limit points are eliminated, and the preceding operations, 

(1), (2), and (3), are repeated either a specified number of times 

or until all remaining data points fall within the specified limits. The 

user may then apply his judgment to select the run which gives the 

optimal solution on the basis of all criteria, or he may investigate the 

cause of the discrepancies and re-run the data. 

(5) Boiling points at various pressures from 10 mm Hg to 1500 mm 

Hg, and the pressure coefficients at 760 mm Hg are calculated from 

the final set of parameters for the Antoine equation. 

The calculation outlined above was designed to approximate the 

time-honored procedure of plotting the data and attempting to draw 

a “best line” through the data, mentally rejecting the influence of 

points “too” far off the best line. Properly used, this program does not 

eliminate the implicit criteria on which some points may be rejected, 

but permits selection of the other data on an unbiased, quantitative 

basis. It also substitutes for the ruler, French curve, etc. of the manual 

technique, optimally fitted standard vapor pressure equations such as 

the Antoine, Frost-Kalkwarf, etc. equations. If desired, the operations 

can be monitored on machine-plotted displays of the data points and 

the fitted equations. 

The program is written in Fortran II for an IBM 709-7094 computer 

system, and accepts data of mixed card format. These data may be ex¬ 

pressed in any of the standard vapor pressure correlating variables. 

RESULTS 

Table 1 gives the values of the A, B, and C parameters for the An¬ 

toine equation, applicable within certain limits, for pressures in the 

range of 10 to 1500 mm of mercury for the 5 compounds. The TBC 

Table 23-2-1-(1.2120 )-k (Selected Values of Properties of Chemical 

Compounds, Thermodynamics Besearch Center Data Project, loose- 

leaf data sheets extant 1968) generated from these constants gives a 

numerical value of the boiling points for 27 selected values of pressure 

in the range 10 to 1500 mm of mercury. The table also gives an indica¬ 

tion of uncertainty in values of the calculated temperature for various 

pressures, the general rule being that the uncertainty in any of the 

values tabulated lies in the range of 2 to 15 units in the last place given. 

Table 2 gives values of the “best” or selected normal boiling points, 

dt/dp at 760 mm of mercury, and the older literature values of normal 
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Table 1 

Values of the constants of the Antoine equation for vapor pressures, applicable within 

certain limits for pressures in the range of 10 to 1500 mm of Hg for five aliphatic 

alkyl ethers 

Log10P — A — B/(C -f-1); t — [B/(A — log10P) ] — C; P = mm Hg and t — °C 

Formula 
Compound 

(Literature References) A 
Values of Constants 

B C 

c2h6o Dimethyl ethera> b>c 7.31646 1025.56 256.05 

c"3hso Methyl ethyl etherd 5.88193 504.49 160.75 

c4h10o Methyl re-propyl ethere 5.50722 478.29 142.97 

c4h10o Diethyl etherf» s>h,i,j 6.98472 1090.64 231.20 

C5H1o0 Ethyl re-propyl etherd’e 6.71158 1052.47 210.88 

a Cardoso, E., and A. Bruno, 1923; b Kennedy, R. M., et al., 1941; c Maass, O., and E. H. Boomer, I 
1922; d Berthoud, A., and R. Brum, 1924; e Bingham, E. C., 1910; f Joukovsky, N., 1934; s Louder, 
E. A., et al., 1924; 1 Ramsay, W., and S. Young, 1887; * Taylor, R. S., and L. B. Smith, 1922; 
j Young, S., 1910. 

boiling points for comparison. The agreement between the new selected 

values and the older literature values is quite good. Mention should be 

ferent curves are obtained when the data of Bingham (1910) and Bert¬ 

houd and Brum (1924) are plotted. Bingham’s data give 63.90°C for 

the normal boiling point at 760 mm of mercury, while the data of 

Berthoud and Brum give 61.4°C. The difference between the 2 reported 

values cannot be justified on the basis of purity of samples alone. How¬ 

ever, from examination of all available vapor pressure data, including 

individual boiling point measurements, the higher value of 63.90°C is 

favored at the present time. 

Table 2 

Values of the normal boiling points, dt/dp at 760 mm of Hg and the older selected 

values 

Compound 
Selected Normal Boiling 

Points 760 mm Hg 

d t/dp 
760 mm Hg 
°C/mm Hg 

Literature 
Values 

Dimethyl ether — 24.84 0.0299 — 24.82a 

Methyl ethyl ether -f 7.35 0.0323 + 7.5b 

Methyl re-propyl ether 39.14 0.0400 38.8b 

Diethyl ether 34.55 0.372 34.60b 

Ethyl re-propyl ether 63.86 0.0412 64.0b 

a Berthoud, A., and R. Brum, 1924; b Rossini, F. D., et al. 

The heats of vaporization, A//v, for the ideal vapor may be calcu¬ 

lated by using the Antoine constants reported in Table 1. The true heat 
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of vaporization for diethyl ether at the normal boiling point, calculated 

by us using the formula 

A Hv = 
4.57563 AZBT2 

(C' + ty 
where C —C — 273.15°, is 6.30 kcal/mol and falls within the range, 

6.28 to 6.31 kcal/mol, of the most recent values reported in the litera¬ 

ture for the calorimetric heat of vaporization. The calculated values of 

AH at the normal boiling point for dimethyl and ethyl n-propyl ethers 

also lie close to the calorimetric values given in the literature. No ex¬ 

perimental values of the heat of vaporization could be found for methyl 

ethyl and methyl rc-propyl ethers for comparison with our calculated 

values. 
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A Versatile, Inexpensive Linear Temperature 
Programmer 

by C. T. STUBBLEFIELD 

Prairie View Agricultural and Mechanical College 

Prairie View, Texas 77445 

ABSTRACT 

A new linear temperature programmer is described which is inex¬ 

pensive, compact and quite versatile. An accurate, 21-speed chart drive 

of a commercial recorder is used to vary the linear rate of increase or 

decrease of temperature of a furnace or bath. The rate can be changed 

anytime during a run by the turn of a selection dial. Isothermal con¬ 

ditions can be maintained for a selected time interval and the transi¬ 

tion between linear heating to cooling may be made in either direction 

with ease. There are 3 convenient temperature spans: 0 to 10, 0 to 25 

and 0 to 50 mV of a thermocouple. The temperature, in mV, may be 

plotted directly on the chart of the recorder in which case a line of unit 

slope is obtained, or the input of the recorder may be reserved for some 

other variable which is a function of temperature. 

DESCRIPTION 

This temperature programmer was constructed around the inexpen¬ 

sive Malmstadt-Enke servo chart recorder (Heath Co. Model EUW- 

20M) which has a 21-speed chart drive (12 in./min to 0.5 in./hr), all 

speeds being as accurate as the 60 Hz line signal. The paper feed knob 

was removed from the recorder, and the shaft of a 500 ohm, 5-turn 

potentiometer was connected at this point with a brass coupling and 

set screws. This potentiometer was affixed to the side of the recorder by 

a brass strip, 0.04 in. thick, appropriately shaped for alignment of the 

shafts. A clip-in type cell holder was screwed to the same side of the 

recorder in a convenient place. It accommodates a 1.35 V mercury cell 

which supplies power through a 174 ohm, 1% dropping-resistor to the 

fixed terminals of the 5-turn potentiometer. This dropping-resistor was 

selected or adjusted for 1.00 V across the terminals as observed on a 

student potentiometer. When programming the temperature, the 0— 

1.00 V output of the potentiometer is compared with the voltage sup- 

The Texas Journal of Science, Vol. XX, No. 4, April, 1969. 
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plied by the 0° -referenced, chromel-alumel thermocouple in the furn¬ 

ace, bath, oven, heating tape, etc., in such a way, that the rate of in¬ 

crease or decrease of heating is linearly controlled. The rotor of the 

potentiometer turns at some constant speed depending upon the elec¬ 

tronic selection of the chart speed. No matter what speed is selected, 

the temperature, expressed in mV, can be read from either the hori¬ 

zontal or vertical grids of the chart with equal ease, since the circuit 

was designed to cause the recorder to plot the voltage of the thermo¬ 

couple on the chart grid with a slope of unity. Of course, the power of 

the heater and the heat-insulation of the furnace or bath provide cer¬ 

tain limitations on the usable rates of heating or cooling. 

Two control cricuits are decribed. The circuit of Figure 1 involves 

the use of the D.C. amplifier. Practically any type having a minimum 

voltage gain of 1000 is usable. The low cost, SA-112 D.C. Amplifier 

(Texas Research and Electronic Corporation) having a voltage gain of 

2500 was used in this design. The 0-1.00 V output of the 5-turn poten¬ 

tiometer is attenuated with 1% resistors to 0-10, 0-25, and 0-50 mV, 

corresponding to the 3 spans of furnace temperature, selections 

being made by a 3-position rotary switch. When the DPDT toggle 

switch is thrown in the position alternate to that in Figure 1, the 3 

PNP 

notes: 
1. ALL RESISTORS 1/2 WATT, I % UNLESS MARKED OTHERWISE. 
2. R-BOURNSTYPE 3520S,5-TURN POTENTIOMETER,500OHMS,RESOLUTION 0.07% 

3. RE I-SIGMATYPE 26F-I000-S/SILMINATURED.C.RELAY,1000 OHM COIL. 

Fig. 1. Linear temperature programmer using D.C. amplifier. 
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spans are inverted for linear decrease of temperature. The attenuated 

voltage output of the potentiometer is connected in reverse-series with 

that of the thermocouple so that when the 2 voltages are equal, the 

output is zero. Any difference in the 2 voltages is amplified by the D.C. 

amplifier. The output of the D.C. amplifier controls the power supply 

of the heater in the furnace or bath. It can directly control a program¬ 

mable D.C. power supply for the heater, such as the Kepco CK series 

to give proportional temperature control. 

The output of the D.C. amplifier (Fig. 1) is applied to the base of 

a PNP transistor using an appropriate dropping-resistor, which was 

selected both for the protection of the transistor, for good sensi¬ 

tivity. Two No. 6 dry cells supply 3 V for the collector of the transistor. 

The load is the coil of a Sigma, Type 26F-1000-S/SIL, miniature D.C. 

relay (RE 1) which requires a current of 2.3 mA for activation. The 

contacts of this relay are shown in the normally closed position. Since 

only the negative output of the D.C. amplifier will cause collector 

current to flow in the transistor, the contacts open only when the 

attenuated voltage output of the 5-turn potentiometer is sufficiently 

greater than the voltage of the thermocouple. The contacts serve to 

switch the heater on or off as needed through a power relay, such as 

the Electronic Relay #T672 (Precision Thermometer and Instrument 

Co.) when its control is operated in the normally closed position. 

Figure 2 is a circuit employing one section of a Malmstadt-Enke 

operational amplifier, Model EUW-19A, with the chopper stabilizer, 

Model EUW-19-4, (Heath Co.). When wired as shown, the opera¬ 

tional amplifier becomes a summing amplifier, in which the positive 

thermocouple voltage and the attenuated, negative CM .00 V output 

from the 5-turn potentiometer are summed at point S. The gain of the 

thermocouple voltage is 1000, which is given by the ratio of the 1 

megohm feedback resistor to the 1000 ohm resistor that couples the 

thermocouple to the operational amplifier. Similarly, the gains of the 

output of the potentiometer are 10, 25, or 50, depending upon the 

position of the SPDT toggle switch which also has an “off” position. 

The DPDT switch serves the same purpose as described for the circuit 

of Figure 1. Since the output voltage of the operational amplifier is 

inverted, an NPN transistor is used to operate the same miniature 

relay which is described above. This relay again serves as an on-off 

switch for the power relay to the furnace. 

OPERATING PROCEDURE 

After the electronic circuits have been warmed-up sufficiently, the 

desired scale of the recorder is calibrated, using a pll inV test unit or 



376 THE TEXAS JOURNAL OF SCIENCE 

1M 

notes: 

SEE FIGURE I. 

Fig. 2. Linear temperature programmer using operational amplifier. 

any other accurate voltage reference source. The temperature of the 

furnace is set below the starting temperature if a linear increase is 

desired, or above for a programmed decrease, and the DPDT switch 

at the 5-turn potentiometer is thrown accordingly. The sensitivity of 

the recorder is set to correspond to the chosen mV-range of the attenu¬ 

ator of the 5-turn potentiometer. The temperature, in mV, of the furn¬ 

ace or bath is observed on the recorder and after loosening the coupling 

which connects the rotor of the potentiometer to the paper feed shaft, 

the chart is rolled to a position where the number of vertical grid units 

counted upward from a major chart division is the same as the number 

of horizontal units counted from chart zero. The rotor of the potenti¬ 

ometer is turned to a position where the 2 relays are just activated. 

An on-off light in the power relay is a convenient indicator for this 

adjustment. The screw in the coupling is carefully retightened; the 

chart-speed is selected, which also sets the linear rate of change of 

temperature; the chart drive motor is activated; and the switch of the 



A VERSATILE, INEXPENSIVE LINEAR TEMPERATURE PROGRAMMER 377 

heater is turned on. To fully cover the selected temperature range, 

20 in. of chart paper is always required, since this length contain 100 

horizontal grids, equal to the number of vertical grids. 

APPLICATIONS 

The temperature, in mV, may be plotted directly on the chart, in 

which case a line of unit slope is obtained. Observed data may be 

written as a function of temperature at the corresponding vertical or 

horizontal grids, then, subsequently plotted on graph paper. Also, a 

continuous record of the linearity and variation of the temperature 

control is made. Thermogravimetric analyses were made in this 

manner using a quartz spring balance. 

This accurate determination of the temperature is useful in obtain¬ 

ing a complete record of the variation of the temperature in the slow 

cooling of solutions in crystal growth studies. 

The linear temperature programmer can also be used for TGA to¬ 

gether with the Cahn RG recording electrobalance. The weight of the 

sample rather than the temperature is recorded on the chart. The 

temperature-measuring junction of the chromel-alumel thermocouple 

is placed inside the furnace tube near the sample. The electrobalance 

conveniently provides for an occasional check of the linearity of the 

temperature programmer. 

DISCUSSION 

The linear rate of increase or decrease of temperature can be 

changed anytime during an experiment simply by switching to a new 

chart speed. The new chart speed should be indicated on the paper at 

this point since the slope of the line remains unity. If during a course 

of a run, isothermal conditions are to be maintained for a certain inter¬ 

val of time, the rotor of the 5-turn potentiometer can be disconnected 

from the chart feed shaft for this period. If the temperature is being 

recorded, then, this isothermal part shows as a vertical line on the 

chart. To change from linear heating to linear cooling, or vice versa, 

the DPDT reversing switch is simply thrown to the alternate position, 

the mechanical coupling of the 5-turn potentiometer loosened, the 

rotor quickly turned to the new balance position, and the coupling 

carefully retightened. Also, a new speed can be selected at the same 

time. 

If it is desired to continue to heat the furnace at a linear rate after 

the 5-turn potentiometer has reached its limit of 500 ohms, e.g., on the 

10 mV range, then, the controller can be switched to a higher range, 
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say 25 mV, and the rotor of the potentiometer turned back to the new 

control position. The rate of change of temperature increases from 0.1 

to 0.25 mV per chart division, but if a heating rate which is more 

nearly the original is required, the chart speed can be reduced accord¬ 

ingly. Notations of the changes should be made on the chart at the pen. 

With the above design, the maximum time required for the 5-turn 

potentiometer to cover its full range without interruption is 40 hr. This 

time can be lengthened by exchanging the 5-turn potentiometer for one 

having more turns. A 500-ohm, 10-turn potentiometer would double 

this time. Furthermore, other chart speeds can be selected by using an 

external signal to the multi-speed chart drive at the appropriate termi¬ 

nals (see manufacturer’s manual). 

The chromel-alumel thermocouple is used in this design. This is a I 

convenient choice, since on the 10 mV scale the temperature range is 

zero to approximately 250°, and every major grid on the graph is a j 
multiple of 25°. The 50 mV scale allows for the maximum safe tem¬ 

perature of this thermocouple. Of course, other thermocouples may be 

employed. 

It was advantageous to replace the small mercury reference cell of 

the Malmstadt-Enke recorder with the higher capacity Mallory RM- 

42R. The original receptacle was replaced with a size D flashlight type. 

The new cell is rated about 14 times the normal life of the first, and it 

increases the stability of the recorder. A zener diode reference source 

to replace this cell is now commercially available. 

The linearity of the programmer is as accurate as the 60 Hz line 

frequency, the resolution of the multi-turn potentiometer, and the 

linearity of the thermocouple voltage with temperature. The accuracy 

of the temperature depends on the quality of the thermocouple, its 

placement, and electrical shielding. Fluctuations of the temperature 

may be minimized by proper furnace or bath design and thermal insul¬ 

ation, and the adjustment of the electric power supplied to it. Again, 

the quality and placement of the thermocouple are important. The 

sensitivity and stability of the amplifier employed is, of course, also a 

factor in temperature control. 

The recorder and the operational amplifier used in the construction 

of the linear temperature programmer were two of the components 

included in the Malmstadt-Enke EU-100A Instrumentation Labora¬ 

tory (Heath Co.). The chopper stabilizer for the amplifier was op¬ 

tional. Only one of the 4 differential input sections of the operational 

amplifier is necessary in the circuit of Figure 2. A second section could 

serve as a preamplifier for the recorder in order to increase its full 

scale sensitivity to 1 mV. This may be desirable when recording certain 

variables as a function of temperature. 
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Notes Section 

ANOTHER F1C1M1A STRECKERI FROM SOUTHERN TEXAS. My earlier re¬ 

port of Ficimia streckeri from Duval County, Texas (Axtell, 1950, Copeia: 137), 

has until recently stood unsupported by confirmatory evidence from other areas 

north of the lower Rio Grande Valley. On June 19, 1967, an additional female 

(RWA Coll. 4194) was collected AOR at 27° 42' 30" N—99° W on U.S. 59, between 

Freer and Laredo in Webb County. The large individual (SV 298, Tail 47 mm) 

was found associated with grayish colored gravelly loam soils in an area of low 

rolling hills covered by dense stands of low bushy acacias and mesquite. 

With 19—17—17 scale rows, 141 ventrals, 28 caudals, a single enlarged rostral, 

2 widely separated prefrontals (which probably include a fused loreal), 7-7 supra 

and 8-8 infralabials, 1-1 preoculars, 1-2 temporals and a divided anal, the speci¬ 

men is typical as regards scalation. A single postocular is present on the right side, 

but this scale is completely fused to the supraocular on the left—an aberration 

which appears to be unusual. The nasals are fused with the first supralabials. 

The individual demonstrates both spotting and banding dorsally (The Duval Co. 

specimens were spotted only). In all, there are 53 dark grayish dorsal markings 

on a pale gray ground. Spotting commences at the posterior parietal boundary and 

continues as follows: 7 spots followed by 21 paired spots (frequently off-set), followed 

by 6 crossbands, followed by 19 paired or single spots (frequently off-set). The tail 

has only 4 unpaired spots. There are approximately 2.5 to 3 pale scales between 

each dorsal dark marking. No lateral markings are present, but each scale of the 

body is pigmented marginally with melanophores (espeically the anterior margin) 

and these mixed with fleshy white ground substance give the body its grayish colora¬ 

tion. The ground color lightens ventrally, expecially on the first and second scale 

rows, where thin medial stripes are faintly discernible. All supralabials are pig¬ 

mented dorsally but the third and especially the fourth structures below the eye are 

more heavily pigmented (presumably what Brown, 1967, Tex. Journ. Sci. 19: 324, 

refers to as a characteristic “dark spot”). 

This record fills a distributional haitus at the northwestern range periphery of F. 

streckeri and indicates a possible dispersal corridor from the south. Being a denizen 

of tight alluvial and even stony soils (rather than friable sandy types) the species 

has apparently bipassed the extensive dune sands and sandy loam accumulations 

of Kenedy, Brooks, eastern Jim Hogg and northern Willacy and Hidalgo Counties, 

by skirting westward along the roughlands annectant to and west of the Bordas 

Escarpment. If this proves to be the case, specimens might be expected in southern 

McMullen, Live Oak, and possibly northern Jim Wells County. Further move¬ 

ment in a northwesterly direction, on the other hand, might be hampered by sandy 

edaphic barriers in LaSalle and Dimmit Counties. Ralph W. Axtell, Southern Illi¬ 

nois University, Edwardsville, Illinois, 62025. 

DISTRIBUTIONAL NOTES FOR SOME MAMMALS FROM WESTERN TEXAS 

AND EASTERN NEW MEXICO. The curating of recent acquisitions in the mam¬ 

malogy collection at Texas Technological College has brought to light several im¬ 

portant distributional records of mammals from Texas and New Mexico. In addi¬ 

tion, certain pertinent ecological observations concerning these mammals are in¬ 

cluded. 

The Texas Journal of Science, Yol. XX, No. 4, April, 1969. 
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Notiosorex crawfordi crawfordi (Coues).—Davis (1960, Tex. Game and Fish 

Comm., Bull. #41) records desert shrews from Howard, Briscoe, and Hutchinson 

counties. Packard and Garner (1964, Tex. Journ. Sci., 16: 388) reported specimens 

from %, mi NW Lubbock, Lubbock County, Texas (2) and 6 mi E, 1 mi S Post, 

Garza County, Texas (1). Subsequently, Dr. Robert J. Baker has captured 3 females 

by hand in woodrat nests near Post (TT Nos. 4520, 6582, 6583). 

Lasionycteris noctivagans (Le Conte).—Blair (1962, Tex. Journ. Sci., 4: 95-96) 

reported the first silver-haired bat in Texas, obtained 20 March 1948, about 18 mi 

W Bandera, Medina County. A second specimen was reported by Milstead and 

Tinkle (1959, SW. Nat., 4: 138), taken 11 November 1958, from a store in Lub¬ 

bock, Lubbock County. Recent additions to these records include an adult male 

(TT No. 4624) captured by Mr. C. A. Wright 19 May 1967, at Levelland, Hockley 

County (32 mi W Lubbock) and an adult male (TT No. 5488) collected in a resi¬ 

dential section of Lubbock 15 October 1967. The dates of capture support Blair’s 

(op. cit.) hypothesis that this species is a migrant in Texas. 

Reithrodontomys megalotis megalotis (Baird).—Tamsitt (1954, Tex. Journ. Sci., 

6: 33-61) did not find this species at Black Gap, Brewster County, Texas or at 

La Mota Rancho, Presidio County, Texas. Judd (1967, SW. Nat., 12: 194) reported 

a specimen from the Chisos Mountains, Big Bend National Park, Texas. We dis¬ 

covered a female (TT No. 4959) in the Texas Technological College Collection 

taken 31 March 1964, at Black Gap Wildlife Management Refuge, Brewster County, 

Texas. It is likely that the western harvest mouse occurs uncommonly in suitable 

habitat throughout the Big Bend area. 

Perognathus intermedius intermedins (Merriam).—Davis and Robertson (1944, 

Journ. Mamm., 25 : 268) reported the rock pocket mouse from 7 mi N Pine Springs, ; 

Culberson County, Texas. Davis (1960, Tex. Game and Fish Comm., Bull. #41: 

159) reported specimens from Jeff Davis County, Texas. Numerous authors have 

pointed out that these mice show a strong preference for rocky situations. Vernon 

Bailey (1905, N. Amer. Fauna 25: 139-140) reported finding them on sandy soils 

among rocks. Davis (op. cit.) stated that they seemingly avoid areas of loose sands. 

We obtained 2 females (TT Nos. 4448, 4449) 6 mi SE Pecos, Reeves County, Texas. 

An adult female (TT No. 5489) was trapped on loose, windblown sand 8 mi S 

Wink, Winkler County, Texas. The Pecos locality is about 85 mi SE Pine Springs 

and 40 mi NE of the eastern border of Jeff Davis County. The Wink locality is 

approximately 95 mi E Pine Springs and about 75 mi NE of the northeastern bor¬ 

der of Jeff Davis Connty. 

Diopodomys spectabilis baileyi (Goldman).—One of us (Schmidly) shot a female 

bannertail kangaroo rat 10 August 1967, 3 mi W and 1 mi N Caprock, Lea County, 

New Mexico (a locality on the western edge of the Llano Estacado). The nearest 

published locality in New Mexico is 15 mi NE Roswell, Chaves County (Vorhies 

and Taylor, 1922, Bull. U.S. Dept. Agri., 1091: 1-40), a place about 40 mi NW 

Caprock. On 21 October 1967, a female (TT No. 5396) bannertail kangaroo rat was 

trapped at the base of the escarpment of the Llano Estacado approximately % mi 

W of the locality given above. Both specimens were collected in a mesquite-grama 

association on shallow soils containing caliche pebbles. Dipodomys ordii, D. mer- 

riami, and D. spectabilis occur sympatrically at this locality. 

Packard and Judd (1968, Journ. Mann., 49: 537) have reported D. spectabilis on 

hard pan soils along the southern edge of the Llano Estacado in Andrews and 

Ector County, Texas. Apparently, bannertail kangaroo rats occur intermittently 

along the southern and western margins of the Llano Estacado and may extend 
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into the interior of the high plains in areas where hard pan soils are present. 

Dipodomys merriami merriami (Mearns).—The current northernmost record of 

D. merriami in Texas as Monahans, Ward County (V. Bailey, 1905, N. Amer. 

Fauna, 25: 150). We obtained 2 females and 2 males (TT Nos. 5398-5401) 11 No¬ 

vember 1967, 19 mi E Kermit, Winkler County. This locality is about 30 mi N 

Monahans and represents the first record of Merriam’s kangaroo rat from the Llano 

Estacado. The distribution of D. merriami in this area is; correlated with creosote 

bush and hard pan soils which extend as finger-like projections into the southern 

edge of the Llano Estacado. 

One of us (Schmidly) trapped a male and female (TT Nos. 5396, 5397) D. mer¬ 

riami 4 mi N Caprock, Lea County, New Mexico 21 October 1967, a place just off 

the western edge of the Llano Estacado. This locality extends the known range 

of D. merriami 70 mi northward from Carlsbad, Eddy County New Mexico (Blair, 

1943, Cont. Lab. Vert. Biol., Univ. Mich., 21: 29), the nearest marginal locality. 

F. W. Judd, Dept, of Biology, Pan American College, Edinburg, Texas 78539, and 

D. /. Schmidly, Dept, of Biology, Texas Technological College, Lubbock, Texas 

79409. 

RECORDS OF MILLIPEDS IN TWENTY FIVE NORTHEAST TEXAS COUN¬ 

TIES. Recent collection provides new records of millipeds from northeastern Texas, 

many of which significantly expand the ranges cited by Chamberlin and Hoffman 

(1958. U.S. Nat. Mus. Bull., 212: 1-236). These collections were made over a 

period of 2 years during all seasons; however, deficiencies in some counties in¬ 

dicates the need for more collecting in these areas. All specimens, except the holo- 

type of Aniulus medialis Causey, MS, are deposited in the Invertebrate Collection, 

Department of Biology, Stephen F. Austin State College, Nacogdoches, Texas. 

COLLECTIONS 

Family Polyxenidae 

Polyxenus fasciculatus Say. 

Polyxenus fasciculatus Say, 1821, Journ. Acad. Nat. Sci. Phila., 2: 108. Record: 

Nacogdoches County, Stephen F. Austin State College Campus, Nacogdoches, 

23/III/65. 

Family Eurydesmidae 

Pachydesmus clarus (Chamberlin). 

Fontaria clara Chamberlin, 1918, Ann. Ent. Soc. Amer., 11: 372. Records: Gregg 

Co., 4 mi. SE of Gladewater, Hwy. 135, 19/IX/67; Nacgodoches Co., Nacogdoches, 

21/11/67; Panola Co., 9 mi. SW of Carthage, Pirtle Scout Reservation, 5/IV/64. 

Family Polydesmidae 

Pseudopolydesmus pinetorum (Bollman). 

Polydesmus pinetorum Bollman, 1888, Ent. Amer., 4: 3. Records: Bowie Co., 2 

mi. N of Malta, 9/XII/67; Nacogdoches Co., 6 mi. SW of Nacogdoches, Hwy. 7, 

13/XI/67. 

Pseudopoly desmus serratus (Say). 

Polydesmus serratus Say, 1821, Journ. Acad. Nat. Sci. Phila., 2: 106. Records: 

Camp Co., 3 mi. W of Pittsburg, 5/IV/68; Lamar Co., 11 mi. N of Paris, Pat Mayes 
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Reservoir, 6/IV/68; Nacogdoches Co., 6 mi. SW of Nacogdoches, Hwy. 7, 

4/XI/67; Sabine Co., 3 mi. S of Hemphill, 2/II/68; Smith Co., Tyler, 18/IX/67. 

Family Eurymero desmidae 

Eurymerodesmus birdi Chamberlin. 

Eurymerodesmus birdi Chamberlin, 1931, Ent. News, 42: 101, pit. 2, figs. 6-8. 

Records: Red River Co., 5 mi. S of Red River, Hwy. 259, 9/XII/67; Lamar Co., 

8 mi. SE of Paris, 6/IV/68. 

Eurymerodesmus hispidipes (Wood) , 

Polydesmus hispidipes Wood, 1864, Proc. Acad. Nat. Sci. Phila., p. 7. Records: 

Angelina Co., Lufkin, 13/X/66; Nacogdoches Co., Nacogdoches, 1/III/67; Rusk 

Co., 3 mi. S of New Salem, 17/XI/67; Sabine Co., Sabine National Forest, 2/III/68; 

Shelby Co., 2 mi. SE of Paxton, 1/III/68; Smith Co., 4 mi. N of Overton, 19/XI/67; 

Upshur Co., 1 mi. N of Big Sandy, 17/IV/68. 

Family Lysiopetalidae 

Abacion texense (Loomis) 

Spirostrephon texensis Loomis, 1937, Proc. U.S. Nat. Mus., 84: 109, fig. 16n. 

Records: Angelina Co., Lufkin, l/V/67; Camp Co., 5 mi. N of Mt. Pleasant, 

5/IV/68; Cherokee Co., 4 mi. N of Linwood, 28/X/67; Nacogdoches Co., Nacog¬ 

doches, 9/V/67; Panola Co., 9 mi. SW of Carthage, Pirtle Scout Reservation, 

5/IV/64; Sabine Co., 10 mi. W of Geneva, 2/III/68; Shelby Co., Joaquin, 17/IV/67; 

Smith Co., Owentown, 18/XI/67. 

Family Paraiulidae 

Aniulus medialis Causey MS 

Aniulus medialis Causey, in manuscript. Record: Bowie Co., 5 mi. S of Red River, 

Hwy. 259, Type locality, 9/XII/67. 

Hakiulus diver si frons (Wood) 

Julus diversifrons Wood, 1867, Ent. Amer., 2: 226. Record: Smith Co., 2 mi. N 

of Tyler State Park, 18/IX/67. 

Hakiulus texensis Causey. 

Hakiulus texensis Causey, 1952, Tex. Journ. Sci., 4(2): 201, figs. 6, 7. Records: 

Nacogdoches Co., Stephen F. Austin State College, Nacogdoches, 9/XI/66; Rusk 

Co., 5 mi. S of New Salem, 17/XI/67; San Augustine Co., 5 mi. W of San Augus¬ 

tine, 2/III/68; Shelby Co., 4 mi. SE of Paxton, 1/III/68; Smith Co., Owentown, 

18/XI/67. 

Oriulus disjunctus Causey MS 

Oriulus disjunctus Causey, in manuscript. Records: Camp Co., 3 mi. W of Pitts¬ 

burg, 5/IV/68; Cherokee Co., 4 mi. N of Linwood, 28/X/67; Delta Co., 23 mi. N 

of Sulfur Springs, 7/IV/68; Franklin Go., 10 mi. N of Mt. Vernon, 6/IV/68; Hop¬ 

kins Co., 5 mi. S of Sulfur Springs, 7/IV/68; Nacogdoches Co., Nacogdoches, 

20/IX/66, Paratype; Rusk Co., 3 mi. S of New Salem, 17/XI/67; Smith Co., 4 mi. 

N of Overton, 19/XI/67. 

Family Spirobolidae 

Narceus americanus (Beauvois). 

Julus americanus Beauvois, 1805, Insectes recueillis in Afrique et Amerique . . ., 

Apteres, p. 155, pit. 4, figs. 3a-c. Records: Angelina Co., Lufkin Airport, 18/X/66; 

Gregg Co., 3 mi. S of Longview, 19/XI/67; Lamar Co., 11 mi. N of Paris, Pat 
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Mayes Reservoir, 6/IV/68; Nacogdoches Co., 3 mi. N of Nacogdoches, 2/II/67; 

Rusk Co., 3 mi. S. of New Salem, 17/XI/67; Smith Co., Tyler, 25/IV/68. 

Family Cambalidae 

Cambala texana Loomis. 

Cambala texana Loomis, 1938, Proc. U.S. Nat. Mus., 86: 40, fig. 13. Records: 

Angelina Co., Lufkin, 5/V/68; Bowie Co., 2 mi. N of Malta, 9/XII/67; Cherokee 

Co., 4 mi. N of Linwood, 28/X/67; Gregg Co., 3 mi. S of Longview, 19/XI/67; 

Marion Co., 10 mi. W of Jefferson, 17/VI/68; Morris Co., 6 mi. N of Dangerfield, 

8/XII/67; Rusk Co., 5 mi. N of Mt. Enterprise, 19/XI/67; Wood Co., 4 mi. SW 

of Pine Mills, 20/VI/68. 

I would like to thank Richard J. Schmitt and Charles M. Mather for help in 

collecting specimens, and Dr. Nell B. Causey for aid in identification of specimens 

and the use of the Causey Collection, Louisiana State University, Baton Rouge. 

Research was financed by a Faculty Research Grant, Stephen F. Austin State 

College. Thomas C. Stewart, Department of Biology, Stephen F. Austin State 

College, N acogdoches, Texas, 75961. Present address: Dept, of Zoology, Louisiana 

State Univ. Baton Rouge, La., 70803. 

PELECYPOD BEAK WEAR: AN INDICATOR OF POSTMORTEM TRANS¬ 

PORTATION. The ligament or resilium of most clams constantly tends to open 

up the valves. This tendency is opposed by the muscles of the animal. Upon death, 

the muscles relax and the valves spring open. As the soft parts decay or are eaten 

by scavengers, the valves may open much further than would be possible in life. 

The geometry of some pelecypods in such that the beaks meet to prevent the 

valves from opening further; any movement of the shell will then act to produce 

wear on the opposed beaks, until either the shell comes to rest, or the ligament 

gives way and the valves are separated. A valve that has undergone such a history 

will bear a planer facet, due to abrasion, on the beak. If the species is equivalve, 

the acute angle of the beak abrasion facet with the plane of commissure will be 

half the angle between the two valves when they were fully open. 

Beak abrasion facets have been observed on several Gulf Coast pelecypod species. 

Figure 1 shows the articulated valves of Anadara brasiliana (Lamarck), collected 

from the beach at Galveston, Texas. The beaks touch together, and in most such 

examples show appreciable wear. Figure 2 is a valve of Anadara lienosa (Say) 

dredged from 12 meters depth, off the coast of Cameron Parish, Louisiana; the 

beak abrasion facet is quite well developed. Dionocardium robustum (Solander) 

often shows several types of beak wear. In this species the beaks may touch slightly 

even in life, and a small facet may form near the hingeline, subparallel to the 

plane of commissure. Fully opended dead/shells will wear a facet higher on the beak, 

oriented at 45° to 50° to the plane of commissure, this is usually the best developed 

facet for the species (Figure 3). Occasionally, an intermediate facet is preserved 

that denotes a rather specific history. Observations of dying individuals of Dino¬ 

car dium robustum on the beach at Bolivar Peninsula, Texas, show that an inter¬ 

mediate facet is formed on moribund clams, or those which have just died: the soft 

parts are still intact, but are relaxed to allow the valves to open to about 60°. This 

condition is normally of short duration, since crabs and other scavengers soon eat 

the soft parts, allowing the shell fully to open to 90° to 100°, which is the posi¬ 

tion at which the highest facets are abraded. Whenever the intermediate facet is 

present, however, it is good evidence that the clam died in turbulent waters, and 
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probably was killed by being scoured from its substrate by current action. Figure 

4 is a Dinocardium robuslum on which the beak abrasion facets run together, and 

look like a single band of wear. 

The author wishes to acknowledge the support of a National Aeronautics and Space 

Administration Fellowship and of National Science Foundation Grant GP-3600. 

Fig. 1. Anadara brasiliana, beach, Galveston, Texas. 

Paul S. Boyer, Department of Geology, Rice University, Houston, Texas 77001 

A NUMERICAL INTEGRATOR METHOD GENERATED RY THE Z-TRANS¬ 

FORM. In this note the Z-transform is used (cf. IBM Publ. E 20-0029-0) to moti¬ 

vate the difference method 

(1) y — e 
n + i 

-ah 

yn 

-ah 

f(x , y ), 
n n 

for solving the initial value problem 

(2) y'+ ay = f(x,y), 

y(0) =. c, 
and the method is shown to be convergent. 

The Z-transform is usually developed by considering the Laplace transform of 

a function defined cn a discrete domain. 

However, for the purpose at hand we consider 

Definition: The Z-transform of the function r is 

00 

Z(r) = 2 r(kh)zk, here h is a positive number. 
k=0 
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Fig. 2. Anadara lienosa dredged offshore Cameron Parish, Louisiana. 

Fig. 3. Dinocardlum robustum from Bolivar Peninsula, Texas, showing the two com¬ 

monest forms of beak abrasion facets for this species. 
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Fig. 4. Dinocardium robustum from Bolivar Peninsula, Texas, bearing a band of beak 

abrasion produced from the confluence of the three forms of beak abrasion found in this 

species, (all figures X 2.5) 

The following properties of the Z-transform follow readily from the definition. 

Throughout this paper it is assumed that r(x) = 0 if x < 0. 

Property 1: Z(af + bg) = aZ(f) -|- bZ(g), if Z(f) and Z(g) both exist. 

Property 2: Let rh be defined as 

rh(x) = r(x — h), then for each positive integer n, 

Z(rnh) =znZ(r). 

Property 3: If Z(f) = Z(g), then 

Property 3: If Z(f) = Z(g), then 

f (nh) 1= g(nh) for n = 0, 1, 2, . . . 

Property 4: If H denotes the Heaviside function, that is 

f l,x > 0 
H(x)=<| then 

l 0, x < 05 

1 
Z(H)=--? for| z | < 1. 

1 — z 

Consider the differential equation 

(3) y'(x) ■+ ay(x) = f(x), 

y(O) = c. 

Let W(x) = y (x) — c, so that W satisfies W' -f- aW = f — ac, 
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W(O) = O. In order to apply the Z-transform we consider the initial value problem. 

W' + aW = H, 

W(O) =0, 

The solution is W(x) = — (1 — e~ax). The Z-transform of W is then 
a 

Z(W) 
1 z(l — e-ah) 

a 1 — ze-ah 

1 
or 

z(l — e_ah) 
(1 — ze-ah) Z(W) ■= —-— Z(H). 

a 

Applying properties 2 and 3, we obtain 

W(nh) — e~ahW(nh —h) = 1 ~ 6 ---- H(nh — h). 
a 

Replacing H(nh) by f(nh) — ac and W(nh) by y(nh) — c and denoting y(nh) by 

yn, we get 

1 — e_ah 
y = e_ahy ■+-f . 
n 1 n a n 

Instead of considering this difference method for f being a function of x only, let 

us apply the method for f being a function of x and y. Hence we obtain (1). 

This method yields the exact solutions to (2) at points xn ■= nh in the case where f 

is independent of y and is a step function with jumps at xn. Thus, if f (x, y) is slowly 

varying over the intervals [nh, nh-j-h], the method will be reasonably accurate. 

The advantage of the method lies in the ease of application and the fact that one can 

often employ a moderately large step size even when | a | is large; that is, the de¬ 

pendence of the step size h on a is somewhat minimized. However, if a high degree 

of accuracy is desired, one can of course let W(x) = eaxy(x) to obtain W'(x) = 

0F di 
F(x, W) - eaxf (x, e_axW) so that the step size becomes dependent on-= —, and 

0W 3y 

then employ a more sophisticated method to the new differential equation. 

The convergence of method (1) is established in the following theorem. 

Theorem: Suppose that (2) has solution Y(x) on the interval [0, X], and that 

df(x,Y(x)) 

dx 
<M on [O, X]. Furthermore, assume there exists a region R in the 

(x, y) plane given by 0 < x < X and |y — Y(x) | < B, where B is sufficiently large, 

such that f satisfies a Lipschitz condition on R, say |f (x^'y^) —f(x2, y2)| < L 

\yt — y2|, then (1) is a convergent method. 

Proof: Let En denote the truncation error, that is, En ■= yn — Yn, where yn denotes 

the solution to (1) and Yn denotes the solution to (2) at x = nh. 

Since Y satisfies 

-ax x 

Yn + 1 = Yne-ah -f- e n+1 $ n+1 e*u f(u, Y(u))du, 

X 
n 

■^n + l y n + l ' n + 1 

we have 
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7= (yn — Yn) e_ah + -— -f (xn? yj 
a 

-ax x 

— e n+1 J 11 + 1 eauf(u,Y(u))du. 

X 

Let F(x) = f(x,Y(xJ) and fn = f (xn, yn), then 

En + 1 = e-ahE + 1~6~ah [fn - F(xn)] + In, 
a 

where 

-ax x 

In = e 11 + 1 ^ 11 + 1 eau [F(xJ — F(u)]du, or 

X 
n 

—ax x 

= [F(xn) - F(t)] e “ + 1 $ n+1 eaudu, 

X 
n 

for some xn < t < xn_j_1, or 

1 — e_ah 
= F'(v>(t— x )-, for some xn < v < t < xn , r 

a 

Hence, 

M 
In < — h (1 — e~ah), and 

a 

|En + 1l < e-ah |EJ 
1 — e-ah , , M 
-|fn - F(xn) | + — h (1 - e-a»), or 

a a 

1 — e-ah M 
|E„ + 1I < \K\ [e-ah +-L] +-h [1 - e-ah]. 

After iterating, we obtain 
|_0-ah 

|EJ < [e-a» +-• L]n |E0| 
a 

1 _ e-ah Mh 
+ {1- [e-ah-f--L]a} 

a a — L 

where E0 — y0 — Y(O). Now for a fixed x, where x = nh, we note that 
0-ah 

Lim [e~ah +-*-L]n — e(L-a)x; 
a 

h^O 

moreover, this convergence is uniform in x for x in any bounded interval, say [0, X]. 

Thus, for x £ [0, X], 

1 — e~ah 
[e-ah --L]n = e(L—a)x -f K(x, h), 

a 

where K(x, h) -» O uniformly on [0, X] as h —» O. Thus, at x = nh, we have 

|E| < [e(L-a)x + K(x,h)] |E0| + 

Mh 
[1 _e(L-a)x _K(x, h)]-s 

a — L 

so if E0 = O and h —» 0, then En —» 0. R. M. Anderson and J. T. White, Department 

of Mathematics, Texas Technological College, Lubbock, Texas, 79406. 
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The Variation of Saponification Rate Constants of 

Three Aliphatic Esters in Several Aqueous-Organic 

Solvent Systems 

by BILLY L YAGER, CHARLES B. KAY, 

JOHN D. MASTROVICH, and 

LAWRENCE E. WHITTINGTON 

Department of Chemistry? Southwest Texas State 

College, San Marcos 78666 

ABSTRACT 

The effects of several solvent systems on the saponification rate 

constants of methyl acetate, methyl butyrate, and butyl acetate have 

been investigated. Solvent systems used were aqueous solutions of 

dioxane, tetrahydrofuran, acetone, dimethyl sulfoxide, and methyl 

alcohol in which the composition varied within the range of 0.80% 

organic solvent (v/v). Usually a maximum in rate constant was ob¬ 

served in the solvents containing 5-40% organic solvent and rate 

constants decreased at higher concentrations of organic solvent. The 

data do not follow the predictions of theoretical equations for solvent 

effects. A Grunwald-Winstein type of linear free energy relationship 

does correlate the data and indicates that the solvent changes the effect 

of the substituent groups of the esters. 

INTRODUCTION 

While solvent effects on several reaction series have been studied 

extensively, the saponification of esters has been investigated only 

slightly in this respect and few conclusions have resulted. Huang and 

Hsieh (1939) reported that the rate constant for the saponification 

of methyl acetate increased linearly with the mole-fraction of dioxane 

in the solvent system of dioxane-water. However, Nair and Ananta- 

krishnan (1950) reported a maximum in rate constant at 10% dioxane 

for ethyl acetate in a dioxane-water solvent system with the rate con¬ 

stant slowly decreasing as the percentage of dioxane was increased 

past 10%. Roberts (1966) has determined rate constants for several 

esters in DMSO-water solutions and these rate constants are linearly 

related to the dielectric constant of the solvent. The work reported in 

this paper was undertaken to provide more data on a wider range of 

The Texas Journal of Science, Vol. XXI, No. 1, October, 1969. 
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solvent systems and thus provide a better understanding of the effect 

of the solvent system on the rates of ester saponification. 

The saponification rate constants of 3 esters, methyl acetate, methyl 

butyrate, and butyl acetate, were determined in several solvent sys¬ 

tems. The larger esters were selected because they are soluble in water 

to the extent necessary to prepare 0.01 m reaction mixtures and also 

have fairly large substituent groups. Aqueous organic solvent mixtures 

were used in which the organic phase was varied within the range of 

0-80% (v/v). The water-miscible solvents used were dioxane, tetra- 

hydrofuran (THF), methanol, acetone, and dimethyl sulfoxide 

(DMSO). Methanol was used only with the methyl esters because of 

the possibility of alcoholysis of butyl acetate which would complicate 

the kinetic data. 

EXPERIMENTAL 

Materials 

The esters used in this study were purchased from commercial 

sources and were purified by distillation through a 40-cm., helices- 

packed column until boiling points and refractive indices agreed 

closely with literature values. 

The water used in preparing all solutions was purified by passing 

laboratory distilled water through a “Research Grade” Ilco mixed-bed 

ion-exchange column. 

Sodium hydroxide and hydrochloric acid solutions were prepared 

by dilution of concentrated solutions and standardized by standard 

methods. 

Technical grade dioxane and tetrahydrofuran (THF) were purified 

in the manner described by Kraus and Vingee (1934). Acetone was 

purified by the procedure of Waldin and Birr (1931). Methanol was 

purified by the method of Lund and Bjerrum (1931). Dimethyl sul¬ 

foxide was purified by a procedure suggested by the Crown Zeller- 

back Corporation in private correspondence. The DMSO was heated 

for 1-2 hours at 120-130° with 1% by weight potassium hydroxide. 

The DMSO was decanted and distilled at reduced pressure through a 

20-cm. column packed with glass beads. 

All rate constants were measured at 35.00° ± 0.02°C. This tempera¬ 

ture was maintained by a Sargent constant-temperature water bath 

equipped with a mercury thermoregulator. 

Determination of Reaction Rates 

A. Conductance Method. 

The method of mixing solutions, measuring conductance and deter- 
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mining rate constants has been described previously (Hancock, et al., 

1961). This method was used for reaction mixtures in which the con¬ 

centration of organic solvent was less than 50%. At higher concentra¬ 

tions, the conductance of the alkanoate ions was so near that of the 

hydroxide ion that the slight decrease in conductance could not be used 

to measure reaction rates. 

B. Titration Method. 

The procedure outlined by Daniels, et al. (1956) was adapted for 

use on the solutions of high organic solvent composition. Separate 

100-ml. solutions of ester and base of the exact same molarity (about 

0.02 m.) were prepared by the addition of the required amount of 

ester and base to the necessary portion of organic solvent and diluting 

to the volumetric mark deionized water. The quantity of organic sol¬ 

vent and of water varied necessarily with the change in solvent com¬ 

position. The excess of water used, due to the imperfect solutions 

formed, was not recorded. The solutions were brought to 35°C, mixed, 

and then aliquots were removed at timed intervals, quenched in cold 

acid, and back-titrated with standard base to a phenolphthalein end¬ 

point. Saponification rate constants (k) were obtained from the second 

order rate equation in the form 

1 Vt-V0 

ta Va-Vt 

where Ft, V0, and Va refer to the volume of back titrant base required 

at time j?, zero, and infinite, respectively, a refers to the initial concen¬ 

tration of base (or ester) in the reaction mixture. A plot of 1 /t(Vt—V0) 

vs. Ft gave a straight line of slope —ka. The value of the slopes were 

determined graphically and k values were calculated by dividing the 

slope by —a. Va values were not required by this procedure. 

Rate determinations were made in triplicate for each ester in each 

solvent system. The average deviations from the mean of the triplicate 

k values was less than 5 %. 

RESULTS AND DISCUSSION 

The saponification rate constants for the 3 esters in the several 

solvent systems are shown in Table 1. The dielectric constants of the 

solvent systems are included in the table. 

The predicted effect of the solvent on the rate of reaction between 

an ion and a neutral molecule is that the reaction rate will increase 

as the solvent dielectric constant decreases (Frost & Peasan, 1921). 

This prediction is obviously not followed in these data. In all of the 

solvent systems used, the dielectric constants decreased with increas- 
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Table 1 

Saponification Rate Constants at 35° in Various Aqueous-Organic Solvents 

k values (l./M. min.) 

Solvent 
Dielectric 

Constant 35° 
Methyl 
Acetate 

Butyl 
Acetate 

Methyl 
Butyrate 

Water 75.0* 21.4 7.91 9.64 

10% Dioxane 67.0* 25.5 10.7 11.6 

20% Dioxane 58.4 23.4 9.40 10.9 

30% Dioxane 50.0 20.5 

40% Dioxane 41.8 19.5 7.51 8.52 

60% Dioxane 25.0 17.4 4.02 7.10 

70% Dioxane 17.4 14.5 3.48 

75% Dioxane 13.9 12.2 3.08 

5% Acetone 71.3+ 22.2 9.08 10.8 

10% Acetone 69.5 23.3 7.93 9.51 

15% Acetone 67.6 21.0 7.91 9.11 

20% Acetone 65.8 19.8 6.84 8.73 

30% Acetone 59.8 18.2 5.54 6.45 

40% Acetone 53.8 15.9 4.26 5.36 

50% Acetone 47.9 13.9 3.01 3.85 

60% Acetone 42.0 12.7 2.89 3.80 

70% Acetone 35.8 12.6 1.97 1.98 

80% Acetone 29.9 12.5 2.60 2.97 

5% THF 73.0$ 23.5 9.25 11.2 

10% THF 69.5 20.8 8.26 10.8 

15% THF 66.0 22.0 7.15 8.40 

20% THF 62.0 20.6 5.58 7.33 

30% THF 55.0 18.7 3.43 3.16 

40% THF 47.4 15.8 2.48 2.73 

50% THF 40.0 11.5 2.50 2.57 

60% THF 32.3 9.25 2.22 2.38 

70% THF 25.0 9.18 1.24 1.31 

5% DMSO 22.0 8.78 12.5 

10% DMSO 24.4 9.36 10.6 

15% DMSO 25.5 9.07 11.6 

5% Methanol 71.5+ 19.9 9.73 

10% Methanol 69.9 18.5 9.47 

15% Methanol 66.0 17.7 8.42 

* Critchfield, et al., 1953a. 
f Akerlof, 1932. 
J Critchfield, et al., 1953b. 

ing portions of organic solvent in the mixture. However, the reaction 

rates usually increased only at small concentrations of organic sol¬ 

vents (—10%) and then decreased at higher concentrations of organic 

solvent. Methyl alcohol is the only organic solvent which caused de- 
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creases in reaction rates even at low concentrations. It also is the only 

protic solvent used. 

It is possible that the increase in reaction rate observed at low 

concentrations of organic solvents is caused by decreasing dielectric 

constants, but that further dielectric effect is counteracted by a second 

effect of the change in solvent. Since water has been shown to partici¬ 

pate in ester saponification (Bender, 1951) it is possible that the 

decrease in reaction rate is caused by decreasing water activity at 

higher concentrations of organic solvent. 

An alternate (and somewhat parallel) explanation involves the 

effect of the change in the solvent on the solvation shell (and thus 

the activity) of the ester. When dissolved in water, the ester molecule 

must be surrounded by water molecules (hydrated). As small por¬ 

tions of organic solvent are added, these more soluble molecules com¬ 

pete with the ester molecules for water of hydration. The hydration 

shell of the ester is then decreased and the ester activity is increased 

—thus explaining the increase in reaction rate at low concentrations 

of organic solvents. At higher concentrations of organic solvent, the 

solvation shell of the ester is probably made up largely of organic 

solvent molecules. The ester solubility is increased and its activity 

decreased. A study of the variation of the activity of the ester with 

changes in solvent composition should test the validity of this pro¬ 

posal. (The effect of the solvent on the activity of sodium hydroxide 

has been studied in this laboratory and will be reported subsequently. 

The results, while interesting, did not help to explain the effect of the 

solvent on saponification reaction rates.) 

While no theoretical treatment has been found which will ac¬ 

curately predict the effect of the solvent on reaction rates, an em¬ 

pirical relationship has been suggested by Grunwald and Winstein 

(1948) which has shown some promise in correlation of solvent 

effects. This linear free energy equation, 

\og(k/kQ)=my (1) 

relates the change in rate constant k for the solvolysis of a compound 

in any solvent with the rate constant k0 for same compound in a 

standard solvent. Y is a measure of the ionizing power of the solvent, 

and m measures the susceptibility of the substrate to changes in the 

ionizing power of the solvent. Y values were determined using the 

hydrolysis of sf-butyl chloride as a standard reaction in a standard 

solvent, 80% aqueous ethanol. This equation was used with fair suc¬ 

cess to show parallel effects of solvents in the hydrolysis of alkyl 

halides. The equation has been adapted for use with the data of this 

investigation by choosing methyl acetate as the standard compound 
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Figure 1. Plot of log (k/k ) for methyl acetate vs. log 

Qi/ho) for methy3. butyrate. Slope (m) is 2.05, 
r, is 0.916, and s_ is 0.113. 

and 40% aqueous dioxane as the standard solvent. The equation now 

becomes 

log(k/ko) = m log(ks/k0s) (2) 

where m, k, and k0 have the same significance as above. ks is the rate 

constant for the saponification of methyl acetate in the same solvent 

as k is determined. k0s is the rate constant for methyl acetate in 40% 

dioxane. (This, in effect, gives values of Y). 

Figure 1 shows a plot of log (k/k0) for methyl butyrate vs. log 
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Figure 2. Plot of log (k/k^) for methyl acetate vs. log 

(k/k^) for butyl acetate. Slope (m) is 1.88, 

r_ is 0.942 and s_ is 0.089. 

(ks/k0s) and Figure 2 is a similar plot for butyl acetate. The slopes of 

the best straight lines, nz, were obtained by the method of least squares 

(Snedecor, 1956). The correlation of the data is acceptable as indi¬ 

cated by the values of the correlation coefficients, r, and the standard 

deviations, 5, thus showing that the solvent effects are, for the first 

approximation, parallel for different esters. 

The 2 values of m, 2.05 and 1.88, are rather close which is consistent 

with the similar reaction rates observed for methyl butyrate and 

butyl acetate. A more striking fact is the difference in solvent effects 

between the standard methyl acetate and the 2 larger esters as evi¬ 

denced by the m values. If the solvents had affected all esters equally, 

the m values would be unity. That the m values were considerably 

greater than unity indicates that methyl acetate is affected less than 
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the other esters by changes in the solvent. This suggests that changes 

in solvents may enhance the polar and steric effects of the substituent 

groups of a reacting molecule in a manner not predicted by the 

theoretical equations relating rate constants to solvent dielectric con¬ 

stants. While polar and steric effects, as measured by a* and Es, (Taft, 

1956) are generally considered to be constant, it is known that these 

values do vary with solvent and temperature, (Lefler and Grunwald, 

1963). A proper evaluation of solvent effects on reaction rates must 

take into account these “secondary solvent effects” and much more 

investigation will be required to determine how this accounting will 

be done. 
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The Role of Solubility Parameters on the Copolymerization 

Of Maleic Anhydride and Vinyl Monomers1 

by RAYMOND B. SEYMOUR, SAMMY D. TATUM,2 

CLINTON J. BORIACK and HING SHYA TSANG 

University of Houston, Houston, Texas 77004 

ABSTRACT 

The rate of copolymerization of maleic anhydride and styrene or 

methyl methacrylate is faster in poor solvents than in good solvents. 

The rate of copolymerization of styrene and maleic anhydride in poor 

solvents decreases as the difference in solubility parameter values 

between that of the copolymer and the solvent increase. Similar ob¬ 

servations were made for the rate of copolymerization of methyl 

methacrylate and maleic anhydride when differences in induction 

periods were disregarded. Two different mechanisms are proposed for 

copolymerizations in homogeneous and heterogeneous systems. 

INTRODUCTION 

The solubility parameter (8) of solvents may be calculated from 

the Hildebrand equation: As shown below, this parameter (8) is equal 

to the square root of the difference between the enthalpy (AH) and 

the product of the gas constant (R) and the absolute temperature (T) 

divided by the volume (V). The quotient of the molecular weight 

(M) divided by the density (D) is used in place of volume for 

convenience. 

AH RT 1/2 

x M/D 

Hildebrand Equation 

Small (1953) has shown that these solubility parameter values may 

be calculated empirically from molar attraction constants and Gor¬ 

don (1951) has demonstrated the relationship of these values to the 

polarizability of solvent molecules. Seymour (1968) has provided 

graphic techniques for estimating these parameters for compounds in 

a homologous series. Burrell (1965) has catalogued the solubility 

1 Presented at the Annual Meeting of the Texas Academy of Science at Lamar 

State College of Technology, March 16, 1968. 

2 Present address: Dow Chemical Company, Freeport, Texas. 
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parameter values of many solvents and polymers. Thus, considerable 

information is available for the selection of appropriate solvents for 

various polymers and copolymers. 

Styrene or methyl methacrylate may be converted to polymers by 

free radical polymerization in selected solvents. These monomers may 

also be copolymerized with maleic anhydride under similar condi¬ 

tions. The solubility parameter values for these copolymers is ap¬ 

proximately 11.0. Thus, it may be predicted that homogeneous solu¬ 

tions of copolymers will be produced when the copolymerization takes 

place in solvents with similar solubility parameter values. 

In contrast, when the solubility parameter value of the solvent is 

9.2 or less, the copolymer produced will be insoluble and will precipi¬ 

tate as formed in the copolymerization process. Atkinson and Gotten 

(1958) have shown that the propagation rate for the polymerization 

of methyl methacrylate is less in a heterogeneous system than in a 

homogeneous system. They also showed that the rate of termination 

of this polymerization was much less in a heterogenous system and 

thus, the overall rate of polymerization is greater in a heterogeneous 

system. 

Alternating copolymers of maleic anhydride and styrene similar to 

those described by Wagner-Jauregg (1930) have been produced in 

both homogeneous and heterogeneous systems. Specific directions for 

homogeneous copolymerization of these monomers have been pro¬ 

vided by Johnson and Schaefgen (1963), Huglin (1962), and Honig 

(1967) have also discussed the homogeneous polymerization in ace¬ 

tone (8 g| 9.9); cyclohexanone (8 = 9.9), and butanone (8 = 9.3). 

The heterogeneous copolymerizations of styrene and maleic an¬ 

hydride in benzene (8 = 9.2), ethylbenzene (8 — 8.8), xylene (8 = 

8.8) carbon tetrachloride (8 = 8.6), Cumene (8 =8.5) and p-cymene 

(8 = 8.2) have been discussed by Seymour, et al. (1949), Muskat 

(1962,1963), Condo, etaL, (1942) and Trautvetter (1958). Tsuchida, 

et al., (1967) have also demonstrated that the overall rate of copoly¬ 

merization of styrene and maleic anhydride is faster in these hetero¬ 

geneous systems than in homogeneous ones. The solubility parameter 

value (8) of o-dichlorobenzene is 10.0 and hence homogeneous copoly¬ 

merization is observed when equimolar amounts of styrene (8 = 9.3) 

and maleic anhydride (8 = 13.6) are used. However, Bamford, et al. 

(1952, 1953, 1958), reported that the copolymer product precipitated 

as formed and the overall rate of polymerization increased when 

large excesses of styrene were used. This effect may be explained by 

the reduced solubility parameter of the styrene rich system. 
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Sufficient solvent was added to 0.5 g of equimolar quantities of 

maleic anhydride and vinyl monomer and 0.0125 g benzoyl peroxide 

to make a total volume of 5 ml. The copolymerizations were conducted 

in agitated sealed glass tubes in the absence of oxygen. The product 

was recovered from homogeneous systems by the addition of methanol 

in a high speed blender. The precipitate was washed with methanol, 

filtered and dried. The precipitate was removed from heterogeneous 

systems, washed with fresh solvent after filtration and dried. 

DISCUSSION 

As shown in Figure 1, the rate of copolymerization of styrene and 

maleic anhydride was much slower in acetone solution (F) than in 

the heterogeneous systems. The fastest rate was in benzene (A) 

(8 = 9.2). The rates in these heterogeneous systems decreased as the 

solubility parameters decreased from xylene (B) (8 = 8.8) to para- 

cymene (E) (8 = 8.2). 

As shown in Figure 2, the rate of copolymerization of methyl 

methacrylate and maleic anhydride in acetone (E) was also slow and 

this rate was faster in the heterogeneous systems. The induction times 

for these copolymerizations were much longer than those for the 

styrene-maleic anhydride system. It was longest for benzene (B) 

(8 = 9.2) and shortest for xylene (A) (8 = 8.8). When these induc¬ 

tion periods were disregarded, the rate of copolymerization in hetero¬ 

geneous systems decreased as the solubility parameters of the solvents 

decreased. Thus, the rate was fastest in benzene (B) and slowest in 

xylene (A) (8 = 8.8). 

The difference in overall rates of copolymerization in good and 

poor solvents may be explained by assuming that the mechanisms 

differ in these diverse systems. The free radical chains in good solvents 

are extended and thus, there is a high probability for their addition to 

monomer molecules. For the same reason, there is also a high proba¬ 

bility for termination by coupling or disproportionation of these radi¬ 

cal chains. 

In contrast, the free radical chains are coiled in poor solvents. 

Thus, the rate of propagation is decreased because of the lessened 

probability for their addition to monomer molecules. The probability 

for termination is also decreased for the same reason. Polymerization 

rate is greater because of the lessened probability of termination by 

coupling or disproportionation of radical chains in poor solvents. 
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TIME (Hrs.) 
Fig. 1. Rate of copolymerization of Maleic Anhydride and Styrene in different solvents. 

Legend: A = Benzene; B == Xylene; C = Cumene; D — Methyl isobutyl ketone; E '= Para- 

cymene; F '= Acetone, 

Presumably, these free radical chains precipitate when their chain 

lengths exceed the solubility limit. 

The polymer chains became more tightly coiled as the solubility 

parameters of the solvents decrease. Thus, the propagation rate and 
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Fig, 2. Rate of copolymerization of maleic anhydride and methyl methacrylate in different 

solvents. Legend: A = Xylene; B teg Benzene; C — Toluene; D ■= Ethyl benzene; E '==; Ace¬ 

tone. 

hence the overall polymerization rate decreases as the solvents became 

poorer in heterogeneous systems. 
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On a result of Mazhar Concerning Convex Sequences 

by DAVID F. DAWSON, 

Department of Mathematics, 

North Texas State University, Denton 76203 

In this note we extend a result of S. M. Mazhar (1966) concerning 

convex sequences, and study a class of sequences which properly in¬ 

cludes the class of convex sequences. The following theorem and 

Theorem 2 will be used to extend Mazhar’s Lemma 1 (1966). 

Theorem 1. Suppose 2% is a real series whose partial sums {QP} 

are either unbounded above or below, but not both. If |/xp j is a mono¬ 

tone sequence such that 2qpju-p has bounded partial sums, then Q„/xn = 

0(1) and ,/xn = o (1). Furthermore, if 2qp/q> is absolutely convergent, 

then the sequence (Qn^n} is absolutely convergent to zero. 

Proof. Our proof will be for the case that 

k < lim inf Qp ^ lim sup Qp = °°, 

and we will take k < 0. The other case is similar and the proof will be 

omitted. Suppose [/xp| is a monotone sequence such that 2qp/*p has 

bounded partial sums. Let {np} be an increasing sequence of positive 

integers such that if t is a positive integer, then |Qj| ^ Qnt, j = 1, 

2,---,nt. 

Case 1. Suppose |^,p| is nondecreasing and ultimately positive. Let 

j be a positive integer such that /xj > 0. Define 

[.N if p = 1, 2, - - -, j, 

Upif.P>j- 
Then 2qpAP has bounded partial sums. Using summation-by-parts, 

we have 

• (*) 2 qPAP = 2 QpAAp + QnrAnr. 
p=i p=i 

Since AAt = 0, t = 1, 2,-, nr-l, then from (*) we have 

nr nr-! 

2 qPAp L 2 Qnr AAp + Qn An M Qn A,-* 00 as r-> 00. 
p=i p=i 

This contradiction means that if |/xp| is nondecreasing, then is 

convergent and lim iin = 0. 

Case 2. Suppose |/xp| is nonincreasing and ultimately negative. 

Then (—/xp} is nondecreasing and ultimately positive, and 2qp(~fO 

The Texas Journal of Science, Vol. XXI, No. 1, October, 1969. 
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has bounded partial sums. Thus by Case 1, we obtain a contradiction, 

which means that if {ftp} is nonincreasing, then {,ftp} is convergent 

and lim ,/xn = 0. 

Case 3. Suppose {ftp} is nondecreasing and lim ,ftn = L < 0. Then, 

using summation-by-parts, we have 

nr np—1 

2 2 QpA/^p T Qn r ,/^n _ 
P=1 P=1 

— k(,/Xi r ) T Qnr 7*>nr 

= k(,/xi — L) + QnrL->—00 as r->°°. 

Again we have a contradiction, and now we know that if {ftp} is non¬ 

decreasing, then {ftp} converges to zero. 

Case 4. Suppose {ftp} is nonincreasing and lim yn = L > 0. Then 

{—ftp} is nondecreasing, lim (—ftn) = — L < 0, and 2qp(—/*p) has 

bounded partial sums. By Case 3 we obtain a contradiction, and now 

we know that if {/xp} is nonincreasing, then {,ftp} converges to zero. 

This completes the proof that jin = o (1). 

Suppose {,ftp} is nondecreasing. Manipulating as in Case 3, we obtain 

n 
2 — k(ftj ,/^n) *k Qnf*>n 

P=l 

— kfti 4" Qnf^n? n 1, 2, 3, , 

and so {Qpftp} is bounded below. Clearly {Qpftp} is bounded above 

since Qnftn = kftn =§ k/u, n = 1, 2, 3,-. Similarly we can show that 

if {/xp} is nonincreasing, then {Qpftp} is bounded. Thus Qnftn = 0(1). 

Let Q'n = 2P=1 |qP|, n = 1, 2, 3, - - -, and suppose 2qp/xp converges 

absolutely. Since {/xp} is either a nondecreasing null sequence or else 

a nonincreasing null sequence, we note that {ftp} and {Aftp} are either 

both nonpositive term sequences or else both nonnegative term se¬ 

quences. Hence from the identity 

2 |qp|ft. = 2 Q'PVP + Q>n, 
P=l P=i 

we see that the series 2 Q'PAftp is absolutely convergent. Thus 

oo oo oo 

2 |Qi#p QP+i,ftp+i| — 2 Q'p|mp /^p+11 "k 2 |qp+i^p+i| ^ 00? 
p=i p=i p=i 

i.e., the sequence {Qpftp} is absolutely convergent. Suppose lim 

Qnftn ^ 0. Then 

Qp+i^p+i 

Qpyp 
(°) E 

p=zN 
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converges for some N. If 2 11 ~ /ap+i//ap | < oo, then the product 

IT [i-(i-^±0] 
-TP 

converges, contrary to the fact that n(jnp+i//xp) diverges to zero 

(Knopp, 1956: 92-96). Thus from 

j Qp + l/Ap + l I > l Jh-+1 qP+i/AP+i 

Qp/Ap /Ap Qp./Ap 

and the absolute convergence of 

E 
p=N 

9p+I'/^p+1 
Qp.ftp 

we see that (°) is divergent. Hence we have a contraction, and so lim 

Qn,^n = 0. This completes the proof of the theorem. 

Definition. The statement that |/xp| is s-convex means that there 

exist a sequence (rp j and a positive integer N such that2 |1 —rp|< co 

and rnAftn — A/*n+1 0, n > N. 

Theorem 2. If is s-convex, then there exists a positive integer 

M such that either 

1) {jup}“_M is a nonincreasing sequence, 

or 

2) {jup} Is an increasing divergent sequence. 

Proof. Suppose there exists no M such that 1) holds. Let k be a posi¬ 

tive integer such that if p > k, then rp > 0 and rpA/xp — A^p+1 ^ 0. 

Let M be an integer greater than k such that A/xM < 0. Then TmA/am — 

A/xm+i = 0, and so 

/TM + 2 ' ,/AM-fl = Tm(,/Xm + 1 ,/am) ^ 0. 

Thus if q Is an integer greater than 1, then 

,/AM + q ,/AM + q-1 = I'M + q—2 ’ ^M + q-S ’ * ' EmC/Am + I /Am) ^ 0. 

Since 2 | 1 — rp | < °°, there exists r > 0 such that rM * rM+i • • • rM+P 

> r, p = 0, 1, 2, • • •. Thus if j is an integer greater than 1, we have 

/AM + j = A^M+j-l " A/AM + j-2 ' A/AM + 1 ,/AM + I 

= (] 1 )r(,/i.M-f 1 ,/Am) T /Am + 1- 

Hence {/xp}pL.M is an increasing divergent sequence. Thus the theorem 

is proved. 

The following corollary is now obvious in light of Theorems 1 and 2, 

and is an extension of Mazhar’s Lemma 1 (1966). 

Corollary. Suppose 2qP is a real series whose partial sums {QP} are 

either unbounded above or below, but not both. If f/jp) is an s-convex 

sequence such that 2qP,/AP has bounded partial sums, then (/xpl is ulti- 
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mately nonincreasing, Qn/xn = 0(1), and /xn = o(l). Furthermore, if 

2qPjUp is absolutely convergent, then the sequence {Qn/xn} is absolutely 

convergent to zero. 

We need the following lemma in order to prove a property of con¬ 

vergent s-convex sequences in Theorem 3. 

Lemma. If {/xp} is s-convex and bounded, then nAn = o (1). 

Proof. Let e > 0. By Theorem 2, {/xp} is ultimately nonincreasing 

and convergent. Let M be a positive integer such that if p = M, then 

Ajup ^ 0, rp > 0, and rpA/xp — A,/xp+1 = 0. Since 2 | .1 “ rp | <°°, there 

exists k such that rq • rq+i • • • rq+p_i < k, q, p = 1, 2, 3, • • \ Let S be a 

positive integer such that if p > S, then ,/xp — ,/xt < e/(2k), t > p. Let 

R = M + S. Let N be an integer greater than R such that if n > N, 

then RA[in < e/2. Suppose n > .N Then 

A/xn M rn^AjU-n-i = rn_i • rn_2Ajan_2 ^ ^ rn_2 • rn_2 • • • rRA/xR, 

and so 

(n — R)Aj| ^ rn-iAftn-i + rn_! • rnA2Aj[xnJfH-h rn_! • rn_2 • • • rRA,/xR 

= k(,/xR — ,/xn). 

Hence nA/xn ^ e/2 + < s. This completes the proof of the lemma. 

Theorem 3. If {/xpj is a convergent s-convex sequence, there exist a 

convergent convex sequence {Apj and a convergent convex sequence 

{ap} such that {/xp} = {Ap} — {ap}. 

Proof. Let n be a positive integer such that if p = n, then rp > 0, 

A/xp + 0, and rPA/xP — A/xp+1 = 0. Let 

f^p(rp 1) if rp 1, 

kP = \ 
[0 if rp ^ 1, p = n, n+1, n+2, • • •. 

Clearly 2/=n kp < oo. Let mp = 2/kp kq, p = n, n+1, n+2, • • •. From 

the lemma, we can find a number R such that qA/xq < R, q = 1, 2, 

3, • • . Then 

2 mP •— kn + 2kn+i + 3kn+2 + • • • 

= nkn + (n+1 )kn+1 + (n+2)kn+2H- 
M (nA/An.) |rn — 11 + ([n+1] A/xn+1) |rn+1 — 1| + ‘ * • 

|rp 11 
p=i 

< 00. 
If p ^ n, define ap = 2 °lp r*iq, and Ap = /xp + ap. For p + n, we note that 

Aap = mp, and so 

A+p = mp — mp+i = kp ^ 0. 

Thus («p}/=nis convex. Suppose p n. If kp + 0, then 

A2AP = A2/xp + A2ap = A2/xp + (mp — mp+i) = A 2/xp + kp 

= A2/xp + (A/Xp) (rp — 1) = r-pA/Xp — A/xp+i = 0. 

If kp = 0, then A2AP = A2/xp + rpA/xp — A/xp+1 + 0. Thus {Ap}p00=nis con- 
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vex. Clearly {«P}pTn and {Ap j^are convergent. It is trivial to con¬ 

struct finite sequences («p and {Ap such that jup == Ap — «p, 

p = 1, 2, . . n— 1, and {«P}^_1 and {^p}£=i are c°nvex. This com¬ 

pletes the proof of the theorem. 
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A Technique for Summing Power Series 

by T. L. BOULLION1 and L. E. BATSON2 

Department of Mathematics 

Texas Technological College, Lu bbock 79406 

One is often faced with the problem of trying to obtain a closed 

form expression for a given infinite power series in its circle of con¬ 

vergence. It is not always possible to accomplish this. In this paper 

a systematic technique for doing this is presented which enables one 

to actually find the sum S(x) for a large class of power series. The 

techniques to be presented employ the non-permutable differential 

operator Da = (x — a) . Iterated operators are indicated by an 

exponent. D0 will be denoted simply as D. 

Lemma 1: Dak(x — a)n = nk(x — a)n for all non-negative integers 

k and all n. 

Proof: This is easily established by induction on k. 

Lemma 2: Let f (x) be any function which has a convergent Taylor 

series expansion about the point a, then for all positive integers p and 

all n, 

f (p_1Da) (x — a)pn = f (n) (x — a)pn 

Proof: Expanding f (x) we have 

f(x) 1 2 f(k) (a) (x — a)k/k! . 
k—0 

Formally replacing x by p_1Da and operating on (x — a)pn yields 

00 f(k) (a) 
2 —Ty-^(p-1Dala)k(x-a)pp. 

k=o -K! 

Obtaining the binomial expansion of (p_1Da — a)k for each k and using 

Lemma 1, we obtain 

1 n‘(x - a)pn = 

00 f(k) (a) 
2 ■ -j. ; (n — a)k (x — a)pn — f (n) (x — a)pn. 

k=0 -k! 

1 Partially supported by Texas State Research Grant No. 191-4732. 

2 Mathematics Department, University of Southwestern Louisiana, Lafayette, 
70501. 
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Lemma 3: If f (x) has a Maclaurin series expansion, then for any 

non-zero t and h, 

thDaf(x —a) =f(th(x — a)) 

Proof: 

f(n) (0) (x — a)n 
thDa f (x — a) = thDa 2 

n=0 n! 

00 f(R) (0) 
m 2 -^-thDa(x-a)n 

n=0 n! 

Writing tllDa as ehDa los 1 and expanding, we have 

£ f(n) (0) £ (h log t)k Dak ' _ Vn 
— 2j -n vx a) • 

n=o n! k! 

By Lemma 1, we have 

2 f<B,,(0). 2 (hl°gt)k n-(x-a)- 
n = 0 n! k=0 k! 

f(n) (0) 
—- [eh logt (x — a)]n 

f(n) (0) 
i 2 -[th(x — a)]n = f (th(x — a)) 

n! 

We now establish 2 results which enable one to sum certain classes 

of power series. Consider the Taylor series expansion 

g(n) (a) (x — a)n 
g(x) = 2 

n! 

Regarding g(n) (a) as a function of n we have the form 

f(n) (x — a)n 

n! 

Considering g(n) (a)/n! as a function of n, we hace 2 h(n) (x — a)n as 

another form of the Taylor series expansion. These forms will appear 

in the work to follow. 

Theorem 1: For any integer p > 0, and function f satisfying the 

hypothesis in Lemma 2, 

£ f(n) (x-a)*P 

ni 

[k—l ( v — o ^ ' 

exp(x — a)p — 2 -- 
n = 0 *l' 

k > 1 

f(p_1Da) [exp(x — a)p]; k = 0 

■]» 
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Proof: Expanding exp(x —a)p, the right hand side of the above 

equation becomes 

f (p_1Da) 2 
(x — a)np  

n=k ni 

2 f(p_1Da) 
(x — a)np 

n! 

Applying Lemma 2 for each n, we get the desired result. 
00 ^Tl 

Example 1: Find S(x) where S(x) == 2 cos n0 —-. f(n) .= cos 

nO which we write as 1/2 [ein0 + e_in0]. Thus, S(x) = F(D) ex = 

1/2 [ei0D + ein0D]ex = 1/2 [exp(xei0) + exp(xe_i0)] = ex cos 0 cos(x 

sin o). For 0 = tt/2, S (x) is the familiar series expansion for cos x. 

Theorem 2: For any function f satisfying the condition in Lemma 

2, then 

2 
n=k 

f (n) (x — a)np 

f (P_1Da) [1/(1 (x—a)p) 2 (x—a)np]; 
n=() 

k> 1 

^f (p_1Da) [1/(1—(x—a)p)] ; k = 0. 

Proof: Expanding 1/(1 — (x — a)p), the right hand side becomes 
oc 

f (p_1Da) 2 (x — a)np. Taking f (p^Da) inside the sum and applying 
n=k 

Lemma 2 for each n we get the desired result. 

Example 2: Find S (x) where S (x) =2 (n + 1) x2n. 
n=o 

f (n) = n + 1 and we operate on 1/(1 — x2). Therefore, 

S(x)=f(D/2) [1/(1-x2)] ?= (D/2+1) [1/(1 —x2)] = 

(D/2) [1/(1 - x2)] + 1/(1 - x2) = 1/(1 - x2)2 

CONCLUSION 

The series that can be summed by the above techniques can also be 

summed by various tricks and methods; however, this seems to unify 

the approach to be followed in trying to express an infinite power 

series in closed form whenever this is possible. Slight modification can 

be made of series other than those mentioned in this paper so that the 

techniques presented above are applicable. Simple examples have been 

presented for clarity. 





Remote Sensor Oceanography in the 

Mississippi Delta Region 

by CMDR. DON WALSH USN 

Texas A&M University, College Station, Texas 778431 

One of the major problems facing the advance of marine sciences is 

the capability to obtain large scale data on a synoptic basis. Even the 

best equipped oceanographic research vessel cannot obtain data at 

more than one geographic point on a real-time basis. The result has 

been that “synoptic” measurements of oceanic features such as cur¬ 

rents, salinity, oxygen and water temperature etc., are actually syn¬ 

thesized over considerable distances and prolonged periods of time. 

The utilization of aircraft and spacecraft as oceanographic platforms 

will help to relieve this problem (Stommell, et al., 1953). 

Spacecraft and aircraft equipped with remote sensors have the capa¬ 

bility of surveying large regions of the oceans5 surface in a relatively 

short period of time. This is true synoptic coverage. The sensitivity of 

most measurements made through remote sensing is considerably less 

than the detailed work that can be done by a research ship. A combi¬ 

nation of these 2 types of research platforms will undoubtedly provide 

great advances in understanding large-scale oceanic processes. 

In 1964 the National Aeronautics and Space Administration 

(NASA) requested that Woods Hole Oceanographic Institution 

(WHOI) convene a conference on the feasibility of studying the 

oceans from space. The conference attracted a great number of ocean 

scientists and it was their recommendation to NASA that a space 

oceanography program be initiated (Woods Hole, 1965). In 1965 

NASA asked the U.S. Naval Oceanographic Office (NAVOCEANO) 

to manage the Spacecraft Oceanography effort. In early 1966, the 

Department of Oceanography at Texas A&M University was invited 

to participate in this program. The program involves the application 

of remote sensors to major oceanographic features through the use of 

2 specially instrumented aircraft (NASA, 1966) operated by the 

NASA Manned Spacecraft Center at Houston. 

The primary objective of the aircraft program at this time is to 

learn what oceanographic features can be “seen” by remote sensors 

1 Present address: 3334 Hawk Street, San Diego, Calif. 92103. 
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and which of the sensors has the best “fidelity.” The final product of 

the aircraft program is the nomination of a set of remote sensors to 

NASA which will best fit the oceanographic requirements for space¬ 

craft orbital missions. The first earth orbital missions for this purpose 

will be in the early 1970’s under NASA’s Apollo Applications Pro¬ 

gram (AAP). 

The Texas A&M Space Oceanography Project is primarily involved 

in studying the characteristics of river water outflow into the ocean in 

the Mississippi Delta region. This area offers a very attractive 

“laboratory” for the study of the mixing processes between 2 water 

masses (Ichiye, 1960). The fresh water outflow, of this 2nd largest 

river system in the world, creates large offshore gradients of tempera¬ 

ture, salinity and color (Bates, 1954). These gradients should be 

detectable by even the crudest remote sensors; therefore this is a good, 

basic starting point for studies of this type. In addition, the Delta 

region is geographically small and is fairly close to both the NASA 

flight base at Houston and Texas A&M University. 

Since July 1966, 7 research missions have been conducted, using 3 

different NASA aircraft, over the Delta region. Five of the flights have 

been conducted concurrently over the Timbalier Bay area on the 

Louisiana coast. This latter site is of interest to chemical and geological 

oceanographers at Texas A&M for a proposed study on the flushing 

and sediment transport processes for a coastal embayment with off¬ 

shore barrier islands. 

Various remote sensors have been applied to these sites. These have 

involved sensors in the following regions of the electromagnetic 

spectrum: 

(1) Ultraviolet imagery in the 2900 to 3900 angstrom band (near 

UV region). 

(2) Photography in the 0.4 micron to 0.9 micron region. This has 

involved the use of black and white, color, and color XR film 

emulsions to study the colorimetric variations in the waters of 

the Delta region. 

(3) Infrared imagery in the 8 to 13 micron region. This imagery 

indicates the thermal “contours” of the surface waters with 

detailed definition of the surface temperature differences. 

(4) Infrared radiation thermometery in the 8 to 13 micron region. 

The airborne radiation thermometer (ART) indicates apparent 

sea surface temperatures which are correlated with the infra- 

red imagery noted in (3) above (McLeish, 1964). 

(5) Microwave radiometric measurements in the 3-100 centimeter 

range. This passive radiometry will lead to indications of sea 
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surface temperatures and perhaps salinity values. Efforts with 

this instrumentation are still in the basic study stage. 

Figure 1 shows one of the NASA aircraft used in this project and 

the location of these sensors. 

In addition to the sensors listed an on-board observer from the A&M 

project has accompanied each flight mission. The advantage of having 

“trained mind and eyes” on board the aircraft has permitted resolu¬ 

tion of difficulties in the data and optimum revision of flight tracks 

due to weather or other limitations. The use of this multi-band ap¬ 

proach in looking at sea surface phenomena provides a multiple path 

resolution of target features. It should be remember, however, that 

almost all of the sensors see only surface signatures and therefore one 

must also learn to interpret ocean phenomena in terms of these 

surface signatures. 

One principal requirement for these early remote sensor studies is 

simultaneous ground truth at the time of the flight mission (Geyer, 

1964). So far only 2 oceanographic cruises have been made at the same 

AN/AAS-5 ULTRAVIOLET/ 
RE CONN Of AX 

SCANNER CONTROL 

RC-8 CAMERA 

RYAN R'EDOP 
SCATTEROMETER 

ANTENNA 
MICROWAVE 
RADIOMETER 
MR-62-MR-64 

AN/AAS-5 SCANNER ^ ITEK-9 LENS 
AND RECONNOFAX E2 RC-8 CAMERA MULTISPECTRAL 
1R-SCANNER WINDOWS CAMERA 

SENSOR LOCATIONS-CONVAIR 240-A AIRCRAFT 

Fig. 1. Location and types of remote sensors on NASA Convair 240 aircraft. 
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time as remote sensor flights over the Delta. The logistic problems in 

obtaining a research vessel for every flight mission have been formid¬ 

able and they will take time to resolve. Nevertheless, the only way 

that aircraft data can be correlated with the “real ocean” is to make 

simultaneous measurements for comparison with the aircraft data. 

On the 2 ground truth oceanographic cruises the Texas A&M research 

vessel Alaminos was used and was equipped with special instrumen¬ 

tation in addition to that used for oceanographic research. This addi¬ 

tional instrumentation was used to measure various meteorological 

parameters to account for atmospheric attenuation of remote sensor 

signals. 

In addition to aircraft and ship data there has been some photo¬ 

graphic coverage of the Delta region from the NASA Gemini Pro¬ 

gram. These photographs tend to confirm the distribution of the river 

discharge and its orientation with regard to the coastline. Figure 2 

shows the Delta as seen on the Gemini IX Flight in June 1966. Some 

weather satellite data and temperature data from offshore oil plat¬ 

forms have also been used. 

Fig. 2. The Mississippi Delta taken from the Gemini IX spacecraft (June ’66). View is 

looking east; altitude 160 miles. 
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At present the aircraft missions are flown roughly on a seasonal 

basis to look at the dynamic changes in the river discharge. The 

discharge pattern appears to be roughly in the shape of a large 

eccentric ellipse with the minor axis being north and south and the 

major axis being approximately east and west. The east-west axis is 

eccentric as the eastern leg is only a fraction of the length of the west¬ 

ern leg. In April “when the maximum runoff occurs the boundary 

(front) between river water and ocean waters is in the order of 50 

miles to the south of the South Pass and on the major axis extends 

roughly 100 miles to the east and as far as Galveston, or beyond, to 

the west. The exact dimensions of the east-west outflow boundaries 

have not been determined exactly due to the limited range (350 miles) 

of the aircraft used. For this reason the north-south boundary (axis) 

from South Pass is used as the index of river outflow. During fall and 

early winter the outflow is at its minimum and the southern boundary 

is approximately 5 miles from South Pass. Through monitoring sea¬ 

sonal changes and study of the actual mixing processes through ground 

truth it is hoped to determine general measurable factors which could 

be applied to other water mass and current boundaries throughout the 

world ocean. At present the research emphasis is on the actual frontal 

zone between the river and ocean waters for studying the effects of 

mixing of the thin fresh water film and its boundary with the Gulf 

waters. This front is easily perceived by both ship and aircraft as it is 

marked by a series of surface slicks and a very prominent color dis¬ 

continuity boundary associated with a foam line. The monthly infra¬ 

red thermometer flights that were made by Drennan (1966) with a 

Coast Guard aircraft have also observed these features. 

With only 2 cruises into this area this analysis of processes occurring 

in this region has been limited. The literature search into the physical 

oceanography of the Delta region showed there was remarkably little 

published data available. Most research cruises have either terminated 

just east or to the west of the Delta; few had specialized in studying 

the river outflow process itself. There have been several excellent 

studies conducted by geologists on river sediments and delta formation 

processes in this area; however, the emphasis was not on the physical 

oceanographic characteristics (Scruton, 1956). Thus there is a re¬ 

quirement to “build” much of the environmental literature needed 

for the study of remote sensors here. 

Remote sensors in oceanographic work will become a very im¬ 

portant research method, however, one must appreciate the very com¬ 

plex nature of these systems and the formidable logistics involved in 

this type of three-dimensional research over an oceanographic body. 



34 THE TEXAS JOURNAL OF SCIENCE 

ANTICIPATED OCEANOGRAPHIC 

APPLICATIONS OF 

REMOTE SENSORS 

1. METRIC MAPPING CAMERA X X X X X X X X 

2. PANORAMIC CAMERA X X X X X X X X 

3. MULTIBAND SYNOPTIC CAMERA X X X X X X X X X 

4. RADAR IMAGER X X X X X 

5. RADAR SCATTEROMETER X X X X 

6. INFRARED IMAGER X X X X X X X X 

7. IR RADIOMETER/SPECTROMETER X X X X X X X X 

8. MICROWAVE IMAGER X X X X X X X X 

9. MICROWAVE RADIOMETER X X X X X X X X 

10. LASER ALTIMETER X X X X X 

11. MAGNETOMETER X X X 

12. GRAVITY GRADIOMETER X X X 

13. ABSORPTION SPECTROSCOPY X X X X 

14. RADIO FREQUENCY REFLEC. X 

15. VIEWFINDER X X X X X X 

16. TELEMETERING BUOYS/SHIPS X X X X X X X X X X X X 

2 MAY 1966 

Fig. 3. Anticipated oceanographic application of remote sensors. 

Figure 3 indicates the types of oceanographic work that will be pos¬ 

sible with remote sensors. It will be some time before this methodology 

is fully operational. 
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Increased Seismicity in Texas 

by D. H. SHURBET. 

Seismological Observatory 

Texas Technological College, Lubbock 79404 

ABSTRACT 

The Texas Technological College Seismological Observatory has 

recorded recently increased seismic activity in the regions near Ama¬ 

rillo and Kermit, Texas. It is suggested that the increased activity is 

related to the formation of Lake Meredith near Amarillo and to 

petroleum production and water-flood projects near Kermit. There¬ 

fore, detailed study of these areas may be useful in the effort to 

develop a basis for earthquake prediction. 

INTRODUCTION 

The history of Texas has not included major earthquakes, however 

the time has been punctuated by minor ones. The early earthquake 

history is summarized in Figure 1. The first earthquake mentioned 

in the history seems to have been felt in 1882 and since then about 

20 earthquakes have been clearly felt by people in Texas. However, 

some of the quakes actually occurred in the neighboring states of New 

Mexico, Oklahoma, and Arkansas. 

The U. S. Coast and Geodetic Survey, has for many years main¬ 

tained a network of seismograph stations more or less covering the 

United States. However, station spacing has been too great for a 

complete record of small earthquakes and Texas was effectively left 

totally out of the network until about 1956. Most of the early earth¬ 

quakes have been located by using the reports from people who 

actually felt the earthquake or reported damage as a result. 

From 1948 to 1956 the Texas Technological College Seismological 

Observatory was the only observatory in the state operated in the 

U.S.C.G.S. network at all and it operated only sporadically. However, 

since 1956 this observatory has operated continually and since 1961 

it has been a World Standard Seismograph Station. Other observa¬ 

tions have been added at S.M.U., Rice, A&M (at Junction), and at 

The University of Texas at El Paso so that the state coverage is now 

good except for locating very small earthquakes. 
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Fig. 1. The earthquake history of Texas. Circles represent the location of an earthquake 

and the year in which it occurred is indicated. All these earthquakes were actually felt by 

people in Texas, although some of them were located outside the state. 

Since 1957 the U.S.C.G.S. network has located 9 earthquakes in 

Texas (Fig. 2). One additional earthquake was felt in Texas during 

this period but it was actually located in Oklahoma. These 9 earth¬ 

quakes, which represent almost one-half of the number known to 

have occurred in the 85 years since 1882, have occured in about 11 

years. This information alone probably does not indicate that natural 

earthquake activity had increased during the past several years. More 

likely, it indicates the added location effectiveness of the U.S.C.G.S. 

network. Earthquake activity like that reported in Figure 2 has prob¬ 

ably continued at about the same rate. However, additional earth¬ 

quakes have been detected by the Texas Technological College Seis- 

mological Observatory, indicating that the network may not yet be 

sufficient to determine the total natural seismicity of Texas. 

Practical value in the determination of natural seismicity stems 

from the fact that the determination might yield knowledge about the ; 

cause of earthquakes and therefore be of great value in the total effort 

to predict the occurrence of earthquakes. The following discussion 

will show that a single Seismological Observatory at Texas Techno¬ 

logical College has been able to locate 2 areas of recently increased 

seismic activity and to suggest causes for that activity. 

i 
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Fig. 2. Recent Texas earthquakes. The circles represent the location of the earthquake 

and the numbers inside the circles represents the number of earthquakes reported to have 

occurred by the U.S.C.G.S. network. The year in which the earthquake occurred in indicated 

near each circle. 

DATA AND DISCUSSION 

Figure 3 shows the vertical World Standard short-period seismo¬ 

gram of an earthquake which may be as large as any to have occurred 

in Texas history since the one in 1931 near Valentine, Texas. The 

location of this earthquake near Amarillo is shown in Figure 2. It oc¬ 

curred on 20 July 1966 and was preceeded by several smaller earth¬ 

quakes which were too small for location by the U.S.C.G.S. network. 

The Texas Technological College Observatory has located the smaller 

earthquakes from the general character of the seismograms rather 

than by use of normal location procedure. They were in the same 

general area as the main earthquake as were aftershocks which seem 

to be still occurring from time to time. 

The main earthquake of 20 July 1966 was located about 20 miles 

north of Lake Meredith by the U.S.C.G.S. network, however, standard 

errors in such a location make it logical to associate the earthquake 

with Lake Meredith and the newly completed Sanford Dam. The dam 

was closed and water storage began on 28 January 1965 and Lake 

Meredith was about one-half filled by 15 July 1967. The dam itself 

contains about 15 million cubic yards of earth and it is reasonable 
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Fig. 3. Seismogram, recorded at Lubbock, Texas, of the earthquake located near Amarillo 

in Figure 2. 

to assume that the seismic activity described above is a result of the ■ 
increased crustal load in the area. It is common knowledge that the 

damming of rivers to form lakes does alter crustal loading sufficiently 

to cause earthquakes. For example the filling of Lake Mead was 

accompanied by the occurrence of numerous earthquakes. 

Figure 4 shows the vertical seismogram of the larger of 2 earth- 1 

quakes, shown in Figure 2, located by the U.S.C.G.S. network near 

Kermit, Texas. This earthquake occurred on 14 August 1966 and the 

Texas Technological College Observatory has recorded at least 11 

additional earthquakes which occurred in the same general area. 

Several other very small probable aftershocks have been recorded and 

none of the aftershocks have been located by the U.S.C.G.S. network. 

Possible earthquake cause relationships are not so obvious in the 

Kermit area, however, it is well known that this area is one of 

anomolous crustal structure. It has been an area of heavy petroleum 

production for a rather long time and, in the recent past, water-flood 

projects have been initiated. It has been estimated that more than 5 j 

billion cubic feet of water have been injected during the last few | 

years. There is more than a slight possibility that this water injection 

is related to the increased seismic activity. There have been reports, 

for example by Major and Simon (1968) associating water injection 

MM 
3£ 
iama 

Fig. 4. Seismogram, recorded at Lubbock, Texas, of the earthquake located near Kermit 

in Figure 2. 
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in the Denver, Colorado area to recent increased seismic activity 

there and a U.S. Geological Survey Group lead by L. C. Pakiser has 

shown that earthquakes in the Rangely oil-field in Colorado have 

occurred in parts of the field where high reservoir pressures have 

been created by water flooding. 

There can be no doubt that the area around Kermit, Texas and 

the area around Lake Meredith are sites of recently much increased 

seismic activity. The Texas Technological College Seismological Ob¬ 

servatory has been operating at its present sensitivity since December 

1962 and continuously at only slightly reduced sensitivity from Sep¬ 

tember 1956 to December 1962. Prior to the activity described above, 

neither area was observed to be active beyond the level indicated by 

Figure 2. It is only barely possible that there may have been periods 

of increased activity in one or both of the areas prior to the time when 

the Texas Technological College Seismological Observatory began 

consistent operation in September 1956. Therefore the suggestion that 

changes in crustal loading and petroleum production with water 

flooding of the reservoir have, in some way caused the earthquakes, 

deserves further investigation. This investigation would be of im¬ 

portance in any research directed toward learning to predict the 

occurance of an earthquake. It is also important to question whether 

any activities of man may trigger a destructive earthquake. 
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Stratigraphic Nomenclature of the Woodbine Formation 

Tarrant County, Texas 
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ABSTRACT 

The Woodbine Formation of Tarrant County, Texas, consists of 4 

rock units, which are, in ascending order: 1) a basal shale, 2) a 

lower sandstone, 3) an upper shale with abundant, relatively small 

sand bodies, and 4) an upper massive sandstone. 

The basal shale is an hitherto-unnamed, but established, rock unit 

which can be traced from Tarrant County for 100 miles to both the 

north and the south, justifying formal nomenclature which is given 

here. The lower sandstone is the Dexter Sand of Taff. The upper 

shale with its lenticular sandstone developments is the Lewisville of 

Hill. The upper sandstone is a facies of the upper Lewisville of the 

type locality of the latter. The sandstone, a conspicuous unit of 

Tarrant and adjacent counties, marks the mappable top of the Wood¬ 

bine and needs formal nomenclature, which is given here. The term 

“Euless” is a hybrid of rock and time-rock definitives, is without 

determinable succession of reference, and is rejected here. 

In Tarrant County, beds immediately below (Grayson) and above 

(Eagle Ford) the Woodbine are unequivocally marine and are dis- 

conformable with it. But, the temporal significance of the surfaces 

remains to be established accurately, although it appears much less 

significant than has been inferred in the past. 

Woodbine sediments represent an excellent example of the paralic 

environment, with paralic subenvironments such as offshore bars, 

channel sands, mud flats, shallow lagoonal deposits, swamp or marsh 

deposits, and shallow marine blanket sands represented in the over¬ 

all section. 

INTRODUCTION 

The Woodbine Formation was named by R. T. Hill (1901). Prior 

to this time, B. F. Shumard (1860) referred to this unit as the 

“Arenaceous Group,” and G. G. Shumard (1886) placed the arena- 

The Texas Journal of Science, Vol. XXI, No. 1, October. 1969. 
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ceous beds of Grayson County, Texas, in his “Tertiary System.” R. T. 

Hill clarified the various existing misunderstandings on the unit 

which occupies the Woodbine stratigraphic position and designated it 

the “Timber Creek Group.” Since the name “Timber Creek” was 

preoccupied, Hill redesignated the unit the “Woodbine Formation,” 

a name derived from a small town in east-central Cooke County. 

The two recognized major members of the Woodbine are the Dex¬ 

ter, named by Taff (1893) for a small village in northeastern Cooke 

County, and the Lewisville, named by Hill (1901) for the town of 

Lewisville in Denton County. Bergquist (1949), working in Cooke 

Grayson, and Fannin counties, 30 to 100 miles north of Tarrant 

County, retained the name “Dexter,” but subdivided the Lewisville 

into the lower, Rainbow Member; lower middle, Red Branch Mem¬ 

ber; Lewisville Member; and upper, Templeton Member. Dodge 

(1952) recognized 4 lithologic members in the Arlington area of 

Tarrant County: the Basal Clay, the Lower Sandstone, the Upper 

Clay, and the Upper Sandstone. Hazzard, et al. (1947) introduced the 

names “Euless Formation” and “Pine Bluff Member” for parts of the 

Lewisville Member. They also raised the Woodbine to group status. 

These terms will be expanded under the heading of stratigraphy. 

Stephenson (1952) retained the name “Euless” with only member 

rank in his Woodbine stratigraphy and moved Moreman’s (in Adkins, 

1933) Tarrant Member from its position as the basal member of the 

Eagle Ford Formation into the upper Lewisville. 

Beall (1964a) treated the Woodbine of the outcrop area of Johnson, 

Hill, and McLennan counties as a group made up of the Dexter and 

Lewisville Formations and graded both units into the Pepper Forma¬ 

tion to the east in the subsurface and to the south and east on the 

outcrop. This interpretation follows that of Adkins and Lozo (1951). 

STRATIGRAPHY 

R. T. Hill (1901, p. 297) subdivided the Woodbine Formation as 

follows: 

The general sequence of beds, so far as they can be established 

from the study of the outcrops between the Trinity and Red River, 

will now be stated. This sequence may prove variable after further 

study: 

1. The lowest beds are usually impure clay, which is often sandy 

and lignitic. 

2. An extensive formation of yellow ferruginous sandstone and 

brown siliceous ironstone, in which impressions of dicotyledonous 

leaves are sometimes found. These are the Dexter sands of Taff. 
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3. Lignitic sandy clays and sands, frequently accompanied by 

sulphate of iron, magnesian salts, etc. .The sands also oxidize into 

heavy, siliceous, dark brown iron ore in places. The subdivision is 

characterized by an extensive molluscan fauna, which is elsewhere 

alluded to and which may be characterized as the Aquilaria cum- 

minsi zone. There are the Lewisville beds. 

4. Less ferruginous sands and clays, and in places more cal¬ 

careous and fossiliferous, gradually passing into the bituminous 

shale of the Eagleford Formation. The upper limit of these beds ends 

with the zone of Ostrea columbella Meek. 

Hill (1901) referred the 2 lower divisions to Taff’s (1893) Dexter 

Sands and the two upper units to his Lewisville beds. Whatever their 

names, the 4 rock units can be identified and compose the Woodbine in 

Tarrant County. 

Hazzard, et al. (1947) proposed the term “Euless Formation” to 

define a surface stratigraphic unit located between the basal Pine 

Bluff Member (Hazzard, 1939) of the Lewisville Formation and the 

base of the Dexter Sands. The Dexter was given member status in the 

Euless Formation. 

Unfortunately, Hazzard’s type section for the Euless Formation, 

as given in Stephenson (1952, p. 10), is much in error. Primarily, 

what Hazzard took for the Dexter Sand is in reality a sandstone 

channel fill in the Lewisville Member. The top of the Dexter Member 

crops out approximately 3 miles to the west-southwest in a roadcut on 

State Highway 183 at an elevation of about 560 feet. The channel 

sandstone is 35 to 40 feet strategraphically above the top of the Dexter 

at this locality. 

Hazzard’s, et al. (1947) Pine Bluff Member of the Lewisville, de¬ 

scribed as marine, tuffaceous sand and clay with gravel lenses, is not 

evident in the Lewisville Member as exposed in Tarrant County, 

Texas; and its extension via the subsurface, from its type locality in 

Bed River County, Texas, about 145 miles to the east-northeast, is 

unwarranted. 

The term “Euless Formation” should not be used as a rock strati¬ 

graphic unit name since it was based on a miscorrelation. Further, no 

complete type section was published by the originators or later users 

of the term. Finally, the Euless Formation was never more than the 

lower half of the well-defined Lewisville beds of Hill (1901), plus the 

Dexter Sands ofTaff (1893). 

Bergquist (1949) has mapped and described the Woodbine stratig¬ 

raphy of Cooke, Grayson, and Fannin counties, Texas. This area is 
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located 30 to 100 miles north and northwest of Tarrant County. 

Bergquist subdivided the Gulf Series into an unnamed post-Grayson 

shale, the Dexter Member with the sporadic Rainbow Clay overlying 

it, the Red Branch Member, the Lewisville Member, and the Temple¬ 

ton Member. The writer has visited Bergquist’s Rock Creek type 

locality for the unnamed post-Grayson shale and is of the opinion 

that this unit is the equivalent of Taff’s (1893) Basal Clays. The 

Dexter Member is a well-defined unit in this area and is correlative to 

Taff’s (1893) original Dexter Sands. 

The author has made field checks of Bergquist’s Rainbow Clay, 

Red Branch Member, and Lewisville Member of the Woodbine For¬ 

mation in the Cooke, Grayson, and Fannin County area. Field cor¬ 

relations from the type Lewisville section of Taff (1893) in Denton 

County indicate no major change in lithology. In fact, Bergquist stated 

that the Red Branch and Lewisville Members coalesce down dip into 

the subsurface as an expanded Lewisville Member of the Woodbine 

Formation. The Rainbow Clay of Bergquist (1949) is lithologically 

more akin to the clay and shale of the Lewisville Member than to the 

sandstone of the Dexter Member, and this informal unit, along with 

the Red Branch Member, should be placed in the Lewisville Member 

of the Woodbine Formation. 

Bergquist (1949) introduced the term “Templeton Member” for a 

fossiliferous shale and glauconitic sandstone overlying the Lewisville 

Member. Moreman (1942) placed beds of this interval in Tarrant 

County in his basal Tarrant Member of the Eagle Ford Shale. Steph¬ 

enson (1952) concluded that the Templeton Member is uppermost 

Woodbine Formation; however, he did not attempt to extend this 

member out of the Red River area. 

The author proposes the following stratigraphic sequence and for¬ 

mal rock-unit designation in eastern Tarrant County, Texas: 

Eagle Ford Formation 

Woodbine Formation 

Arlington Member* 

Lewisville Member 

Dexter Member 

Rush Creek Member* 

-unconformity- 

Washita 

This designation is based in part on the previous work of various in¬ 

vestigators of Woodbine stratigraphy and in part on work by the 

Gulf 

Series 

Comanche 

Series 
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present investigator. The names of the 2 new rock units in the Wood¬ 

bine Formation of Tarrant County are shown above with asterisks. 

Type localities and detailed sections for both these units will be given 

in a later part of this paper. 

Taff (1893) recognized the Basal Clays of the Woodbine Formation. 

Hill (1901) described clay and arenaceous clay at the base of the 

Woodbine, overlying Comanche Series units, in Cooke, Grayson, Den¬ 

ton, and Tarrant counties. Winton (1925, p. 37) found clay and 

arenaceous clay above the Grayson Marl at the Acme Brick pit in 

Denton, Denton County. Bybee and Bullard (1928, p. 40) reported 

15 feet of sandy clay, with a light-yellow sand 3 feet thick at its base, 

overlying the Grayson Marl in an exposure on Walnut Creek, one 

mile south of Bloomfield in Cooke County, Texas. Bullard (1931, p. 

55) found a clay and sandstone zone overlying the Grayson Marl in 

northwestern Grayson County. 

Bergquist (1949) reported a post-Comanche Series shale at several 

localities in Grayson County. Dodge (1952, p. 69) described a clay 

and sand member overlying the Grayson Marl on Bush Creek, about 

2 miles west-southwest of Arlington in Tarrant County. Beall (1964b, 

Fig. 5, p. 20) described a clay unit at the base of the Woodbine in his 

locality X in central Hill County. 

It is the opinion of this writer that a definite rock unit made up of 

clay and shales, and at some localities with interbedded sandstone and 

conglomerate, underlies the Dexter Sands and overlies the Comanche 

Series with regional or local angular unconformity. 

Taff (1893) was the first to describe the unconformable nature of 

the Upper and Lower Cretaceous beds. Most investigators since that 

time, with the notable exception of Scott (1926), have agreed with 

this interpretation. 

In most localities, the uppermost Comanche unit, the Buda Lime¬ 

stone, is completely eroded. Adkins (1933, p. 401) states: 

“From Cerrogordo, Arkansas, westward to Grayson County, 

Texas, the Woodbine unconformably rests on a beveled surface of 

Comanche formations ranging upwards from Kiamichi to Grayson. 

Thence southwards to Bosqueville, McLennan County, the Buda is 

absent and the Gulf series rests on Grayson marl.” 

However, Buda Limestone in isolated outcrops overlying the Grayson 

Marl has been reported in Denton County by Winton (1925, p. 30) 

and in Hill County by Beall (1964a). 

The present investigator finds considerable evidence for the uncon¬ 

formity. The Grayson Formation of the Washita Group, Comanche 

Series, underlies the Woodbine Formation. The Grayson Marl, rang- 
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Fig. 1. Map of the eastern half of Tarrant County, Texas, showing the various localities 

cited in the text. 



STRATIGRAPHIC NOMENCLATURE OF THE WOODBINE FORMATION 49 

ing from 80 to 100 feet in thickness in Tarrant County, is underlain 

by the Main Street Formation. The Main Street Formation thickens 

from 25 feet in the north of Tarrant County to 50 feet in the south. 

Near the village of Smithfield, beds of Main Street locally dip to 

the north and northwest; yet, this dip is not expressed in the overlying 

Grayson Marl. Just north of Handley the Rush Creek Member of the 

Woodbine overlies only 12 feet of Grayson Marl. 

The basal conglomerate which will be described later in localities 

A and C is supporting evidence for the unconformity, as is a thin 

erosional remnant of Buda Limestone overlying the Grayson Marl at 

Grayson Bluff in south-central Denton County. This erosional surface 

may have had several tens of feet of relief and may account for the 

thick Rush Creek Member described at locality F. 

It is here proposed that the Basal Clays of Taff (1893) and the 

Basal Clay Member of Dodge (1952) be designated the “Rush Creek 

Member” of the Woodbine Formation. It is further proposed that the 

type section be that described by Dodge (1952, p. 69-70) on Rush 

Creek in Tarant County, Texas. This section is described below and is 

shown on the location map (Fig. 1) at locality A. 

The contact relationship between the Rush Creek Member of the 

Formation and the underlying Washita Group rocks has been dis¬ 

cussed above. This unit is gradational upward into the Dexter Mem¬ 

ber. The last gray to brown to black clay or shale in the section is 

taken as the top of the Rush Creek Member. 

Type Section of Rush Creek Member on Rush Creek, Tarrant County, Texas 

Locality A 

Woodbine Formation Feet 

Dexter Member 

Reddish-brown, cross-bedded sandstone. 6.0 

Tan to white, laminated standstone. 0.6 

Total exposed thickness . 6.6 

Rush Creek Member 

Irregularly interbedded white to yellow sand and gray to brown clay... 1.3 

Tan to orange, sandstone. 0.2 

White, gray, to tan sandstone.... . 0.2 

Gray clay... 0.1 

Interbedded white sand and gray clay. 0.8 

Bluish-gray clay ..... 0.1 

White to tan sandstone. 0.4 

White to light-tan sand and gray clay. 0.3 

Interbedded tan sandstone and lignite. 0.5 

Lignite in sandy clay. 0.1 

Interbedded tan sandstone and lignite. 0.3 

Tan to gray, laminated sandstone. 0.3 
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Interbedded tan sandstone and blue clay... 0.3 

Tan, laminated sandstone . 0.2 

Interbedded tan sand and gray clay. 0.5 

Interbedded yellow sand and gray clay. 0.4 

Bluish-gray clay . 0.2 

Yellow to light-gray sandy clay. 0.1 

Dark-red ironstone . 0.1 

Bluish-gray clay .   0.2 

Dark-red ironstone . 0.1 

Yellow sandstone mottled black.   0.5 

Dark-gray to brown clay, locally stianed yellow; high carbonaceous 

content; some ironstone concretions and large gypsum crystals. 4.5 

Yellow to tan, fine sand with boulders of gray, calcareous clay. 0.5 

Total thickness. 12.2 

Unconformity 

Grayson Formation 

Bluish-gray to tan, calcareous clay. 1.5 

White to tan limestone containing Gryphaea and Pecten. 0.5 

Total exposed thickness . 2.0 

Section of Rush Creek Member on Loop 820 South 

Locality B 

Woodbine Formation Feet 

Rush Creek Member 

Gray to brown, fissile shale; few selenite crystals. 4.2 

Red, thinly laminated sandstone; heavy ferruginous cement. 1.3 

Tan, massive, friable sandstone. 3.2 

Light-brown, cross-bedded sandstone; ferruginous cement. 3.5 

Red, clayey siltstone; ferruginous cement. 0.2 

Light-brown to tan, thinly laminated, friable sandstone. 6.9 

Red sandstone; heavy ferruginous cement. 1.0 

Total exposed thickness . 20.3 

Unconformity 

Grayson Formation 

Gray, calcareous shale with white limestone stringers; fossiliferous ... 8.6 

Total exposed thickness . 8.6 

Section of Rush Creek Member at Spillway Cut, Lake Arlington 

Locality C 

Woodbine Formation Feet 

Dexter Member 

Red to brown, fine-grained, cross-bedded sandstone; ferruginous cement 15.0 

Tan to brown, argillaceous sandstone with a few gray clay partings ... 7.9 

Total exposed thickness . 22.9 
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Rush Creek Member 

Gray, arenaceous clay interbedded with fine-grained, tan to white, 

friable sandstone lenses . 3.3 

Dark-gray to black, fissile shale with a few tan to red, very thin silt- 

stone and sandstone stringers with ferruginous cement; scattered 

selenite crystals . 10.5 

Tan to white, finely laminated to ripple marked, friable standstone 

interbedded with gray, very thin clay beds; ferruginous claystone 

along some partings; sandstone beds vary from 0.1 to 2.9 feet. 14.5 

Brownish-red conglomerate with heavy ferruginous cement; fish teeth 

adn vertebrate, bone and shell fragments, and ferruginous clay chips. 1.2 

Total thickness. 26.5 

Unconformity 

Grayson Formation 

Interbedded gray, calcareous shale and white, fossiliferous limestone. . . 15.0 

Total exposed thickness. 15.0 

Section of Rush Creek Member Exposed on Sandy Lane Road, One Mile North 

of the Dallas-Fort Worth Turnpike 

Locality D 

Woodbine Formation Feet 

Dexter Member 

Tan to white, fine-grained, cross-bedded sandstone. 7.0 

Tan to light-brown, fine-grained sandstone with a few gray clay 

stringers interbedded. 6.5 

Total exposed thickness. 13.5 

Rush Creek Member 

Dark-gray to black, fissile shale. 5.5 

Tan to white, thinly laminated to slightly cross-bedded, fine-grained, 

friable sandstone with scattered gray clay partings. 19.0 

Total thickness. 24.0 

Unconformity 

Grayson Formation 

Light-gray, calcareous shale with white, fossiliferous limestone stringers 6.0 

Total exposed thickness . 6.0 

Section of Rush Creek Member Exposed in Roadcut 500 Feet North of State 

Highway 183 and 1.6 Miles Southwest of Bell High School in Euless, 
Tarrant County, Texas 

Locality E 

Woodbine Formation Feet 

Dexter Member 

Tan to brown, fine-grained sandstone with ferruginous claystone 

interbedded. 1.3 
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Light-gray, fissile shale . 0.3 

Tan to brown, massive, fine-grained sandstone with ferruginous cement 4.0 

Total exposed thickness . 5.6 

Rush Creek Member 

Tan, fine-grained sandstone interbedded with dark-gray, fissile shale ... 2.0 

Tan to white, friable sandstone. 0.5 

Dark-gray, fissile shale. 1.7 

Tan to white, friable sandstone. 0.7 

Gray, arenaceous shale. 0.4 

Tan to white, finely laminated sandstone... 1.3 

Dark-gray to brown, arenaceous clay. 4.4 

Tan to white, finely laminated sandstone. 0.5 

Dark brownish-red conglomerate composed of ferruginous claystone 

chips . 0.9 

Dark-gray, fissile shale with thin, white sand partings. 2.1 

Total exposed thickness . 14.5 

Section of Rush Creek Member Exposed on a Hillside 0.6 Miles South- 

Southeast of Keller, Tarrant County, Texas 

Locality F 

Woodbine Formation Feet 

Dexter Member 

Reddish-brown, fine-grained, cross-bedded sandstone with ferruginous 

cement. 26.0 

Total exposed thickness. 26.0 

Rush Creek Member 

Dark-gray to black, fissile shale. 13.0 

White to light-gray, massive, friable sandstone. 12.0 

Dark-gray, fissile shale. 4.5 

Dark-red, ferruginous claystone. 0.5 

Gray clay.   3.0 

Brown to black clay with carbonized wood fragments. 2.5 

Brown, fine-grained sandstone with ferruginous cement. 0.5 

Brown to dark-gray carbonaceous clay. 9.0 

Total thickness.  45.0 

Unconformity 

Grayson Formation 

Light-gray, fossiliferous, calcareous shale. 7.0 

Total exposed thickness . 7.0 

The section at locality F is the thickest measured in Tarrant County. 

This may be a result of one of 2 factors. First, the Woodbine Forma¬ 

tion is known to thicken from south to north, and this may represent 

regional thickening. The basal unit of the Woodbine at the Acme 

Brick pit in Denton, Denton County, approximately 20 miles to the 

north-northeast, is reported in excess of 40 feet by Winton (1925). 
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Another possible explanation for the thick Rush Creek section at 

locality F is the filling of a depression on the pre-Gulf Series erosional 

surface on which this unit was deposited., 

Taffs (1393) Dexter Sands seem to be accepted by most investi¬ 

gators of the Woodbine. Hill (1901) made the Dexter Formation the 

lower part of his Woodbine Formation. Winton and Adkins (1919), 

Winton and Scott (1922), Adkins (1924), Winton (1925), Bybee and 

Bullard (1928), and Bullard (1931) all mapped the Woodbine as a 

formation. However, most of these investigators recognized HilFs 

subdivision of the Woodbine Formation into the upper Lewisville Beds 

and the lower Dexter Sands. Adkins (1933) raised the Woodbine to 

group status with the Dexter Formation as the lower unit. Hazzard, 

et al. (1947) placed the Dexter Sandstone Member in their Euless 

Formation, which they interpreted as the lowermost unit of the 

Woodbine Group. Bergquist (1949) mapped the Dexter Member of 

the Woodbine Formation in the Red River area. The type locality of 

'Taffs (1893) Dexter Sands is in the mapped area. Stephenson (1952) 

accepted Bergquist’s subdivision of the Woodbine Formation. Dodge 

(1952) mapped a sandstone unit, termed the “Lower Sandstone Mem¬ 

ber” of the Woodbine Formation, in the Arlington area of Tarrant 

County, Texas. He considered this unit as corresponding in general 

with the Dexter Sands of Taff (1893) and Hill (1901). Lee (1958) 

recognized the Dexter Formation as a part of his Woodbine Strata of 

Hill County, Texas; however, he did not attempt to map the separate 

units of the Woodbine in his study. 

It is recommended that the term “Dexter Sands” as originally pro¬ 

posed by Taff (1893) be designated the “Dexter Member” of the 

Woodbine Formation. This unit has been either mapped or recognized 

from the Red River area of Fannin County westward approximately 

40 miles into Cooke County; then southward for about 150 miles 

through Denton, Tarrant, Johnson, and Hill counties; and into Mc¬ 

Lennan County. 

The term “Lewisville Beds” as revised by Hill (1901) has the same 

general acceptance as the term “Dexter Sands.” Hill simply redesig¬ 

nated Taffs (1893) original Timber Creek Beds type section as the 

“Lewisville Beds,” after the village in Denton County about one mile 

south of the type locality. This name change was necessitated by the 

preoccupation of the term “Timber Creek.” Typical Lewisville carbo¬ 

naceous clay, gray shale, and lenticular sandstone have been reported 

all along the Woodbine outcrop belt. The writer recommends the re- 

designation of the term “Lewisville Member” to include only the 

carbonaceous days, gray shales and lenticular sandstone bodies of 
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Hill’s (1901) original Lewisville Beds. An excellent exposure of this 

unit may be seen just south of the Trinity River on Farm Road 157. 

A description of this section can be found in Dodge (1952, p. 74-75). 

It is also proposed here that the uppermost fossiliferous sandstone 

unit of Hill’s (1901) Lewisville Beds be designated the “Arlington 

Member” of the Woodbine Formation. This unit is well exposed in 

Tarrant County and was reported by Taff (1893, p. 289) near Osceola 

in Hill County. Beds of similar lithology, overlying carbonaceous clay 

and overlain by typical Eagle Ford “laminated blue clays,” were re¬ 

ported by Taff (1893, p. 289) from the original type section on 

Timber Creek, Denton County, Texas. Winton and Adkins (1919, p. 

77) reported about 12 feet of fossiliferous sandstone overlying brown 

shale at Tarrant Station in eastern Tarrant County. Winton and 

Scott (1922, p. 32) found 13 feet of similar sand at the top of the 

Lewisville one mile west of Grandview in Hill County. 

Dodge (1952, p. 76) described a section near Dorothy Siding, 2 

miles east of Tarrant Station in east-central Tarrant County. This 

unit was designated the “Upper Sandstone Member” of the Woodbine 

Formation. Other sections in Tarrant County, including the desig¬ 

nated type section, are listed below: 

Type Section of Arlington Member Exposed in Roadcut in the 2000 Block of 

West Park Row Street, Arlington Texas 

Locality W 

Quaternary Terrace Feet 

Dark-red conglomerate composed of subangular to subrounded ferru¬ 

ginous claystone pebbles in a fine-grained sand matrix. 2.0 

Total exposed thickness . 2.0 

Foodbine Formation 

Arlington Member 

Shell conglomerate containing Ostrea sp. and Exogyra sp. in a fine 

sand matrix. 1.2 

Light-tan, fine-grained sandstone with calcareous cement; a few gray 

clay partings. 5.0 

Tan to reddish-brown, thinly laminated, fine-grained, friable sandstone 

with ferruginous cement; numerous very thin clay partings along 

ripple surfaces; upper part slightly cross-bedded. 29.2 

Total thickness. 35.4 

Lewisville Member 

Dark-gray, fissile shale. 7.0 

Total exposed thickness . 7.0 
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Section of Arlington Member Located Two Miles Northeast of Mansfield, 

Tarrant County, Texas 

Locality X 

Eagle Ford Formation Feet 

Dark-gray to black fissile shale . 6.0 

Total exposed thickness ... 6.0 

Woodbine Formation 

Arlington Member 

Shell fragment conglomerate in brown, arenaceous clay matrix. 1.3 

Tan, fine-grained cross-bedded sandstone with ferruginous cement .... 11.7 

Light-tan, fine-grained sandstone with gray clay partings, ferruginous 

cement. 2.3 

Light-gray, fissile shale. 0.2 

White, very fine-grained, friable sandstone. 0.2 

Total thickness. 15.7 

Lewisville Member 

Dark-gray to gray, arenaceous clay with ferruginous claystone 

stringers and selenite crystals. 9.2 

Dark-brown, slightly arenaceous clay with carbonized wood, shell 

fragments, and selenite crystals. 1.3 

Total exposed thickness .. 10.5 

Section of Arlington Member Measured Two Miles East of Tarrant Station, 

Tarrant County, Texas 

Locality Y 

Eagle Ford Formation Feet 

Blue-black, fissile shale. 3.0 

Total exposed thickness . 3.0 

Woodbine Formation 

Arlington Member 

Brown to tan, fine sandstone, cross-bedded. 4.4 

Shell conglomerate containing Ostrea sp. and Exogyra sp.. 2.9 

Yellow to gray, sandy clay.   1.8 

Yellow to tan, fine-grained sandstone parted by thin gray clay seams; 

some ironstone concretions. 11.2 

Total thickness. 20.3 

Lewisville Member 

Tan to brown, fissile shale with thin sand and ferruginous claystone 

partings . 3.0 

Black to brown, carbonaceous clay with compressed carbonized tree 

limbs and trunks, selenite crystals. 2.5 

Total exposed thickness . 5.5 
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Section of Arlington Member Measured on Silver Lake Branch of the 

Grapevine Reservoir, Tarrant County, Texas 

Locality Z 

Eagle Ford Formation Feet 

Black to dark-gray, fissile shale. 9.0 

9.0 

7.8 

6.0 

13.8 

9.7 

Total exposed thickness . 9.7 

Total exposed thickness . 

Woodbine Formation 

Arlington Member 

Reddish-brown, fine-grained, cross-bedded, fossiliferous sandstone with 

ferruginous cement. 

Tan, thinly bedded, fine-grained sandstone with calcareous cement 

Total thickness. 

Lewisville Member 

Dark-gray to black clay with ferruginous claystone partings. 

The Arlington Member has been traced by the writer from north¬ 

eastern Tarrant County through Denton County and into Grayson 

County. Bergquist (1949) showed a fossiliferous, fine-grained, glau¬ 

conitic sandstone with calcareous cement at the top of his Lewisville 

Member at 10 localities in Grayson and Fannin Counties. The writer 

has also traced this unit south through Johnson and Hill Counties. 

Although much more detailed work needs to be done on the 

Arlington Member, it appears that the unit may represent 3 facies. 

The western-most exposures of the Arlington Member are nonfossili- 

ferous, except for the “oyster reef” capping, and are made up pre¬ 

dominantly of finely laminated, ripple-marked sandstone with very 

thin clay partings. The lack of fossils and major cross-bedding along 

with ripple marking suggests a very low-energy environment, perhaps 

littoral or very shallow neritic. 

To the east, strong cross-bedding of the “cut-and-fill,” or “festoon,” 

type is present, and fossils are more numerous. Eastward it grades into 

a flaggy, calcareous-cemented, fossiliferous, sandstone, which is also 

cross-bedded; and in places ripple markings are preserved. Lenses of 

conglomerate up to 1.5 feet thick are present in scattered localities. 

McNulty and Slaughter (1962) and McNulty (1964) have described 

fish teeth from this conglomerate. Davidson (1963) has described crus¬ 

taceans from this facies of the Arlington Member, and the ammonites 

of the upper Woodbine Formation are from this part of the unit. The 

above data would tend to place the depositional environment of the 

eastern Arlington Member of Tarrant County in marine waters of 

higher energy potential. 
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The Lewisville Member is gradational upward into the Arlington 

Member. The contact is usually taken at the last gray to brown clay or 

shale in the underlying Lewisville Member. The upper contact it, at 

least in part, unconformable. In some localities the tan clays and thin 

stringers of the Tarrant are present. In other areas, the massive, cal- 

careous-cemented Arlington is overlain directly by the dark-gray to 

black fissile shales of the Eagle Ford Formation. 

Bergquist’s (1949) Templeton Member is not present in Tarrant 

County. Stephenson (1952) stated that the unit extends southward 

from the type area in Grayson County only into central Denton 

County. Figure 2 shows the subdivision of the Woodbine by various 

authors from Taff (1893) to the present. 

INTERPRETATION OF ENVIRONMENT 

The first comments on probable depositional environments of Wood¬ 

bine sediments were made by Hill (1901). He cited the leaf impres¬ 

sions of the Dexter Sands and the lignite beds of the Lewisville Beds 

as indicative of a shallow-water, littoral origin for the sediments. 

Stephenson (1918) stated that the basal member of the Gulf Series, 

the Woodbine Sand, was probably deposited in the shallow waters of 

a sea transgressing over the post-Comanche erosional unconformity. 

Berry (1922), on the basis of a detailed study of the Woodbine plant 

remains from the Arthurs Bluff area of Grayson County, stated that, 

from this floral evidence, the Woodbine might be interpreted as being 

made up of continental, deltaic, and marginal marine deposits. 

Scott (1926) published a radically different interpretation of the 

Woodbine’s genetic history. He considered the Woodbine to be Co- 

manchean in age. He believed it represented the major regression of 

the Comanche seas to the southeast prior to the major Gulfian-Eagle 

Ford transgression. He stated that some workers regarded the Wood¬ 

bine as a river delta, and he concluded that rivers may have contrib¬ 

uted some sediment to the over-all section. Also, he suggested that the 

Bed River part of the Woodbine might be in part deltaic. In a discus¬ 

sion before Dallas petroleum geologists in 1931, he stated that he be¬ 

lieved the basal clay beds of the Woodbine were deposited near the 

mouths of rivers draining lowlands. 

Shuler and Millican (1932) described shallow-marine, offshore, 

lenticular sand bodies from the Lewisville Beds of south-central Den¬ 

ton County. Adkins (1933), on the basis of fossil evidence, stated 

that the basal clay is marine and that the Dexter Sands above are, for 

the most part, nonmarine. His basis for this was the presence of plant 

fossils and few, if any, marine fossils in the Dexter Sands. He inter- 
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preted the Lewisville Beds as near-shore, marine, or brackish deposits. 

Bergquist (1949) described fossiliferous, glauconitic, brown clay at 

the base of the Dexter Member. This is his post-Grayson, unnamed 

shale and sandy clay unit, which this writer believes to be equivalent 

to Taff’s (1893) Basal Clays. This unit has been previously designated 

the “Rush Creek Member” of the Woodbine by the writer. From 

Bergquist’s fossil suite, one can assume that the Rush Creek Member 

was deposited in a shallow marine environment. 

Bergquist’s Dexter Member is termed nonmarine, and his combined 

Red Branch-Lewisville Members, designated “Lewisville Member” by 

this writer, have a nonmarine to marine aspect, based on faunal re¬ 

mains. The Templeton Member is marine on faunal evidence given 

by Bergquist. 

Stephenson (1952) stated that the Woodbine Formation, as origin¬ 

ally defined, is made up of fresh, brackish, and very shallow marine 

water deposits. He believed that the Dexter Sands grade south and 

east from predominantly nonmarine flood-plain deposits to inter- 

bedded marine and nonmarine sediments. Stephenson used the term 

“Euless Member” as the equivalent of this writer’s lower Lewisville 

Member. The Euless, combined with the Red River area Red Branch 

Member and the Lewisville Member, was described by Stephenson as 

being fresh to brackish to shallow marine water deposits. He accepted 

Bergquist’s marine interpretation for the Templeton Member. 

Dodge (1952, p. 77) stated: 

“The Woodbine deposits of the Arlington area appear to record a 

struggle between the effects of sedimentation tending to extend a 

deltaic shoreline out to sea and the effects of subsidence tending to 

bring the sea back over the mainland. The lower sand [Dexter 

Member] may represent a local maximum in the outbuilding and 

intergrowth of deltaic bodies. The upper clay [Lewisville Member], 

with its abundant lignite and incipient soil zones, probably repre¬ 

sents lagoonal and swampy deposits and may record stages in the 

subsidence of these deltas. With continual sinking of the land, the 

strand line moved back westward over the Arlington area and the 

upper sand [Arlington Member], with its ammonites and oysters, 

was laid down.” 

He interpreted his basal clay, or Rush Creek Member, as representing, 

at least in part, the reworked debris on the post-Comanche erosional 

surface. 

Cotera (1956) studied the subsurface Woodbine Formation of the 

East Texas Basin. Most of his data came from well cores in what he 
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designated “typical Lewisville sand.” On the basis of sedimentological 

data, he postulated a beach or near-shore environment of deposition in 

a transgressive sea. This study covered the eastern part of the East 

Texas Basin, about 150 miles east of the outcrop of the Woodbine. 

Beall (1964a) did his work to the south of where Lee studied the 

strata. He postulated that the Woodbine was transgressive over the 

post-Comanche erosional surface and believed the lower Woodbine 

(Dexter Member) to be a shallow marine blanket sand. The upper 

part, or Lewisville Member, may have been deposited in brackish 

water as mudflat or shallow lagoonal deposits, with some near-shore 

sand bars. 

Dodge (1965) described an offshore bar from the lower Lewisville 

Member. This sand body truncates and rests in part on brown, lig- 

nitic shale of probable swamp or marsh origin. Dodge, et al. (1966) 

described a wave-cut bench and a wave-built terrace from the upper 

part of the Lewisville Member in the city of Arlington, Tarrant 

County, Texas. 

In Tercier’s (1940) original definition of the paralic environment, 

he stated that the type of sedimentation was fundamentally alluvial; 

however, Krumbein and Sloss (1963) redefined the term to include 

not only alluvial depoits, but also lagoonal, littoral, and shallow ne- 

ritic environments. From the above review of the ideas of various in¬ 

vestigators of the Woodbine Formation, one may assume that 

Woodbine sediments represent an excellent example of the paralic 

environment. 

Almost all investigators of the Woodbine have noted one thing in 

common, the lenticular nature of the sand bodies. This phenomenon is 

perhaps better developed in the Lewisville Member than in any other 

member. 
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Pleistocene Amphibians from a Cave in 

Edwards County, Texas 

by J. ALAN HOLMAN 

The Museum, Michigan State University 

East Lansing 48823 

The Edwards Plateau of Texas has a Recent fauna that is mainly a 

transitional one containing a mixture of eastern and western forms; 

but there are also some endemic, cave-dwelling amphibians that live 

in the limestone caverns of the area. Moreover, the ranges of several 

eastern and western animals, as well as a few southern forms end ap¬ 

proximately at the edge of the Edwards Plateau as delineated by the 

borders of the Balconian Biotic Province of Blair (1950). Thus, late 

Pleistocene faunas from the caves of this area are strategically located 

with respect to the detection of the sometimes rather subtle changes of 

animal distribution that have taken place between late Pleistocene and 

Recent times (Holman, 1969b, Lundelius, 1967, Patton, 1963). 

Recently, Dr. Walter W. Dalquest of Midwestern University and 

his students have collected a very large and exceptionally interesting 

late Pleistocene fauna from Schulze Cave in Edwards County, Texas. 

It is the fossil amphibian remains from this cave that form the basis of 

the present paper. 

Schulze Cave lies about 28 miles northeast of the town of Rock 

Springs. The entrance to the cave is approximately 0.5 miles east of a 

stream known as Paint Creek, and it is approximately 3.8 miles due 

east of the Rigsby Triangulation Station. The cave is of the sinkhole 

type, with the only entrance being a manhole-like opening at the crest 

of a small hill. 

The amphibian fossils of this report were taken from 2 layers of 

clayey matrix that contained some limestone fragments. The upper 

18 inches was designated as Layer Cl, the lower 18 inches was desig¬ 

nated as Layer C2. Dalquest (in litt.) reports that there are evidences 

of lithologic changes and of faunal succession between the 2 layers. A 

Carbon-14 date of 9,680 ± 700 BP is available for the middle of Layer 

Cl. Based on rates of sedimentation, Dalquest estimates the approxi¬ 

mate age of the top of Layer Cl as 8,000 years BP, and the approxi¬ 

mate age of the bottom of Layer C2 as 11,000 years BP. 

A detailed report on the mammalian fauna of Schulze Cave has been 
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prepared by Dalquest, E. Roth, B. Westmoreland, F. Judd, and F. 

Schitoski. The reptilian remains are being studied by Frederick C. 

Hill, formerly of Illinois State University. I wish to thank Dr. Dal¬ 

quest for the privilege of studying the amphibian fossils from the cave. 

Specimen numbers are preceded by the abbreviation MU which stands 

for Midwestern University. All measurements are in millimeters. My 

part of the study was supported by National Science Foundation 

Grant GB-5988. 

CHECK LIST 

Layer Cl 

Ambystoma tigrinum (Green) 

Scaphiopus cf. S. couchi Baird 

Eleutherodactylus augusti 

latrans (Cope) 

Syrrhophus marnocki Cope 

Bufo woodhousei woodhousei 

Girard 

Hyla versicolor LeConte 

ANNOTATED LIST 

Amby stoma trigrinum (Green) 

Material.—Layer C2: 3 body vertebrae, MU 8062. Layer Cl: one 

body vertebra, MU 8063. 

These salamander vertebrae are assigned to species on the basis of 

characters discussed in Holman (1969a). The vertebrae represent 

adult salamanders. 

Scaphiopus cf. Scaphiopus couchi Baird 

Material.—Layer C2: one ilium, MU 8064. Layer Cl: one sphen- 

ethmoid, one sacrococcyx, MU 8065. 

Remains from both layers represent subadult animals that are 

tentatively assigned to species mainly on the basis of geographical 

considerations. 

Eleutherodactylus augusti latrans (Cope) 

Material.—Layer C2: 10 angulars, one scapula, 3 humeri, 3 radi¬ 

oulnae, 39 ilia, 12 sacra, 6 urostyles, one femur, 42 tibiofibulae, MU 

8095. Layer Cl: one sphenethmoid, one parasphenoid, 8 angulars, 4 

scapulae, 3 humeri, 16 radioulnae, 48 ilia, 11 sacra, 8 urostyles, 5 fe¬ 

mora, 25 tibiofibulae, MU 8096. 

Layer C2 

Amby stoma trigrinum (Green) 

Scaphiopus cf. S. couchi Baird 

Eleutherodactylus augusti 

latrans (Cope) 

Syrrhophus marnocki Cope 

\Bufo woodhousei bexarensis 

Mecham 

Hyla versicolor LeConte 
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These abundant remains agree in size and in subjective characters 

with the Recent subspecies E. a. latrans. These frogs are common on 

the Edwards Plateau today, and they may be found living in the lime- 

stone caverns of the region. 

Syrrhophus marnocki Cope 

Material—Layer C2: one radioulna, 4 ilia, 2 tibiofibulae, MU 

8097. Layer Cl: one humerus, one ilium, one femur, one tibiofibula, 

2 tarsi, MU 8098. 
This species is a common animal of the region today, and is fre¬ 

quently encountered living in caverns. 

\Bufo woodhousei bexarensis Mecham 

Material—Layer C2: 3 humeri, one radioulna, one sacrum, 16 ilia, 

7 tibiofibulae. 
Mecham (1959) described this extinct subspecies from the late 

Pleistocene of Friesenhahn Cave, Bexar County, Texas. This sub¬ 

species differs from B. w. woodhousei, the subspecies that lives on the 

Edwards Plateau today, mainly in the larger size of the fossil form. 

Certain features of the limb bones were pointed out as being diagnostic 

for the fossil subspecies, but these characters are of the type that are 

often subject to individual variation, and are not likely to hold up 

when large series of specimens are available for comparison. 

The Bufo woodhousei material from the C2 layer of Schulze Cave is 

larger than Recent adult B. w. woodhousei and B. w. fowleri skeletons 

available to me (Table 1), and for this reason, with some degree of 

reservation, and admitedly rather arbitrarily, I assign the C2 material 

to this extinct subspecies. Unfortunately, no fossil femora of B. wood¬ 

housei were available from Schulze Cave to compare with the femora 

(which were the type elements) from Friesenhahn Cave. 

Mecham (1959) compared the largest (much the largest of the 4 

available ilia) of B. w. bexarensis to the ilium of a Bufo marinus 

Table 1 

Measurements of Fossil and Recent Bufo woodhousei. 

Sacrum, Ilium, Tibiofibula, 
Humerus, greatest width through height of greatest 

distal width prezygapophyses acetabular cup_width ot shatt 

Bufo w. bexarensis, C2 6.2-6.9(6.47)3 .(8.3)1 3.7-7.7(5.68) 11 4.3-5.8(4.83)7 

Bufo w. woodhousei, Cl 4.2-5.6(5.03)11 .(6.2)1 3.3-6.0(4.68)6 4.3-5.6(4.61)5 

Bufo w. woodhousei. R. 4.0(4.6(4.33)4 5.5—5.8(5.63)4 4.5—5.1(4.80)4 4.0—4.8(4.58)4 

Bufo w. fowleri, R. 2.9-4.2(3.54)11 3.8-5.6(4.51)11 3.2-5.0(4.00)11 2.8-4.2(2.63)11 
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with a snout-vent length of 137.0 and stated that they were al¬ 

most identical in size. The 2 largest measureable ilia from the B. w. 

bexarensis population of Schulze Cave have a height of the acetabular 

cup of 7.6 and 7.7; whereas an adult B. marinus with a snout-vent 

length of 130.0 has a height of the acetabular cup of 8.3. Thus, the 2 

largest Schulze Cave forms may have been slightly smaller than the 

largest form represented by the ilia from Friesenhahn Cave. 

Bufo woodhousei woodhousei Girard 

Material.—Layer Cl: one sphenethmoid, one angular, 2 scapulae, 

12 humeri, 6 radioulnae, one sacrum, 7 tibiofibulae, MU 8100. 

This material is smaller than the B. woodhousei material from 

Layer C2, and it is similar in size to the Recent form, B. w. woodhousei 

(Table 1). Therefore, the Bufo fossils from Layer Cl are assigned to 

this subspecies, a form that lives in the area today. 

Hyla versicolor LeConte 

Material.—Layer C2: one humerus, MU 8101. Layer Cl: one ilium, 

MU 8102. 

The bones are easily assignable to the genus Hyla rather than to 

Acris or Pseudacris, but specific identification is somewhat more diffi¬ 

cult. The ilium of H. cinerea has a rather characteristically-shaped 

dorsal protuberance (terminology of Chantell, 1964) that, in all of 

the 13 Recent skeletons examined, was much longer than high, and 

that was regular in shape with smoothly rounded borders. In Recent 

H. versicolor and H. chrysoscelis the protuberance also tends to be 

longer than high, but it is irregular in shape in most specimens. Never¬ 

theless, in 2 of the 9 skeletons of Recent H. versicolor the protuberance 

is round as it is in the Schulze Cave Hyla ilium. The Hyla humerus 

from Layer C2 is indistinguishable from that of H. versicolor. 

Today, the western limits of the range of H. versicolor end some¬ 

what to the east of the fossil locality at about the middle of the Bal- 

conian biotic province. 

COMMENTS 

All of the species of amphibians of the Schulze Cave fossil fauna 

occur on the Edwards Plateau of Texas today. In fact, only one species, 

Hyla versicolor (which at present ranges into the Edwards Plateau 

from the east), is the only species that would not be expected to occur 

in the immediate vicinity of the fossil site. Perhaps the fossil occcur- 

rence of H. versicolor may be explained by a slightly moister climate, 
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or by the absence of the overgrazing by livestock that occurs on the 

plateau today. 

The presence of the large toad, Bufo woodhousei bexarensis, from 

Layer C2, and the presence of the Recent subspecies, B. w. woodhousei, 

from Layer Cl of Schulze Cave is of considerable interest. The age of 

the fossil deposit (Friesenhahn Cave) from which B. w. bexarensis 

was originally described is estimated to be from 10,000-14,000 years 

BP (Milstead, 1967). The bottom of Layer C2 of Schulze Cave is 

thought to have been deposited approximately 11,000 years BP, and 

the top of Layer Cl is thought to have been deposited approximately 

8,000 years BP. Therefore, considering that B. w. bexarensis from 

Friesenhahn Cave may have been a little larger than B. w. bexa¬ 

rensis from Layer C2 of Schulze Cave, the full time for the evolution 

of B. w. bexarensis to B. w. woodhousei could have taken as long as 

from 14,000-8,000 years BP. But it seems much more likely that, at 

least the major part of, this evolution occurred sometime between 

11,000 and 8,000 years BP. 

REFERENCES 

Blair, W. F., 1950—The biotic provinces of Texas. Tex. Jour. Sci., 2:93-117. 

Chantell, C. J., 1964—Some Mio-Pliocene hylids from the Valentine formation 

of Nebraska. Amer. Midi. Nat., 72: 211-225. 

Holman, J. A., 1969a—Herpetofauna of the Pleistocene Slaton local fauna of Texas. 

In press, Southwest. Nat. 

-, 1969b—A Pleistocene herpetofauna from Kendall County, Texas. In 

press, Quart. Jour. Fla. Acad. Sci. 

Lundelius, E. L., 1967—Late-Pleistocene and Holocene faunal history of central 

Texas. In, Martin, P. S. and H. E. Wright (Eds.), Pleistocene Extinctions the 

Search for a Cause. Yale Univ. Press. 

Mecham, J. S., 1959—Some Pleistocene amphibians and reptiles from Friesenhahn 

Cave, Texas. Southwest. Nat., 3: 17-27. 

Milstead, W. W., 1967—Fossil box turtles (Terrapene) from central North 

America, and box turtles from eastern Mexico. Copeia, 1967: 168-179. 

Patton, T. H., 1963—Fossil vertebrates from Miller’s Cave, Llano County, Texas. 

Bull. Tex. Mem. Mus., 7: 1-41. 



. 



Notes on Mosasaurs from Texas 

by JOHN T. THURMOND 

Shuler Museum of Paleontology 

Southern Methodist University, Dallas 75222 

ABSTRACT 

Nine taxa of mosasaurs from the Gulfian of Texas are described. 

Three species appear to be of some value as index fossils: Globidens 

alabamaensis Gilmore and Platecarpus somenensis Thevenin for the 

Campanian and Platecarpus coryphaeus (Cope) for the Coniacan. A 

fragment from the Eagle Ford (Turonian) is the earliest reported 

North American mosasaur. 

INTRODUCTION 

Several specimens of mosasaurian reptiles have been recovered by 

the Shuler Museum of Paleontology, Southern Methodist University, 

mainly during salvage operations under National Park Service Con¬ 

tract No. RO 330608. Other specimens of interest are contained in the 

collections of the Strecker Museum, Raylor University, and the De¬ 

partment of Geology, University of Texas at Arlington. Most of the 

specimens in the latter collection were received from Texas A & M 

University. As the mosasaurs of Texas are poorly known, this ma¬ 

terial merits description. A Kansas specimen at Rritish Museum (Na¬ 

tural History) helped clarify the relationships of one of the Arlington 

specimens. 

Acknowledgments for considerable cooperation which this author 

received are due to: Bob H. Slaughter of the Shuler Museum for his 

work in collecting and preparing material; to C. L. McNulty of the 

Department of Geology, University of Texas at Arlington and B. C. 

Brown of the Strecker Museum, Baylor University for making their 

material available for this study; to the staff of the Museum of Natural 

History, University of Kansas, particularly the late Russell Camp, for 

help in studying comparative material there; and to A. J. Charig of 

the British Museum (Natural History) for generous assistance with¬ 

out which an all-too-brief visit would have been much less valuable. 

The Texas Journal of Science, Vol. XXI, No. 1, October, 1969. 
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SYSTEMATIC DESCRIPTIONS 

FAMILY MOSASAURIDAE 

Subfamily mosasaurinae Willis ton, 1897 

Tribe Mosasaurini Russell, 1967 

Genus Clidastes Cope, 1868 

Clidastes sp. 

Referred Material: Partial skull and jaws, with 2 centra, SMUSMP 

62098. 

Locality: Dallas Co., Texas, White Rock Lake 7.5' Quadrangle, 32°48' 

41 "N., 96°41'01"W. 

Horizon: Upper chalky member of the Austin Chalk (Santonian). 

Discussion: This genus has been reported from Texas by Hill (1901), 

on the basis of teeth from the Eagle Ford-Austin contact. Russell 

(1967) refers to a skull of Clidastes from the Taylor Marl of Collin 

County (USNM 22964). On the basis of the locality given by Russell 

(1967), the most likely horizon for this skull is the upper part of the 

lower marl member of the Taylor, a level which has proved unusually 

productive in the course of this study, and probaby provides the best 

opportunity in Texas for systematic collecting of mosasaurian 

remains. 

The fragmentary remains discussed here do not show specific char¬ 

acters, but suggest a Clidastes related closely to, if not actually be¬ 

longing to C. propython Cope, 1869, a form with wide geographic and 

temporal distribution (Russell, 1967). 

The generic assignment is based on the broad parietal table (other¬ 

wise appearing only in Tylosaurus in North America) and a mandibu¬ 

lar tooth. This tooth, slightly damaged at the tip, is strongly bicarinate 

and shows weak striae on the labial surface, probably due to weather¬ 

ing. The crown measurements are: length, 15 mm. (probably 17 when 

complete); anteroposterior diameter 10 mm.; and transverse diameter 

7 mm. 

The 2 preserved centra are an anterior dorsal which does not show 

the kidney-shaped articular surface of C. iguanavus Cope, 1868, and 

a caudal. 

Genus Mosasaurus Conybeare, 1822 

Mosasaurus ? mis sour iensis (Harlan, 1934) 

Ichthyosaurus missouriensis Harlan, 1834, Rrit. Assoc. Adv. Sci. Rep. 

3rd mtg., p. 440 [ fide Russell, 1967]. 

Mosasaurus horridus Williston, 1895, Kans. Univ. Quart., v. 3, p. 166, 

pis. 14-16. 

Mosasaurus missouriensis (Harlan) Russell, 1967, Yale Peabody Mus. 

Bull. 23, p. 136-138. 
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Referred Material: Skull and mandible fragments and vertebrate, 

UTA (TAM) uncatalogued. 

Locality: “1 */2 miles NE of Riesel,” McLennan County, Tex. 

Horizon: On the basis of the locality, Taylor (Campanian) and prob¬ 

ably Wolfe City Member. 

Discussion: According to data associated with this specimen, it was 

collected by a road crew during the 19305s and donated to Texas 

A & M. The material consists of fragments of maxillae, the anterior 

end of the left dentary, both coronoids, a partial pterygoid, and several 

vertebrae. Due to the fragmentary condition of the remains, no mean¬ 

ingful measurements are available. The material was compared to 

KU 1034, the type of M. horridus Williston, regarded as a synonym 

of M. missouriensis by Russell (1967), and does not differ in any 

respect. 

If this specimen should be included in M. missouriensis, the tem¬ 

poral range of this species is extended into the lower Campanian, 

while all previous specimens described are Maestrichtian. However, it 

does not show the extremely slender dentary of M. conodon (Cope, 

1881). The other Campanian species described by Russell (1967), M. 

ivoensis Persson, 1963, has stouter teeth than M. missouriensis. While 

no teeth are preserved in this specimen, an attached photograph, prob¬ 

ably of the mandible fragments prior to preparation, show teeth more 

resembling those of M. missouriensis. 

Still another species of Mosasaurus, M. maximus Cope, 1869, is rep¬ 

resented by a specimen from the Navarro in the Texas Memorial 

Museum, Austin (Russell, 1967) . 

Tribe Globidensini Russell, 1967 

Genus Globidens Gilmore, 1912 

Glohidens alabamaensis Gilmore, 1912 

Globidens alabamaensis Gilmore, 1912, Proc. U. S. Nat. Mus., v. 41, 

p. 479-484, pi. xxxix-xl. 

Referred Material: Isolated teeth, SMUSMP 62102, 62103, 62014 

(2 teeth), and62105. 

Localities and Horizons: All specimens are from float except 62104, 

which was apparently in situ, but for which no locality or horizon 

data are available. All other specimens are from Wolfe City or Lower 

Marl members of the Taylor. Localities are: 

62102 North Sulphur River near Ladonia, Lannin Co., Texas 

62103 Near Farmer sville, Collin Co., Texas 

62105 North Sulphur River near Ben Franklin, Delta Co., Texas. 

Discussion: This species has thus far been reported from the Selma of 
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Table 1 

Crown measurements of teeth of Globidens alabamaensis (mm.) 

Type, , 
7th tooth 62102 62103 62104 62105 

Height 

Diameters: 

22.0* 17.4 12.8 17.7 12.0 

Anteroposterior 25.3 26.8 15.2 22.5 19.6 

Transverse 25.0 25.6 13.4 16.2 

Ratio Length/Width 1.01 1.05 1.13 1.21 

* Gilmore’s (1912) measurements 
figures are corrected. 

are 10 times too large, due to omission of decimal point. These 

Alabama (Gilmore, 1912) and Mississippi (Gilmore, 1927), Craie 

d’Obourg of Belgium (Dollo, 1924), and the Taylor of Texas (Russell, 

1967). 

The measurements of this specimen are summarized in Table 1, 

along with measurements of the largest tooth of the holotype, USNM 

6527 (after Gilmore, 1912). Of the 4 Texas specimens, SMUSMP 

62102 and 62104 are certainly conspecific with the type. The smaller 

specimens are much more compressed, with stronger carinae. They 

thus resemble teeth of Compressidens Dollo, 1924.1 However, no speci¬ 

men of Compressidens has yet been reported from North America, 

and these teeth are probably anterior teeth of Globidens, or possibly 

teeth of juveniles. 

Associated with SMUSMP 62104 is a small recurved mosasaurian 

tooth that is unusually blunt. It may be either a premaxillary or a 

pterygoid tooth of Globidens. 

Subfamily plioplatecarpinae (Dollo 1884) Williston 1897 

Tribe Plioplatecarpini Russell 1967 

Genus Platecarpus Cope 1869 

Platecarpus coryphaeus (Cope 1872) 

?Platecarpus tympaniticus Cope, 1869, Boston Soc. Nat. Hist. Proc., v. 

12 p.265. 

Holcoldus coryphaeus Cope, 1872, Proc. Amer. Phil. Soc., v. 12, p. 

269-271. 

Platecarpus coryphaeus (Cope), Cope, 1875, Cret. Vert., p. 142, 267; 

pi. xiv, fig. 3; xv, 1; xvi, 1; xvii,; 6; xx, 4; xxi, 1-2; xxxvi, 6: 

xxxvii, 9; Williston, 1898, Kansas Mosasaurs, p. 186; pi. xiv-xvi; 

1 This name is preoccupied by Compressidens Pilsbry and Sharp, 1897. However, 

no useful purpose would be served by proposing a new name in a paper that other¬ 

wise has nothing to do with this genus. 



NOTES ON MOSASAURS FROM TEXAS 73 

xxii; xxiv, XXY, fig. 1-5; xxvi; xxvii; xxviii, 5, 7-8; xxix, 3-5; 

xxxi, 4-5; xlii, 3-4; xlvi, 1-4; li-liii; liv, 2; lvi; lvii, 4-10; lviii; 

lx, 3; Ixiii; lxiv, 2; Ixxii, 2; Russell, 1967, Yale Peabody Mus. 

Bull. 23, p. 153, text-fig. 85. 

Referred Mater ah Partial skull and mandibles, SMUSMP 61799. 

Locality: Exact data not available. The specimen is reported to come 

from a building excavation in Snider Plaza, University Park, Dallas 

Co., Texas. Approximate coordinates are: Dallas Quadrangle (7.5'), 

32°50'55"N., 96°47'13"W. 

Horizon: Upper part of the lower chalk member of the Austin, if the 

locality is correct. 

Discussion: This specimen consists of the anterior part of a skull, ex¬ 

tending almost to the orbits, and the corresponding portions of the 

mandibles, one of which is in occlusion. The material is almost identi¬ 

cal to Kansas specimens of P. coryphaeus, in particular to KU 1007, 

which apparently formed the basis for Williston’s (1898) restoration. 

The external nares begin at the 3rd maxillary tooth, a character 

given for this species by Russell (1967). The foramina for the man¬ 

dibular branch of cranial nerve V also show the pattern described by 

Russell (1967). 

The teeth are faceted and bicarinate, showing 5 facets between cari- 

nae on the labial side. There are also distinct ribs normal to the facets, 

giving the enamel a plaid-like appearance. Parallel to these ribs are 

distinct bands of pigment. These darken toward the apex, which is 

deeply pigmented. This coloration may be an accident of preservation, 

but the pattern is so consistent that it suggests that the natural colora¬ 

tion has been preserved. 

The only character in which this specimen departs from Kansas 

material (particularly KU 1007) is in the structure of the narial bor¬ 

der. In KU 1007, there is a thin anterior process of the prefrontal 

which forms most of the lateral border of the nares. The Dallas speci¬ 

men shows the prefrontal confined to the posterior % of the narial 

margin, a pattern similar to that figured by Russell (1967, text-fig. 

83) for P. ictericus. This difference is probably of minor significance. 

Russell (1967) suggests that P. tympaniticus Cope is a senior syno¬ 

nym of one of the Niobrara species. The presence of identifiable P. 

coryphaeus in the lower Austin, at roughly the same horizon as the 

Smoky Hill Member of the Niobrara (type P. coryphaeus) and the 

Eutaw Formation (P. tympaniticus), suggests that if this equivalence 

exists, it is between P. tympaniticus and P. coryphaeus (both 

Coniacan). Platecarpus ictericus appears to be confined to the San- 

tonian and Campanian. 
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Platecarpus sp. cf. P. curtirostris (Cope 1872) 

Liodon curtirostris Cope, 1872, Proc. Acad. Nat. Sci. Philadelphia, v. 

23, p. 298 [nomen nudum]. 

Liodon curtirostris Cope, 1872, Proc. Am. Phil. Soc., v. 12, p. 273-276. 

Lestosaurus curtirostris, Marsh, 1872, Am. Jour. Sci., v. 3, p. 461. 

Platecarpus curtirostris, Cope, 1874, Hayden’s Bull. U.S. Geol. Surv., 

no. 2, p. 36. 

Referred Materials: Partial skull, UTA(TAM) 2206. 

Locality: Unknown. 

Horizon: Unknown. The preservation is reminiscent of specimens from 

both Austin and Taylor. However, there are some Niobrara specimens 

in this collection, and their preservation is also similar. 

Discussion: Platecarpus curtirostris is considered a synonym of P. 

ictericus (Cope) by Russell (1967) on the basis of the similar pattern 

of exits for the mandibular branch of cranial nerve V. However, there 

are other characters which suggest that the Arlington specimen be¬ 

longs to a form distinct from P. ictericus. These characters are also 

Fig. 3. Skull elements of Platecarpus sp. cf. P. curtirostris (Cope), UTA(TAM) 2206: (a) 

Skull roof, ventral view; (b) left quadrate, lateral view; (c) right jugal, lateral view. 
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shown by a skull from the Niobrara at British Museum (N. H.) (R. 

4001). These characters are: 

(1) The posterio-lateral branch of the parietal is convex posteriorly 

rather than concave as in P. ictericus (see Fig. la); 

(2) The substapedial process of the quadrate is large and broad, 

meeting the suprastapedial process but not fusing with it. (see Fig. lb). 

(3) The posteroventral process of the jugal (Fig. lc) is short and 

not pointed. 

In these characters, the Arlington and London specimens agree 

with Cope's (1875) figures of P. curtirostris. Therefore, this name is 

tentatively applied to these forms. Cope (1875) does not state whether 

his figures are of the holotype (AMNH 1563, according to Russell, 

1967) or of referred material. In the absence of an opportunity to 

examine the holotype, this assignment must remain tentative. 

Prognathodon overtoni (Williston, 1897) shows more exaggerated 

forms of these characters. The convex posterior margin of the parietal 

process is well shown in Russell’s (1967) figures. Functionally, this 

feature may be related to the more massive jaws, and presumably 

more powerful jaw musculature of Prognathodon. The superior tem¬ 

poral fenestra is enlarged by this different curvature, providing more 

space for the temporal musculature. The quadrate has the supra¬ 

stapedial and substapedial processes fused, forming a complete ring. 

Interestingly enough, Russell’s (1967) figures indicate a pattern for 

the exits of the mandibular branch of cranial nerve V that is very 

similar to that of Platecarpus ictericus. 

On this basis, it is tentatively suggested that Platecarpus curtirostris 

is a form closely related to P. ictericus, and probably descended from 

it. The differences between these species suggest that P. curtirostris is 

a morphological intermediate between P. ictericus and Prognathodon. 

Platecarpus sp. cf. P. somenensis Thevenin 1896 

Platecarpus somenensis Thevenin, 1896, Bull. Soc. Geol. France, 

3, v. 24, p. 907-910, pi. xxx. 

Platecarpus cf. P. somenensis Thevenin, Russell, 1967, Yale Pea¬ 

body Mus. Bull. 23, p. 155-156. 

Referred Material: Partial skull and mandibles, SMUSMP 61617. 

Locality: Approximately 1 mile NE of Bardwell, Ellis Co., Texas. 

Coordinates: Ennis West 7.5' Quadrangle, 32°16'12"N., 96°40'58"W. 

Horizon: Lower Taylor Marl Member, near base of Wolfe City 

Member (Campanian). 

Discussion: Russell (1967) has tentatively referred specimens from 

the lower Pierre of South Dakota to P. somenensis. This specimen has 
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dentaries 361 mm. in length, 20% larger than the largest P. ictericus, 

but within the range of Russell’s measurements for P. somenensis. \ 

Subfamily tylosaurinae Williston, 1897 

Genus Tylosaurus Marsh 1872 

Tylosaurus sp. cf. T. proriger (Cope 1869) 

Macrosaurus proriger Cope, 1869, Proc. Acad. Nat. Sci. Phila¬ 

delphia, v. 21, p. 123. 

Tylosaurus proriger (Cope), Williston, 1898, Kansas Mosasaurs, 

p. 102-134, 173, 175, pi. xvi-xviii; pi. xix, fig. 1; xxxi, 1-3; lx, 

1-2; Ixi, 1-2, Ixxii, 3; Russell, 1967, North American mosa¬ 

saurs, p. 173-175, Text-fig. 93. 

Referred Material: Fragmentary skull, Strecker Museum 3025 col¬ 

lected by Ronnie Finch. 

Locality: Cryer Creek 7.5' Quadrangle, Ellis Co., Texas, coordinates 

32°14'51"N., 96°30/54"W. 

Horizon: Lower Marl Member of the Taylor Formation, near base 

of Wolfe City Member. 

Discussion: This specimen represents a gigantic Tylosaurus, even 

larger that the Bunker specimen (KU 5033), from the lower Pierre, 

which has a midline length of skull of 68 inches (about 1.73 meters) 

(Callison, personal communication). Russell’s recent revision (1967) 

has left only 2 valid names in Tylosaurus, T. proriger (Cope) and 

T. nepaeolicus (Cope). Of these, T. proriger appears to be the larger 

(Russell, 1967). Apparently, until better material is available, the 

latter name should be applied to this giant specimen. 

This unusually large specimen allowed, in combination with Kansas 

material, a study of variation in the premaxilla of this species. Con¬ 

sidering only the portion of the premaxilla that forms part of the 

margin of the upper jaw, 5 tolerably complete specimens were located 

in the University of Kansas Museum of Natural History collection. 

These were KU 1023, 1129, 1168, 5012, and 1 uncatalogued. Several 

parameters were measured, but variation in the degree of crushing 

indicated that only 2 were sufficiently reliable. These were: 

1) midline length of the premaxilla, measured from the plane of the 

suture with the maxilla to the tip of the rostrum, and 

2) length of the rostrum from the anterior border of the first alveolus 

to the tip of the rostrum. 

Results of these measurements are presented in Figure 2. The close¬ 

ness of the data points to the least squares line of: 

Length of rostrum = .403 (length of premaxilla) + 1.1 is impres¬ 

sive, as is the unusually high correlation coefficient of .98. The present 
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Fig. 2. Measurements of premaxillae of 6 specimens of Tylosaurus: 1, KU 5012 (Tylo- 

saurus sp.); 2, KU 1023 (T. pror/ger, referred Russell, 1957); 3, KU 1129 (T. sp.); 4, KU 

11 68 IT. sp.); 5, KU uncat. IT. sp.); 6, SM 3025 [T. cf. T. proriger). 

information suggests that the population of T. proriger was highly 

homogenous for this relationship over a wide range of space and time. 

Also, this set of data suggests that there was little, if any, ontogenetic 

change in the relative length of the rostrum. KU 5012, the smallest 

individual in the sample, shows juvenile characters also in the very 

porous surface of the bone. SM 3025, the largest, has linear dimensions 

five times those of KU 5012, and was probably more massive by 2 

orders of magnitude. 

Proportions of the rostrum change throughout development in other 

ways not shown by these measurements. The width and depth of the 

premaxilla appear to increase faster than the lengths, but differential 

crushing precludes accurate measurement. The cross-section of the 

rostrum progressively changes in shape from a dorsoventrally flattened 

oval in the juvenile through subrectangular in normal adults (Russell, 

1967) to a laterally flattened ovoid, more pointed ventrally, in SM 

3025. 

Three specimens of gigantic Tylosaurus are thus far known to this 

author. KU 5033, from the lower Pierre, consists of a nearly complete, 

though badly crushed, skeleton. SM 3025 from the Taylor shows very 

close relationships to KU 5033 and to a skull, as yet unprepared, from 

the lower Taylor near Farmersville, Collin Co., Texas, now at Dallas 

Museum of Natural History. All of these specimens are of middle 

Campanian age. When more data is available, it may become expedient 

to separate these giants as a temporal race of T. proriger. 

Tylosaurus has not been reported in North America from rocks later 
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than Campanian, although the closely related genus Hainosaurus is 

known from the late Maestrichtian of Belgium. However, a group of 

teeth (UTA uncat.) from the “Neylandville Fm, Navarro Group, 

Terrel [sic], Texas” (specimen label) contains a single tooth of Tylo- 

saurus or a closely related form. The tooth has a strong, serrated an¬ 

terior carina but no posterior carina. The serrations are minute, but 

were thought to be unique in mosasaurs until examination of SM 3025 

showed serrations on a well-preserved replacement tooth (which, how¬ 

ever, has both anterior and posterior carinae). It is possible that such 

serrations exist on other Tylosaurus specimens, but have never been 

reported. Russell (1967) notes that teeth of Tylosaurus are unusually 

brittle, and rarely well preserved in the Niobrara. Also, Kansas 

material tends to be much smaller. Thus, the serrations (which num¬ 

ber 3-4 per millimeter on the giant SM 3024) may have been so 

minute as to be visible only under high magnifications. 

OTHER MATERIAL 

A skull roof of Tylosaurus, SMUSMP 62046, including a part of the 

premaxilla and the frontals, from the Austin, locality unknown. 

Pelvis and limb fragments of Platecarpus sp., (SMUSMP 61767) 

from the outlet works of Bardwell Dam, Ellis Co., Texas. Cryer Creek 

7.5' Quad., 32°14'55"N., 96°35'44"W. 

A group of teeth of different individuals from Terrell, Kaufman Co., 

Texas (UTA uncat.). These are listed as Neylandville Fm. for horizon. 

Three types of teeth are present: 

(1) 7Tylosaurus sp. {see above). 

(2) A blunt, very stout, bicarinate type, possibly representing 

Prognathodon. 

(3) Slender, striated, bicarinate, strongly recurved teeth, possibly 

Plioplatecarpus. 

A maxillary fragment, SMUSMP 61866, from the “bed of SE flow¬ 

ing branch of Hackberry Creek on S side of St. Hwy. 114 approx. 1 % 

mi. NW of intersection with Belt Line Road, NW Dallas County, 

Texas.” (locality on label). If the locality is accurate, the specimen 

comes from low in the Eagle Ford Shale, lower than the Clidastes 

teeth identified by Lucas (in Hill, 1901) from the Eagle Ford-Austin 

contact, and lower than the skull of “Mososaurus” reported by Adkins 

(1923 and 1928), which is doubtfully Eagle Ford. The earliest mosa- 

saurian specimens previously reported were those of Stenzel (1944), 

identified by J. T. Gregory as Clidastes. This material was recovered 

from units 7 and/or 8 of the Britton Member (Norton, 1965), 3^2 
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miles W of Cedar Hill, Dallas Co., Texas (this is station 15 of Norton, 

1965). On the other hand, SMUSMP 61866 comes from the lower 

(bentonitic) member of the Britton (units 1 and 2 of Norton, 1965). 

It is thus the oldest reported North American mosasaur. 

PREVIOUS REPORTS 

The first report known to this author of mosasaurs in the Gulfian of 

Texas is that of Prather (1901). These specimens, from the Eagle Ford 

and/or Austin of McLennan County, were identified by F. A. Lucas 

as Clidastes and Mosasaurus. These are probably the same teeth 

referred to by Hill (1901), although the latter omits reference to 

Mosasaurus. 

Adkins (1923) mentions a skull of uMososaurus” from McLennan 

County, from either Eagle Ford or Austin (the skull was not in situ). 

Adkins (1928) again refers to the skull and notes that it is now in 

Sweden. As far as is known to this author, this is the oldest determin¬ 

able mosasaur, and as such deserves study. 

Other occurrences of mosasaurs in Texas are summarized by Russell 

(1967), except for the Eagle Ford specimens of Stenzel (1944). 

CONCLUSIONS 

This paper constitutes a progress report on the study of Texas 

mosasaurs. There is much yet to be done. None of the specimens 

described here were found as a result of concentrated prospecting for 

mosasurs. Most of the specimens have been found accidentally; there 

are a few which were collected as a result of paleontological salvage 

projects. 

The Texas fauna comprises a geographical link between the exten¬ 

sively studied Great Plains mosasurs and the Atlantic Coast forms. As 

such, it is of great importance in the zoogeography and biostratigraphy 

of the North American mosasaurs, but its usefulness will not be com¬ 

pletely realized until more extensive collections are available. 
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Gammarus (Rivulogammarus) elki, a New Species of 

Amphipod (Gammaridae) from Southwestern 

Missouri and Northwestern Arkansas1 

by ROLLIN DEWAYNE REIMER 

Department of Biology, Tulane University2 

New Orleans, Louisiana 

While collecting salamanders in the Ozark Plateau during January 

of 1960, Drs. Alfred E. Smalley and Harold A. Dundee made several 

collections of amphipods. Two collections from the Elk River drainage 

of McDonald County, Missouri and Renton County, Arkansas, con¬ 

tained an undescribed amphipod of the genus Gammarus. 

I wish to express my appreciation to the above gentlemen, both of 

Tulane University, for allowing me to examine their material. I am 

also indepted to Dr. E. L. Bousfield of the National Museum of Canada 

who first recognized this as a new species, and Dr. John R. Holsinger 

of East Tennessee State University for reviewing the paper. 

Gammarus {Rivulogammarus) elki, new species 

Diagnosis: (Plate 1). Size small; calceoli absent in both sexes; inner 

ramus of 3rd uropod % that of outer ramus. 

Description: Interantennal lobe broad, corners rounded above and 

below, lateral sinus shallow. Eyes large, reniform, slightly broader at 

middle. Antennae 1 over % length of body and as long or longer than 

antennae 2; 1st and 2nd segments of peduncle subequal in length; 

1st segment with one group of setae on ventral, distal margin; 2nd 

segment with 3 small groups of setae; 3rd segment of peduncle 50% 

to 60% length of 2nd segment; flagellum of 22 to 26 segments; ac¬ 

cessary flagellum with 3 segments. Antennae 2 with gland cone on 

2nd segment prominent; 3rd segment less than % as long as segment 

4; 4th and 5th segments elongate, subequal in length; flagellum equal 

to or slightly shorter than 4th and 5th peduncular segments combined, 

consisting of 9-13 segments. Calceoli absent on antennae 1 and an¬ 

tennae 2. 

1 Research supported by Environmental Sciences Training Grant number 

3T1-ES-27-02-S1. 

2 Present address of the author: Department of Wildlife Sciences, Texas A & M 

University, College Station, Texas 77843. 

The Texas Journal of Science, Vol. XXI, No. 1, October, 1969. 
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Fig. 1-18. Gammarus elki. Male: 1, maxilliped; 2, mandible; 3, lateral view of anterior 

end of animal; 4, lower lip; 5, maxilla 1; 6, mesial view of gnathopod 2; 7, antenna 2; 

8, maxilla 2; 9, Gnathopod 1; 1 0, metasome; 11, urosome; 12, lateral view of gnathopod 2, 

13, uropod 3; 14, telson; 15, pereopod 1; 16 ,Antenna 1; 17, pereopod 2; 18, uropod 1. 

Right mandible with cutting edge rather narrow and armed with 4 

teeth; accessory plate with 7 spines in spine row; first 2 lacking 

plumose setae, last 5 with plumose setae; molar strong; second seg¬ 

ment of palp longer than 1st or 3rd segments; 3rd segment longer than 

1st. Inner plate of maxilla 1 with about 11 plumose setae; outer plate 



NEW SPECIES OF AMPHIPOD 83 

with about 4 toothed spines and 6 pectinate setae; palp about 3 times 

longer than wide, 4 or 5 teeth on apex. Maxilla 2 typical* bearing 

plumose setae on inner and distal margin. Maxilliped with inner plate 

narrower and shorter than outer plate, and bearing distally 3 teeth 

and several setae; inner margin bare; outer plate armed with row of 

spine teeth on distal inner margin, row of setae on distal margin and 

numerous submarginal setae near inner margin; palp twice as long as 

outer plate. 

First 4 coxal plates usually with one spine on anterioventral angle 

and posterioventral angle. Gnathopod 1 smaller than gnathopod 2; 

propod of gnathopod 1 with very oblique palm bearing a stout central 

spine and stout defining spine; 3 short blunt spines at defining angle. 

Propod of gnathopod 2 with palm not so oblique, bearing a stout cen¬ 

tral spine and 3 or 4 stout spines at broadly rounded defining angle. 

Pereopods 1 and 2 similar in structure but pereopod 1 longer and 

stouter. Second segment of pereopods 3, 4 and 5 broad, and with short 

setae along hind margin. Pereopods 4 and 5 about equal in length, both 

slightly larger than 3rd. 

Abdominal side plates 2 and 3 with lower hind corners sharply 

produced; few lower margin spinules and hind margin setae. Dorsal 

part of segments 1 and 2 slightly “humped,” each bearing 2 median 

dorsal spines; segment 1 with one lateral spine; segments 2 and 3 with 

2 lateral spines; setae with each set of spines. 

Uropods 1 and 2 typical, with few setae and spines. Uropod 3 with 

inner ramus about % length of outer ramus; both rami furnished 

with plumose and naked setae on their margins; outer ramus without 

plumose setae on apex. Telson generally with single lateral spine 

accompanied by one or 2 setae; one preapical long spine on outer 

margin with one or 2 small setae; 3 long and 3 short apical spines on 

each lobe. Maximum length of males, 7-8 mm.; females on average 

smaller. 

Type locality: Arkansas; Benton County, a rocky creek and spring 

one mile south of the Missouri-Arkansas state line on U.S. Hwy. 59. 

This site yielded 10 females, all with eggs, and 44 males on Jan¬ 

uary 30, 1960. Gammarus elki was also taken on the same date at “Dog 

Hollow,” Pineville, McDonald County, Missouri. This collection con¬ 

tained 33 males and 12 females. 

Disposition of type material: The holotype (U.S.N.M. No. 125893) 

and 3 paratypes (U.S.N.M. 125894) are deposited in the United States 

National Museum. Other paratypic material is in my personal collec¬ 

tion, and the invertebrate collection at Tulane University. 

Relationships: Gammarus elki is more similar to G. minus Say 
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than any other species of the genus. It can be distinguished from 

G. minus by an absence of calceoli in both males and females, differ¬ 

ences in total length of individuals, fewer number of segments making 

up the flagella of antennae 1 and antennae 2, and the shorter inner 

ramus of the 3rd uropod. 



Evolution of the Chiropteran Scapula 

by DAN W. WALTON 

Department of Biology 

Southern Methodist University, Dallas 75222 

ABSTRACT 

Changes in the physical configuration of the chiropteran scapula 

have occurred which have resulted in considerable structural diverg¬ 

ence from the form exhibited by a semi-arboreal ancestral type. These 

changes are visualized to have occurred in 3 basic features: a pos¬ 

teriorly directed rotation of the dorso-medial half of the scapula, a 

lateral compression of the scapula and a shift in the direction of the 

face of the glenoid fossa. 

INTRODUCTION 

The paleontological record for the Chiroptera is fragmentary and 

the most common remains (long bones and mandibles) are so un¬ 

satisfactory for studies of evolutionary relationships of taxonomic 

classification that few conclusions can be drawn from this record 

(Handley, 1959). Peculiarities of chiropteran anatomy noted by Mil¬ 

der (1907), Vaughan (1959) and others do provide grounds for 

speculation as to the origin of some of the peculiarities. General 

descriptions of chiropteran scapulae are presented by Bell (1836), 

Flower (1885), Miller (1907) and Grasse (1955). Detailed informa¬ 

tion on specific forms is presented by Vaughan (1959), Barbu (1960) 

and Wassif and Madkour (1963). 

This study grew out of a comparative study of the chiropteran 

pectoral girdle (Walton, 1967). Scapulae of representatives of all 

living families of bats except Myzopodidae were examined as well as 

a cast of the Eocene bat described by Jepsen (1966). Specimens for 

examination were made available by the U.S. National Museum, 

Chicago Museum of Natural History, American Museum of Natural 

History, University of New Mexico and Tulane University. 

DISCUSSION 

The usual configuration of the scapula of a terrestrial quadrupedal 

mammal is that of a triangle with the long axis lying in the dorso- 

The Texas Journal of Science, Vol. XXI, No. 1, October, 1969. 
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ventral plane. The vertebral border forms the dorsal, short side of the j 
triangle; the coracoid border is the anterior margin and the axillary 

border the posterior boundary. The glenoid fossa occupies the ventral 

apex of the triangle. The suprascapula fossa and infraspinous fossa are 

nearly equal in size or the supraspinous fossa may be the larger. The 

surface of the infraspinous and subscapular fossae is smooth. The spine 

is prominent and both the acromion and metacromion processes are 

well developed. The acromion process is usually in line with the spine. 

The coracoid process is short, recurved and its distal tip directed 

postero-ventrally. 

The general outline of the chiropteran scapula is oval and the long 

axis lies in the antero-posterior plane. The glenoid fossa is directed 

laterally. The vertebral border is longer than the coracoid border and 

the axillary border is longest. The spine is low and the acromion pro¬ 

cess is recurved antero-ventrally; it is as long or longer than the spine. 

All trace of the metacromion process has disappeared except, possibly, 

in the Molossidae (Walton and Walton, 1968). The coracoid process 

is long (up to Yz the length of the scapula), except in the Mystacinidae 

and is directed laterally or postero-laterally. 

The suprascapula fossa is *4 or less the size of the infraspinous fossa. 

The infraspinous fossa is divisible into 3 distinct facets (Vaughan, 

1959). The subscapular fossa may be separated into 4 facets. The 

facets in the infraspinous fossa are sometimes accentuated by a high 

ridge which may appear as a secondary spine in the infraspinous fossa 

and a deep trough which appears as an obvious ridge in the sub¬ 

scapular fossa. 

Allen (1939) suggests that the probable ancestors of bats were 

“small tree-living shrew-like creatures.” Gregory (1910) postulates 

the closest alliance of the Chiroptera is to the Lemuroidea and Meno- 

typhlous Insectivora (Tupaiidae and Macroscelididae). Simonetta 

(1960) compared the crania of the Chiroptera to those of the Meno- 

typhla and true Insectivora and concluded that the Chiroptera are 

more akin to the Menotyphyla. 

Paleontological evidence indicates that the Chiroptera were fully 

established by the middle Eocene (Simpson, 1945). This is further 

supported by the characteristics of the early Eocene bat reported by 

Jepsen (1966). It may be assumed that the order had its origin prior 

to the Eocene. This, if it is the case, creates problems in relating the 

Chiroptera to the modern “tree-living shrew-like creatures.” For the 

purposes of the discussion which follows, however, the ancestral form 

of chiropterans is assumed to have possessed a scapular form similar 
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to that found in the family Tupaiidae. Tupaiids have plantigrade 

limbs, well developed clavicles and exhibit some adaptations for ar¬ 

boreal life. 

The obvious weakness of any hypothesis on the origin of the con¬ 

figuration of the chiropteran scapula is the lack of certainty of the 

ancestral form and poor fossil record of this order of mammals. The 

basic configuration is well established in the earliest known fossils and 

transition forms of what might be termed incipient bats are lacking. 

Whether the pathways in the evolution of the chiropteran scapula 

are as presented below, it seems reasonable to postulate that the evolu¬ 

tion of the Chiroptera followed a sequence from a terrestrial, quad¬ 

rupedal form to the present volant form. Certainly, changes in the 

basic pectoral girdle morphology have occurred and the hypothesis 

presented below attempts to explain the physical changes in the con¬ 

figuration of the chiropteran scapula which have occurred in the 

transition from walking to flight. 

The physical aspects of deriving the chiropteran scapula from a 

tupaiid-like scapula seem to involve 3 basic steps. The 1st step is a 

posteriorly directed rotation of the dorso-medial half (widest portion) 

of the scapula. This would serve to effectively reduce the size of the 

supraspinous fossa, shorten the length of the spine and increase the 

antero-posterior length of the scapula. Curvature in the coracoid 

border (antero-medial flange of Vaughan, 1959) would result and ex¬ 

treme shortening of the coracoid border would occur. Fusion of the 

dorso-medial portion of the spine, dorso-medial portion of the coracoid 

border and the intervening area of the supraspinous fossa would 

result in the disappearance of the dorsal part of the supraspinous 

fossa. The prespinous antero-medial border of the chiropteran scapula 

is all that may remain of the original coracoid border. The anterior 

part of the post-spinous medial border of the scapula is formed as 

the result of the fusion described above. The posterior tip of the 

scapula and adjacent medial and lateral borders are remnants of the 

original vertebral border and the anterior-most part of the lateral 

border of the scapula is all that remains of the original axillary border. 

Figure 1 presents a diagrammatic representation of these and other 

changes from a scapular configuration found in Tupaia through a 

hypothetical intermediate to a generalized chiropteran scapula. 

The 2nd step would involve a lateral compression of the scapula to 

produce the contours in the intraspinous and subscapular fossae. 

While the rotation described above would tend to constrict the width 

of the scapula, the lateral compression and resulting contours would 
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Fig. 1. Possible pathways in the evolution of the chiropteran scapula. Numbers indicate 

the following: 1. coracoid border; 2. spine; 3. vertebral border; 4. flattened posterior 

portion of the axillary border; 5. axillary border. Top: dorsal aspect of the right scapula of 

Tupaia; Middle: hypothetical intermediate showing effect of posteriorly directed rotation 

of the dorsomedial half of the scapula. The rectangle (numbers 2 and 3) indicates the 

fusion of the dorso-medial portion of the spine, dorso-medial part of the coracoid border 

and the intervening area of the supraspinous fossa; Bottom: generalized chiropteran scapula. 

serve to maintain or possibly increase muscle origin surface area of 

these 2 fossae. The muscles which have their origins in these fossae are 

involved in flight (Vaughan, 1959). 

The 3rd step is associated with the general dorso-ventral compres¬ 

sion of the chiropteran body. This compression is discussed in detail 

by Vaughan (1959). Flattening of the body results in a shift in the 

direction of the face of the glenoid fossa so that, as noted above, in the 

Chiroptera the glenoid fossa faces laterad (see Fig. 1). 

Functional aspects associated with the morphological changes in the 

scapular configuration undoubtedly have their bases in the modifi¬ 

cation of the plane of activity of the anterior appendages from the 

longitudinal to the vertical plane of the body. Winge (1941) notes 

that the well developed deltoid and pectoralis muscle groups have 
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shifted the scapula dorso-laterally over the rib cage. The extreme de¬ 

velopment of the serratus anterior ventral to the scapula (Vaughan, 

1959; Walton, 1967) further elevates the scapula over the rib cage. 

The development of the serratus (inserting on the scapula) with the 

accompanying increase in force exerted on the scapula by this muscle 

could be a primary factor involved in the posteriorly directed rotation 

of the dorso-medial half of the scapula. The serratus anterior is in¬ 

volved in the down or power stroke of the chiropteran wing beat 

(Vaughan, 1959). The lateral compression of the scapula that results 

in the formation of the facets is probably related to the antero-posterior 

movement of the scapula (the long axis of the chiropteran scapula) 

described by Vaughan (1959). Through this compression a large 

amount of surface area for flight muscle origin is retained in the 

facets with a significant decease in the breadth of the movable scapula. 

The change in the primary plane of movement of the humerus would 

necessitate a reorientation of the glenoid fossa a well as the reorienta¬ 

tion produced by the dorso-ventral flattening of the body. 

CONCLUSIONS 

Possible pathways for deriving the modern chiropteran scapular 

form from a tupaiid-like ancestral type have been presented. Three 

basic steps are considered to be involved in the process: a posteriorly 

directed rotation of the dorso-medial half of the scapula, a lateral 

compression of the scapula and a shift in the direction of the face of 

the glenoid fossa. 
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Notes Section 

COUMARINS FROM ACETYLENE DERIVATIVES. Coumarins have been pre¬ 

pared previously from acetylenic compounds (Ruheman, 1913, Ber., 46: 2188; 

Gottesmann, 1933, Ber., 66: 1168) chiefly from the sodio derivatives, and Seka and 

Proche (1936, Monatsh, 69: 284) have prepared 4-pyrones from acetylene deriva¬ 

tives by a Fries type reaction; however, the method described here has not been 

reported previously. 

The simple expedient of heating a phenol with dimethyl acetylenedicarboxylate 

or ethyl phenylpropiolate in the presence of zinc chloride produces coumarins in 

fair yields. 

Compounds 1-6, whose essential data appear in Table 1, were all prepared from 

dimethyl acetylenedicarboxylate. Scheme I describes the course of the reaction visu¬ 

alized for the preparation of compound 1 and may be considered, in general, to be 

the reaction pathway for the synthesis of the other members of the series. Table 2 

records some of the spectral data determined on the several members of the series. 

Hydrolysis of compound 2 under very mild conditions gave 2a a water insoluble 

acid which was easy to isolate and purify. 

The reaction of ethyl phenylpropiolate with resorcinol required a somewhat ex¬ 

tended reaction time to give compound 7. Contrary to our expectations, the sub- 

SCHEME I 

SCHEME I 

8 
The Texas Journal of Science, Vol. XXI, No. 1, October, 1969. 
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Table 1 

4-Carbmethoxy Coumarins From Dimethyl Acetylene Dicarboxylate 

No. Phenol used 
Yield 

% 
M.P. 

°C. Formula 
Calculated 
C H 

Found 
C H 

1. Resorcinol 73 183-185 CijHgOg 59.82 3.67 59.65 3.92 

2. Phloroglucinol 73 278 dec. CnHgOg 55.75 3.42 55.60 3.68 

3. Pyrogallol 74 170-172 CnHgOg 55.75 3.42 55.35 3.74 

4. Orcinal 98 222.5-223 ^12^10^5 61.53 4.30 61.29 4.47 

5. 4-Hydroxy 

coumarin 9-1 216 Ci4pIsQg 61.77 2.96 61.49 3.14 

6. 2,4-Dihydroxy 

acetophenone 58 146.5 Cl3^1o06 59.54 3.84 59.34 4.02 

1. 4-Carbmethoxy-7-hydroxy coumarin. 
2. 4-Carbmethoxy-5,7-dihydroxy coumarin, 
3. 4-Carbmethoxy-7,8-dihydroxy coumarin. 
4. 4-Carbmethoxy-7-hydroxy-6-methyl coumarin. 
5. 4-Carbmethoxy-277,5//-pyrano [3,2-c] [l]benzopyran-2,5-dione. 
6. 6-Acetyl-4-carbomethoxy-7-hydroxy coumarin. 

Table 2 

Spectral Characteristics of Series 1—6 

No. 
Infrared absorption of coumarin 

lactone band in cm-1* 
Ultraviolet absorption 

maxima X in mu. (log e)f 

1. 1960 208(4.39),350(3.87) 

2. 1679 211 (4.13),336(3.61) 

3. 1703 215(4.29),290(3.56) 

4. 1685 206 (4.42),337 (4.21) 

5. 1697 208(2.31),287(1.94) 

6. 1627 212(4.11),231 (3.84),276(4.23),316(3.79) 

* Spectra run on KBr pellets on Beckman IR-8 spectrophotometer. 
f Spectra run in spectrograde methanol on Bausch and Lomb-505 spectrophotometer. 

stance produced was easy to purify and was obtained in good yield. However, when 

2 equivalents of the ethyl phenylpropriolate were used a tacky melt was obtained 

which was a mixture of 7 and 8 and produced only a poor yield of 8 which was 

very difficult to purify. The reaction sequence for the preparation of compounds 7 

and 8 is given in Scheme II. 

Experimental.1 Preparation of Compounds 1-6 Series. A mixture consisting of 0.1 

mole of diethyl acetylenedicatboxylate, 0.1 mole of the phenol, and 0.1 mole of 

powdered fused zinc chloride was heated under a reflux condenser in a Fisher Hi- 

Temp oil bath already at equilibrium (80°) for one hour. The reaction of all the 

phenols is exothermic and periodically, after the first vigorous reaction subsides, 

the mixture was shaken to insure a homogeneous product. Upon termination of the 

reaction period the melts were diluted, while hot, with 100 ml. of water containing 

20 ml. of concentrated hydrochloric acid. 

The mixtures were then chilled, filtered, and the precipitates washed with ice cold 

1 All analyses were performed by Dr. Carl Tiedcke, N. J. Teaneck, and all melting points were 

determined on paired Fisher-Johns melting point blocks. 
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water. In those instances in which the precipitates were not crystalline, the super- 

natent liquid was decanted and 100 ml. of 2-3 N hydrochloric acid was added to 

the viscous masses and the material again chilled until it did become crystalline or 

apparently so. 

The compounds were dried in air and analytical samples were obtained by re¬ 

crystallizing small amounts of the crude material by extracting them with heptane 

and the remaining residues were taken up in ethyl acetate and precipitated with 

heptane. The latter process was repeated for a 2nd or 3rd recrystallization. The 

only exception to this purification procedure was compound 6 which was twice re¬ 

crystallized from ethyl acetate. Table 1 contains essential data on the series. 

4-Carboxy-5, 7-Dihydroxy Coumarin (2a). 2.5 g. of compound 2 was refluxed for 

48 hours in 50 ml. of 3 N hydrochloric acid. The mixture was cooled and filtered to 

give 2.1 g. of the free acid. The compound was dried in air, then taken up in tetra- 

hydrofuran from which the compound was precipitated with heptane. The recry¬ 

stallization was repeated for a 2nd purification, m.p. 299° dec. (sublimes above 

270°). 

Calcd, for C19HfO(;: C, 54.06; H, 2.72 

Found: C: C,54.20: H, 2.94 

Preparation of 7-Hy droxy-4-Pheny lcoumarin (7). To 0.1 mole of powdered fused 

zinc chloride was mixed 0.05 mole of resoricinol and 0.5 mole of ethyl phenylproprio- 

late. The mixture was heated in the oil bath at 130° for 3 hours. The melt was 

diluted while hot, with 100 ml. of water containing 20 ml. of concentrated hydro¬ 

chloric acid. The mixture was chilled, filtered, the precipitate washed with water, 

and dried in air. Purification of the compound was effected as with the 1-6 series. 

Compound 7, yield 84%, had a m.p. of 258.5-259.5° and is in fair agreement with 

the literature (Woods and Sapp, 1962, Jour, Organ. Chem27: 3703). 

Calcd. for C15H10O3: C, 75.62; H, 4.23. 

Found: C, 75.64; H, 4.40. 

A n.m.r. spectrum showed 10 hydrogens with peaks at 4.41, 6.15, 6.79, 6.83, 7.30, 

and 7.56 ppm, confirming the number and kind of spectrographic response ex¬ 

pected from a 7-hydroxy-4-phenyl coumarin. 

Preparation of 4,6-Diphenyl-2H, 8H-benzo-£l, 2-b: 5,4-b'} dipyran-2, 8-dione (8). 

To 0.1 mole of ethyl phenylpropiolate was added 0.1 mole powdered fused zinc 

chloride and 0.05 mole of resorcinol. The mixture was heated at 135° for 5 hours, 

diluted with 100 ml. of water containing 20 ml. of concentrated hydrochloric acid. 

The melt was chilled but remained tacky semi-solid. The supernatent liquid was 

decanted and the semi-solid was extracted with ethyl acetate to leave a cherry red 

semi-solid residue, 7 g. which slowly crystallized. 

A sample of the compound was taken up in tetrahydrofuran and precipitated with 

heptane. This process was repeated 3 times additionally to give a pale pink powder, 

m.p. 253-254.5°. 

Calcd. for C]9H1404: C, 78.67; H, 3.85. 

Found: C, 78~45; H, 4.10. 

The authors express their gratitude to the Robert A. Welch Foundation for 

financial support of this project. L. L. Woods and Vollie Hollands, Texas Southern 

University, Houston, 77004. 

AN EDAPHIC STUDY OF TWO SPARTINA SPART1NAE LOCATIONS IN 

TEXAS. Gulf coast cordgrass or coastal sacahuista, Spartina spartinae (Trin.) Merr., 

in a tall, stout bunchgrass growing in moist coastal areas from Florida to Texas 

and eastern Mexico (Hitchcock, 1951; U.S. Dept, of Agr. Misc. Pub., 200: 1051). 
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In Texas it is generally dominant and restricted to the drier coastal marshes. There 

is, however, a small disjunct population in Gonzales County approximately 100 

miles inland from the coast. This unusual distribution pattern prompted a compara¬ 

tive soil study of the 2 areas. The coastal population was located in Calhoun County 

about one mile south of Port Lavaca, Texas. The Gonzales County population is 

located within Palmetto State Park near Ottine, Texas. 

The sample of each soil type consisted only of the top 8 inches. Samples for 

analysis were collected in quart plastic bags, screened and air-dried and again stored 

in plastic bags. Duplicate samples were used on each soil type for all determinations. 

The pH value of each soil was determined in a water-saturation percentage prepa¬ 

ration. The cation exchange capacity of each soil was measured by the ammonium 

acetate method and the total of exchangeable bases was determined by a titration 

procedure. The amounts of exchangeable sodium and potassium were determined by 

a flame photometer whereas the exchangeable calcium and magnesium were resolved 

by titration methods. Phosphorus was determined by the vanadomolybdophosphoric 

yellow color method in a nitric acid system. The determination of nitrogen was by 

the Kjeldahl method while a mechanical analysis of each soil type was made by 

the hydrometer method. Analyses procedures were from Jackson (1958; Prentice 

Hall Inc., Englewood Cliffs, N.J., p. 498). 

Soil analyses indicate that the 2 soils, Palmetto and coastal, are essentially alike 

in several charactertistics including pH, exchangeable bases, calcium, and sodium 

(Table 1). They differ, however, in that the coastal soil has greater amounts of 

magnesium, potassium and phosphorus. These soils also differ in soil texture with the 

coastal soil containing more clay and less sand than the Palmetto soil. It should be 

noted, however, that although the top 8 inches of soil in Palmetto State Park is a 

sandy loam, the subsoil is a hard, impermeable clay, E. S. Nixon, Department of 

Biology, Stephen F. Austin State College, Nacogdoches, Texas 75961 

AN UNUSUAL VARIANT OF THE WHIPTAIL LIZARD, CNEM1DOPHORUS 

GULARIS (SAURIA: TEIDAE), FROM NEW MEXICO. Records of Cnemidoph- 

orus gularis from New Mexico are relatively rare. Two specimens were reported 

by Wright (1963, Southwest. Nat., 8: 56) and a 3rd by Dixon and Medica (1965, 

Herpetologica, 21: 72-75). We have examined 10 specimens from the state, includ¬ 

ing the 2 reported by Wright. All specimens are in the Museum of Southwestern 

Biology at The University of New Mexico (UNM) or the Museum of Zoology at 

The University of Michigan (UMMZ). 

On May 15, 1966, Wayne Landrum collected an unusual whiptail lizard that 

resembles Cnemidophorus gularis. The specimen was found in dense mesquite just 

within the city limits of Carlsbad, Eddy County, New Mexico, along with a single 

C. tesselatus. A second individual, similar to the one under consideration, was seen 

but escaped. Other whiptails collected in the same general area were C. inornatus 

and C. exsanguis. 

An analysis of 10 Cnemidophorus exsanguis collected within a 40 mile radius of 

Carlsbad and 10 New Mexico C. gularis is included (Table 1.). The particular 

C. exsanguis used were selected because of resemblences to our specimen, chiefly 

in that the spot pattern predominated over the stripe pattern and the first lateral 

stripe tended to be broken into bars. 

Even though the Cnemidophorus exsanguis were chosen because of the similarity 

of color pattern to the problem specimen, it is apparent that they differ in many 

diagnostic characters (Table 1). The specimen is within the range of C. gularis 
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for most characters studied. It differs from the other New Mexico C. gularis in that 

the lateral spots are united to form C. tigris-like bars and the 8 pale stripes are 

very fine on the head and neck but disappear posteriorly (Fig. 1). The presence 

of narrow stripes, enlarged post-antibrachials, and enlarged mesoptychial scales 

suggest that the resemblance of this specimen to C. tigris is purely superficial. The 

specimen is a male and exhibited normal male C. gularis coloration at the time it 

was captured. It had a pinkish red chin and the tail was reddish brown. The region 

of the neck was vividly green. 

It is unlikely that the specimen is a hybrid for a number of other reasons. Most 

of the characters are within the range for Cnemidophorus gularis and are distinct 

for all other whiptail species in the area. The left testis and epididymis were 

sectioned in order to check for normal spermatogenesis. This revealed large num¬ 

bers of sperm in the seminiferous tubules as well as in the epididymis (Fig. 2). 

Cnemidophorus neomexicanus X inornatus hybrids studied by Christiansen and 

Ladman (In press, Jour. Morph.) did not demonstrate normal spermatogenesis and 

the sperm production appeared to be decreased. It is also apparent that the circum- 

testicular Leydig-cell band is similar to that described for C. tigris and C. gularis 

by Lowe and Goldberg (1967, Jour. Morph., 119: 277-281). 

In summary, it appears that our specimen is an unusual variant of C. gularis. 

This interpretation is of course, tentative in the face of the few specimens of C. 

gularis from New Mexico. 

Specimens examined: Cnemidophorus exsanguis (Eddy County), UNM 15170; 

UMMZ 70073 (A,B,C,D,E,F,Q), 125322, 121768. Cnemidophorus gularis (Lea 

County), UNM 2321, 17229 (Eddy County): UNM 17228, 2315; UMMZ 125317 

(GH3385-3387), 121763, 125316, 125319. 

Fig. 1. Dorsal (A) and ventral (B) views of an unusual New Mexico C. gularis, UNM 

17228 (outside) and a typical New Mexico Cnemidophorus gularis, UNM 17229 (inside). 
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Table 1 

Meristic characters and chest coloration for specimens of Cnemidophorus gularis and 

C. exsanguis from New Mexico. 

(Hyphenated numbers are ranges) 

Sample N 

Scales 
around 

mid-body 

Scales 
between 

paravertebral 
stripes 

Femoral 
pores 

Enlarged 
pre-anal 
scales 

Male 
chest 
color 

Number 
of 

stripes 

C. gularis 10 75-90 13-18 28-33 3 Black 8 

UNM 17228 1 84 18 29 2 Black 8 

C. exsanguis 10 67-79 4-8 34-39 3-4 White* 6 

* See Taylor, Wallcer, and Medica (1967, Copeia 1967: 737-743) for discussion of male Cnemidophorus 
exsanguis; our sample contains no males. 

Fig. 2. (A) Testis X-section of UNM 17228, showing all stages of spermatogenesis, and 

the Cnemidophorus gularis-like Leydig cell tunic. (B) Epididymis of same specimen showing 

large numbers of sperm. 

We wish to thank Dr. Aaron J. Ladman for the use of his facilities for the prepa¬ 

ration of histological material, Dr. T. Paul Maslin and Harry L. Taylor for their 

comments on the identity of the specimen, Dr. Fredrick R. Gehlbach and Dr. Donald 

W. Tinkle for providing information and specimens, and Laurence M. Hardy for 

his critical reading of the manuscript. James L. Christiansen and William G. 

Degenhardt, Museum of Southwestern Biology, Dept, of Biology, The University 

of New Mexico, Albuquerque, 87106. 

A REVERSED SOUTHERN FLOUNDER, PARALICHTHYS LETHOSTIGMA 

JORDAN AND GILBERT, FROM THE GULF OF MEXICO. Only 3 instances 

of reversal in the family Bothidae have been reported from the Atlantic Ocean 

(Gudger, 1936, Amer. Mus. Novitates 896: 1-5; Deubler and Fahy, 1958, Copeia 

(1): 55; White, 1962, Copeia (4): 854). Two specimens were Paralichthys dentatus 

and one was P. albigutta, and all 3 had anomalous pigmentation. Anomalies in the 

pigmentation of P. lethostigma have been previously recorded (Dawson, 1962, 

Copeia (1): 138-146), but the specimen described here is apparently the 1st pub¬ 

lished record of morphological reversal in P. lethostigma, and of reversal of any 

Atlantic bothid having normal pigmentation. 

Between June 1 and 6, 1966, a reversed southern flounder, P. lethostigma, was 
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Fig. 1. Paralichthys lethostigma 330 mm. standard length. A. Right view. B. Left view. 

taken with a trawl in the shrimp fishing grounds off Galveston, Texas. The speci¬ 

men was discovered when the catches from several commercial trawlers had been 

landed and mixed, and subsequently were being processed. 

The eyes, paired fins, and pigmentation of this specimen are reversed dextrally 

(Fig. 1). The left eye has migrated over the dorsal ridge to the right side, but the 

origin of the dorsal fin is in front of the eye as in sinistral specimens. The right 

pectoral and pelvic fins are larger than their left counterports, and the right pelvic 

fin is nearer to the ventral ridge that is the left fin. Pigmentation is reversed but 

normal. 

Measurements in millimeters of selected body parts are: standard length, 330; 

total length, 405; body depth, 158; head length, 90; snout length, 21.7; length of 

maxillary, 45.5; width of maxillary, 10.3; eye diameter, 10.9; intraorbital width, 

13.3; interorbital width, 13.0; length of right pectoral fin, 47.2 left, 41.5; and length 

of right pelvic fin, 28.7, left, 26.7. 

Counts of some selected parts are: dorsal rays, 82; anal rays, 67; pectoral rays, 

12; primary caudal rays, 15; gill rakers on first arch, 2 ■+ 10; vertebrae, 10 -f- 28; 

and scale rows along unarched lateral line, 60. 
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The specimen is in the uncataloged collections of the Bureau of Commercial 

Fisheries Biological Laboratory, Galveston, Texas. 

Contribution No. 257 from the Bureau of Commercial Fisheries Biological Labo¬ 

ratory, Galveston, Texas, 77550. Donald Moore, Bureau of Commercial Fisheries 

Biological Laboratory, Galveston, Texas, 77550. 

ADSORPTION OF TOXAPHENE BY ACTIVATED CHARCOAL. Winfrey 

(1966, unpubl. M. S. thesis, Univ. of Kentucky, Lexington) demonstrated that acti¬ 

vated charcoal will remove aldrin, dieldrin, and DDT from water. This report de¬ 

scribes the testing of activated charcoal as a filtering medium for toxaphene. Since 

no methods were available for quantitative analysis of the toxaphene removed by 

filtering, bioassays with goldfish, Carassius auratus, were conducted to determine 

if adsorption had occurred. 

Stock solutions of various amounts of toxaphene were passed through granular 

activated charcoal with the aid of Buchner funnels. No attempt was made to prolong 

contact time. Test containers were battery jars lined with disposable polyethylene 

bags containing 10 liters of aged San Antonio city water. The assay end-point was 

48 hours. Water temperatures ranged from 18-25 C and averaged 22°. 

Ten goldfish, obtained as needed from a local dealer, were used per jar. The fish 

were selected by total length without regard to variety. All fish used in the tests 

were weighed to the nearest 0.01 gram. The 12 series of bioassays, each consisting of 

5 concentrations and a control, yielded 72 mean fish weights. These means were dis¬ 

tributed normally and along with their standard error averaged 4.96 ± 0.315 gm. 

Similar sized fish were used in preliminary, unfiltered bioassays. A random place¬ 

ment design was used to minimize the effects of size differences. 

Five adjusted concentrations were used in each bioassay series along with an un¬ 

treated control. Since toxaphene strengths had been altered by filtering with char¬ 

coal, dosages were recorded in terms of the concentration which would have been 

produced without filtering. Levels producing per cent survival responses between 0 

and 100 were used. Alterations of toxaphene concentrations were measured in terms 

of weight of toxaphene filtered over the weight of charcoal used in the filter (carbon 

dosage of filtration level). 

Three independent bioassays were conducted at each of 4 filtration levels with 

the replicates combined to compute adjusted mean tolerance limits. Linear regression 

of survival on the log dose was used to determine the limits. Preliminary tests were 

conducted with unfiltered toxaphene in order to provide control data. 

Table 1 shows the 48-hour tolerances of goldfish at the 4 filtration levels, and the 

results of the unfiltered tests are listed in Table 2. No significant mortality occurred 

in the control jars. The considerable variability in survival between tests can be par¬ 

tially attributed to the inherent differences in resistance of the various strains of 

goldfish. This frequently happens even with different lots of the same strain. 

The affinity of the charcoal for toxaphene can be approximated by the increased 

survival of the goldfish above the unfiltered level. A 1:1 toxaphene to charcoal filtra¬ 

tion rate doubled survival, while a 1:100 rate increased the survival by 4.5 times. 

Since testing greater filtration rates was impractical, the amount of toxaphene 

which a unit of charcoal can adsorb and still produce significant survival increases 

is not known. 

These tests demonstrate that toxaphene levels can be reduced by filtering with 

charcoal and that increases in survival of fishes can be expected. Continuation of 

this work by constructing a workable filter box and testing under field conditions 

is recommended. 

I wish to thank Mr. Kenneth C. Jurgens of the Parks and Wildlife Department 
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Table 1 

Survival of goldfish (10 per test) after 48 hours of exposure to various dosages of 

filtered toxaphene. 

Concentration 
ppb toxaphene 
if unfiltered 

Filtration level (grams toxaphene/gram charcoal) 
Tests at 0.01 Tests at 0.10 Tests at 0.50 Tests at 1.00 

1 2 3 l 2 3 l 2 3 l 2 3 

Control 10 10 10 10 10 10 10 10 8 10 10 10 

100 10 9 9 

200 10 10 10 10 10 10 10 7 9 9 10 8 

300 4 8 6 

400 8 10 6 6 3 9 5 2 3 3 3 2 

500 2 1 0 

600 3 10 2 0 2 6 3 1 1 

800 3 9 0 0 0 4 2 1 1 

1,000 1 7 0 0 0 0 0 0 0 

TLm (ppb) 636 445 354 292 

Table 2 

Survival of goldfish (10 per test) after 48 hours of exposure to various dosages to 

unfiltered texaphene. 

Concentration 
ppb toxaphene Test 1 Test 2 

Control 10 10 

50 10 

75 10 

100 10 8 

125 8 9 

150 5 4 

175 1 

200 0 

TLm (ppb) 143 

for suggesting the work and Dr. Clark Hubbs of the University of Texas for review¬ 

ing the manuscript. A contribution from Dingell-Johnson Project F-6-R, Texas. 

John C. Barron, Parks and Wildlife Department, Austin 78701. 
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OF HISTORY OF SCIENCE1 

By J. A. Schufle 

Professor of Chemistry 

New Mexico Highlands University 

Las Vegas, New Mexico 87701 

Introduction 

The teaching of chemistry has for too long been a process in which facts are 

transmitted from the notebook of the professor into the notebook of the student 

without going through the heads of either. Students emerge from such courses firmly 

convinced that they have acquired a body of knowledge which will endure for all 

time. And we professors reinforce this belief by the kind of examinations we give 

to students, if we are to judge by the lament of the late Professor Thomas S. Wheeler 

regarding the examination for the leaving certificate in the Irish school system. Ac. 

cording to Wheeler the examination is still the same as it was 100 years ago, testing 

the student’s knowledge of the “billiard ball atom and hard water.” 

But the problem is not simply one of replacing the older facts about chemistry 

with a lot of new facts. Students are not noticeably attracted to courses crammed 

with facts no matter how current and dramatic the new information may be. Dr. W. 

T. Lippincott in the October, 1967 issue of the Journal of Chemical Education reports 

that a study of a sample of National Merit Scholars interested in science showed 

that over half of them changed from science to non-science careers after entering 

college. I believe the students are not finding intellectual challenge in the science 

courses, including chemistry courses, that they are offered no matter how many 

references to lasers or cyclotrons we insert into our lectures. 

And so some of us have tried side-trips into the history of chemistry hoping that 

students might gain an insight into the scientific method by learning something about 

how scientists think. I have used the term “the scientific method” and I will return 

to discuss this again later. And yet somehow even these courses in the history of 

chemistry fail, because they are usually either a collection of anecdotes about people 

who discovered the chemical elements, or are a recitation of events and dates down 

through the history of chemistry in chronological order. 

Now there is also the problem of trying to understand science. Many of us decide 

that to understand what modern science is all about we should study the most 

modern textbooks of science. If we do this, we might conclude that modem science 

is that collection of observations, laws and theories that we find described in these 

textbooks. Thus we might conclude that scientific development is the process of as¬ 

sembling this collection of facts. The job of the historian of science is therefore to 

determine when and where various pieces of scientific data are collected, to explain 

some of the erroneous early theories and how they slowed down the progress of 

science, as some people think. 

But it is not all that simple. The more we study an event in the history of science, 

1 Paper prepared for “Symposium on the History of Chemistry” American Chemical Society Meeting, 
San Francisco, California, April, 1968. 

The Texas Journal of Science, Yol. XXI, No. 1, October, 1969. 
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for example the discovery of oxygen, or the discovery of the atomic theory, the 

harder it is to answer the question: who made this discovery and when did he make 

it? Some of us are beginning to suspect that perhaps this is the wrong kind of 

question to ask. And the more we study the older, erroneous theories, like the 

phlogiston theory, the more difficult it becomes to decide what was unscientific about 

them. The more we study the phlogiston theory or the caloric theory the more clearly 

we see how the older theorists could hold these “erroneous” views and the more diffi¬ 

cult it becomes to prove that these theories were any less scientific than some of the 

theories we hold to be valid today. If the phlogiston theory was a myth, then myths 

can be developed by the same process by which we now develop what we call scien¬ 

tific knowledge. 

We are then led to a new view of the study of the history of science. It is not just a 

process of memorizing dates of important scientific discoveries or even of arranging 

these events in their proper order. Nor is it just a way of making science interesting 

by supplying a lot of fascinating stories about important scientists. Rather historians 

of science seem to be discovering a new image of science different from the one we 

have h°ld in the past. 

For example, how do we decide what is a science and what is not a science? 

Recently one of our college faculty members was nominated for membership in 

the Society of Sigma Xi, but the nomination was refused by the chapter secretary 

because the man’s field was sociology, not an approved science in the opinion of the 

Society of Sigma Xi. Yet sociologists are regularly elected to membership in the 

American Association for the Advancement of Science. These two groups of scien¬ 

tists must differ in their definitions of science. But can a definition help a man de¬ 

cide whether he is a scientist or not? I don’t believe chemists spend much time 

worrying about whether or not chemistry is a science. If the social scientist seems to 

have difficulty obtaining recognition as a scientist, is it perhaps because his field 

does not move ahead as fast as does, for example, the field of chemistry or physics? 

Progress seems to be the hallmark of science. Dr. Thomas S. Kuhn, in his book “The 

Structure of Scientific Revolutions,” says, “We tend to see as a science any field in 

which progress is marked.” Dr. Kuhn’s idea was anticipated by Dr. James B. Co- 

nant in his book “Science and Common Sense,” where he introduced “the concept of 

progress as a method of defining an area of intellectual activity” (i.e., science). 

How then does science make this rapid progress which is its identifying property? 

Again Dr. Kuhn gives us an answer when he says that science progresses by means 

of scientific revolutions, revolutions of thought in which one model or paradigm 

replaces an older conceptual scheme. 

Development of Method of Using Case Histories 

About twenty years ago, Dr. James B. Conant and some of his colleagues at Har¬ 

vard University began to take a hard look at what were then, and still are, some 

widely prevailing ideas about the value of learning the scientific method. Conant 

cites Karl Pearson’s “The Grammar of Science” as evidence for the belief that such 

a thing as a scientific method can be identified. Pearson, mathematics professor at 

University College, London, many years ago wrote: “The scientific method is 

marked by the following features: (a) careful and accurate classification of facts and 

observations of their correlation and sequence; (b) the discovery of scientific law 

by aid of creative imagination; (c) self criticism.” It is with part (a) of Pearson’s 

outline of the scientific method that Conant dissents entirely. And I think you will 

gather from my foregoing remarks that I agree with Conant that science is some- 
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how more than collecting and classifying facts; that in fact too much emphasis on 

classifying facts and arranging them in “logical” sequence has led to some of the 

more dogmatic ideas in science in the past. Dr. Conant summarizes nicely: 

“The stumbling way in which even the ablest of scientists in every generation 

have had to fight through the thickets of erroneous observations, misleading gen¬ 

eralizations, inadequate formulations, and unconscious prejudice is rarely appre¬ 

ciated by those who obtain their scientific knowledge from textbooks.” 

The case history is a story about the development of a scientific idea. A few 

titles from the Harvard series, “Case Histories in Experimental Science,” James B. 

Conant, editor, will give you some idea of the type of studies we have in mind: “The 

Overthrow of the Phlogiston Theory”; “The Early Developments of Concepts of 

Temperature and Heat”; “The Rise and Decline of the Caloric Theory”; “The 

Atomic-Molecular Theory”; “Plants and the Atmosphere”; “Pasteur and Tyndall’s 

Study of Spontaneous Generation”; “The Development of the Concept of Electric 

Charge.” Another case history in the same vein is Everett Mendelsohn’s “Heat and 

Life.” Each one of these case histories is designed to “assist the student in recapturing 

the experience of those who once participated in the exciting events of scientific his¬ 

tory. The study of a case may be to some degree the equivalent ... of transporting 

the student to the scene of a revolutionary advance in science.” (Foreword to Har¬ 

vard Case Histories in Experimental Science, edited by James B. Conant.) 

The case histories listed above are some of the more obvious cases of revolutions 

in scientific thought which have taken place in the past. We note something in 

common among all of them. A new model or paradigm replaces an older one. The 

new paradigm brings with it changes in the rules governing the practice of what had 

been a normal science. Adoption of the new theory makes it necessary to discredit 

much of the earlier work, or at least requires that the prior work be re-evaluated. 

The scientists who had been occupied in compiling the earlier facts would naturally 

resist having their work discredited or even looked at in a new way. The process of 

re-evaluating took a long time and was seldom, if ever, accomplished by one man. 

No wonder historians of science have had difficulty in fixing exact dates on some 

of the scientific discoveries cited here. In the case history about plants and the 

atmosphere, Dr. Leonard Nash’s table of chronology shows that this scientific 

revolution required about 100 years for its completion. 

Use of Phlogiston Case History 

The case of the overthrow of the phlogiston theory is one in which I have had a 

special interest since it deals particularly with chemistry. I have found that it is 

possible to build up in students a considerable interest in the phlogiston theory, 

even though most of them have never heard of phlogiston before we take it up in 

class. I have occasionally held a debate in class on the subject: “Resolved: “That 

Phlogiston is a Chemical Element.” I have usually assigned two students to each 

side. In order that the negative team not have too easy a time, I suggest to the 

class that we all limit ourselves to only those ideas which were known in about the 

year 1750. This means we cannot discuss the element oxygen which was not 

known at that time. The affirmative side has frequently resorted to a demonstration 

of the existence of phlogiston. A piece of paper is weighed on a triple beam balance 

in front of the class, the paper resting on an evaporating dish or watch glass. Then 

the paper is set on fire. In the process of burning, the demonstrator asks the class 

to note how something is obviously being given off. “Note the light being emitted. 
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Hold your hand over here and feel the heat coming off,” he may say. When the 

burning is complete he weighs the residue and the obvious conclusion is that 

something was lost. Even a moderately skilled debater can then convince his audi¬ 

ence that this is evidence for the existence of substance which is given off in com¬ 

bustion, which we could call phlogiston. If I ask the class to select the winning 

side in the debate, the affirmative usually wins. 

In appearances before groups of high school students I have often done such a 

demonstration as that described above. I have asked the students to tell me what 

they observe as the burning process takes place. I list their observations on the 

blackboard, a list such as the following, perhaps: 

1. Smoke is given off. 

2. Light is emitted 

3. Odor is given off. 

4. Heat is given off. 

5. Weight is lost (after the weighing is completed). 

Then I ask them to see if they can summarize their observations, and supposing 

that they were living about the year 1750 and did not know anything about oxygen, 

to put their observations into a single statement. Almost always, with a little coaxing, 

they will agree that the statement, “Something is given off,” will summarize their 

observations quite nicely. “Could we say that the substance, x, is given off?” I then 

ask, and again they agree. “And could we call x by the name of phlogiston?” 

whereby I demonstrate how phlogiston could have been discovered. 

Sometimes I have then undertaken to confound the students by repeating the 

demonstration but the second time using a piece of magnesium ribbon as the 

material to be burned. This time when the weighing is done after the combustion 

we usually find very little weight lost, and sometimes we even find a gain in 

weight. And yet the observations about something being given off in the burning 

process are all the same. Still asking them to imagine themselves living in 1750, I 

ask them to see if they can explain the results with magnesium in terms of the 

phlogiston theory. The first time I did this, a student, bless his heart, popped out 

with the idea, “Maybe phlogiston has a negative weight.” I jumped on this idea 

and developed it with the help of the class. If phlogiston has a negative weight, 

could we use this unusual property? If we caught some phlogiston in a bag what 

would happen? It was a fairly easy exercise in reasoning to show how hot air bal¬ 

loons might have been invented through the application of the phlogiston theory. And 

in the process I have also shown how we have applied the scientific method: 

1. We made observations and collected these facts. 

2. We summarized the observations in a concise statement. 

3. We formulated a “law.” (Phlogiston is given off). 

4. We made deductions from this law. 

5. We tested our deductions by further experiments. 

6. We modified the law. (Phlogiston has negative weight). 

7. We developed a practical device (hot air balloon) from this idea. 

All of these steps are outlined in many an introductory freshman chemistry text¬ 

book as “the scientific method.” For example, Dr. Linus Pauling in “College 

Chemistry” says: 

“The first step in applying the scientific method is to obtain facts, by observation 
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and experiment. The next step is to classify and correlate the facts by general 

statements. If a general statement is simple in form, it may be called a law of 

nature. If it is more complex it is called a theory. Both laws of nature and theories 

are called principles.” 

So we have followed these steps and come up with the phlogiston theory. The 

phlogiston theory is therefore a scientific theory. Furthermore, we have made 

practical use of this theory in inventing the hot air balloon. 

But we took Dr. Pauling’s outline of the scientific method out of context. Earlier 

he had qualified his statements: 

“Part of the scientific method is the requirement that the investigator be will¬ 

ing to accept all the facts. He must not be prejudiced; prejudice might keep him 

from giving proper consideration to some of the facts, or to some logical argu¬ 

ments involved in applying the scientific method, and in this way keep him from 

getting the right answer. If you were to say, “I have made up my mind—don’t 

confuse me with a lot of facts,” you would not be applying the scientific method.” 

So today we would be unscientific not to admit that oxygen combines with an 

inflammable material during ordinary combustion. But in 1750 we did not know 

about oxygen. It had not yet been discovered. Were we prejudiced to trust own own 

eyes, and to think that something was being given off in combustion? No, I do not 

think so. I think that even with Dr. Pauling’s qualification, we were still applying 

his scientific method in 1750 and we came up with the phlogiston theory. 

Torbern Bergman’s Use of the Phlogiston Theory 

Another identifying mark of science is the fact that it is fruitful of new ideas and 

further experiments. Here too the phlogiston theory fits the picture. Professor 

Torbern Bergman, professor of chemistry at Uppsala, Sweden from 1767 to 1784, 

was one of the world’s great theoretical chemists of his age and at the same time he 

was a confirmed phlogistonist. In what was probably his greatest single contribution 

to theoretical chemistry, his “Dissertation on Elective Attraction,” he presented a 

table of elective attractions in which 50 known chemical substances were placed 

and their relationship to each other described. The behavior of each substance toward 

the other substances in the table could be predicted from the table with considerable 

accuracy. This table in itself was a great scientific accomplishment, yet it was 

developed entirely within the framework of the phlogiston theory. 

One of the most interesting columns in Bergman’s table of elective attractions is 

the phlogiston column. Bergman was very interested in the affinity of phlogiston 

for the metals. Since he was one of the first to apply quantitative methods to chemical 

studies (he is sometimes called the “father of analytical chemistry”), it is quite 

likely that he might have discovered the principle of equivalent weights by these 

studies on phlogiston if he had not died at the relatively early age of 49. But this 

is conjecture and Bergman’s phlogiston column contains another great contribution 

to chemistry, the electromotive series, which should demonstrate the fruitfulness of 

the phlogiston theory. 

In Figure 1, I present the phlogiston column, column number 29 in Bergman’s 

table of elective attractions. I have translated Bergman’s chemical symbols into 

modern ones so we can read his table more conveniently. His table of metals 

arranged in order of their affinity for phlogiston is actually a list of metals arranged 

in order of their ability to be reduced to the metallic state. That this is nothing 
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Table 1 

Order of Bergman’s Affinities of Metals for Phlogiston. 

Metal Modern stnd. oxid. pot. 

Zn 0.76 volt 

Mg 2.37 

Fe 0.44 

Pb 0.13 

Sn 0.14 

Co 0.28 

Cu —0.34 

Ni 0.25 

As —0.25 

Bi —0.32 

Sb —0.15 

Hg —0.79 

Ag —0.80 

Au —1.3 

Pt —1.2 

other than an electromotive series can be shown by listing the metals as Bergman 

has listed them (turning the list upside down) and beside each metal giving its 

oxidation potential on a modern scale (Table 1). With two notable exceptions, 

copper and magnesium, we see that Bergman’s list of metals is in approximately 

the same order as the metals would be listed, in the modern electromotive series. 

I believe Bergman was one of the first, if not the first, to present such a listing of 

the metallic chemical elements. Surely it must be granted that this constitutes a 

fruitful contribution to chemical science. And yet it was developed entirely within 

the framework of the phlogiston theory. 

Bergman and the Crucial Experiment 

It is an interesting aside to note here how Bergman explained the crucial experi¬ 

ment, in which oxygen was first produced, in the terms of the phlogiston theory. 

In studying the Harvard Case Histories we learn to look for a crucial experiment 

which supposedly cannot be explained in terms of the old paradigm and therefore 

requires that a new model be devised to explain this crucial experiment. The crucial 

experiment in the overthrow of the phlogiston theory was Scheele’s first production 

of oxygen by heating mercuric oxide. In the phlogiston theory we must say that 

the cali of mercury combines with phlogiston to yield the regulus of mercury, and 

there doesn’t seem to be any easy way to explain where the phlogiston came from 

which supposedly reacted with the calx, and what the gas is which is produced in 

the process. Let us see how Bergman explains this, in the first published announce¬ 

ment of the production of oxygen, approximately one year earlier than Priestley’s 

announcement was published: 

“Following [Mr. Scheele], I have conducted the following experiments, varying 

the method but little [from that of Scheele’s].” 

“Into a small retort, Figure 2, I have put a half ounce of hydrargyrum nitratum 

well calcinated to redness by fire; I have fitted on a long tube, and I have intro- 



DIALECTIC 107 

Via Jfumda Via £ioca 

/ & fdtl&CfjAto+i 3f pto 

2 ad 32 4- © JfiO, 

3 ¥<D m9o 33 ¥ © AuzPs 

4 ■490 34 4 <Bl JjSO, 

5 M 35 OO J3AiOt 

6 4-® Jft03 36 T J Af30 

7 4 JsSCs 37 ¥$ Jcj.0 

2 4- ©1° MO 32 h*i aiA, 

9 OO J3Ai04 39 *6 £*J0J 

fO + £ J3POt 40 fli203 
1 4/ ¥ oo AdaOj 
l 4.2 ¥ 8 AuO 

1 43 T9 G»0 
1 44 T« e*o 

1 45 T H £*tO 

1 46 n PkO 

1 47 ^ or AeO 

1 42 r $ M90 

1 49 t-er 
2n0 

30 V ufatw. 50 

Fig. 1. 

duced its bent apex G into a receiving vessel IH, and when the base of the bulb 

was removed a little from ignition I have collected more than half a tank of gas 

which does not make aqua colds turbid, but is most suitable for fire and respira¬ 

tion. The calx will be discovered to have been reduced to running mercury. From 

whence does this gas come? From the decomposition of color, I reply, which 

penetrating through the porous vessel supplies its phlogistion to the metallic calx, 

and when this is done the liberated gas loses its faculty of passing through glass. 

This gas is not contained in the calx itself, for the calces of noble metals, on being 

reduced in the same manner as ignoble metals, require phlogiston, and nothing 

different happens here other than the greater strength with which the noble 

metals attract phlogiston to the extent that they can decompose color, which the 

ignoble metals cannot do.” 

Bergman believed that color was a compound of air and phlogiston and since 

color could obviously penetrate glass, that is how the air got inside the flask. This 

was the last gasp of the phlogiston theory. But even in the face of this crucial 

experiment which now seems to have been the one experiment which was unex- 
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plainable in terms of the phlogiston theory, Bergman still came up with an explana¬ 

tion. As someone has said, new theories do not gain precedence by convincing the 

opposition, they gain precedence because the opponents eventually die. 

In conclusion, I believe that we chemists have an exceptional opportunity to 

teach the history of science through the method of case histories by using the case 

of the phlogiston theory. I believe that its almost complete hold on the minds of the 

leading practioners in the field of chemistry in its day may have been almost unique 

in the annals of science. The philosophical insights we may gain by studying this 

phenomenon might be very great. I have even thought it might be worthwhile to 

establish a modern school of phlogiston chemistry, something like the flat-earth 

school, to see how many more observations could have possibly been explained in 

terms of the phlogiston theory if it had not been prematurely abandoned. I will 

wait with bated breath for the response to this suggestion. 
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Improving the Human Environment—An Academy 
Concern* 

by ROBERT E. BOYER 

Department of Geological Sciences 

The University of Texas at Austin 78712 

The existence of a past is by no means justification for a future. This 

was dramatically emphasized by the recent demise of The Saturday 

Evening Post after a distinguished tradition—of no less than 242 years. 

We are justifiably proud of the many aspects of science which have 

profited by the existence of this state’s Academy. Nevertheless, we are 

obligated to respond to those who question the present or future role of 

the Texas Academy of Science, or indeed, of any state Academy. We 

have all heard the complaint! It is difficult enough to keep up with 

advances in our chosen fields, and hopefully, to contribute to these 

advances. How then are we expected to communicate with colleagues 

in other sciences and mathematics, and of what importance is an organ¬ 

ization structured to function primarily as an interdisciplinary group? 

I affirm a greater need for the Academy now than ever before! Texas 

is just beginning to feel the bite of the worldwide population explosion. 

With this increase in population, the trend toward urbanization, here 

as elsewhere, is clearly defined. The consequences of urbanization are 

realistically, but disturbingly expressed by Flawn (1965, p. 5) in these 

words: 

uThe city has a gargantuan appetite for resources of all kinds. Min¬ 

eral stuffs and food stuffs flow from the land into the city. There is a 

return flow of contamination from the city to the land. The city is the 

nucleus of the contamination, and the nuclei themselves are spread¬ 

ing.” 

Man is showing an increasing concern for the results of his uncon¬ 

trolled breeding, but in the eyes of some at least (Ehrlich, 1968), 

* Presidential address to the Texas Academy of Science, March 14, 1969, in 

Arlington, Texas. I thank my colleagues in the Department of Geological Sciences, 

The University of Texas at Austin, for motivating these interests. Special acknowl¬ 

edgment is made to Keith Young for his stimulating discussions; he brought several 

interesting examples to my attention and critically read the manuscript. Support 

from the Geology Foundation, The University of Texas at Austin is gratefully 

acknowledged. 

The Texas Journal of Science, Vol. XXI, No. 2, November, 1969. 
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nothing short of drastic measures will solve our plight. Even should 

we take immense steps toward worldwide population control, the limi¬ 

tations of our natural resources are real (Cloud, 1968), as is the earth’s 

tolerance for wastes (McGauhey, 1968). We can reasonably estimate 

reserves of some resources such as fossil fuels, many stratigraphically- 

controlled minerals, and less accurately economic deposits distributed 

in other ways. To be sure, minerals not now utilized and synthetic 

material not presently known will replace some existing minerals. 

Nuclear energy or other technological advances including breeder 

reactors will extend our critical needs. But the demand of almost all 

materials will continue to increase, whereas the supply will generally 

diminish. 

The concern would not be too great if I was talking exclusively about 

precious metals; I suspect we could all learn to live without gold, silver, 

and platinum. But the resources I have in mind—air and water for 

human consumption, and construction materials—are more essential. 

And unfortunately, the greater demands due to increased population 

are coupled with imprudent actions that only hasten the depletion of 

these critically-needed materials. 

An example of this is the occurrence of water wells in Crockett 

County suspected of being contaminated by oil-field brines (Iglehart, 

1967) . These brines are brought to the surface during attempts to 

recover oil and gas. It is generally best to dispose of these brines by 

reinjection directly into the deep subsurface. In some instances, brine 

was poured into unlined pits, or even worse, allowed to flow freely 

upon the land surface. A common result of this practice is accumula¬ 

tion of salt in the soil. Twenty-five hundred acres of land in north- 

central Crockett County have been reported to be ruined in this 

manner. 

Brine in unlined pits generally seeps downward through joints and 

solution channels, following a path similar to that of normal rain¬ 

water. It eventually reaches the water table where it contaminates the 

ground water. It has been estimated that one gallon of brine may sig¬ 

nificantly alter as much as 200 gallons of fresh water. Over 1,873,000 

gallons of brine were disposed of in unlined surface pits in just one 

year! Fortunately, in order to prevent additional contamination in the 

future, these practices are no longer followed. 

However, not all undesirable effects are the result of thoughtless 

actions; some occur as a natural consequence of necessary operations. 

A case in point is the active faulting in the Houston area, “triggered” 

by withdrawal of interstitial fluids from underlying strata (Van Siclen, 

1968) . Water is the primary fluid being withdrawn, although removal : 
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of oil and gas also contribute to the problem. Subsidence exceeds one 

foot throughout the urban area and is more than 5 feet along most of 

the industrial area of the Houston Ship Channel. Van Siclen estimates 

that more than 40 faults with an aggregate length of 100 miles are now 

active in the Houston area. The fault movements and accompanying 

subsidence have several detrimental effects including: (1) increased 

flooding hazards in the low-lying areas; (2) serious disruptions to 

building foundations, highways, and pipe lines; (3) additional costs 

to construction programs; (4) severe limitations on the use of some of 

the land involved; and (5) decreased property values. 

This problem can be anticipated to grow continually and exponen¬ 

tially with time. In 1965, an average of 230 million gallons of water 

were pump ted daily for Houston area needs. As the population con¬ 

tinues to expand, the demands can only steadily rise. If surface water 

from reservoirs is utilized as an alternative source, the estimated cost 

increase is 11 cents per 1000 gallons, a daily increment of $25,000 or 

over $9 million for 1965. This figure would be appropriately greater, 

perhaps doubled, for 1969. 

Furthermore, Van Siclen points out that the conditions described for 

the Houston area will be duplicated along much of the western Gulf 

of Mexico coastal plain—from Beaumont to Brownsville, as the region 

develops and needs for water continually expand. 

Although the examples cited have a distinctly geologic flavor, they 

are by no means unidisciplinary in concern or approach. This is made 

strikingly clear by a recent report of the Texas Water Development 

Board (1967) on preservation of the bays and estuaries along the Texas 

Gulf coast. These brackish-water bodies consist of a mixture of gulf 

and fresh water. Gulf water flows in over the barrier islands and 

through limited inlets; fresh water sources include runoff from land, 

creeks and rivers, by direct rainfall, and from effluents or return flow 

of domestic, agricultural and industrial uses. 

These bays and estuaries now serve a wide range of purposes and 

people: recreation and sport fishing, commercial fishing, water cooling, 

transportation, mineral extraction, and effluent disposal. The estimated 

annual worth is $483 million. Extensive planning and careful control 

are required to maintain this tremendous asset. Salinity variations, 

flood and hurricane inflow, siltation and clarity, and pollution levels 

must be continually measured and strictly governed. This necessitates 

inlet maintenance, control of inflow from contributing rivers (and up¬ 

stream regulation of water uses and dam levels), care of adjacent lands 

to preclude extensive erosion and sediment influx, fixed dredging pro¬ 

cedures, and maintenance of treatment processes for all waste influents. 
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Unless such controls are exercised and pollution levels greatly re¬ 

duced, we must be prepared to “write off” these uses of the bays and 

estuaries, and turn them over to industry and commerce to serve as 

“holding ponds” for polluted waters. The teamwork of a wide variety 

of specialists—including not only a spectrum of scientists and engi¬ 

neers—but industrialists, legislators, city planners, and realtors is re¬ 

quired to prevent such a disastrous fate for the bays and estuaries. 

Certainly some significant steps are being made to develop communi¬ 

cation along cross-disciplinary lines. The series of maps and studies 

entitled Urban Geology of Greater Waco (Burket, 1965; Elder 1965; 

Spencer 1966) is one good example. Soils, water, engineering, and 

socio-economic aspects are interrelated with geologic considerations 

in this study. Many other municipalities have similar projects in stages 

of planning or execution. 

The overriding objective, more efficient use of all natural resources, 

can only be accomplished by various interest groups working coopera¬ 

tively. Such cooperation requires active leadership of scientists willing 

and able to communicate with persons outside their own specialties. 

I suggest that a great future for the Texas Academy of Science lies in 

such a leadership role. Let us promote an atmosphere of interest and 

concern for science as it affects living here in Texas. In so doing, and 

by developing cross-disciplinary ties through participation in projects 

designed with this objective, the existence of the Academy will not 

only be justified and appreciated, but will be demanded. 
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Petrography of Avian Urine 

hy ROBERT L. FOLK 

Department of Geology, The Vniversity 

of Texas at Austin 78712 

ABSTRACT 

The white part of bird droppings (the urine) consists of microscop¬ 

ically uniform spheres 2 to 8 microns in diameter. Strange behavior of 

the spheres in polarized light indicates that spheres are often made of 

a spiraling arrangement of crystalls, particularly well revealed in the 

electron microscope. Bird urine has a varied composition, and it is not 

chiefly uric acid as has been previously thought. 

INTRODUCTION 

Birth of this new field came about accidentally as a sideline to a 

Master's thesis by Ruben Frank on petrography of central Texas cave 

sediments. Among his thin sections was one puzzling one consisting of 

irregular interlayered calcite and isotropic, yellow-brown phosphate. 

The phosphate was structureless and contained abundant inclusions of 

quartz silt. Obviously the phosphate was not bones or teeth (which 

have distinctive structure), and it was not a vertebrate coprolite be¬ 

cause of its irregular anastomosing form. Perhaps it might be guano, 

but no petrographic studies of guano could be found in the library, and 

we could not find out whether guano was supposed to contain quartz 

silt or not. Thus on March 5, 1965 we decided to find out directly by 

taking samples of modern day bird droppings from the most con¬ 

venient source, i.e., the cars parked outside the Geology Building, and 

examining them for silt content. Once placed under the microscope, 

however, the silt problems was immediately forgotten and a new 

science had sprung to life: the Petrography of Avian Excrement. 

Under the petrographic microscope, the white part of the bird drop¬ 

ping1 consisted almost entirely of perfect spheres 1 to 10 microns in 

diameter (Fig. 1); at first they were mistaken for coccoliths, which 

1 A bird dropping consists of two parts: a dark, more solid part (the feces, con¬ 

sisting of undigested remnants such as seed cases, insect parts, etc.), and a white 

splashy part, representing the crystalline urine. Both are excreted at the same time 

from one opening (the cloaca). This study pertains only to the urine. 

The Texas Journal of Science, Vol. XXI, No. 2, November, 1969. 
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Fig. 1. Pigeon droppings, ordinary microscope. Largest spheres measure about 5 microns. 

Swallow Hall, Univ. Missouri, C. M. Hoskin, coll. 

they resemble very closely in size, shape, birefringence, and “rotating 

cross” appearance under crossed nicols. In a hectic weekend, samples 

of many kinds of bird droppings were collected by the writer and var¬ 

ious students, and all types showed up as the identical birefringent 

spheres under the petrographic microscope. Library research revealed 

that this material had never been studied or described with a petro¬ 

graphic microscope, and further it was found that the standard biology 

textbook statements on the composition of bird urine were erroneous. 

It rapidly became obvious that here was a new and almost untouched 

field of science. The writer is a sedimentary petrologist, and interested 

in petrography of all sorts of fine dusts (a student, David R. Horn, had 

discovered abundant spheres of quartz of similar size in Arctic sedi¬ 

ments), thus first became interested in bird droppings as a potential 

sediment contributor. However, the subject has become more and more 

involved with organic chemistry, in which the writer has no compe¬ 

tence. Therefore, this is both a preliminary and a final report, and he 

trusts that biologists will now carry on the study to the depth it 

deserves. 

Acknowledgment. This study was carried out both at The Univer- 
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sity of Texas, Austin, and Australian National University, Canberra. 

The writer wishes to thank the many person who furnished samples 

of bird droppings, and in particular David Pederson (The University 

of Texas) for anatomical assistance; Michael Ridpath and Marvin 

Griffin (CSIRO Wildlife station, Gungahlin, Canberra) for their inter¬ 

est and advice, and Jack Pennington (ANU X-Ray analyst) for his 

enthusiastic assistance. Dr. Hugh Forrest, The University of Texas, 
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PETROGRAPHIC APPEARANCE 

It is not customary for biologists to use high-powered polarizing 

microscopes on excrement; thus in reading over 50 references on ex¬ 

cretion, I have found only 2 that say anything more specific than that 

bird urine is a whitish, pasty, semisolid mass of microcrystalline (or 

even amorphous!) uric acid crystals. Kaupp (1918: Fig. 52) shows a 

photograph of hen urine with rhombs, said to be uric acid, and exceed¬ 

ingly minute dots (about the ‘'grain size” of the half-tone screen in 

the photo), said to be sodium urate. Steel (1922) in an obscure paper 

of random chemical analyses on such things as iron concretions and 

coconut milk, describes the white part of fowl excrement as consisting 

“almost entirely of minute crystalline spheroids of ammonium urate 

and uric acid, constituting the urinary secretion of the fowl,” and says 

the same applies to other birds—hawks, eagles, marine birds, and the 

miscellaneous white splashes seen on fence posts and sidewalks. Steel 

apparently did not look at the material in polarized light. This is the 

only published microscopic description I have encountered; even 

Hutchinson’s (1950) massive volume on guano mentions no micro¬ 

scopic study of modern bird droppings. 

In America, I have examined the white part of the droppings of 

chicken, goose, turkey, pigeon, seagull, sparrow, starling, parakeet, 

plus many “unknowns” scraped up in the first enthusiasm from various 

sidewalks, fence-posts, automobiles, etc. In Australia, I have examined 

urine of pigeons, sparrows, magpies, galahs (a type of parrot), para¬ 

keets, white and black cockatoos, ravens, eagles, emus, and seagulls. 

Without exception, the white part of the excretion consists almost 

entirely of spheres (or aggregates of spheres) of identical optical be¬ 

havior and general appearance. For all birds studied, only one solid 

phase appears to be present in urine; every particle appears to be a 

sphere (Fig. 1), varying only in size. For any one sample, the spheres 

appear to be of rather uniform size, though the average size of the 

spheres varies from about 2 microns to 8 microns in various droppings. 
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Under highest magnification, some of the larger spheres show an ap¬ 

parent radial-fibrous structure; and rare broken ones divide along 

radial fractures as if they were made of radiating fibers. 

When the nicol is crossed (without any interference-figure appara¬ 

tus in use), the spheres show pseudo-interference figures (Fig. 2), and 

appear to have very high birefringence and high index of refraction. 

EQUATORIAL VIEW POLAR VIEW 

Appearance VJ\th Crossed Nicols 
Fig. 2. Inferred structure of one sphere of bird urine. Upper two views give the spiraling 

orientation of the tiny crystals on the suface of the sphere. In an equa to rally-viewed sphere, 

as the polar axis is rotated on the microscope stage, the areas of extinction (pseudo-isogyres) 

form hyperbolae that merge to form a cross, like a biaxial interference figure. In polar view, 

the pseudo-isogyres form a twisted or tilted rotating cross. 

All small spheres (1—3ju) show strong white to pale yellow interference 

colors and pseudo-interference figures. Many of these show a pseudo- 

uniaxial cross that is either inclined up to about 20° from the vertical, 

or has twisted arms; some show, as the stage is rotated, a movement 

of the dark extinction bands that simulates exactly the movement of 

isogyres in a biaxial interference figure (BxA), meeting in the center 

and retreating hyperbolically toward the margins. A few of the tiniest 

ones show only one dark equatorial band that appears to rotate in the 

same direction as the stage is rotated. Many of the larger ones that 
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show the pseudo-uniaxial cross do so only at certain positions of the 

stage; with further rotation, the cross dissolves into a high-birefringent 

blur, then the cross will re-form when the stage is rotated 90° from its 

starting point. 

If a large sphere is rotated (pushing the cover glass in thick oil 

mount), it can be made to change from the pseudo-uniaxial or biaxial 

figure with low birefringence, to a confused tangle of high-birefring¬ 

ence, showing that these 2 types of optical appearance are really caused 

by different orientations of the same grain. One would assume, because 

of the apparent radial-fibrous structure in ordinary light, that the 

spheres should show in all orientations a rotating cross like an oolite 

(e.g., Morse, 1932). That this is not the case is shown by the rotation 

test above. It is evident that the spheres must have one, and only one, 

axis of radial symmetry. When this polar axis is vertical, the low colors 

and uniaxial pseudo-interference-figures are seen; when the polar axis 

is horizontal, the biaxial pseudo-figures show up; when seen at an 

oblique angle, high interference colors and confused bands are seen. 

The larger spheres (5—10/x) show generally a tangle of confused 

2d to 3d order birefringence; they seem to be aggregates, made up of 

a group of 2 to 6 or more small spheres packed together and molded 

to each other to form a nearly-spherical larger mass, somewhat like 

a dog fecus (Fig. 3). As the grain drifts by and rotates in thick index 

oil, one can see the brief flash of a uniaxial pseudo-figure in various 

parts of the mega-sphere. In some, a core is overlain by another spher¬ 

ical shell, 2 having different optical behavor and changing in relative 

relief on slide rotation. 

Because the spheres are made up of variously-oriented fibers, it is 

not feasible to determine the precise index of refraction. However, the 

refractive indices are high and the birefringence is high, and optically 

they resemble calcite or dolomite. 

COMPOSITION 

At first I thought it would be easy to go to the biological literature 

for an hour or so and find out the composition of the white material. 

The literature did give an easy, glib answer: birds supposedly excrete 

largely uric acid in their urine, presumably because of its very slight 

solubility in water (and in acids). Yet, in the first flush of research, I 

found that the spheres were extremely rapidly soluble even in house¬ 

hold vinegar. They dissolve in this weak acid and recrystallize immedi¬ 

ately to tiny plate-like crystals, rectangular or lozenge-shaped, with a 

spectacular first order birefringence in ordinary polarized light—a 



Fig. 3. Bird urine may occur as single spheres, or as aggregates made of several spheres 

mashed together. The largest composites here are about 5 microns long. Dropping from un¬ 

known bird, Oregon; Jane Gray, coll. 
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mass of bird dropping treated with vinegar gives a gorgeous spectacle 

like thousands of brilliantly colored stars in a jet-black firmament. 

They are also readily soluble in weak HCL The proportion of spheres 

converted to platy crystals by acid treatment varies from about 20% 

to 90%. The crystals resulting from acidization have the optical prop¬ 

erties of uric acid. 

According to Thorpe’s Dictionary of Applied Chemistry (1954), 

uric acid is only sparingly soluble in water and dilute mineral acids, 

to the extent of 1 part in 10,000 to 15,000. This was the first revelation 

that the textbooks on avian physiology were in error, and the soluble 

spheres could not be uric acid. Furthermore, uric acid is soluble in 

glycerine but the spheres of bird urine are unaffected by use of glyc¬ 

erine as a mounting medium. 

Normally, the droppings from the specimens had been mounted in 

index oil or glycerine for petrographic examination. One day through 

laziness some black cockatoo droppings from Australia were mounted 

in ordinary water. When the slide was placed on the microscope, the 

spheres were seen to be rapidly dissolving and beautifully colored 

polarizing tabular crystals were growing de novo. The next day, to 

confirm the experiment, another crumb of dropping from the same 

bird was placed in water and a different crystal form developed. Next, 

3 separate pinhead-sized crumbs were taken from the vial containing 

only one “splatter” of bird dropping; each one of the crumbs gave a 

different crystal form when touched by water. Eventually it turned out 

that in the droppings of galahs and other members of the parrot family 

about half to nearly all the spheres are rapidly water-soluble. Even 

more complications arose. I wanted to examine a purely meat-eating 

bird, and for this reason sampled Australian eagle droppings; in the 

course of a few days, while kept dry in a vial, the material changed 

over from spheres into large bladed crystals. 

Obviously, bird droppings because of their rapid solubility in weak 

acid (some being even soluble in ordinary water) can not be largely 

uric acid. The exact determination of composition is a complex matter 

of organic chemistry and far outside my field. Suffice it to say that the 

material, although excreted by all birds as microscopically-similar 

spheres, must consist of several things: (1) substances that, even in 

the dry state, are unstable and change from spheres to large crystals 

(e.g., eagle); (2) substances that are rapidly soluble in water and 

immediately reprecipitate as crystals (e.g., parrot family); (3) sub¬ 

stances that are stable in water but are rapidly soluble in weak acids; 

and (4) substances stable even under acid treatment. Even in one bird 

dropping, apparently homogeneous in the microscope, many different 
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substances may be present judging by the radically different behavior 

of separate tiny crumbs from the same dropping. 

Past misidentificalien of the droppings as largely uric acid is prob¬ 

ably due to the fact that the chemist who analyses the material natu¬ 

rally suspends the material in water and acidizes it when he starts his 

analysis. To the naked eye, it would appear to- be insoluble in water 

and in acids, because the material forms a superficially similar white 

microscrystalline powder both before and after acid attack; only the 

microscope reveals the radical change that has taken place as it changes 

from spheres to platy crystals. The changes that occur on aging have 

not been realized, either. 

No X-rays have previously ever been made of the droppings, and 

this apparently is the only way to analyze the material satisfactorily. 

If possible, X-ray analysis should be done while the substance is fresh 

from the cloaca, and care should be taken that no water is added to it. 

In regard to the reliability of standard wet chemical techniques in 

identifying such highly reactive, age-susceptible, and ephemeral sub¬ 

stances as the organic compounds in bird excrement, I can do no better 

than to quote Prien and Frondel (1947, p. 989) who, in advocating the 

use of X-ray spectrometer and petrographic microscope, state: “The 

analysis of urinary calculi by chemical methods is unsatisfactory. 

Many supposed constituents of calculi recorded in the medical litera¬ 

ture are found to be nonexistent when sought by modem physical 

methods of investigation”. They cite as reasons for this unknown re¬ 

actions that may take place during the chemical procedures, inter¬ 

ference by other compounds, etc. These remarks apply equally well 

to bird urine. 

FURTHER STUDIES 

In a more scientific attempt to determine the composition, the bird 

droppings were X-rayed by Jack Pennington of ANU at % degree per 

minute. At first, the droppings were mounted on the glass slide with 

water; after the accidental discovery that some of the droppings were 

instantly soluble even in plain water, further X-rays were made of 

the dropping held on the slide with vaseline. All bird droppings tested 

showed a single very sharp, very high peak at 3.20-3.23 A. In some 

patterns, other very subdued peaklets may be dubiously present, but 

they cannot be distinguished from background “noise’'5 as they are not 

consistent from one sample to the next. 

Uric acid has an “8” intensity peak at 3.22 A (Prien and Frondel, 

1947); but none of the other standard uric peaks stronger than these 
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(such as those at 6.69, 4.98, 3.91, 3.12, or 2.90 A) show up on my 

patterns. None of the peaks of uric acid dihydrate (Shirley, 1966) ap¬ 

pear except the one at 3.20 A. Sodium acid urate has a “6” intensity 

peak at 3.22 A (Prien and Frondel, 1947) but again, none of the other 

higher-intensity peaks of this compound show up on my pattern. 

Sodium urate does form radiating bundles of needles, soluble in acids 

(Hawk, et al., 1954), and would be a logical candidate but for the bad 

show on the X-ray. It is possible that the odd single-peaked patterns 

are caused by a mixture of several substances all of which have peaks 

Fig. 4. Electron microscope photograph. One sphere approximately 4 microns in diameter, 

viewed almost down the polar axis. Note crude spiraling arrangement of tiny crystals. Para¬ 

keet dropping, Horn-Felsher specimen. 
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in the 3.20-3.23 A region, and that their various other peaks are sup¬ 

pressed for some reason. But one can safely conclude that X-ray analy¬ 

sis shows that the material is not largely uric acid, as has been so 

often stated. 

An Ultraviolet Spectrophotometer analysis was made by Dr. Hugh 

Forrest, The University of Texas, and this analysis showed that the 

droppings contained the urate radical, but did not reveal the mode of 

combination. Thus the composition of the white portion of bird drop¬ 

pings remains cloaked in mystery, until some organic chemist takes 

up the problem; my contribution is restricted to the petrography. 

Electron microscopy was done in order to distinguish the bird drop¬ 

pings from coccoliths, which they resemble very closely in the micro¬ 

scope, and also in order to arrive at an explanation of the peculiar in¬ 

terference behavior. Here again, it is evident that optically-identical 

spheres have several types of surface morphology under the electron 

microscope. One type of sphere consists of fibers spiralling out from a 

polar axis, like a ball of yarn (Fig. 4). This would explain the rotating 

interference cross with inclined arms (when seen in the polar posi¬ 

tion), the pseudo-biaxial figure (when seen in equatorial view), and 

the confused tangle of high birefringence (when seen in oblique view). 

Another type is made of elongate needles stuck at random tangentially 

on the surface, like straws on sheep-dung. Still another type is rela¬ 

tively smooth, with an indistinctly pole-seeking fibrous pattern. Once 

again, here is an enormous field awaiting research. 

BIOLOGICAL IMPORTANCE 

In 1811, Fourcroy and Vauqelin first reported that bird urine con¬ 

sisted mainly of uric acid (cited in Shannon, 1938). A pioneer geolo¬ 

gist, Edward Hitchcock (1844) identified a coprolite (fossil dung) as 

being that of a bird because of its content of uric acid, as analyzed by 

J. D. Dana. Since then, the idea that uric acid is the chief end-product 

of nitrogen metabolism in birds (and reptiles) has been parroted in 

numerous research papers and physiology texts, e.g. Milroy (1904), 

Sharpe (1913), Steel (1922), Mayrs (1924), Schittenhelm and Har- 

puder (1925), Davis (1927), Coulson and Hughes (1930), Shannon 

1938), Hester, et al. (1940), Peschen (1955), Hutchison (1950, p. 71- 

72), Grasse (1950: 346-347), Prosser (1950), Sturkie (1954), Wol- 

bach (1955), Reichard (1955), Smellie (1955), Marshall (1960), Ditt- 

mer (1961: 384), and Creek and Vasaitis (1961). Uric acid is stated 

as comprising between 50 and 80% of the urine, and the material is 

described as a white semisolid mass of microcrystalline uric acid crys¬ 

tals and urates. 
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Elaborate evolutionary theories have been erected on this spurious 

foundation. Needham (1929, 1931, 1932) was the strongest advocate 

of the evolutionary importance of uric acid excretion in the evolution 

of terrestrial birds and reptiles. In mammals, the nitrogenous wastes 

are excreted through the placenta by the mother-to-be as soluble urea. 

In aquatic egg-laying animals the nitrogenous wastes, produced dur¬ 

ing metabolism by the embryo, can easily diffuse out through the per¬ 

meable egg into sea water and be eliminated. In terrestrial egg-laying 

animals, however, the secretion of nitrogen in its more common form 

of soluble urea would serve to poison the embryo inside its hard and 

relatively impervious shell. Thus, the ingenious mechanism was de¬ 

veloped (so the story runs) of excreting nitrogen waste in the nearly 

insoluble form of uric acid crystals, and packing them out of harm’s 

way in a little sac inside the egg. Needham states that terrestrial ovi¬ 

parous animals would have been impossible without the development 

of uric acid secretion by the embryo, a physiologic process which is 

continued into adult life. Baldwin (1937) and Keilin (1959) also stress 

the evolutionary contrast between ureotelic animals secreting mainly 

urea (fish, and all mammals save the Dalmation dog), and uricotelic 

(reptiles and birds) that secrete uric acid. Keilin discusses in detail the 

breakdown of various precursors to the uric acid end product. Welty 

(1962, p. 132-133) claims “The great advantage of excreting uric 

acid is that it is relatively insoluble in water, so that once it is formed 

. . . water may be reabsorbed from it until the uric acid is nearly dry 

and can be discharged from the body with very little water loss . . . 

(this) makes it possible for desert birds ... to exist solely on the water 

they obtain from the insects they eat.” He then goes on to repeat the 

terrestrial-egg theory, and concludes “Natural selection, making an 

adult virtue of embryonic necessity, has preserved the uric-acid ex¬ 

creting machinery in birds and reptiles to promote their conquest of air 

and habitation of dry land.” Now, if this “semisolid mass of white 

crystals” is indeed largely not insoluble uric acid, as shown by X-ray 

data presented here, then these theories must be re-evaluated. If birds 

do indeed secrete soluble urine, then the oviparous vs. placental excre¬ 

tion differences are without explanation. 

GEOLOGIC IMPORTANCE 

It may at first seem ridiculous that bird urine could have any geo¬ 

logic importance, other than as a source of nitrates. At the time this 

study was initiated, Horn (1967) was analyzing Recent sediments 

from Arctic Canada, and found his muds to be full of tiny quartz 

spheres in the 1-10 micron range; they had excruciating similarity in 
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size and shape to the spheres of bird urine, and for some months the 

hypothesis was entertained that the quartz might indeed be silicified 

bird urine. Hence the effort to study the surface features in detail with 

electron microscope, and the frustrating attempts to determine compo¬ 

sition of the urine spheres. Eventually this hypothesis was discarded, 

as Horn found the quartz was being reworked from spheres in sedi¬ 

mentary rocks of his source area. 

Nevertheless, if bird urine were to be replaced by silica, calcite, or 

pyrite it would be perfectly capable of fossilization, producing tiny 

spheres preservable in the stratigraphic record. Would that we had the 

Hitchcock-Dana coprolite at hand for study! 

LITERATURE CITED 

Baldwin, E., 1937—An Introduction to Comparative Biochemistry. Cambridge IJniv. 

Press. 

Coulson, E. J., and J. H. Hughes, 1930—Collection and analysis of chicken urine. 

Poultry Sci., 10: 53-58. 

Creek, R. D., and V. Vasaitis, 1961—Uric acid excretion in the chick as related to 

the intake of its precursors and nitrogen. Poultry Sci., 40: 282-288. 

Davis, R. E., 1927—The nitrogenous constituents of hen urine. Jour. Biol. Chem., 

74: 509-513. 

Dittmer, D. S. (Ed.), 1961—Blood and other body fluids. Fed. Amer. Soc. Exper. 

Biol., Handbook. 

Grasse, P. P. (Ed.), 1950—Traite de Zoologie, Vol. XV—Oiseaux. 

Hawk, P. B., B. L. Oser, W. H. Summerson, 1954—Practical Physiological Chem¬ 

istry, 13th Ed., P. Blakiston Co., Phila. 

Hester, H. R., H. E. Essex, and F. C. Mann, 1940—Secretion of urine in the 

chicken (Gallus domesticus). Amer. Jour. Physiol., 128: 592-602. 

Hitchcock, E., 1844*—Report on ichnolithology, or fossil footmarks, with descrip¬ 

tions of several new species, and the coprolites of birds from the valley of the 

Connecticut River, and of a supposed footmark from the Valley of Hudson 

River. Amer. Jour. Sci., 47: 292—322. 

Horn, D. R., 1967—Recent marine sediments and submarine topography, Sverdrup 

Islands, Canadian Arctic Archipelago. Unpubl. Ph.D. dissert., The Univ. of 

Tex. at Austin. 

Hutchinson, G. E., 1950—Survey of contemporary knowledge of biogeochemistry. 

3. The biogeochemistry of vertebrate excretion. Bull. Amer. Mus. Nat. Hist., 

96. 

Kaupp, B. F., 1918—The Anatomy of the Domestic Fowl. W. B. Saunders, Phila. 

Keilin, J., 1959—The biological significance of uric acid and guanine excretion. 

Biol. Reviews, 34: 265-296. 

Marshall, A. J., (Ed.), 1960—Biology and Comparative Physiology of Birds, 

Academic Press, N.Y. 



PETROGRAPHY OF AVIAN URINE 129 

Mayrs, E. B., 1924—-Secretion as a factor in elimination by the bird’s kidney. Jour. 

Physiol. (London), 58: 276-287. 

Milroy, T. H., 1904—The formation of uric acid in birds. Jour. Physiol. (London), 

30: 47-60. 

Morse, H. W., 1932—Artificial spherulites and related aggregates. Amer. Jour. Sci., 

5(23): 421-439. 

Needham, J., 1929—Protein metabolism and organic evolution. Sci. Prog., 23: 

633-648. 

-•, 1931—Chemical Embryology, Vol. 2, MacMillan & Co., N.Y. 

—-, and D. M. Needham, 1932—Biochemical evidence regarding the origin 

of vertebrates. Sci. Prog., 26: 626-642. 

Peschen, K. E., 1938—Untersuchungen uber das Vorkommen und der Stoffwechsel 

des Guanins im Tierreich. Zoologische Jahrbucher (Abt. 3), 59: 429-562. 

Prien, E. L., and C. Frondel 1947—Studies in urolithiasis: I. The composition of 

urinary calculi. Jour. Urology, 57: 949-991. 

Prosser, L. L., (Ed.), 1950—Comparative Animal Physiology, W. B. Saunders, 

Phila. 

Reichard, P., 1955—Biosynthesis of purines and pyrimidines. In E. Chargaff and 

J. N. Davidson, Eds., The Nucleic Acids, Vol. II, Academic Press, N.Y., pp. 

277-308. 

Schittenhelm, A., and K. Harpuder, 1925—Der Nucleinstoffwechsel, in Pt. B., 

Umsatz der Nahrstoffe, Chap. IX, In C. Oppenheimer, Handbuch der Biochemie 

des Menschen and der Tier (Jena), Bd. VIII, pp. 580-626. 

Shannon, J. A., 1938—The excretion of uric acid by the chicken. Jour. Cell. Comp. 

Physiol, 11: 135-148. 

Sharpe, N. C, 1913—On the secretion of urine in birds. Amer. Jour. Physiol. 31: 

75-84. 

Shirley, R., 1966—Uric acid dihydrates: Crystallography and identification. Sci¬ 

ence, 152: 1512-1513. 

Smellie, R. M. S., 1955—The metabolism of the nucleic acids. In E. Chargaff and 

J. N. Davidson, Eds., The Nucleic Acids, Vol. II. Academic Press, N.Y. 

Steel, T., 1922—Chemical notes—general. Proc. Linn. Soc. New South Wales, 47: 

441-446. 

Sturkie, P. D., 1954—Avian Physiology, Comstock Co., Ithaca, N.Y. 

Thorpe, J. F., 1954—Thorpe’s Dictionary of Applied Chemistry, 4th Ed., Long¬ 

mans, Green and Co., N.Y. 

Welty, J. C., 1962—The Life of Birds. W. B. Saunders, Phila. 

Wolbach, R. A., 1955—Renal regulation of acid-base balance in the chicken. Amer. 

Jour. Physiol, 181: 149-156. 





Archeological Materials From the Oulline Site (41 LS 3) 

and Other Sites in La Salle County, Southwest Texas 

by THOMAS ROY HESTER, L. D. WHITE and 

JOY WHITE 

Texas Archeological Research Laboratory, 

The University of Texas at Austin 

ARSTRACT 

A large surface collection of artifacts from the Oulline Site (41 LS 3) 

in northern La Salle County, Texas, is described. Archeological ma¬ 

terials from several nearby sites are briefly mentioned. These data are 

compared with materials from other areas of southern Texas and ar¬ 

cheological problems of this region are discussed. 

INTRODUCTION 

The archeology of much of Southwest Texas is unknown. Attempts 

have been made to define cultural units in the region (Sayles, 1935; 

Kelley, 1947, 1959; Suhm, et al., 1954), but these attempts were ten¬ 

tative at best and have not been verified by subsequent research. Only 

in recent years have descriptive reports of the archeological materials 

in Southwest Texas appeared (Weir, 1956; Nunley and Hester, 1966; 

Hester, 1968b), and it is the purpose of this paper to present additional 

data from the region. 

THE AREA 

The term “Southwest Texas” has been used in many different ways 

in earlier archeological reports; in the present paper it is employed 

as defined by Suhm, et al. (1954). Southwest Texas lies within the 

West Gulf Coastal Plain as described by Fenneman (1938: 100-200). 

It is a semi-arid region of low rolling hills with a dense cover of thorny 

brush, and is popularly known as the “monte” or the “brush country”. 

The major rivers are the Frio, Nueces, and Rio Grande, each with 

many intermittant tributaries. The fauna is characteristic of the 

Tamaulipan Riotic Province (Blair, 1950). The counties within this 

area are: Maverick, Zavala, Dimmit, Frio, LaSalle, Atascosa, McMul¬ 

len, Live Oak, Jim Wells, Duval, Jim Hogg, Brooks, Starr, Hidalgo, 
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Zapata and Webb. The southern Texas counties along the coast con¬ 

tain other archeological complexes (Anderson, 1932; MacNeish, 1958; 

Campbell, 1960; Hester, 1968a). 

Though the topography has been radically altered during the past 

100 years through land clearance and brush control measures (brought 

about by the spread of the mesquite), the area as it once existed has 

been described by early travelers who recorded dense growths of brush 

and cactus along the streams, but with rather open uplands and with 

wide prairies in some areas (Inglis, 1964: 42). In 1849 Michler crossed 

the northeastern part of LaSalle County and noted a “well-worn In¬ 

dian trail” which he followed to present Jahuey (or Johney) Creek. 

Along the creeks in this area, he was in “dense chapparal”, but away 

from the Frio River and its tributaries, he, too, noted a “fine rolling 

prairie, which extended as far as the eye could reach” (Inglis, 1964: 

44). 

ETHNOGRAPHIC BACKGROUND 

All of Southwestern Texas is included in what Newcomb (1961: 

29) has termed the Western Gulf culture area. In historic times, Ka- 

rankawa bands were present along the southern coast, and numerous 

groups of Coahuiltecans roamed the interior. Both Newcomb (1961: 

31) and Ruecking (1955: map 15) have indicated that the Pachal (or 

Pacal) Coahuilteean cluster was present in the area where the Oulline 

Site is situated. Bands within the cluster ranged north to south along 

the watersheds of the upper and middle Frio and Nueces Rivers. The 

northern limit of their range (in the 1500-1800 period) was near the 

headwaters of the Nueces, Frio, and Medina Rivers, while to the south, 

they ranged to the Mexican side of the Rio Grande, near Laredo 

(Ruecking, 1955: 26). While the Pachal cluster is probably quite valid, 

based on the ethnographic data now available, T. N. Campbell (ms.; 

personal communication) has pointed out that there were a number 

of other Coahuilteean groups or bands in this same general area. Some 

of the following bands, which are not considered part of the Pachal 

cluster (as listed by Ruecking, 1955: 29) have been noted by Camp¬ 

bell (ms.): (1) Cacaxtle: an important Coahuilteean band that lived 

on the southward bend of the Nueces River in present LaSalle and 

McMullen County in the 1650’s; (2) Cachopostale: Coahuiltecans 

who were closely associated with the Pampopa (a Pachal cluster 

group), and who were located on the Nueces and Frio Rivers between 

present San Antonio and Eagle Pass; (3) Pajalat: lived above the con¬ 

fluence of the Nueces and Frio Rivers (Live Oak County) in the 17th 
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Fig. 1. Location of the Oulline Site (41 LS 3) and Other Sites in LaSalle County, Texas. 

century; and (4) Pitalac: Coahuiltecans who ranged along the Nueces 

and Frio Rivers, south of the Edwards Plateau. 

We have at least one detailed account of a visit to this vicinity in 

the 18th century which gives us an idea of the size of the groups living 

in the area. In March, 1707, Captain Diego Ramon set out from San 
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Juan Bautista (in Coahuila, below present Piedras Negras) to punish 

troublesome Indians in what now is Dimmit and northern Webb 

Counties; he also hoped to encourage some to return to the mission with 

him. On March 13, Ramon discovered a rancheria of the Pacque band, 

consisting of 21 men, women and children near present Big Wells in 

northeastern Dimmit County (Weddle, 1968: 76-85). This location 

would be some 25 miles due west of the Oulline Site. While Ruecking 

(1955: 29) does not list a “Pacque” band within the Pachal cluster, 

there are other groups (such as the Pacaque) whose name closely re¬ 

sembles Pacque; since this band is well within the area of the Pachal, 

it seems likely that it is a part of that cluster. 

THE SITES 

The main site considered in this paper is the Oulline Site (41 LS 3) j 

located on the farm of Mr. and Mrs. L. D. White, about eight miles 

north of Cotulla, in La Salle County (Fig. 1). Six other sites are in the 

immediate vicinity, and these are briefly discussed. The Oulline Site 

covers about 40 acres, with gullying, sheet erosion, and cultivation ex¬ 

posing the cultural debris. On the northern edge of the site, there is a 

small creek (a tributary of Jahuey, or Johney, Creek), and erosion is 

heavy in this area. Much debris is present on the surface, and surface 

collecting by Mr. and Mrs. White in recent years has produced a good 

sample of artifacts; numerous flint flakes and occasional burned rock 

are also found. 

THE ARTIFACTS 

Four hundred and twelve artifacts collected from the surface of the 

Oulline Site are described under the following categories: Dart Points, 

Arrow Points, Other Chipped Stone Artifacts, and Ground Stone Arti¬ 

facts. Artifacts recovered from other La Salle County sites are listed 

by site, along with the number of each, in a section following th ede- 

scription of the Oulline Site specimens. 

Measurements are expressed in millimeters; in several groups, the 

measurements of individual specimens are tabulated. In these cases, 

the following abbreviations and symbols are used: L: Length; MW: 

Maximum Width; MT: Maximum Thickness; SW: Stem Width; SL: 

Stem Length; and, parentheses around a measurement indicates that 

the specimen is broken. 

DART POINTS 

One hundred and forty five dart points were studied from this site. 

Most fall into previously described types (Suhm, et al., 1954; House 
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and Hester, 1963); these are: Abasolo, Angostura, Bulverde, Carrizo, 

Catan, Desmuke, Edgewood, EZ/zs, Ensor, Fairland, Frzo, Langtry, 

Matamoros, Pandora, Pedernales, Tortugas, and Yarbrough. Dart 

points not conforming to recognized types were placed in miscellaneous 

categories for descriptive purposes. 

AZL4SOLO (Fig. 2,a-e; 5 specimens) 

Description: All of these are relatively complete; they have trianguloid outlines, 

with convex bases and straight to slightly-convex blade edges. Four of the specimens 

are very crude. One specimen has an alternately-beveled blade (on the left), while 

the remainder are not beveled. Length is from 40 mm. to 55 mm.; maximum width 

generally occurs at the base and ranges from 21.5 mm. to 29.5 mm. Maximum thick¬ 

ness is from 6.5 mm. to 10 mm. 

ANGOSTURA (Fig. 2,f,g; 2 specimens) 

Description: Both are basal fragments; one fits well within the Angostura type 

(as described by Suhm et at., 1954: 402), while the other is Angostura-Yike. The 

Angostura specimen is represented by a narrow, converging basal fragment, with a 

slightly convex base. The fragment is 22 mm. long, with a maximum width of 17 

mm., a basal width of 8 mm., and has a maximum thickness of 4.5 mm. Lateral edge 

smoothing extends from the base up to the break. Just before the break, there are 

indications of slight alternate-beveling (on the left) of the blade; this posssibility 

is further supported by an examination of the transverse cross-section (see Fig. 2,g). 

The other specimen (Angostura-Yike), also a basal fragment (approximately *4 

of the complete specimen), is rather crudely chipped. The lateral edges near the 

base are almost parallel and converge only slightly at the base. The specimen is 

29.5 mm. long, with a maximum width of 19.5 mm., a width at the base of 15 mm., 

and a maximum thickness of 7 mm. Lateral edge smoothing extends about 12 mm. 

to 13 mm. up both edges from the base. 

BULVERDE (Fig. 2,h,i; 2 specimens) 

Description: One specimen is complete, except for a damaged barb. The blade 

is broad and triangular, with straight to very slightly convex edges and short barbs. 

The stem is parallel-edged, with a straight base, and is alternately-beveled. The 

specimen is 57.5 mm. long, 34 mm. wide at the shoulders, and has a maximum 

thickness of 7 mm. The stem is 15 mm. long, and is 18.5 mm. wide at the base. 

The other specimen has most of the blade missing; it, too, has short barbs. The 

stem is rectangular, with a straight base. It has an estimated length of 59 mm., 

maximum width is 36.5 mm., and maximum thickness is 7 mm. The stem is 17 mm. 

long, and 19.5 mm. wide at the base. 

CARRIZO (Fig. 2,j; 1 specimen) 

Description: This is a basal fragment of a Carrizo-Vke dart point. It is 29 mm. 

wide at the base; the basal edge is slightly-convex, and at the center of the base there 

is a U-shaped notch. This notch is 7 mm. wide and 3.5 mm deep. Maximum thickness 

of the specimen is 6.5 mm. 

CATAN (Fig. 2, p-r; 9 specimens) 

Description: All but 3 are complete; they have narrow, triangular blades with 

convex edges and convex to well-rounded bases. Beveling is absent. There is a range 
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Fig. 2. a-e, Abasolo; f,g, Angostura; h,i, Bulverde; Carrizo; k,l, p-r, Catan; m-o, s-u, 

Desmuke. 

i 
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Fig. 3. c-c, Edgewood; d, Ellis; e-h, Ensor, i,j, Fairland; k-n, Frio; o-q, Langtry. 
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in length from 31 mm. to 48 mm., in maximum width from 17.5 mm. to 21 mm. i 

(generally just above the base), -and in maximum thickness from 5.5 mm. to 8.5 mm. 

DESMUKE (Fig. 2,m-o,s-u; 15 specimens) 

Description: Most of the specimens are fragmentary, and several should probably 

be classed as uDesmuke-like”. In general, they have lozenge-shaped outlines, with ' 

straight or convex blade edges that meet at a rather indistinct angle with pointed : 

(6) or rounded (5) bases. There is a range in length from 35 mm. (estimated) to 

47 mm., in maximum width (at the point where the blade and base meet) from 

15.5 mm. to 24 mm., and in maximum thickness from 4 mm. to 8.5 mm. 

EDGEWOOD (Fig. 3, a-c; 4 specimens) 

Description: All of these specimens (3 complete) seem to be variants of the Edge- 

wood type. The complete specimens have triangular blades (with straight to convex 

edges), and expanded stems, formed by wide corner-notches. The bases are concave, 

and 2 specimens have short barbs, while the shoulders of the 3rd are weak. Overall I 

length is from 32 mm. to 37.5 mm.; width at the shoulders varies from 19.5 mm. to j, 

26.5 mm., and maximum thickness ranges from 6 mm. to 6.5 mm. Stem length is 

from 10 mm. to 12.5 mm., and basal width is from 18 mm. to 24.5 mm. (estimated). 

The 4th specimen lacks the major part of the Made; it has short barbs, and an 

expanded stem with a concave base. Maximum width (at the shoulders is 33 mm., 

stem length is 12.5 mm., and basal width is 20.5 mm. 

ELLIS (Fig. 3,d; 1 specimen) 

Description: The distal tip of the blade is missing; the blade edges seem to have 

been straight, and short barbs are present. The stem expands widely (formed by 

deep, narrow corner-notches) and the base is straight. Estimated length is about 35 

mm., width at the shoulders is 25 mm., and maximum thickness is 5.5 mm. The 

stem is 7 mm. long, and 18 mm. wide (estimated) at the base. 

ENSOR (Fig. 3, e-h; 8 specimens) 

Description: Four are essentially complete, and the distal ends are missing from 

the others. Six specimens have narrow, triangular blades with straight lateral edges; 

a 7th specimen has one convex edge (steeply beveled) and one recurved edge. This 

particular specimen has narrow side-notches (5 mm.) and a wide notch near the 

center of the base, closely resembling the Ensor, Variety B specimens described by 

Tunnell (1962: 88) from the Oblate Site in Comal County. The side-notches on the 

other specimens are generally rather broad (averaging 8 mm.), and occur from 2 

mm. to 4 mm. above the basal edge. The basal edges are slightly convex on 3 speci¬ 

mens, straight on 3 others, and slightly concave on another; also, the base on one 

was notched (see above). 

There is a range in length from 36 mm. to 48 mm., in maximum width from 16.5 

mm. to 27 mm., and in maximum thickness from 5 mm. to 6 mm. 

FAIRLAND (Fig. 3,i-j; 4 specimens) 

Description: These specimens have triangular blades with straight or convex 

blade edges; the shoulders are weak, and are not barbed. The stems have been 

formed by wide, shallow corner-notches. While 2 specimens have widely expanded 

stems, the stems on the others are flared. The basal edge is concave on all of them, 

and there is fine marginal retouch present along this edge on one specimen. A steep 

bevel along the left lateral edge of one face is found on another specimen. Length 



ARCHEOLOGICAL MATERIALS FROM THE OULLINE SITE 139 

ranges from 31 mm. (estimated) to 43 mm.; maximum width (at the shoulders) 

varies from 17.5 mm. to 24 mm., and maximum thickness is from 4.5 mm. to 7 mm. 

Stem length ranges from 10.5 mm. to 13 mm., and basal width is from 20.5 mm. to 

24 mm. (estimated). 

FRIO (Fig. 3, k-n; 5 specimens) 

Description: Only one specimen is complete; 3 are missing distal portions of the 

blade, and one specimen has the base and shoulders damaged. The blades are triang- 

uloid, with fairly straight lateral edges. The expanded stems have been produced 

by comer-notching on 2 of the specimens, and by side-notching on the others. The 

shoulders vary from weak to slightly-barbed, and the basal edges are concave and 

recurved. Overall length ranges from 36.5 mm. to 62 mm. (estimated); maximum 

width is from 22 mm. to 32 mm., and the maximum thickness varies from 5 mm. to 

8 mm. 

LANGTRY (Fig. 3,o-q; 4 specimens) 

Description: All 4 specimens are relatively complete. They have triangular 

blades, with straight to slightly convex edges; 3 have contracted stems, while the 

stem on the 4th specimen is parallel-edged. The base on one specimen is damaged, 

and the other 3 have straight, slightly convex, and rounded bases. Shoulders are 

strongly acute on one specimen, flare outward on 2, and are damaged on the 4th. 

Length ranges from 42 mm. to 55 mm., maximum width (at the shoulders) is 

from 28 mm. to 32 mm., and maximum thickness varies from 3.5 mm. to 7 mm. 

Ste length is from 11 mm. to 16 mm., and the width at the base ranges from 8.5 mm. 

to 13 mm. 

MATAMOROS (Fig. 4,a-f; 10 specimens) 

Description: Six of the specimens are complete; the others have the distal tips 

missing. These points are trianguloid in outline. Basal edges are straight to slightly 

concave; the blade edges are straight or just slightly convex on 6 specimens, while 

one has slightly concave lateral edges and the other 3 have one straight edge and one 

convex edge. Two specimens are alternately-beveled on the left edge, and one is 

alternately beveled on the right; beveling is absent on the remainder. 

Length is from 25 mm. to 38 mm., maximum width ranges from 20 mm. to 25 

mm. and maximum thickness is from 4.5 mm. to 7 mm. 

PANDORA (Fig. 4,g; 5 specimens) 

Description: Only one is complete; the others are basal fragments. The complete 

specimen has a lanceolate outline with convex blade edges and a convex base. It is 

beveled along the left blade edge on one face. This specimen is 56.5 mm. long, with 

a maximum width (near midsection) of 22.5 mm., a basal width of 19 mm., and 

a maximum thickness of 8 mm. 

The basal fragments have straight (2) to slightly convex (2) bases. They appear 

to have had lanceolate outlines. The remaining part of the blade on one specimen 

shows evidence of alternate-beveling on the left edge. Basal width varies from 18 

mm. to 24 mm. and maximum thickness ranges from 5.8 mm. to 8 mm. 

PEDERNALES (Fig. 4,h-l; 6 specimens) 

Description: Three are mostly complete, while distal portions of the other 3 are 

missing. Blade forms vary from broad to narrow, with concave to slightly convex 

lateral edges. The stems are short and parallel-edged, with the basal indentations 
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Fig. 4. a-f, Mafamoros; g, Pandora; h-!f Pedernales. 
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Fig. 5. a-j, Tortuga?;; k, Yarbrough; l,m, Miscellaneous 1» Dart Points; n, Miscellaneous 2, 

Dart Points; o,p, Miscellaneous 3, Dart Points; q, Miscellaneous 4, Dart Points. 
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varying from U-shaped (4) to slightly concave (2). Shoulders range from weak to 

slightly barbed, though the shoulders are damaged on most of the specimens. The 

bases of 4 of the specimens have been thinned by removal of one or more large flakes 

(from both sides), while the bases of the other 2 exhibit short, vertical flakes removed 

for thinning purposes. 

Overall length ranges from 51 mm. to 92 mm. (estimated) and maximum width 

is from 29 mm. to 38 mm. Stem length is from 13 mm. to 19.5 mm., and stem width 

varies from 19 mm. to 23 mm. Maximum thickness is from 6.5 mm. to 9.5 mm. 

TORTUGAS (Fig. 5,a-j; 43 specimens) 

Description: Twelve of the specimens are basal fragments and the remainder are 

essentially complete. They have triangular outlines, and most have long, rather 

narrow blades, while a few have blades that are broad. The blade edges vary from 

slightly convex to straight, and a few are almost parallel-edged. The basal edge is 

generally straight, though a number have slightly concave edges; only a few have 

convex bases. The base flares slightly on 2 specimens. Basal thinning has been 

achieved by the removal of a single large flake (accompanied by smaller, vertical 

flakes) on one or both faces on about 7 specimens. The bases of the remainder are 

thinned by the removal of several short longitudinal flakes on one or both faces. The 

blades of 11 specimens have been alternately-beveled to the left, while the right 

edge has been alternately-beveled on 5 specimens. Four specimens were beveled 

along the left edge of one face only; 23 exhibit no beveling whatsoever. 

Length ranges from 38 mm. to 70 mm. (complete specimens), while the basal 

width varies from 20 mm. to 33 mm., and the maximum thickness is from 5 mm. to 

10 mm. Average length is about 50 mm.; most points are in the 40 mm. to 55 mm. 

range. 

YARBROUGH-like (Fig. 5,k; 1 specimen) 

Description: This specimen has a long, narrow blade with straight lateral edges; 

the shoulders are weak, and the stem is rectangular, with a straight base. It is 48 

mm. long, with a maximum width at the shoulders of 18 mm., and a maximum 

thickness of 8 mm. The stem is 12.5 mm. long, and the base is 14.5 mm. wide. 

MISCELLANEOUS 1, DART POINTS (Fig. 5, l,m; 2 specimens) 

Description: The distal tip of the blade is missing from both specimens. The blade 

appears to have been broad and triangular, with straight edges; short barbs are pres¬ 

ent, though damaged on one specimen. The distinguishing aspect of these 2 points 

is an extremely short (4.5 mm. to 6.5 mm.), parallel-edged stem (formed by corner- 

notches), with a slightly convex base. The stems are quite thin (3 mm. to 3.5 mm.), 

with short, vertical flakes removed from either side. It seems quite possible that 

these 2 specimens represent dart points on which the stems (orginally somewhat 

longer) have been broken and subsequently reworked. Estimated overall lengths 

are 45 mm. and 46 mm.; maximum widths (at the shoulder) are 27 mm. and 34 

mm., and maximum thickness is 7 mm. on both specimens. Basal widths are 18 mm. 

and 17 mm., respectively. 

MISCELLANEOUS 2, DART POINTS (Fig. 5,n; 2 specimens) 

Description: Both specimens are complete. They have triangular blades (alter¬ 

nately-beveled to the right on one) with fairly straight edges and weak shoulders. 

The stems are broad and contract slightly to a convex base. Lengths are 36 mm. and 

41.5 mm., shoulder widths are 23 mm. and 25.5 mm., and maximum thickness is 
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Fig. 6. a-c, Miscellaneous Side-Notched Dart Points; d i, Miscellaneous Stemmed Dart 

Points; j-l, Perdiz; m, Cliffton, n-s, Scallorn; t-v, Triangular Arrow Points; w, Miscellaneous 

Stemmed Arrow Point. 
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7 mm. on both. Stem length is about 15 mm. on both, and the basal width is from 

15 mm. to 18 mm. 

MISCELLANEOUS 3, DART POINTS (Fig. 5,o,p; 2 specimens) 

Description: These two specimens have long, narrow, triangular blades (straight 

or slightly convex edges) and weak shoulders. The stems are short, and rather 

narrow, with the base on one specimen slightly convex, and on the other, slightly 

concave. Slight “notches” occur just above the shoulders on one of the specimens. 

These dart points are 41 mm. and 43 mm. long, with widths at the shoulder of 18 

mm. and 23 mm., and maximum thicknesses of 6 mm. and 5 mm., respectively. 

Stem widths are 6 mm. and 7.5 mm., and basal width is from 11.5 mm. to 15 mm. 

MISCELLANEOUS 4, DART POINTS (Fig. 5,q; 2 specimens) 

Description: Both specimens have narrow, lanceolate outlines, with convex blade 

edges and rounded bases. Shallow side notches are present just above the base, giv¬ 

ing a faint indication of a stem. The stems on both are thick (5 mm. to 6 mm.) and 

cortex remains on the base of one. Stem length is approximately 11 mm. on both, 

and the width at the base is from 11 mm. to 14 mm. They range in overall length 

from 44 mm. to an estimated 60 mm., in maximum width from 18 mm. to 20 mm., 

and in maximum thickness, from 7 mm. to 6.5 mm. 

MISCELLANEOUS SIDE-NOTCHED DART POINTS (Fig. 6,a-c; 4 specimens) 

Description: Only one of this group is complete; 2 others lack distal portions of 

the blade, and the base is damaged on the 4th. Two of the specimens have broad 

(8 mm.), shallow side-notches, 5-7 mm., above the base. The basal edges are rela¬ 

tively straight, and the blade edges are almost parallel. Estimated lengths are im- j 

possible, but these 2 would have been much larger than any points in the Ensor j 

series previously described. Maximum width is 25.5 mm. and 29 mm., and maximum ! 

thickness is 7 mm. and 8.5 mm. 

The other 2 specimens have broad, triangular blades with convex edges and rela¬ 

tively straight bases. Broad, rather shallow side-notches occur 3 mm. to 7 mm. above 

the basal edge. The left blade edge is beveled on one specimen, while the right edge j 

is beveled on the other. Length is 41.5 mm. and 44 mm., maximum width is 26 mm. j 

and 29 mm., and maximum thickness is 7 mm. and 8.5 mm. 

MISCELLANEOUS STEMMED DART POINTS (Fig. 6,d-i; 8 specimens) 

Description: All but one are fragmentary. The complete specimen has a broad, 

triangular blade with straight edges; deep, broad corner-notches have formed an I 

expanded stem with a slightly-convex base. It is 36 mm. long, 28.5 mm. wide (at the 

shoulders) and has a maximum thickness of 5 mm. The stem is 8.5 mm. long, and 

16.5 mm. wide at the base. 

The other unclassified stemmed dart points are tabulated below: 

L* Wf SL BW MT Description 

1. 42 27.5 9 14 4.5 Tri. blade; short, exp. stem w/st. base; 

corner-notched. 

2. 47 17 4.5 14 6.5 long, narrow blade; short, exp. stem, 

w/eonvex base; shallow corner-notches; ‘ 

alt.-bev. to the right. 



ARCHEOLOGICAL MATERIALS FROM THE OULLINE SITE 145 

3. 64 26 14 22 7 Tri. blade, weak shoulders; exp. globular 

stem; slightly convex base. 

4. 42 23.5 8.5 21 7 crude; made on a prismatic flake; re¬ 

touched along edges; wide side-notches; 

exp. stem w/straight base. 

5. 58.5 23 14.5 14.5 8 tri. blade w/st. edges; acute shoulders; 

rectanguloid stem w/convex base. 

6. 44 18 15 22 6 large, exp. stem formed by wide, shallow 

side-notches; st. base; blade (tri.?) is alt.- 

bev. on the right. 

7. 33 22 11 14.5 7 tri. (?) blade, w/convex edges; slightly 

flared stem (narrow), w/convex base. 

* Estimated 

t Shoulders 

ARROW POINTS 

A small sample of 15 arrow points is described. Types represented 

include: Cliff ton, Perdiz, and Scallorn. In addition, triangular arrow 

points and a miscellaneous stemmed arrow point are discussed. 

CLIFFTON (Fig. 6,m; 1 specimen) 

Description: The single Cliffton specimen is crudely chipped, with a roughly tri¬ 

angular blade and a poorly-defined contracting stem. It is 34 mm. long, with a 

width at the shoulders of 19 mm.; the stem is about 8 mm. long, and the maximum 

thickness is 6 mm. 

PERDIZ (Fig. 6,j-l; 3 specimens) 

Description: The proximal tip of the stem is missing from one specimen, and the 

others are mostly complete. The blades are triangular (2 are serrated slightly) with 

straight to slightly convex edges. On one specimen, the stem contracts to a pointed 

base, while the proximal part of the stem is missing on one specimen and slightly 

damaged on the other. A patch of cortex remains on the stem and lower blade on 

one side of one of the specimens. All are well-barbed. 

Length varies from 32 mm. (estimated) to 34 mm.; maximum width (at the 

shoulders) is from 16 mm. to 22 mm. (estimated) and maximum thickness ranges 

from 2.5 mm. to 4 mm. Stem lengths are from 7 mm. to 11 mm. and stem width 

varies from 4 mm. to 6.5 mm. 

SCALLORN (Fig. 6,n-s; 7 specimens) 

Description: Four of the specimens are whole, while the distal tips are missing 

from the others. They have triangular blades, with straight to slightly concave lat¬ 

eral edges (the blades on 2 are lightly serrated). Stems are short and expanded, with 

all specimens having concave basal edges, excepting one specimen which has a 

straight base. 

The specimens range in length from 23 mm. to an estimated 32 mm. Stem length 

is from 5 mm. to 8.5 mm., and stem width varies from 10.5 mm. to 15 mm. Maxi¬ 

mum width (at the shoulders) ranges from 13.5 mm. to 18 mm., and maximum 

thickness is from 3 mm. to 6 mm. 
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TRIANGULAR ARROW POINTS (Fig. 6,t-v; 3 specimens) 

Description: Two of the specimens are basal fragments; one has a convex base, and 

resembles the Young type (Suhm, et al., 1954: 510). The 2nd basal fragment, and 

the 3rd (complete) specimen appear to be of the Fresno type. Measurements are as 

follows: 

L MW MT 

Young-like 24 3.0 

Fresno-like 21 3.5 

Fresno-like 27 16 4.0 

MISCELLANEOUS STEMMED ARROW POINT (Fig. 6,w; 1 specimen) 

Description: This specimen is very similar in shape to the Montell dart point 

type, though it is considerably smaller and much thinner. It has a triangular blade 

(with one edge straight, and the other slightly convex) and a ssmall, expanding 

stem, split by a Y-shaped notch; slight barbs are present. It is 43 mm. long (esti¬ 

mated), with a maximum width at the shoulders of 23 mm., and a maximum thick¬ 

ness of 4 mm. (in some places, it is only 1.5 mm. to 2.0 mm. thick). The stem is 6 

mm. long, and 11.5 mm. wide at the base. 

OTHER CHIPPED STONE ARTIFACTS 

Several classes of chipped stone artifacts, in addition to dart and ar¬ 

row points, have been collected from the site. In describing several of 

these classes, functional names (such as knives, scrapers, etc.) have 

been applied, and while the artifacts so described may have served the 

connoted function, the terms are used merely as descriptive tools. 

The following groups of chipped stone artifacts are discussed in this 

section: Knives (Asymmetrical, Concave Base, Convex Base, Straight 

Base, Lanceolate), Scrapers (Nueces, Lunate, Cortex, Concave-Edged, 

Miscellaneous), Cores (Prepared Platform, Miscellaneous, Core- 

Choppers), Triangular Gouge-Scrapers, “Guadalupe” Gouges, Drills, 

Form 1 Bifaces, Small Beveled-Base Bifaces, Small Triangular Bifaces 

(Forms 1 and 2) and Large, Thin Biface Fragments. 

KNIVES 

ASYMMETRICAL KNIVES (Figs. 7, a-c; 4 specimens) 

Description: These knives are characterized by one convex blade edge and one 

straight (or just slightly convex) blade edge; all exhibit crude workmanship. The 

bases of 3 are rounded, while the 4th has a straight base. Three are bifacially chipped, 

and the other is a thin flake that is marginally retouched along the blade edges on 

one face only. 

The specimens range in length from 36.5 mm. to 48.5 mm. Maximum width is 

from 15.5 mm. to 24.5 mm., and maximum thickness varies from 5.5 mm. to 8.5 mm. 

CONCAVE BASE KNIVES (Fig. 7, d-e; 6 specimens) 

Description: All are incomplete; one large triangular specimen (with a V-shaped 

basal edge and convex blade edges) lacks only the distal tip. It is 65 mm. long 
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Fig. 7. a-c, Asymmetrical Knives; d,e, Concave Base Knives; f-l, Convex Base Knives; 

m-o, Straight Base Knives; p-r, Lanceolate Knives. 
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(estimated), with a maximum width of 30 mm. and a maximum thickness of 10 mm. 

The other specimens are basal fragments representing knives with both lanceolate 

(3) and triangular (2) outlines. The concavity of the base is only slight on all of 

the specimens, and all but one are very crude. Of these 5 specimens, basal width 

varies from 27.5 mm. to 39 mm., and maximum thickness ranges from 7.5 mm. to 

9.5 mm. 

CONVEX BASE KNIVES (Fig. 7, f-i; 26 specimens) 

Description: All but one are fragmentary; they are bifacially-chipped and are 

generally quite crude. The basal edges vary from slightly convex to well-rounded. 

The complete specimen is triangular in outline, with convex lateral edges. Though 

the others are fragmentary, 12 seem to have had trianguloid outlines, and 12 seem 

to have been lanceolate, with the widest part of the specimen near midsection. 

Though the specimens' are too damaged for any meaningful length measurements, 

maximum length probably ranged from 41 mm. to 75-80 mm. Maximum width 

varies from 23 mm. to 43 mm., and maximum thickness is from 5.5 mm. to 11.5 mm. 

STRAIGHT BASE KNIVES (Fig. 7, m-o; 13 specimens) 

Description: All but one are basal fragments. The single complete specimen has 

parallel blade edges for about 13 mm. above the base, and then the blade becomes 

triangular with straight edges. This specimen is 52 mm. long, 32 mm. wide at the 

base, and has a maximum thickness of 8.5 mm. Ten of the other specimens are 

quite .crude, with straight (or just barely convex) basal edges, and triangular (6) 

or lanceolate (4) outlines. They range in basal width from 23 mm. to 44 mm., and 

in maximum thickness from 5.5 mm. to 11 mm. The remaining 2 straight base 

knives have triangular outlines and are thin and finely chipped. They are 62 mm. 

and 85 mm. (estimated) in length, with basal widths of 34.5 mm. and 35.5 mm., 

and vary in thickness from 6 mm. to 7 mm. 

LANCEOLATE KNIVES (Fig. 7, p-r; 6 specimens) 

Description: This is a group of crudely-chipped artifacts, generally lanceolate in 

outline, with straight or convex bases; the base of one is almost pointed. Two lack 

the distal tips of the blades. Length ranges from 52.5 mm. to 72.5 mm., maximum 

width is at the midsection and varies from 23 mm. to 27 mm.; maximum thickness 

is from 8 mm. to 16.5 mm. 

SCRAPERS 

NUECES SCRAPERS (Provisional new type; Fig. 8, a-f; 17 specimens) 

Description: This is a series of artifacts with a distinctive trapezoidal outline. The 

edges of the specimens are usually straight to convex; the widest side is steeply 

beveled, and use marks along this beveled edge indicate that it may have been em¬ 

ployed in scraping or cutting activities. They are plano-convex in cross section; 13 

are bifacial and 4 are unifacial. Unlike many of the other scrapers from the site, no 

nodular cortex remains on any of them. Length ranges from 27 mm. to 47 mm.; 

maximum width (measured along the scraping edge) is from 33 mm. to 50 mm., 

and maximum thickness varies from 7 mm. to 11.5 mm. 

This local type is found primarily on sites in the northern part of south Texas. 

Hester (ms.,b) has described a number from site 41 MC 1 in northern McMullen 

County. They have also been observed in collections from Dimmit and Zavala 

Counties (J. W. House, personal communication). 
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LUNATE SCRAPERS (Fig. 8, g-j; 15 specimens) 

Description: These specimens are roughly lunate (or occasionally crescentic) in 

outline, with plano-convex cross sections. The widest (“bit”) edge varies from 

straight to concave, and is always steeply beveled; the opposite edge is convex and 

rarely shows evidence of use. Nine are essentially unifacial, while the others are 

bifacially worked. There are remains of cortex on the dorsal (convex) face of 7 

specimens. Length (along the beveled edge) ranges from 23 mm. to 43 mm., maxi¬ 

mum width is from 15 mm. to 28 mm., and maximum thickness is from 6 mm. to 

11 mm. They are widespread in southern Texas, occurring on sites in Dimmit and 

Zavala Counties (Hester, 1967b: 6; Texas Archeological Research Laboratory col¬ 

lections), McMullen and Webb Counties (Hester, ms. b), and Duval County (Hester, 

ms. c). 

CORTEX SCRAPERS (Fig. 8, k, 1; 14 specimens) 

Description: These are scrapers made on cortex flakes; most have ovate to sub- 

triangular outlines. All are unifacial and plano-convex in cross section. On most, 

there is a steeply chipped scraping edge on the convex (dorsal) face, flaked from 

the flat (ventral) face. This scraping edge varies from little more than slight retouch 

(on 4 specimens) to a well-chipped, pronounced edge showing ample evidence of 

use. On all, much of the original nodular cortex is retained; one specimen appears 

to have been made from a fragment of a quartzite mano. Length varies from 34 mm. 

to 81 mm. and maximum thickness is from 10 mm. to 25 mm. 

CONCAVE-EDGE SCRAPERS (Fig. 9, a-c; 6 specimens) 

Description: One or more concave edges, showing marked retouch, are present 

on irregularly-shaped flakes. Several of these concave edges show considerable evi¬ 

dence of use. This artifact form is often referred to in the archeological literature as 

“spokeshaves.” Three are bifacially chipped and the others are unifacial. Length (of 

the specimens) ranges from 33 mm. to 67 mm., maximum width is from 30 mm. to 

45 mm., and maximum thickness varies from 8.5 mm. to 20.5 mm. The concave 

edges on the specimens range in length from 21 mm. to 53 mm. 

MISCELLANEOUS SCRAPERS (Fig. 9, d-i; 53 specimens) 

Description: This group includes a variety of scraping or cutting tools with a 

multitude of shapes, varying from ovate or disc-shaped to subtriangular, and asym¬ 

metrical. Most are very crude, with ill-defined scraping edges; others are side- 

scrapers with one steeply beveled edge. A few are made from thin flakes, steeply 

retouched on one or more edges. Most are bifacial and many retain patches of the 

nodular cortex. 

One specimen is a large end-scraper. It is ovate in outline, with a plano-convex 

cross section. The end opposite the striking platform (which remains as nodular 

cortex at the proximal end) is convex and has a crude cutting edge showing con¬ 

siderable wear. The ventral (bulbar) face is mostly unmodified. It is 68 mm. long, 

with a maximum width of 43 mm., and a maximum thickness of 18 mm. 

CORES 

PREPARED PLATFORM CORES (Fig. 9, k; 5 specimens) 

Description: These are irregularly-shaped artifacts, with 4 retaining portions of 

the nodular cortex. Two of the cores are quite small, probably representing ex¬ 

hausted specimens. A flake was removed from each specimen, forming a planar 
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Fig. 8. a-f, Nueces Scrapers; g-j, Lunate Scrapers; k,l, Cortex Scrapers. 



Fig. 9. a-c, Concave-Edge Scrapers; d-i, Miscellaneous Scrapers; j, Miscellaneous Core; 

k, Prepared Platform Core. 
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area (or platform) from which other flakes were struck. Flakes have been removed 

from all sides of 3 specimens, and along approximately % of the circumferences of 

the other 2. Maximum diameters vary from 43 mm. to 71 mm. 

MISCELLANEOUS CORES (Fig. 9, j; 22 specimens) 

Description: Most of these are small, irregularly-shaped, depleted specimens, 

30 mm. to 40 mm. in maximum diameter. A few are large specimens (circa 75 mm. 

in length) from which random flakes have been removed. 

CORE-CHOPPERS (Fig. 10, a; 5 specimens) 

Description: This group includes rather large nodules of flint (as well as one 

quartzite and one basaltic) nodules from which a number of flakes have been 

removed, leaving a sinuous chopping (or cutting) edge. On one specimen, this edge 

extends around the entire circumference, and shows a great deal of wear; evidence 

of use is much less apparent on the other specimens. Patches of cortex remain on 

one or both faces. Length ranges from 68 mm. to 100 mm., and maximum thickness 

varies from 30 mm. to 54 mm. 

TRIANGULAR GOUGE-SCRAPERS (Fig. 10, b-h; 37 specimens) 

Description: All of these specimens have triangular outlines, with a steeply- 

beveled straight to slightly convex distal edge (or bit). Sixteen are bifacially- 

chipped, and have biconvex to plano-convex transverse cross sections. The longi¬ 

tudinal cross section of most resembles a scalene triangle. These specimens fit well 

within the range of Ray’s (1941: 153-154) “Clear Fork 1” category. While on most 

specimens there is considerable evidence of use along the beveled edge, one specimen 

exhibits wear at both the proximal and the distal (bit) ends; in addition there are 

some smoothed areas along the lateral edges. There is a range in length from 43 mm. 

to 67 mm., in maximum width (at the basal, or bit, end) from 31 mm. to 51 mm., 

and in maximum thickness from 11 mm. to 25 mm. 

Twenty-one other specimens (a number of which are fragments) are similar to 

the artifacts described above, but the flat (ventral) face is unmodified. Ray (1941: 

154-155) has called these “Clear Fork 2” or “Planer Gouges.” More recently, 

Nunley and Hester (1966: 238) have applied the term Dimmit scrapers to this 

particular artifact form. This unifacial variety is much more common in the in¬ 

terior of southern Texas (Hester, ms. b) and in counties along the Rio Grande 

(Dimmit, Webb, Maverick, Starr, and Zapata). Measureable specimens range in 

length from 34 mm. to 63.5 mm., in maximum width from 33.5 mm. to 51.5 mm., 

and in maximum thickness from 10.5 mm. to 21 mm. 

“GUADALUPE” GOUGES (Fig. 11, a-d; 4 specimens) 

Description: The “Guadalupe” gouge has never been defined, and the term is 

derived from an informal name proposed by T. N. Campbell (the term “Attwater” 

has also been informally used). Of the specimens considered below, only 2 appear 

to be good examples of this peculiar artifact form (based on comparisons with speci¬ 

mens from the Morhiss site, Victoria County, Texas: Texas Archeological Research 

Laboratory Collections). The other 2 are better classed as “Guadalupe-like”; there 

is pronounced smoothing along one lateral edge of one of these. 

In outline, they are generally lanceolate to rectanguloid, with plano-convex cross 

sections. The distal end of each specimen has been truncated, forming a fracture 

plane transverse to the long axis (at about a 45° angle). On the dorsal (convex) 

face, a number of short longitudinal flakes have been struck from the edge of this 
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Fig. 10. a, Core-Chopper; b-h, Triangular Gouge-Scrapers. 
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transverse flake scar. The flat (ventral) face remains essentially unmodified. Cortex 

is present at the proximal end of 2 of the specimens. 

The classic “Guadalupe” specimens range in length from 32 mm. (this specimen 

appears to have been broken and then reworked at the proximal end) to 64.5 mm., 

in maximum width from 24.5 mm. to 21 mm., and in maximum thickness from 

13 mm. to 22.5 mm. The other 2 have lengths of 54 mm. and 75 mm., with maximum 

width varying from 32 mm. to 34 mm., and maximum thickness ranging from 16.5 

mm. to 15 mm. 

DRILLS (Fig. 11, e-g; 3 specimens) 

Description: Only one of the specimens is complete. It is trianguloid in outline, 

with a convex (almost U-shaped) base, and convex blade edges. The drill shaft is 

thick (4 mm. to 6 mm.), and near the tip the edges are dulled from use. The speci¬ 

men is 52 mm. long, 24 mm. wide at the base, and has a maximum thickness of 

9 mm. The 2nd specimen has a rounded base, which is crudely flaked. The distal 

part of the drill shaft is broken; the remaining portion is thick (7 mm.) and has a 

diamond-shaped transverse cross section. The length of the specimen is 54 mm., 

maximum width is 37 mm., and maximum thickness is 11 mm. The 3rd specimen is 

a shaft fragment; it is rather thin (4 mm.) and well-chipped. 

FORM 1 BIFACES (Fig. 11, h, i; 3 specimens) 

Description: Two have lanceolate outlines, while the outline of the 3rd is sub- 

triangular. The blade edges are convex, as are .the bases; the distal edges of 2 are 

angular, and one is straight. They have biconvex cross sections. The basal edges are 

sloped, and have a scooped-out appearance. There are signs of wear on all edges 

(proximal, distal, and lateral) of all of the specimens. They closely resemble “Clear 

Fork Gouge 3” (Ray, 1941: 158; Plate 28). 

Length varies from 62.5 mm. to 84 mm., maximum width is from 31 mm. to 39 

mm., and maximum thickness ranges from 17 mm. to 21 mm. 

SMALL, BEYELED-BASE BIFACES (not ilius.; 3 specimens) 

Description: These are small triangular bifaces, with steeply beveled basal edges. 

They probably represent distal fragments of dart points or knives that have been 

reworked along the break. Hester (1968a) has described a form of beveled-base 

implements (called Olmos bifaces) which occur with some frequency in sites in the 

interior of Kleberg County. They also occur on sites in eastern Duval County, and 

in Jim Wells County (Hester, ms. c; Texas Archeological Research Laboratory Col¬ 

lections). Of the specimens described here, only one specimen fits the Olmos biface 

classification. 

There is a range in length from 25 mm. to 37 mm., in maximum width from 

17 mm. to 34 mm. and in maximum thickness from 4 mm. to 8.5 mm. 

SMALL TRIANGULAR BIFACES, FORM 1 (Fig. 12, a-f; 6 specimens) 

Description: This is a rather uniform series of 6 triangular artifacts, bifacially 

chipped with plano-convex transverse cross sections, and with longitudinal cross 

sections resembling a scalene triangle. The basal edges vary from sloped to steeply 

beveled. In all, these specimens resemble a diminutive form of the triangular gouge- 

scrapers (“Clear Fork” variety) described previously. 

Length ranges from 30 mm. to 40 mm., maximum width varies from 29 mm. to 

35 mm. and maximum thickness is from 8 mm. to 11 mm. 
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Fig. 1 1. a-d, “Guadalupe” Gouges; e-g, Drills; h,i, Form 1 Bifaces; j,k, Large Thin 

Biface Fragments. 
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Fig. 12. a-f, Small Triangular Bifaces, Form 1; g,h, Small Triangular Bifaces, Form 2; 

i, Mano. 
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SMALL TRIANGULAR BIFACES, FORM 2 (Fig. 12, g,h; 2 specimens) 

Description: Both are trianguloid, with straight lateral edges and a convex, 

steeply-beveled base. The distal end of one is reworked to a convex edge, while the 

distal end of the other is missing. They have biconvex cross sections. Lengths are 

33 mm. (broken) and 37 mm., maximum widths are 26 mm. and 26.5 mm. (at the 

base), and maximum thicknesses are 9 mm. and 7 mm. These artifacts also seem to 

be a small version of the triangular gouge-scrapers. 

GROUND STONE ARTIFACTS 

A single ground stone artifact, a rna.no, was recovered from the site. 

It is described below. 

MANO (Fig. 12, i; 1 specimen) 

Description: It Is roughly ovate in outline, and is made from quartzite. One end 

is flattened, and is about 38 mm. to 39 mm. thick; the specimen tapers to a thickness 

of 23 mm. at the other end. The specimen has been smoothed extensively, and grind¬ 

ing facets are present on both faces; the edges show evidence of battering, probably 

indicating an alternate use as a hammerstone. The overall length is 92 mm., with a 

maximum width of 72 mm. and a maximum thickness of 39.5 mm. 

LARGE, THIN BIFACE FRAGMENTS (Fig. 11, j,k; 2 specimens) 

Description: These are the distal/proximal ends of large bifaces that exhibit good 

workmanship and considerable thinning. In outline, these artifacts were probably 

ovate, and may have functioned as knives. They are 5.5 mm. and 8.5 mm. in maxi¬ 

mum thickness. 

OTHER LA SALLE COUNTY SITES 

Collections have been made from several sites in the vicinity of the 

Oulline Site. In order to give a better, overall view of the archeological 

materials in the area, these sites are briefly described below: 

41 LS 1 (Cadenhead Site). This site lies south of 41 LS 3, about 8 

miles north of Cotulla. Archeological debris has been exposed in a 

sandy field (and adjoining pasture) on a hill. A number of arrow 

points have been found, including: ScaUorn (26), Perdiz (13), Young 

(2), and Fresno (4). Dart point types are represented by Desmuke 

(21), Frio (4), Dari (4), Tortugas (14). Nine unclassified stemmed 

dart points were collected, along with a unifacial triangular gouge- 

scraper, a metate, triangular bifaces (17), and a number of ovate and 

lunate bifaces and unifaces. 

41 LS 4 (Tyler Site). The site is located on a small hill just north¬ 

west of the old Gardendale townsite, 6 miles north of Cotulla. The site 

has been root-plowed and much cultural debris has been revealed. 

Projectile points include: Desmuke (21), Matamoros (9), Tortugas 

(12), Frio (7), Ensor (5), Paisano-\i\e (2), Dari (3), ScaUorn (4), 
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and Carrizo (1). Other artifacts include 3 drills, several scrapers, 8 

convex-base knives, 2 large knives, and many biface and uniface 

fragments. 

41 LS 5 (Southmayd Site). Just west of 41 LS 3, gullying and sheet 

erosion have exposed considerable debris in a sandy field. Though once 

heavily cultivated, the field has lain fallow for the past 15 years. Dart 

points collected from the surface of this site include: Tortugas (12), 

Catan (2), Desmuke (9), Ensor (4), Fairland (3), Palmillas (2) and 

Frio (3). Dart points resembling the Langtry (3), Meserve (1), and 

Paisano (1) types were also found. Two Perdiz arrow points are the 

only indications of Neo-American occupation at the site. Other arti¬ 

facts found were triangular knives (11), miscellaneous scrapers (16), 

ovate knives (19), and miscellaneous unifacial and bifacial tools. 

41 LS 6 (Bull Site). The site is located 6 miles north of Cotulla, just 

north and slightly west of the Tyler Site. Artifacts and other occupa¬ 

tional debris have been found in a small field. Projectile points include: 

Scallorn (2) arrow points, and Frio (1), Desmuke (8), Fairland (1), 

Langtry (1), and Carrizo (1) dart points. Other artifacts are drills (2), 

ovate and triangular scrapers (8), large knives (2), and choppers (3). 

The basal fragments of 3 unidentified stemmed dart points were also 

recovered. 

41 LS 7 (Kelly Site). This site has 2 different areas. Area A is located 

on a high caliche hill, while Area B is in a field at the foot of the hill; 

the site is due west of 41 LS 4. In Area A, the following artifacts have 

been recovered: Frio (1), Ensor (1), Tortugas (1), and Shumla (1), 

dart points and 2 knives. Area B has yielded Desmuke (5), Ensor (4) 

and Tortugas (1) dart points, as well as 5 knives. 

41 LS 8 (Gardendale Site). Artifactual debris has been exposed by 

roadbed erosion at the old Gardendale townsite 6 miles north of Cotulla. 

The collection from the site contains Fairland (1), Dari (1), Desmuke 

(4), Bulverde (1), Yarbrough-like (1), Abasolo (1), Marcos (1), and 

Carrizo (1) dart points. Other artifacts are a drill, 2 knives, and a 

number of bifacial and unifacial implements. 

SUMMARY AND CONCLUSIONS 

Archeological materials found on the surface at the Oulline Site 

(41 LS 3) in northern La Salle County have been described in detail. 

Artifacts found at 6 sites near Oulline have been briefly mentioned. 

The artifact assemblage at the Oulline Site is dominated by Archaic- 

style dart points. The major types (in order of their frequency) are: 

Tortugas, Desmuke, Matamoros, and Catan. Other types represented 

include: Abasolo, Angostura, Bulverde, Carrizo, Edgewood, Ellis, 
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Ensor, Fairland, Frio, Langtry5 Pandora, Pedernales, and Yarbrough- 

like. There are also a number of stemmed dart points which can 

not be placed within the existing taxonomy. Arrow points are repre¬ 

sented by Cliffton, Scallorn and Perdiz, as well as some triangular 

specimens and an unclassified stemmed arrow point. Nearby, arrow 

points (Scallorn and Perdiz) dominate the projectile point assemblage 

at the Cadenhead Site (41 LS 1), though a few dart points are also 

present. Dart points predominate at the Tyler Site (41 LS 4), the 

Southmayd Site (41 LS 5), the Bull Site (41 LS 6), the Kelly Site 

(41 LS 7), and the Gardendale Site (41 LS 8); their projectile point 

assemblages differ little from the Oulline Site, except that smaller 

samples are present. Only at the Tyler Site and the Southmayd Site are 

arrow points present and then only in small numbers. 

Table 1 

Provenience of Projectile Points by Site: 41 LS 1, 3, 4, 5, 6, 7, and 8 

Type: LS 3 LS 1 LS 4 LS 5 LS 6 LS 7 LS 8 Totals 

Abasolo 5 1 6 
Angostura 2 2 

Bulverde 2 1 3 
Carrizo 1 1 1 3 
Catan 9 2 11 

Dari 4 3 1 8 

Desmuke 15 21 9 8 5 4 62 
Edgewood 4 4 

Ellis 1 1 

Ensor 8 5 4 4 21 

Fairland 4 3 1 1 1 10 

Frio 5 7 3 1 1 17 
Langtry 4 3 1 8 

Marcos 1 1 

Matamoros 10 9 19 

Pandora 5 5 
Paisano-like 2 1 3 
Palmillas 2 2 
Pedernales 6 6 
Shumla 1 1 

Tortugas 43 14 12 12 1 82 

Yarbrough 1 1 2 
Cliffton 1 1 
Fresno (triangular) 3 4 7 
Perdiz 3 13 5 21 
Scallorn 7 26 4 37 
Young 2 2 
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A tabulation of the projectile points at these 7 sites is presented (see 

Table 1). In reviewing that table, it can be seen that there are several 

dart point types that stand out as characteristic of this area. These are: 

Catan, Desmuke, Ensor, Fairland, Frio, Matamoros and Tortugas. 

Desmuke and Tortugas are by far the most common. Arrow points 

were found at 4 of the 7 sites; Scallorn is predominant, followed by 

Perdiz and Fresno (or triangular). Specimens conforming morpho¬ 

logically to the Young type, and those of the Cliff ton type, are poorly 

represented. No pottery has been reported from these sites though it 

has been found at the Storey Ranch Site (41 LS 1) in southern La Salle 

County (Hester, 1968c: 9). The Angostura specimens may represent 

early occupations at the Oulline Site, but it is possible that this form 

survived into later (Archaic) times in southern Texas [see a discussion 

of the problems presented by Paleo-Indian points in Archaic sites in 

Suhm, et aL, 1954.] Hester (1967a; 1968b; ms. a) has noted plainview 

and Angostura specimens found at south Texas sites where Archaic- 

style dart points predominate; however, earlier Paleo-Indian forms 

(such as Folsom) are also found in similar situations in this area 

(Hester, 1968b). 

Though projectile point sequences have been proposed for adjoining 

regions, in Trans-Pecos (Johnson, 1964) and Central Texas (Sorrow 

et al., 1967), and in northeastern Mexico (MacNeish, 1958), it 

would be hazardous to apply them to this region without excavated 

data. Suhm, et al. (1954: 138) have suggested that an Archaic-style 

lifeway existed in southern Texas from after Paleo-Indian up through 

Historic times. They go on to suggest that perhaps “Indians of the 

Coahuiltecan linguistic family occupied Southwest Texas . . . for sev¬ 

eral thousand years, never progressing beyond the simplest sort of 

existence . . (p. 138). This suggests that southern Texas did not see 

marked changes in projectile points styles through time. That there 

was contact with the Trans-Pecos and Central Texas Archaic is sug¬ 

gested by the presence of stemmed dart points in the northern part of 

the area; and, there may have been subtle changes or preferences 

through time in regard to the various unstemmed forms which pre¬ 

dominate in the area. However, with only surface materials to work 

with at the present, we should avoid guesswork regarding projectile 

point sequences in the region. It probably holds true in Southwest 

Texas, as in other parts of the state, that arrow points were the latest 

projectile point forms to appear. Many of the smaller dart points found 

here could have easily been used on arrow shafts and may have sur¬ 

vived along with the arrow point forms. Suhm, et aL (1954: 142) have 

stated that a “Neo-American,, stage (as they define it on p. 20) did 
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not exist in Southwest Texas, since pottery and agriculture were ab¬ 

sent. While we still have no new data concerning agriculture in the 

area, a recent study has noted that pottery is widespread in Southwest 

Texas, and that much of it may be indigenous (Hester, 1968c). 

Although we have no excavated data to work with, one major con¬ 

tribution that can be made at present is a study of the areal distribu¬ 

tions of various projectile point types in Southwest Texas. Toward 

this goal, the projectile point assemblage from Oulline and surround¬ 

ing sites has been compared with other areas of southern Texas 

(Table 2). Both the presence and importance of the various types have 

been indicated. In the northern part of Southwest Texas (northern La 

Salle, Dimmit, and McMullen Counties) major dart point types in¬ 

clude: Desmuke, Ensor, Frio, Langtry? Matamoros, and Tortugas. To 

the south (southern Dimmit County, Webb, and Starr Counties) sev¬ 

eral of these types, such as Matamoros, Desmuke, and Tortugas, 

remain dominant, but Abasolo and Catan also appear and the stemmed 

or side-notched points almost drop out of the picture. The stemmed 

and side-notched types are represented by 16 forms (3 of which are 

dominant) in northern Southwest Texas, while only 7 forms (all 

minor) are present in southern areas of the region. This phenomenon 

was first suggested by Nunley and Hester (1966: 251) but not in the 

detail presented by this paper. With further study, it will probably be 

seen that there are rather distinct localizations of certain dart point 

forms. Already, one such concentration has been reported. The 

Carrizo type (House and Hester, 1963; 1967: 9; Nunley and Hester, 

1966: 252) is a localized dart point type found primarily in Frio, La 

Salle, Zavala, and Dimmit Counties. Generally only a few specimens 

are found at any one site. Suhm, et al. (1954: 416) suggested that 

Desmuke was “most frequent along middle parts of Frio and Nueces 

River valleys, decreasing southward toward lower Rio Grande.” With 

the present data, the distribution of the type can be further refined. 

The Desmuke type seems to be concentrated in southern La Salle 

County (though it does extend into northern La Salle) where the 

county adjoins Webb, Duval, and McMullen Counties. The type is 

scattered over much of the rest of southern Texas, but its main point 

of concentration seems to be the area outlined above (Hester, ms.b). 

We should also consider the non-projectile point assemblage at the 

Oulline Site. There are a variety of knives, scrapers, cores, and other 

implements. These have received such scant attention in the past that 

little can be said about their distribution or their temporal placement. 

However, certain of the scrapers and gouge-scrapers are common in 

the assemblages at many Southwest Texas sites. A provisional local 
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Table 2 

A Comparison of Projectile Point Types From Various Areas of South Texas 

Type: 
LaSalle 
North 

Dimmit1 
North 

LaSalle2 
South 

Dimmit 
South 

McMullen3 
North Webb4 Starr5 

Abasolo X X6 X 
* 

X 
* * 

Angostura X X X X X 

Bulverde X X X • 
Carrizo X X 

Catan X X * * X X 

Dari X 

Desmuke * * * 
X 

* 
X 

Edgewood X 

Ellis X 

Ensor * * X X 

Fairland X X X X 

Frio * * 
X 

Kent X 

Langtry X * X X X 

Lerma X X X X 
* 

Marcos X 

Matamoros * * * 
X X 

* * 

Pandora X X X 

Paisano-like X 

Palmillas X X 

Pedernales X X X 

Plain view X X 

Shumla X X X 

Tortugas * * 
X 

* * * * 

Y arbrough-like X 

Montell X 

Uvalde X 

Williams X 

Cliffton X 

Fresno (triangular) X 

Perdiz * * 
X 

Scallom * * * 

x =type present. 
* = major type. 
1 Nunley and Hester, 1966. 
234 Hester, xns.b. 
5 Weir, 1956. 
0 Nunley and Hester, 1966, grouped Catan and Abasolo together in their distribution table, p. 249. 

scraper type has been proposed in this paper. The Nueces scraper has 

a particularly distinctive form and has been noted in several areas of 

southern Texas (see description). The lunate scrapers are also a very 

distinctive form in southern Texas, but since additional data are being 

gathered on them at the present, a type designation has not yet been 

proposed. The triangular gouge-scrapers present a number of problems. 
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There are both bifacial and unifacial forms; the bifacial specimens fit 

well into Ray’s “Clear Fork Gouge 1” type. The unifacial specimens 

seem to be more common in southern Texas (Nunley and Hester, 

1966: 249; Hester, ms.b), and have been called Dimmit scrapers by 

Nunley and Hester (1966: 238) to separate them from the generalized 

“Clear Fork” amalgamation of Ray (1941: 152-162). The section in 

this paper concerning the “Other Chipped Stone Artifacts” illustrates 

the myriad of both bifacial and unifacial tools that are present on sites 

in Southwest Texas. The total assemblage of tools reveals a hunting 

and gathering economic pattern for the prehistoric inhabitants at Oul- 

line and the surrounding sites. From the brief ethnographic discussion 

at the beginning of this paper, we know that Coahuiltecan groups were 

in the region in historic times. They still retained an Archaic-style sub¬ 

sistence pattern when first encountered by the Spanish (Newcomb, 

1961). Since no reliable method has yet been suggested for linking the 

artifact assemblage of the historic Coahuiltecans with their prehistoric 

ancestors, it is impossible to ascertain if these historic peoples ever 

occupied the Oulline Site. The site probably began to be occupied in 

Late Paleo-Indian or Early Archaic times, and was visited intermit¬ 

tently throughout the Archaic and into the late prehistoric period. The 

site presently covers a large area (around 40 acres) all of which has 

been farmed for many years, thereby disturbing and scattering the 

occupational debris. Thus, if any intrasite artifact concentrations were 

once present, they have since been eradicated. Most probably, the site 

represents a preferred camping area visited by one or more nomadic 

hunting-and-gathering groups during certain times of the year, per¬ 

haps to exploit certain food resources in the immediate vicinity. 

We think it is proper to conclude this paper with a discussion of 

some of the problems presented by the archelogical materials in South¬ 

west Texas. A major one discussed here has been the areal distribution 

of projectile point types. There seems to be regional concentrations of 

various types, but this concept is still unclear. The senior author is cur¬ 

rently analyzing collections from McMullen, southern La Salle, and 

Webb Counties (ms.b), Duval County (ms.e) and Jim Wells County. 

Walter Wakefield is studying a sample of materials from McMullen 

and Live Oak Counties, collected during the Choke Canyon Reservoir 

Survey for the Texas Archeological Salvage Project. When these 

studies are complete, we should be able to say more about these local¬ 

ized projectile point types. 

Another major problem is the application of concepts (Suhm, et ai 

1954) of the 3 major prehistoric stages: Paleo-American (or Paleo- 

Indian), Archaic, and Neo-American. Early Paleo-Indian types 
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0Clovis, Folsom) are present in Southwest Texas (Hester, 1966: 2-3; 

1968: 117); later forms (such as Plainview and Angostura) are much 

more common, and, like the early types, are found on sites with as¬ 

semblages including Archaic-style dart points (Hester, ms.a). Did 

these types survive later in Southwest Texas, or did later Archaic 

peoples simply use the same camping areas or pick up the Paleo-Indian 

specimens to reuse or keep as “curios”? Since Suhm and others have 

talked of a simple, unchanging Archaic subsistence pattern existing in 

Southwest Texas for thousands of years, can we recognize changes 

through time using projectile points as markers, or were some types 

used throughout the prehistoric era without major modification? There 

are several arrow point types found on Southwest Texas sites. Appar¬ 

ently, the bow and arrow was introduced to the area at much the same 

time it was being introduced over much of Texas. Did the atlatl (and 

dart points) continue along with the bow and arrow in Southwest 

Texas? Might not the smaller dart points have been hafted on arrow 

shafts, and used along with the arrow point forms? Though Suhm, et 

al. (1954) stated that pottery was absent in Southwest Texas, Hester 

(1968c) has since pointed out that it is rather widespread. The prob¬ 

lem remaining is whether or not this pottery is indigenous or whether 

it was made after Spanish instruction. Hester (1968c: 11) believed 

that most of it is aboriginal and that it may be the result of contacts 

with Neo-American Central Texas peoples. Finally, another major 

problem that needs to be considered is the complex of unifacial and 

bifacial tools. Can new local types be recognized? Do these have certain 

distributions within the region, and can we place them temporally? 

Their various technological aspects need to be examined, and micro¬ 

scopic studies need to be made to determine what parts of the tools 

were used and in what manner. Perhaps they, rather than projectile 

points, will enable us to recognize cultural divisions within the region. 

These are but a few of the problems facing those conducting research 

into the prehistoric cultures of southern Texas. Studies of surface ma¬ 

terials will help define, and perhaps answer, certain problems, but 

excavations will be necessary to deal with many others. 
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ABSTRACT 

Gambusia affinis females exhibited the greatest degree of sexual 

receptivity 1-3 days after parturition. Receptivity decreased until the 

12th day and, thereafter, leveled off at a very low degree of receptivity. 

Rrood intervals averaged 35 days under the experimental conditions. 

Male thrusting behavior correlates with the female receptivity cycle. 

The occurrence of female anal spot pigmentation was highest 1-12 

days after parturition. 

INTRODUCTION 

Numerous studies have been conducted on the reproductive behavior 

of poeciliid fishes. Many of these studies have described the mating 

behavior of the male. The present study presents data concerning 

female sexual receptivity in Gambusia affinis (Baird and Girard). 

Gambusia affinis is widely distributed from southern Illinois and 

Indiana southward to Florida and into Mexico. It has been introduced 

into California and elsewhere (Eddy, 1957). 

MATERIALS AND METHODS 

Specimens used in this study were collected on June 12, 1968 from 

Rull Creek, Travis County, Texas. All specimens used were sexually 

mature and the females had been impregnated in the wild. 

One quart plastic containers having a bottom slit enclosed by a fine- 

mesh catch-bag were used to house the females. One female G. affinis 

was placed in each container. A total of 24 females were used in the 

course of the experiment. 

Ten males were used for mating purposes. Aquaria were divided 

into compartments with opaque dividers. One male was housed per 

compartment. In mating experiments males were chosen by using a 

table of random numbers. 

The Texas Journal of Science, Vol. XXI, No. 2, November, 1969. 
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The females were checked once each 24 hours to see if a brood had 

been produced. The 24 hour period in which a brood was produced was 

considered day 0 in the reproductive cycle, the next 24 hour period 

day 1, etc. After brood production the females were periodically ex¬ 

posed to males to determine female receptivity. 

Four-gallon observation aquaria with transparent dividers were 

used. The female was placed on one side of the divider and the male 

on the other side. The divider was left in position for a minimum of 

30 minutes before being removed. The observation period started when 

the male first noticed the female after removal of the divider. Clark, 

et al. (1954) state that transferring both sexes to a 3rd location may 

delay the onset of sexual behavior. It is believed the 30 minute period 

allowed both male and female to adjust to the new surroundings and 

sexual activity was generally immediate upon removal of the divider. 

The observation periods were usually of 10 minutes duration. Data 

were recorded at 5-minute intervals. Three aspects of receptivity were 

recorded, (1) male thrusts per 5-minute period, (2) copulations, and 

(3) female receptivity which was ranked from 0-3 (0 being a total 

lack of interest in the male and 3 when copulation occurred). The 

presence or absence of an anal spot was noted for each female observed. 

No attempt was made to control the photoperiod. The room used 

contained windows so the natural photoperiod prevailed. The room 

temperature varied from 25 °C to 28°C. 

BROOD INTERVALS 

Gambusia affinis has brood intervals of about 30 days during the 

spring months and up to 85 days during the winter when kept in the 

laboratory and adequately supplied with food and warmth. Under 

natural conditions broods will be produced during the spring and 

summer but reproduction may cease during the winter (Turner, 1937). 

In the present study conducted at Austin, Texas during June and 

July, the average brood interval was found to be 35 days. Brood inter¬ 

vals ranged from 33 days to 39 days. 

COPULATIONS 

Copulation was observed only 4 times during the course of the experi¬ 

ment. These occurred on day 1(1), day 3(1), and day 8(2). Copulation 

was too infrequent to be of any consequence in determining female 

receptivity. 

FEMALE RECEPTIVITY 

Clark and Aronson (1951) suggested that female Lebistes reticulatus 

are at times more sexually receptive than at others. Rosenthal (1952) 
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stated that receptivity of female Lebistes reticulatus increases shortly 

after the birth of a brood. This is based on the fact that male fish tend 

to pursue more vigorously females that have just delivered young. The 

female is not always an unwilling partner during poeciliid courtship 

(Liley, 1966). 

Ranking of female receptivity (Table 1, Fig. 1) indicates the greatest 

Table 1 

Male thrusts, female receptivity, and copulations. 

Day after 
parturition 

Number 
of females 
observed 

Average male 
thrusts per 
5 minutes 

Average female 
receptivity Copulations 

0 11 1.5 0.7 0 

1 23 1.0 1.0 1 

2 16 0.7 0.7 0 

3 20 0.8 1.0 1 

4 18 0.4 0.6 0 

5 17 0.4 0.6 0 

6 12 0.3 0.6 0 

7 11 0.7 0.8 0 

8 17 0.5 0.5 2 

9 5 0.0 0.4 0 

10 6 0.3 0.2 0 

11 9 0.3 0.4 0 

12 11 0.2 0.2 0 

13 6 0.2 0.1 0 

14 8 0.2 0.0 0 

15 9 0.3 0.1 0 

16 5 0.4 0.2 0 

17 8 0.3 0.1 0 

18 7 1.2 0.6 0 

19 7 0.1 0.0 0 

20 4 0.3 0.0 0 

21 11 0.1 0.0 0 

22 3 0.2 0.0 0 

23 8 0.5 0.2 0 

24 8 0.2 0.0 0 

25 7 0.1 0.0 0 

26 5 0.4 0.2 0 

27 5 0.2 0.0 0 

28 6 0.3 0.0 0 

29 5 0.0 0.0 0 

30 4 1.0 0.3 0 

31 5 0.1 0.0 0 

32 5 0.0 0.0 0 

33 4 0.5 0.3 0 

34 1 0.0 0.0 0 
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degree of receptivity occurs 1-3 days after parturition. Thereafter, 

receptivity gradually decreases until about the 12th day when it levels 

off at a very low level. This is logical since fertilization in Gambusia 

occurs over a period of about 5 days, beginning about 7 days after the 

voiding of the last brood of embryos (Turner, 1937). 

THRUSTS 

According to Kadow (1954), gonopodial swinging and approach of 

the male show a positive correlation with the degree of female respon¬ 

siveness in the guppy, Lebistes reticulatus. Male thrusts were recorded 

(Table 1 and Fig. 2) on the supposition that there should be a positive 

correlation between male thrusting and female receptivity. 

An examination of Fig. 1 and Fig. 2 indicates a degree of positive 

correlation. The number of male thrusts is also greatest from day 1—3. 

Male thrusts also decline until day 12, but do not level off after day 

12 to the extent that female receptivity does. This may be due to active 

males thrusting even when the females are not particularly receptive. 

If the males had been presented a choice, the degree of thrusting in the 

latter part of the reproductive cycle may not have occurred. That is, 

if a male had been exposed to 2 females simultaneously, one female 

being in an early phase and one being in a later phase of the reproduc¬ 

tive cycle, courting of nonreceptive females may not have been as 

likely. Unfortunately time and logistics did not permit such a treat¬ 

ment in this study. 

Both Fig. 1 and Fig. 2 indicate a possible secondary cycle at days 

17-19. At best the evidence is inconclusive and can only be noted. 

ANAL SPOT 

Breder and Coates (1935) in their report on Lebistes reticulatus 

posed the question of how the male locates the genital pore and reported 

no hesitancy or any evidence of a trial and error method. It has long 

been known that many of the poeciliid fishes have an anal pigmen¬ 

tation spot which frequently seems to appear and disappear. It has 

often been surmised that the anal spot is present during female recep¬ 

tivity and is a “target” for male thrusting. 

The presence or absence of an anal spot was noted in each observa¬ 

tion conducted in this experiment. The per cent of females having an 

anal spot for each day after parturition has been graphed (Fig. 3). It 

is of interest to note that the highest occurrence of anal spots is from 

day 5-7. The occurrence of anal spots declines after day 12. Since 

female receptivity is greater and male thrusts are more frequent the 
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Fig. 1. Three-point running graph of female receptivity. 

DAYS AFTER PARTURITION 

Fig. 2. Three-point running graph of male thrusts. 
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Fig. 3. Three-point running graph of the per cent of females with an anal spot. 

first 12 days after parturition, this would indicate some correlation 

between receptivity and the presence of an anal spot. 

SIGNIFICANCE TO SURVIVAL 

A cycle of female receptivity would enhance survival of both males 

and females. In the normal environment there are numerous males 

and numerous females in all phases of the reproductive cycle. It would 

seem logical that males would court receptive females. Females that 

are pregnant and, therefore, non-receptive would not have to expend 

energy avoiding aggressive males. Gametes would be conserved since 

males would not be “wasting” sperm on previously impregnated 

females. Male survivorship would be enhanced since the male is prob¬ 

ably more susceptible to predation when courting. Natural selection 

would undoubtedly favor individuals with a genotype encompassing 

a receptivity cycle. 
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Bottom Fauna Studies of the Lower Sabine River 
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ABSTRACT 

Bottom fauna inhabiting the Lower Sabine River from Morgan Bluff 

to the Interstate 10 Bridge over the Sabine River were the subject of 

periodical sampling from the Summer of 1965 to the Spring of 1968. 

Lists of the various organisms found at different stations along the 

river are presented. The effects of salt water and bottom materials on 

the bottom fauna are discussed. 

INTRODUCTION 

Bottom fauna studies in the State of Texas and surrounding states 

are quite inadequate (Biglane and Lafleur, 1954; Harrel, 1966; 

Mathis, 1965). This is a very unfortunate situation for a number of 

reasons: 1. The size and climatic conditions of the Southwest allow 

considerable diversity among habitats; this could imply diversity 

among faunistic groups found in the various habitats. Detailed investi¬ 

gations of all these diverse habitats are necessary before distribution of 

bottom fauna can be determined with certainty. 2. Life history studies 

of bottom invertebrates of Texas are practically non-existent. Even 

though many of these life histories have been determined for organ¬ 

isms of the northern part of the U.S., it is possible that these cycles may 

differ in Texas. 3. Very little is known about the feeding or migration 

habits of those organisms found in the Southwest. 4. Some of the organ¬ 

isms found in this study were difficult to identify simply because all 

the taxonomic keys were designed for organisms found in other parts 

of the country. 
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2 Present Address: Environmental Science, University of North Carolina, Chapel 

Hill, North Carolina. 

3 Present Address: Biology Department, Virginia Polytechnic Institute, Blacks¬ 

burg, Virginia. 
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Investigations of the bottom fauna of the Lower Sabine River began 

in July, 1965 with subsequent sampling periods in August, 1966, Sep¬ 

tember, 1967, and April, 1968. The purpose of these investigations 

was to determine the biological condition of that portion of the river 

before and during the time that the Owen-Illinois Paper Manufactur¬ 

ing plant was discharging its waste into the river. The purpose of this 

report will be to enumerate the organisms found, discuss the habitat of 

the organisms, and point out particular effects of the environment 

upon the organisms. All of the organisms reported in this paper were 

collected before any waste from the paper mill had been discharged 

into the river, except those collected in the spring of 1968. 

LOCATION OF STUDY AREA 

Figure 1 is a map of the Lower Sabine River. The map indicates the 

locations of the various sampling sites plus distances between the sta¬ 

tions. All distances were measured from the Interstate 10 Rridge. 

Samples were taken in both Texas and Louisiana since the river forms 

the boundary between the 2 states. All sampling was in the extreme 

northwestern part of Orange County, Texas or the midwestem portion 

of Calcasieu Parish, Louisiana. 

THE DESCRIPTION OF STREAM AND SURROUNDING AREA 

That portion of the Sabine River investigated was subject to tidal 

actions (Rawson, et al., 1966). During extended periods of low flow a 

salt wedge moves up the river. The salt wedge moves along the bottom 

of the river with only a slight mixing of the fresh and salt water. The 

river had a light brown appearance which was due primarily to color 

and not turbidity. The pH of the water was usually neutral to slightly 

acid (Rawson, et al., 1966; U.S.G.S.) . During late summer and early 

fall an oxygen stratification was usually present, especially where the 

salt water had moved under the fresh (Rawson, et al, 1966). The 

stratification was in the form of a low concentration of dissolved oxy¬ 

gen on the bottom, probably a result of the combined effect of salt 

water and the river’s organic load. 

The river was about 70 to 80 feet across at Stations A and AR, about 

100 feet at Station B, and about 300 feet at Station C. Maximum depth 

at Station A was approximately 22 feet, at Station AB and B about 15 

feet, Station C, 30 feet. The bottom at Station A was composed of fine 

sand (would pass through #40 mesh seive) at 22 feet (mid-channel). 

At 6 feet and along the sides, silt, sand and decaying vegetation were 

present. The substrates at Station AB and B were like that at Station 
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Texas Louisiana 

Location of study area, Lower Sabine River. 

A except that a coarse sand was found at mid-channel (15 feet). At 

Station C very black muck was found at mid-channel. The muck was 

rich in organic materials and appeared to have an oily substance as¬ 

sociated with it. At 6 feet and along the sides, silt, sand, and decaying 

vegetation were also present. 

The segment of the river studied had both forest and marsh grass 

types of vegetation along the shore lines. The forest areas (Station A 

through B) were composed of cypress, oak, gum and other trees along 

with vines and grasses reaching to the edge of the river on both sides. 

Marsh grass and cypress trees were present at Station C. The area 

along both shores could be classified as swampy with numerous small 

tributaries draining into the river. The river contained many floating 

and non-floating logs all of which were in varied stages of decomposi¬ 

tion. Many turtles were observed in the river along with a few snakes. 

In addition, blue-green algae were observed growing in the very shal¬ 

low areas along the shoreline. 
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MATERIALS AND METHODS 

The bottom fauna investigated in this study were collected by one 

of the following devices. 

Petersen Dredge: The Petersen Dredge can be used in both quanti¬ 

tative and qualitative sampling since it samples one square foot. It has 

been adequately described by Welch (1948: 178). When the dredge 

was used, at least 3 dredge loads were obtained at each sampling site. 

Bottom Net: The Bottom Net can only be used for qualitative sampl¬ 

ing. The net is actually a rectangular bag 18" by 8" by 10" deep. It 

has nylon netting with muslin band and bottom. The net handle is 

approximately 6 feet long. When the net was used, it was placed on 

the bottom of the river and pulled toward the worker. 

The bottom fauna were collected in the following manner. Samples 

taken from different depths with the dredge were placed in separate 

No. 3 metal tubs. All samples taken along the sides of the river at each 

station were placed in a single tub. 

Immediately after collecting the bottom materials the samples were 

returned to the field station for sorting. Screening was done with #40 

mesh seives as described in Welch (1948: 300). All macroscopic 

organisms were picked from the seives with forceps. The organisms 

were then preserved in a formalin solution. The identification work 

was done with a Nikon 40X dissecting scope. 

Specific conductivity measurements were made with a conductivity 

meter (Beckman type BB Conductivity Meter) equipped with a 100 

foot cable so that direct measurement of conductivity could be obtained. 

This meter was also used to determine the location of the salt water 

wedge during sampling periods (Figure 2). 

RESULTS 

Tables 1 through 4 list the organisms found in the Lower Sabine 

River during the 1965, 1966, 1967 and 1968 sampling periods. These 

tables only show presence or absence of the various organisms. No 

attempt is made to show numbers or percentages. However, by the very 

nature of the tables, one notices a decrease in diversity of species from 

Station A to Station C. 

Figure 2 demonstrates the effect of the salt wedge on the bottom 

fauna. Little or no change occurred in the conductivity at Stations A 

or AB, or in the total number of organisms at Station AB. The obvious 

fluctuations in total number of organisms at Station A without fluctu¬ 

ations in conductivity may be explained by possible sampling errors. 

The data seems to bear this out since many organisms were found one 
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Fig, 2 

Effects of salt water wedge on bottom fauna. 

day and a few the next. However, at Station B where the conductivity 

change was drastic, a decrease in numbers of organisms occurred. 

Figure 3 shows the distribution of organisms at each sampling site 

during the April and May 1968 sampling period. At all stations fewer 

organisms were found in the deeper water than in the shallower water. 

The same situation was found during the Fall 1967 sampling period. 
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Frequently distribution of organisms at each station. 

DISCUSSION 

Numbers and types of organisms found in a body of water are pri¬ 

marily dependent upon the physical and chemical conditions of the 

body of water (Mackenthun and Ingram, 1967; Patrick, 1962). Under 

normal conditions where a number of factors are influencing an 

aquatic community, one finds a high diversity of species with a corre¬ 

spondingly low number of individuals (Harrel, 1966; Mackenthun 

and Ingram, 1967; Mathis, 1965). The reverse of this is true where 
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only one environmental factor is predominant. That is, a predominant 

factor may be conducive to the growth of one or 2 species over all other 

species (Biglane and Lafleur, 1954; Harrel, 1966; Mackenthun and 

Ingram, 1967; Mathis, 1965). In instances where the predominating 

Table 1 

Organisms Found at Station A 

1965 1966 1967 1968 

7-23 7-26 7-29 8-2 8-5 8-11 8-18 8-1 8-4 8-8 9-12 4-29 

Insects 

Hexagenia sp. X X. X X X X X X X X X 

Caenis sp. X 

Dromogomphus sp. X X 

Somatochlora sp. X 

Aphylla sp. X X 

Telebasis sp. X 

Hetaerina sp. X 

Macromia sp. X 

Enallagma sp. 

Gomphidae sp. 

Sialis sp. 

X 

X 

X 

Tendipes sp. X X X 

Chaoborus sp. X X 

Pentaneura sp. X X X X X X X X X X 

Probezzia sp. X 

Phyloeentropus sp. 

Psychomyia sp. 

X 

X 

X 

Hesperocorixa sp. X X 

Dubirathia sp. 

Unidentified sp. 

X 

(Curculionidae) X 

Crustaeceans 

My sis sp. X X 

Gammarus sp. 

Unidentified sp. 

X X X X X 

(Decapoda) 

Sphaeroma sp. 

Unidentified sp. 

X 

X 

(Decapoda) X 

Annelids 

Lumbriculus sp. X 

Branchiuris sp. X X 

Lycastoides sp. 

Naidium sp. 

X X X X 

X 

X 

Helobdella sp. 

Molluscs 

X X X 

Polymesoda sp. 

Uniomerus sp. 

X X X 

X 

X 
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environmental factors have been reduced to one or 2, the primary- 

causes of the reduction are usually artificial or natural pollution 

(Mackenthun and Ingram, 1967). 

Investigators of bottom fauna in estuarine areas are constantly con¬ 

fronted with what could be called natural pollution from marine water. 

This type of pollution is usually in the form of a salt wedge which 

moves along the bottom of the stream (Frolander, 1964; Hartel and 

Osterberg, 1967; Patrick, 1962). The high osmotic gradient between 

the salt and fresh water may become intense enough to destroy the 

bottom organisms normally found in a stream (Hartel and Osterberg, 

1967; Patrick, 1962). 

A salt water wedge was normally found in that portion of the Sabine 

River under investigation (Rawson, et al., 1966). The effects of a salt 

wedge are demonstrated quite clearly in the data presented (Fig. 2). It 

appeared that the decrease in bottom fauna at Station R (Fig. 2) was 

brought about by the increase of dissolved salts from the salt wedge. 

Table 2 

Organisms Found at Station AB 

1965 1967 1968 

7-26 7-29 8-2 8-5 8-11 8-18 9-14 4-30 

Insects 

Hexagenia sp. 

Macromia sp. 

Tendipes sp. 

Pentaneura sp. 

Probezzia sp. 

Chaoborus sp. 

Dubirathia sp. 

Notonecta sp. 

Hesperocorixa sp. 

Crustaceans 

Gammarus sp. 

Mysis sp. 

Annelids 

Lycastoides sp. 

Pristina sp. 

Lumbriculus sp. 

Helobdella sp. 

Molluscs 

Polymesoda sp. 

Mytilopsis sp. 

Unidentified sp. 

(Unioidae) 

X X X X X 

X X X X X 

X 

X X 

X X 

X 

X X 

XXX 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Other parameters measured at the time, that is, dissolved oxygen and 

temperature, varied very little among the 3 stations. It appears, there¬ 

fore, that during times of low stream flow, the salt water wedge be¬ 

comes the primary controlling factor over the bottom dwelling organ¬ 

isms in the stream. It is also possible that the primary means of repop¬ 

ulating those areas of streams influenced by the salt wedge is by stream 

flow dispersal. A high stream flow would accomplish 2 things. It would 

force the salt water from the stream bed and it would carry bottom 

organisms (Anderson and Lehmkuhl, 1968; Waters, 1962; 1965). 

Table 3 

Organisms found at Station B 

1965 1966 1967 1968 

7-23 7-26 7-29 8-2 8-5 8-11 8-18 8-1 8-4 8-9 9-13 5-1 

Insects 

Hexagenia sp. X X X X X X X X X 

Caenis sp. X 

Aphylla sp. X X 

Macromia sp. 

Unidentified sp. 

X X 

(Odonata) 

Sialis sp. 

X 

X X X X 

Probezzia sp. X 

Pentaneura sp. X X X X XXX X X X 

Tendipes sp. X X X X 

Chaoborus sp. 

Unidentified sp. 

X X 

(Tabanidae) 

Phylocentropus sp. 

Psychomyia sp. 

X 

X 

X 

Rhantus sp. 

Crustaceans 

X 

Gammarus sp. X X X X 

Mysis sp. X X 

Asellus sp. X 

Sphaeroma sp. 

Annelids 

X X 

Lycastoides sp. X ' X X X X 

Laeonereis sp. X 

Helobdella sp. X 

Lumbriculus sp. 

Naidium sp. X 

X 

Unidentified worms 

Molluscs 
X 

Polymesoda sp. X X X 
Mytilopsis sp. X 
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When the stream flow subsided, the organisms would settle to the bot¬ 

tom and reestablish themselves. 

The data presented in Tables 1 through 4 demonstrate the effect of 

various parameters on the sampling of bottom fauna. It is quite obvious 

that more organisms were taken in the 1967 and 1968 sampling periods 

than during 1965 and 1966. This can be explained by the fact that 

during the 1965 and 1966 sampling periods, more parameters were 

being investigated, i.e., phytoplankton, fish, and chemical analysis 

along with the bottom fauna. During the 1967 and 1968 periods only 

the bottom fauna were investigated, and thorough investigations were 

made of the bottom fauna. 

There was a definite reduction in species diversity or numbers be¬ 

tween Stations A and C. Station A was not subjected to the high salt 

concentrations of the other stations and had the highest number of 

species. The fact that Station B was closer to the salt water source than 

Station AB, but had a higher species diversity, was difficult to explain. 

However, this will be discussed later. It might be pointed out that the 

reduction in the number of species at Station AB was not due to the 

presence of paper mill waste at that station. The paper mill did not 

Table 4 

Organisms found at Station C 

1966 

8-1* 8-4 

1967 

8-9 9-15 

1968 

5-2 

Insects 

Hexagenia sp. X 

Aphylla sp. X 

Tendipes sp. X 

Pentaneura sp. X X 

Psychomyia sp. X 

Chaoborus sp. X X 

Crustaceans 

Gammarus sp. X X 

Sphaeroma sp. X 

My sis sp. X 

Unidentified sp. (Decapoda) X 

Annelids 

Lycastoides sp. X X 

Laeonereis sp. X X 

Unidentified sp. (Oligochaeta) X 

Molluscs 

Polymesoda sp. X 

* No organisms found at this station on 8-1-66. 
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start discharging effluent until November of 1967. Therefore, Station 

AB could not have been effected by the paper mill waste during the 

sampling periods prior to the spring of 1968. It might also be pointed 

out that the number of species collected during the spring period was 

higher than any of the other sampling periods at Station AB. 

The number of species at all stations (Tables 1-4) were higher dur¬ 

ing the spring sampling period of 1968 and the fall period of 1967. This 

could be due to a number of reasons. 1. A greater abundance of bottom 

organisms during spring could be attributed to life cycles of the bottom 

fauna. That is, many of these may develop from egg stages to the 

nymph, larval, or pupal stages during early spring. It may also be that 

many of these are organisms that become adult before early fall and 

consequently leave the river. However, since life cycle studies were 

not made of these organisms, this is supposition. 2. Increased flow of 

the river due to spring rains might also increase the number of species 

by transporting organisms from areas further up the river. Transpor¬ 

tation of bottom fauna by stream flow has been shown repeatedly 

(Anderson and Lehmkuhl, 1968; Waters, 1962; 1965). 

The types of bottom materials found in a stream play a primary 

role in distribution of bottom fauna (Jones, 1950; Percival and White- 

head, 1929; 1930; Sprules, 1947). In the area under investigation, the 

bottom materials at mid-channel were either coarse sand (Stations 

AB, B) black muck (Station C) or fine sand (Station A). These ma¬ 

terials are generally considered poor substrates for the development of 

diverse bottom fauna (Sprules, 1947). At all stations, a higher percent¬ 

age of organisms was found in shallower water (Fig. 3). The bottom 

in these areas was composed of sand, silt, and debris which are gener¬ 

ally considered ideal substrates for diverse bottom fauna populations 

(Jones, 1950; Minshall, 1967). A substrate such as this would provide 

an abundant amount of food material for debris feeding organisms. 

Most of the organisms found are considered debris feeders (Jones, 

1950; Minshall, 1967). 

A sandy, silty bottom covered with debris is conducive to the de¬ 

velopment of burrowing bottom fauna populations (Jones, 1950; Min¬ 

shall, 1967). This type of bottom fauna tends to inhabit slow moving 

streams or lakes and ponds. Station AB is located in a narrower portion 

of the river than Station B but the depths of the 2 stations are about the 

same. This means that the stream is flowing faster at Station AB than 

at Station B. A more rapid stream flow would tend to reduce the type 

of bottom fauna population found in the river. This may explain some¬ 

what the reduction of species diversity between Station AB and B. 
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SUMMARY 

1. A biological survey of the Lower Sabine River from 1965 to 1968 

was performed in order to determine the types of bottom fauna present. 

2. A salt water wedge which moved up the river periodically greatly 

influenced the bottom fauna population. 

3. Type of substrate material appeared to influence to a certain ex¬ 

tent the bottom fauna population. 

4. It is proposed that the periodic high flows of fresh water are in¬ 

strumental in flushing out the salt water and repopulating portions of 

the river. 
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ABSTRACT 

Serial semen samples were obtained by electro ej aculating chin 

chillies. The electrical stimulus was varied according to the animals' 

reactions and ejaculation was obtained in every instance. Fourteen 

animals were ejaculated at weekly intervals for 12 weeks. A total of 

168 ejaculates was analyzed during this experiment. Total sperm 

counts averaged 152,352,000' with a very wide individual ejaculate 

count ranging from 750,000 to 2,200,000,000. Rate of movement of 

spermatozoa was excellent in all ejaculates. Motility averaged 96% 

and ranged from 90-99%. Abnormalities were observed and averaged 

2% in all samples. The discussed results show that the semen obtained 

in this study was of excellent quality. 

INTRODUCTION 

In order to utilize superior males and propagate desirable furbearing 

characteristics, a practical method of collecting and analyzing semen 

for artificial insemination purposes is highly desirable in this species. 

It has been possible to obtain sperm consistently and repeatedly 

from rats, mice, and guinea pigs by the application of electrical stimuli, 

using a single bi-polar rectal probe. Collections were made with ani¬ 

mals under partial anesthesia, and restraint was essential if collecting 

was extended over a prolonged period. 

A practical method of obtaining serial semen samples from a labora¬ 

tory animal (albino rat) by electroejaculation has been developed 

(Lawson, et al., 1967). This procedure requires 1st, removal of the 

coagulating gland in order to obtain clot-free ejaculates (Lawson and 

Sorensen, 1964), and 2nd, proper restraint of the animal in a normal 

position during the electrical rectal stimulation (Lawson, et al.5 1966). 

1 T. A. 7187, Texas Agricultural Experiment Station. 

2 This paper represents a portion of the Ph.D. dissertation of the senior author. 
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Fig. 1. Chinchilla in collecting position. 

Fig. 2. Flushing the glans penis following ejaculation 
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A technique for electroejaculation in chinchillas has been described 

by Healey and Weir (1967). The unanaesthetized chinchilla was re¬ 

strained on its back by a leather strap over the neck and a canvas strap 

over the thorax. Previously the determination of optimum electric 

shock to produce ejaculation in chinchillas and guinea pigs was de¬ 

scribed by Dalziel and Phillips (1948). 

PROCEDURE 

Eighteen mature male chinchillas of various ages were used for col¬ 

lection of semen samples. The procedure was as follows: 

a. Weekly collections of semen samples were obtained over a 12- 

week period from 14 animals. 

b. The 168 individual collections were evaluated, as follows: 

(1) total sperm count per ejaculate by the hemocytometer 

method, 

(2) percent motile spermatozoa per ejaculate, 

(3) rate of movement as determined by microscopic observation 

of immediately collected samples, and, 

(4) percent abnormal, live, and dead sperm per ejaculate as de¬ 

termined microscopically from fixed stained slides. 

Care was taken to avoid rough handling of the animals during col¬ 

lecting procedures. 

The ejaculation procedure used was similar to that described for the 

albino rat (Lawson, et a!., 1967). The chinchillas were restrained in a 

soft leather sack and stimulated with an electrical ejaculator and elec¬ 

trode Y§ inch by 3% inches via the rectum (Fig. 1). 

The semen sample was collected in a small tube but was very viscous 

and necessitated flushing from the glans into the collecting tube with 

an egg yolk citrate extender (Fig. 2). Massaging the penis cleaned it of 

any coagulation plug. The sheath was replaced over the glans to avoid 

irritation. 

Concentration of sperm was then determined by using a hemocy¬ 

tometer. Motility was rated on a percentage basis by microscopic 

observation. An intravital stain of fast green and eosin was used to 

determine live and dead sperm. 

RESULTS AND DISCUSSION 

The animals were maintained in a healthy condition. No detrimen¬ 

tal effects were observed due to collection or handling. Special attention 

was given to the reaction of the animal during stimulation. Three to 4 

volts were needed to stimulate ejaculation. The entire procedure re¬ 

quired only 3 to 5 minutes. 
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Averages of the total sperm count for each individual animal and 

the total weekly sperm count are shown in Tables 1 and 2. These 

counts ranged from a low of 750,000 sperm to a high of 2,220,000,000 

sperm in single ejaculates. Considerable difference existed between 

individual animals. There was a tendency for the high producing 

animals to remain high and the low producers to remain low. The 

average for the 168 ejaculates was 152,352,000 sperm. 

Percent motility was determined microscopically. Motility ranged 

from 90 to 99% for individual collections and averaged 96%. Motility 

was extremely high in every case. Throughout the test period these 

observations indicated uniformity in % motility. 

The stained slides did not reveal any dead spermatozoa in any of 

the samples. This is highly unusual for mammalian sperm but does 

confirm the extremely high motility observed microscopically. It was 

undetermined whether chinchilla sperm would respond to the differ¬ 

ential stain, therefore a sample was killed and stained with positive 

results, again confirming the accuracy of microscopic observation. 

Chinchilla sperm move very rapidly for a few seconds, then stop, and 

within a few seconds resume their rapid motion. 

Intravital stained slides were utilized in determining abnormal 

sperm cells. Most abnormalities were crooked tails in which one or 

more abrupt changes in direction was observed. Average total abnor¬ 

malities are omitted since all except 4 individual samples fell below 

6%. These 4 samples were from different animals at different collec¬ 

tion periods. 

Table 1 

Twelve week accumulated sperm counts for individual animals 

Animal 
Total Sperm 

X106 
Mean and S. D. 

X106 
Range 
X10» 

1 888 73.99 ± 66.96 1.80- 168.00 

2 1033 86.10 ± 122.74 .75- 440.00 

3 1298 108.12 ± 73.58 18.00- 288.00 

4 875 72.94 ± 85.98 .90- 260.00 

5 7593 632.73 ± 184.45 120.00-2220.00 

6 1421 118.38 ± 90.26 2.50- 280.00 

7 1442 120.15 ± 95.00 30.00- 360.00 

8 1174 97.80 ± 132.09 13.80- 210.70 

9 776 64.66 ± 47.42 11.25- 168.00 

10 2356 196.37 ± 199.10 4.5 - 600.00 

11 1173 97.78 ± 102.27 26.40- 384.00 

12 1467 122.28 ± 114.06 12.00- 420.00 

13 557 46.44 ± 64.72 7.80- 240.00 

14 3542 295.19 ± 202.06 96.00- 660.00 
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Table 2 

Weekly sperm count for all animals 

Week 
Total 
X106 

Mean and S. D. 
X106 

Range 
X106 

1 1440 90.01 ± 7450 1.50- 243.75 
2 1460 97.69 ± 73.26 2.50- 210.70 
3 2350 156.59 ± 998.96 420-1271.00 
4 2380 158.50 ± 189.07 2.40- 600.00 
5 2670 177.77 ± 207.47 2.50- 600.00 
6 1800 119.83 ± 188.89 1.65- 720.00 
7 1340 89.43 ± 123.01 0.90- 480.00 
8 1070 76.21 ± 65.80 0.75- 180.00 
9 5050 360.86 ± 566.17 15.00-2200.00 

10 2550 182.04 ± 156.82 19.50- 480.00 
11 1670 191.21 ± 137.75 7.50- 576.00 
12 2030 145.29 ± 163.95 9.00- 480.00 

The repeated collection of semen samples for evaluation in the chin¬ 

chilla was highly successful. Variation in sperm concentration indi¬ 

cates a normal situation of fluctuation; whereas, the rate of movement, 

motility, and abnormalities are very stable. 

These observations indicate that the chinchilla is truly a remarkable 

semen producer when compared to other laboratory and domestic 

animals. No other species has been observed with such a high % motile 

sperm and low abnormalities. 
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A Characterization of the General Solution of the Matrix 

Equation AX-XB = C in Terms of the Eigenvectors of 

Either A or B1 

by MARCEL MEICLER 

The University of Houston, Houston 77004 

INTRODUCTION 

In this paper, an expression for the general solution of the matrix 

equation 

AX — AR = C (1) 

is presented. A and B are square matrices of order m and n, respec¬ 

tively; X and C are rectangular matrices of dimension m X n. 

THE AUXILIARY PROBLEM 

The general solution of (1) will be expressed in terms of the eigen¬ 

values and eigenvectors of either A or B. We choose to work with B. 

Let J be the Jordan Canonical form of B; i.e., there exists a non¬ 

singular matrix R such that 

B = R-1JR 

Then (1) becomes 

AX — XR-1 JR = C 

or 

AXR-1 - XRAT = CR-1 

AZ - ZJ = C (2) 

Lemma 1: 

System (1) has a solution if and only if system (2) does. 

Proof: 

Since Z — XR"1. 

Let J be partitioned diag(Jftl, J<*2, : . . , J«p) with ai the index of the 

p 
Jordan block corresponding to the eigenvalue Hi of B; X «i — n. Let 

i=l 

A, Z, C be partitioned in p column blocks, Zff of respective width 

1 Lockheed Electronics Company, Houston Aerospace Systems Division, Houston, 

Texas, under Contract NAS 9-5384, for National Aeronautics and Space Administra¬ 

tion Manned Spacecraft Center, Houston, Texas, June 1968. 

The Texas Journal of Science, Vol. XXI, No. 2, November, 1969. 
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AZa. — Za. Ja. = C«. i = 1 , . . . , p (3) 

Since Jal = /xi Li+ N«i, where Nal is a matrix whose only nonnull 

elements are 1’s on the upper diagonal, (3) becomes 

A.Z<*. jl\ Z£e. — ~~b Z«. N"o! . 1 — 1 , . . . , p 

or 

(A — /Xi I)Za. = Ci = 1 , . . . , p 

or 

Thus, 

VZ = C' (4) 

T heorem 1: 

System (1) has a solution if and only if the p equations of type (4) 

each have a solution. 

THE SOLUTION OF THE AUXILIARY PROBLEM 

Let V- be any solution of the matrix equation YXV = V. 

Lemma 2: 

If V is nonsingular, V- = V"1. 

Proof: 

See Ben Israel and Charnes (1967). 

Lemma 3: 

The equation VZ = C' has a solution <—> VV~C' — C', in which 

case the general solution is given by 

Z — V C' + (I — V_V)y, y arbitrary. 

Proof: 

See Ben Israel and Charnes (1967). 

Theorem 2: 

A general solution of the matrix equation AX — XB = C is given by 

X = 2 [V“a. C'a. + (I — Vt*. Va^yajiv, y«. arbitrary (5) 
1=1 

Proof: 

Let X have form (5) in (1). It is then computational to verify the 

result. 

DISCUSSION 

The following well-known theorems are immediate corollaries of 

theorem 2. 
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1) If A and B have no common eigenvalue, then (1) has the unique 

solution 

X= ■ £ V-^pa.Ta. 
i=l 

2) The matrix equation AX — XB has a nontrivial solution if and 

only if A and B have at least one common eigenvalue. 

3) The equation AX = XA always has a solution. 

COMPUTATIONAL CONSIDERATION AND NUMERICAL EXAMPLE 

A method for computing V- and (I — V~V)y is given by (Ben Israel 

and Charnes, 1967). 

Lemma 5: 

Let V be a square matrix of rank r and let E be a nonsingular 

matrix such that 

EA=(^-) P 
C'm-rxm 

where P is a permutation matrix. 

Conclusions 

Let E be partitioned 

where E„ is rXr then 

e-(|4A) 

v- = PT 

E21 • E22 

( EuJJLii ) 
Om-n x ni 

is a solution of VXV — V 

Furthermore, the columns of the mX (m—r) matrix 

N = PT ( 
J-m—n 

form a basis for N (V), the null space of V. 

Example, (see Ma, 1966) 

Let 

(2 -1 0\ k 
A = 1 0 0 ; 

\0 0 2/ 
The eigenvalues of B are 

B = 
■1> 

0; 

V1 — 1 l±2 — 3 

/1 -1 \ /-1/2 3/2\ 
R§| R-1 = 

\i -1/3/ V-3/2 3/2/ 

/ 1 0 o\ 
V1^ (A I) V-! M 0 0 0 

\-i 1 V 
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Na. = (I-V-.VOy^ 

V2 = (A - 31) 

Ci = 1/2 
i 

/-3 1 0> 
v2_f = *4 -i -l o 

\,0 0 -4y 
l\ 

3/2 

and 

a arbitrary. 

.u 

/ 5 a' 
Zx = V-iCi + N, fl 1/2 0 4- a 

\-19 o) 
-3 

= V.>-1C2 = 3/4 3 
-22 

7/4 -9/4\ 
X = 7j1t1 + Z2r2 = 9/4 -3/4 

\-26 15/ 

ra -a\ 
a -a 

.0 0 
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The Interaction of 2-Mercaptobenzoxazole with Certain 

Platinum Metal Salts 

by RAY F. WILSON and CHOW-ENG LOW 

Department of Chemistry, 

Texas Southern University5 Houston, 77004 

ABSTRACT 

An investigation of the reactions of 2-mercaptobenzoxazole with 

certain platinum metal salts in ammoniacal and in strongly acidic 

media is reported in this paper. Yields, elemental analyses, and solu¬ 

bility tests were ascertained for the reaction products obtained in this 

study. The infrared data obtained in this study indicates that 2-mer¬ 

captobenzoxazole exists essentially in the thioketo form prior to and 

after reacting with certain platinum elements. 

INTRODUCTION 

Kuras (1942, 1945) on allowing some heavy metal cations to react 

with 2-mercaptobenoxazole, also known as 2-benzoxazolethiol, found 

that only lead gave a reproducible and quantitative precipitate though 

colored precipitates were formed in all other reactions. More recently, 

this organic reagent has been employed in determining rhodium gravi- 

metrically (Haines and Ryan, 1949), colormetrically (Ryan, 1950), 

and spectrophotometrically (Lewis et al., 1955), and for the spectro- 

photometric determination of palladium (Arita and Yoe, 1963). How¬ 

ever, a thorough investigation of the reactions of 2-mercaptobenzoxa¬ 

zole with all the members of the platinum metals had not been made. 

The purposes of this investigation were to study the interaction of 

certain platinum metal salts with 2-mercaptobenzoxazole in ammoni¬ 

acal and in strongly acidic media. From this study a number of hither¬ 

to unreported compounds were obtained. These products were charac¬ 

terized and their stoichiometry investigated. 

EXPERIMENTAL 

Apparatus 

A Beckman-IR-5 spectrophotometer was employed to obtain the data 

reported in this study. In these studies the standard potassium bromide- 

The Texas Journal of Science, Vol. XXI, No. 2, November, 1969. 
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pellet technique was used in which spectra-grade potassium bromide 

was employed. The magnetic resonance studies were carried out on a 

Varian HA-100 NMR spectrometer. The compounds were prepared 

for NMR measurements by dissolving them in deuterated dimethyl-do 

sulphoxide (99.5% purity) and adding tetramethylsilane as the 

standard internal reference substance in which the chemical shift of its 

protons are assigned a value of 0 on the delta scale. 

Materials and preparations of solutions 

A 0.2% solution of 2-mercaptobenzoxazole, obtained from Eastman 

Organic Chemicals, was prepared by dissolving 0.5 gram of the reagent 

in 180 ml 95% ethanol, and diluting this solution with demineralized 

water to 250 ml. Freshly prepared solutions of this reagent were always 

used in carrying out the reactions. 

The stock solutions of the platinum metal salts were prepared as 

follows: One gram samples of platinum tetrachloride (PtCl4), of po¬ 

tassium hexachloroplatinate (K2PtCl6), and of palladium dichloride 

(PdCl2) were each dissolved in separate small beakers containing 5 ml 

concentrated HC1. Then 10 ml of demineralized water were added to 

each and the mixtures were stirred and/or heated until dissolution was 

completed. The solutions were each filtered into separate 250 ml volu¬ 

metric flasks and diluted to volume with demineralized water. One 

gram samples of ruthenium trichloride (RuC13), of platinum dichlo¬ 

ride (PtCl2), and of rhodium trichloride (RhCl3) were each dissolved 

in separate small beakers containing 10 ml of concentrated HC1 and 

the procedure as described above was followed. One gram of platinum 

tetrabromide (PtBr4) was dissolved in a small beaker containing 5 ml 

of concentrated HBr, and the steps followed were the same as for the 

above platinum element salts. The platinum elements were obtained 

from A. D. Mackay, Inc. All chemicals were used as obtained from 

the manufacturer without further purification. 

Analytical methods 

The determination of carbon, nitrogen, hydrogen, sulfur, and halo¬ 

gen contents of the reaction products were performed by the Labora¬ 

tory of Microchemistry, Tiedcke, New Jersey. Analyses of the metal 

contents were carried out gravimetrically in this laboratory. Platinum- 

organo compounds were ignited to the spongy metal and were weighed 

directly while the organo compounds of palladium, of rhodium, and of 

ruthenium were ignited to the corresponding oxides of indefinite com¬ 

position (Hillebrand and Lundell, 1953). These oxides were then re¬ 

duced to the metals by ignition in a hydrogen atmosphere. 
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Procedures 

General procedure for the reaction of 2-mercaptobenzoxazole with 

platinum metal salts in alcoholic medium were as follows: To 40 ml 

of 2-mercaptobenzoxazole solution in a 250-ml Erlenmeyer flask, being 

swirled, were added 2 ml of NH4OH, followed by the addition of 20 

ml of one of the stock platinum salt solutions. The resulting solution 

had a pH in the range 9-10. The covered solution was swirled briefly 

and the resulting solution was heated on a steam bath, whereby a 

precipitate formed within 30 minutes. Heating of the precipitate was 

continued for about 2 to 3 hours until the supernatant liquid became 

clear. The precipitate was filtered on a fine porosity sintered glass 

crucible and washed several times with 5 ml aliquots of a 1 to 3 volume 

ratio of water to ethanol solution. The precipitate so obtained was dried 

in a vacuum desiccator over magnesium perchlorate for about 4 hours 

and further dried in open atmosphere in an oven at 115°C for about 

one hour to constant weight. The dried precipitates were kept stored 

in a vacuum desiccator over magnesium perchlorate and subjected to 

analysis without further treatment. The data obtained from analyses 

and further study of the precipitates are shown in Table 1 and 2. 

The general procedure for the reaction of 2-mercaptobenzoxazole 

with the platinum metal salts in strongly acidic medium is as follows: 

To 40 ml of 2-mercaptobenzoxazole solution in a 250-ml Erlenmeyer 

flask was added 20 ml of one of the stock platinum element solutions, 

followed by the addition of 4 ml of concentrated MCI. After having 

been swirled briefly, the resulting solution which had a pH of less than 

one was heated for 2 to 3 hours until the supernatant liquid became 

clear. The precipitate was then filtered, washed, dried, and stored in 

the same way as before. In the case of PtBr4 stock solution, HBr was 

added instead of HC1. The data obtained from these reactions are 

shown in Tables 3 and 4. 

Infrared and nuclear magnetic resonance studies 

According to the structure of 2-mercaptobenzoxazole, this com¬ 

pound is capable of exhibiting thioketothiol tautomerism involving 

—NH—C=S and —N=C—SH groups (Wilson and Merchant, 1967). 

The i.r. data in Tables 5 and 6 show the absence of any absorption 

bands near the wave length region 2600-2550 cnr1 which indicates 

that none of the compounds studied contained an —SH group. The i.r. 

data obtained from each compound showed a strong absorption peak 

near 1509 cm-1 which probably corresponds to the thioketo form, 

—N—C=S. These data indicate that 2-mercaptobenzoxazole in the 

pure solid state and in the compounds studies exist essentially in the 
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thioketo form and the thiol form is probably absent. In related studies, 

(Randall, et al., 1949) found that strong absorption bands were ob¬ 

served between 1613 to 1471 cm-1 for 18 compounds which had the 

structure —N—C=S. They suggested that such absorption bands arises 

from the N-C vibration in the thioketo group, the linkage being short¬ 

ened from its normal length by association with the C—S linkage, since 

they believe such absorption range is too high to be associated with the 

C=S grouping itself. Examination of the i.r. data in Tables 5 and 6 

obtained both from 2-mercaptobenzoxazole and the other compounds 

studied showed medium to strong absorption peaks near 1585, 1440, 

1250, 1140, and 735 cm-1 regions. These absorption bands correspond 

fairly well with the recent correlation assignments by Rao (1963) for 

—N— C=S group and suggest the thioketo structure exist both in the 

reagent and in the coordination compounds. When the keto form of 

2-mercaptobenzoxazole ionizes by liberating the hydrogen from the 

nitrogen, then, both the nitrogen and the sulfur exihibt pairs of elec¬ 

trons that are capable of forming coordinate covalent bonds. Since the 

group 8 elements have a greater tendency to form nitrogen to metal 

bonds than sulfur to metal bonds and since these metals can coordinate 

with negative and/or neutral groups, the metals are probably coordi¬ 

nated to the nitrogen rather than the sulfur. 

The nuclear magnetic resonance data obtained from 2-mercapto¬ 

benzoxazole gave a moderately broad peak at 2.78 delta and the area 

under the peak corresponds to approximately one hydrogen. This peak 

probably results from the quadrapole broadening interaction between 

N-H atoms. The data obtained from the NMR studies carried out on 

the 2-mercaptobenzoxazole compounds were not reproducible from 

one experiment to the next one probably because of insolubility of 

the compounds in most solvents and the extreme conditions employed 

to dissolve the compounds. 

DISCUSSION OF RESULTS 

The interaction of 2-mercaptobenzoxazole with platinum metal salts 

reveals some novel points. In all the reactions substitution type coordi¬ 

nation compounds were obtained. The fact that 2-mercaptobenzoxazole 

does not generally form addition type coordination compounds may be 

because of the definite acidic character and its inactivity as a neutral 

molecule (Kuras, 1943). Also, the reaction products obtained were 

dependent upon the pH range of the reaction medium except in the 

reactions of PdCl2 solutions. PtCl4, PtBr4, or K2PtCl6 reacts with 

2-mercaptobenzoxazole in ammoniacal medium to give the same prod- 
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net, Pt(OH)2 (C6H4OCS=N) 2. In strongly acidic medium only PtCl4 

or PtBr4 reacts with 2-mercaptobenzoxazole' to give the same type 

products, Pt(OH)XR2 where X represents Cl or Br and R represents 

the 2-mercaptobenzoxazole molecule after losing an ionizable hydro¬ 

gen. The reaction of Pt(IY) ions with 2-mercaptobenzoxazole showed 

a marked similarity in both strongly acidic and basic media. Although 

a kinetic study of these reactions have been carried out, it was ob¬ 

served that PtBr4 reacted faster than PtCl4 which in turn reacted faster 

than K2PtCl6. The formation of Pt(IX) and Pt(IV) compounds also 

reveals the fact that halogens (chloride and bromide ions) are better 

leaving groups than the hydroxyl group which is in accord with the 

order predicted by trans-effect. The structures of Pt(OH)2R2 and 

Pt(OH)XR2 can reasonably be speculated as being octahedral with 

the furnishing of 2 coordination bonds by each of the 2 ligands of the 

organic constituents, since on the one hand Pt(IV) will invariably be 

octahedral, and on the other hand the 2 ligands can facilitate the co¬ 

ordination bonds. 

Pd (II), being the most reactive of the platinum metals, forms a yel¬ 

low to reddish brown precipitate immediately when PdCl2 solutions 

are mixed with 2-mercaptobenzoxazole. The formation of a PdR2 type 

compound is not affected by the pH in the range from 1 through 10. 

The absence of any SH absorption in the i.r. spectrum of 2-mercapto¬ 

benzoxazole indicates that this reagent in the solid state exist essen¬ 

tially in the thioketo form, —NH—C=S, with the ionizable hydrogen 

of the reagent being attached to the nitrogen rather than the sulfur. 

Also, the i.r. data suggest that the thioketo form of the reagent is re¬ 

tained after the reagents react with the platinum elements, under the 

condition employed, to form interaction products. 
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Normal Vibrations of n-Pentane 

by KTJNIO FUKUSHIMA1 and BRUNO J. ZWOLINSKI 

Thermodynamics Research Center, Department of Chem¬ 

istry, Texas A&M University, College Station 77843 

ABSTRACT 

Normal co-ordinate treatment of 4 rotational isomers of 72-pentane 

(trans-trans, trans-gauche (I), gauche (I)-gauche (I), and gauche 

(I) -gauche (II)) was carried out. 

Normal frequencies of the isomers were calculated using a modified 

Urey-Bradley force field. On the basis of the calculated frequencies, 

an assignment of infrared bands and Raman lines of 72-pentane was 

proposed. 

INTRODUCTION 

Analyses of vibrational spectra of several simple hydrocarbons have 

already been made, both experimentally and theoretically. With re¬ 

spect to 72-pentane, measurements of the infrared and Raman spectra 

in the solid state have been done (Sheppard and Szasz, 1949; Axford 

and Rank, 1950; Brown, et al., 1954), and the temperature effect on 

relative intensities of infrared bands in the liquid state has been ex¬ 

amined (Axford and Rank, 1950; Bazhulin and Smirnov, 1959). On 

the basis of the behavior of the infrared bands and Raman lines dur¬ 

ing phase change and temperature change, classification of observed 

frequencies has been done (Sheppard and Szasz, 1949; Axford and 

Rank, 1950). On the other hand, a normal co-ordinate treatment of 

the trans-gauche isomer has been carried out by Snyder and Schacht- 

schneider (1963) and several bands in the liquid state have been as¬ 

signed to the isomer. However, the presence of unexplained infrared 

bands and Raman lines in the liquid state and vapor state suggests the 

possible existence of isomers other than (trans-trans and trans-gauche 

isomers). In the present study, a set of force constants which gives 

calculated frequencies of (trans-trans and trans-gauche isomers) close 

to corresponding observed frequencies was obtained by the method 

of least square (Mann, et al., 1957), and normal frequencies of 

1 Present address: Faculty of Science, Shizuoka University, Shizuoka, Japan. 

The Texas Journal of Science, Vol. XXI, No. 2, November, 1969. 



Table I. Internal co-ordinates 

R1 Ar14 R26 A*754 

R2 Ar24 R27 A°'758 

R3 Ar34 R28 A<*458 

R4 Ar45 R29 A°08,10 

R5 Ar56 R30 A<*985 

R6 Ar57 R31 AQ;98,11 

R7 Ar58 R32 A°io,85 

R8 Ar89 R33 AC10, 8,11 

R9 Ar8,10 R34 A*58.11 

R10 Ar8,U R35 A°4.2, 11,13 

R11 Arll,12 R36 A"l2,ll, 8 

R12 Arll, 13 R37 A°12,11,14 

R13 Arll,14 R38 **13,11,8 

R14 Ar14, 15 R39 A<543,11, 14 

R15 Ar14, 16 R40 A<*8, 11,14 

R16 Ar14,17 R41 A“l7,14,15 

R17 A“l42 R42 A<*15,14,16 

R18 A<*243 R43 Aft16,14,17 

R19 A"l43 R44 A°15,14,11 

R20 A“l45 R45 A°46,14,11 

R21 A°4!45 R46 AQ,17,14,11 

R22 A<*345 R47 A.045 

C
O

 

P5 

A"657 R48 A058 

K
3 A"654 R49 A98,ll 

R25 AQ,658 R50 A011,14 
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((gauche (I) -gauche (I) isomer) and (gauche (I) -gauche (II) isomer) 

were calculated using the set of force constants to obtain information 

of unexplained observed infrared bands and Raman lines. 

PROCEDURE OF CALCULATION 

The 72-pentane molecule has 4 axes of internal rotation, 2 CH3-CH2 

axes and 2 CH2-CH2 axes. Regarding conformation around CH3-CH2 

axes, staggered conformation was assumed. 

Three possible conformations, (Irons), (gauche (I)), and (gauche 

(II)), for each of 2 CH2-CH2 axes give rise to 6 different possible rota¬ 

tional isomers, (trans-trans isomer), (trans-gauche (I) isomer), (trans- 

gauche (II) isomer), (gauche (I)-gauche (I) isomer), (gauche (I)- 

gauche (II) isomer), and (gauche (II)-gauche (II) isomer). Of these, 

(;trans-gauche (I) isomer) and (gauche (I)-gauche (I) isomer) give 

the same normal frequencies as those of (trans-gauche (II) isomer) 

and (gauche (II)-gauche (II) isomer),respectively. 

Therefore, calculation was done for 4 isomers, (trans-trans isomer), 

(;trans-gauche (I) isomer), (gauche (I)-gauche (I) isomer), and 

(,gauche (I)-gauche (II) isomer). 

Normal co-ordinate treatment was done according to Wilson’s GF 

matrix method (Wilson, 1939; 1941). The internal co-ordinates used 

are stretching co-ordinates (Ar’s), angle bending co-ordinates (Aa’s), 

and internal rotation co-ordinates (A(9’s) (Refer to Table 1). 

In case of using Schachtschneider’s (undated a) program we have 

to use torsional co-ordinates as internal co-ordinates. However, the 

order of secular equation to be solved is 82 for 72-pentane, and it ex¬ 

ceeds the allowed maximum limit for order of secular equation for the 

program (Schachtschneider, undated a and b). In the present study, 

the modified program by Nakagawa (1964) was used for construction 

of G matrices. By use of the program (Nakagawa, 1964) the order of 

secular equation to be solved was reduced to 50, and the problems 

could be solved by use of Schachtschneider’s (undated a) program. 

Molecular parameters used were 1.09 A for C-H distance, 1.54 A for 

C-C distance, and tetrahedral angles for all bond angles. As the intra¬ 

molecular potential, the modified Urey-Bradley force field was as¬ 

sumed: 

V = <l/2)?iK..(Arij)s (1/2)2 H... r. .r (£«.., Y + (1/2)?: F„ (iq., ¥ 
ijk rjk 13 ^ 13k lk ik Mik 

hVh(*r«'AflW> + (1/2>^(AM8 h-iAoc,-,^ ijk U 13 il il ijk jkl 

+ iigilA“ijkA"jkl 
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Here, the first 4 terms constitute the simple Urey-Bradley force field 

(Shimanouche, 1949), and the 5th, the 6th and the last terms repre¬ 

sent internal rotation term, trans interaction term and gauche inter- 

atcion term (Scherer and Overend, 1960), respectively. 

DISCUSSION 

Molecular structures studies of n-pentane in the solid state have con¬ 

cluded extended conformation of the molecular chain (trans-trans 

isomer) (Norman and Mathisen, 1960; 1964). Therefore, infrared 

and Raman spectra in the solid state may well be interpreted as due 

to (trans-trans isomer). In fact, the calculated normal frequencies of 

(trans-trans isomer) for the force constant set transferred from lower 

hydrocarbons explained the solid spectra as due to the isomer. On the 

other hand, an assignment of infrared bands and Raman lines arising 

from {trans-gauche isomer) was given on the basis of a normal co¬ 

ordinate treatment by Snyder and Schachtschneider (1963) and also 

by measurement of temperature effect on the relative intensities of 

infrared bands in the liquid state (Axford and Rank, 1950). In the 

present study, the above mentioned assignments of vibrational spectra 

to {trans-trans isomer) and {trans-gauche isomer) were used to obtain 

a set of force constants giving a satisfactory agreement between ob¬ 

served and calculated frequencies of these 2 isomers. The correlation 

of observed and calculated frequencies are shown in Table 3 and the 

set of force constants obtained by the method of least square (Mann, 

et al., 1957) is shown in Table 2. The calculated normal frequencies 

of {gauche (I) -gauche (I) isomer) and {gauche {1)-gauche (II) 

isomer) using the set of force constants are shown in Table 3. From 

the calculated frequencies of {gauche {1)-gauche (I) isomer) and 

{gauche {1)-gauche (II) isomer) together with those of {trans-gauche 

(I) isomer) and {trans-trans isomer), the following information was 

obtained. 

The results of calculations show that frequencies of skeletal deforma¬ 

tion vibrations of {gauche (I)-gauche (I) isomer) (300^600 cm-1 

region) are remarkably different from those of {trans-trans isomer) 

and {trans-gauche (I) isomer). In the liquid spectra, 4 infrared bands 

were observed at 465 cm-1,420 cm-1, 395 cm-1 and 345 cm-1 by Bentley 

and Wolfarth (1959) and by Cornu (1959), and one band was ob¬ 

served at 540 cm-1, besides these 4 bands, by Donneaud (1954). Among 

these bands, the 2 at 465 and 395 cm-1 correspond to the Raman lines 

with frequency shifts at 463 and 399 cm-1 in the solid state (Sheppard 

and Szasz, 1949), and therefore, they are assigned to {trans-trans 

isomer). However, the shoulder band at 420 cm-1 should not be to 
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Table II. Force constants of n-pentane (md/A) 

K(C-H) (CHg) 4.436 

K(C-C) (CH3-CH2) 2.063 

K(C-H) (CH2) 4.186 

K(CrC) (CH2-CH2) 2.593 

H(H-C-H) (CHg-C) 0.422 

H(H—C—C) (CHg-C) 0.191 

H(C-C-C) (CH3-CH2-CH2) 0.362 

H(H-C-H) (-CH2-) 0.420 

H(H-C-C)(CH2-C) 0.185 

H(C-C-C)(CH2-CH2-CH2) 0.473 

F(H-C-H) (CHg-C) 0.075 

F(H-C-C)(CHg-C) 0.493 

F(C-C-C)(CHg-CH2-CH2) 0.107 

F(H-C-H) (-CH2-) 0.061 

F(H-C-C)(CH2-C) 0.528 

F(C-C-C) (CH2-CH2-CH2) 0.430 

x(CHg) -0.003 
o 

md. A 

x(ch2) 0.016 
o 

md. A 

Y(CHg-CH2) 0.107 
o 

md. A 

y(ch2-ch2) 0.107 
O 

md. A 

t 0.083 
O 

md. A 

g -0.029 
o 

md. A 
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either {tram-Irons isomer) or tram-gauche (I) isomer). This band 

may be interpreted as due to {gauche (I)-gauche (I) isomer), because 

an infrared band and a Raman line are expected to appear at about 400 

cm-1 when {gauche {1)-gauche (I) isomer) exists, as concluded from 

the calculated frequencies of skeletal deformation vibrations of rota¬ 

tional isomers. The fact that no Raman line corresponding to this infra- 

Table III. Observed and calculated frequencies of rotational isomers. 

trans -trans trans gauche (I) gauche (I)-gauche (I) gauche (I)-gauche (II) 

v obs. v calc. v obs. v calc. V obs. v calc. v obs. v calc. 

yl 
2966a 2970 2960d 2970 2960d 2970 _ 2970 

y2 
2966a 2969 2960d 2969 2960d 2969 — 2969 

v3 
2966a 2967 2960d 2967 2960d 2967 -- 2967 

y4 
2966a 2967 2960d 2967 2960d 2967 __ 2967 

v5 
2956a 2958 ... 2956 2954 __— 2955 

y6 
2956a 2947 2948 2949 -- 2947 

V1 
2934a 2938 2927d 2941 2927d 2943 __ 2945 

v8 
2934a 2931 2927d 2929 2927d 2927 —— 2927 

y9 
2934a 2921 292 7d 2921 2927d 2920 — 2921 

y10 
2909a 2909 2909 2909 ___ 2909 

V11 
2885a 2896 2877d 2896 2877d 2896 

-- 
2896 

V12 
2859a 2890 2865d 2891 2865d 2892 

— 
2892 

V13 
1463b 1460 1450b 1460 1450b 1460 -- 1460 

v14 
1463b 1460 1450b 1460 1450b 1460 — 1460 

v15 
1463b 1458 1450b 1458 1450b 1458 — 1458 

v16 
1463b 1458 1450b 1458 1450b 1458 — 1458 

vn 1438b 1440 1438 1436 — 1436 

v18 
1438b 1433 1434 1433 --- 1433 

y19 
1438b 1432 1431 1432 — 1432 

v20 
13 79° 1385 1379C . 1386 1379° 1386 — 1387 

v2l 
1379C 1383 13 79C 1383 1379° 1385 — 1385 

v22 
1319 1342C 1341 1353 — 1354 

v23 
1299b 1303 1313 1328 — 1317 

y24 
1299b 1284 1299b 1288 1299 -- 1314 

y25 
1299b 1280 1260b 1278 1268 

— 
1264 

y26 
1265C 1259 1240b 1239 1226 — 

1227 

y27 
1240b 1231 1224 1212 -- 1206 

y28 
1176C 1182 1162° 1162 1145 

— 
1159 

y29 
1138° 1145 1138b 1129 1138b 1122 — 1116 
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Table III. Continued 

trans -trans trans -gauche (I) gauche (I)-gauche (I) gauche (I)-gauche (II) 

* obs. * calc. * obs. * calc. * obs. * calc. * obs. * calc. 

*30 
1073b 1078 1072C 1082 1072C 1082 ;_ 1076 

*31 
1033b 1028 1025° 1020 1025° 1022 — 1017 

*32 ... 997 1014C 1001 1014° 996 _ 1002 

*33 
965C 988 995b 983 995b 979 ___ 979 

*34 919° 920 919° 913 919° 911 _____ 904 

*35 
919C 910 907C 898 902® 873 — 883 

*36 
862b 842 840C 841 840C 841 -- 827 

*37 
... 739 762b 754 771 _____ 753 

*38 ... 708 728° 710 728° 705 —— 750 

*39 
463b 441 ... 506 515® 544 __ 540 

*40 
399b 390 334b 342 420f 402 —— 360. 

*41 ... 258 ... 313 ... 281 — 322 

*42 ... 251 ... 252 252 -- 249 

*43 

*44 

*45 

... 

221 

123 

103 

... 

221 

112 

98 

214 

135 

72 

— 

219 

99 

83 

a Shimanonche, T., and S. Mizushima, 1949. b Sheppard, N., and G. J. Szasz, 1949. c Axford, 
D. W. E., and D. H. Rank, 1950. d Catalog of Selected Infrared Spectral Data, American Petroleum 
Institute Research Project 44, 1969c. e Catalog of Selected Infrared Spectral Data, American Petroleum 
Institute Research Project 44, 1969a. f Bentley, F. F., and E. F. Wolfarth, 1959; Cornu, A., 1959. 

* In this table, observed frequencies of {trans-trans isomer) are those in the solid spectra except that of 
Y27 vibration, and observed frequencies of other isomers are those in liquid or vapor spectra. 

red band was observed in the solid state also indicates that this infra- 

red band originates from a rotational isomer other than (trans-trans 

isomer). The band observed by Donneaud (1954) at 540 cm-1 corre¬ 

sponds to the calculated frequency of y39 vibration of (gauche (I)~ 

gauche (I) isomer), and it may be assigned to this isomer. No other 

infrared bands or Raman lines which can be assigned to (gauche (I)- 

gauche (I) isomer) are discernible in the liquid state except a weak 

shoulder band at 900 cm-1 (Axford and Rank, 1950). This may be due 

to weak intensities and the nearness of their frequencies to those of 

{trans-trans isomer) and {trans-gauche isomer). 

In the vapor state, several infrared bands are observed, which are 

not discernible in the liquid state. In the lower frequency region, 2 

bands at 418 and 515 cm-1 appear (Catalog of Selected Infrared Spec¬ 

tral Data, American Petroleum Institute Research Project 44, 1969a). 

The calculated frequencies of (gauche (I) -gauche (I) isomer) predict 

the appearance of 2 infrared bands at about 400 and 540 cm-1 when 
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o 
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Figure 1 - Numbering of atoms in n-pentane. (Hydrogen atoms. No. 2 to 16, with odd numbers are above 

the paper plane, and those with even numbers are below the plane). 

Figure 2 - Conformations around the bond, C(5)-C(8), [(a), (b), (c)] and the bond, C(8)-C(11), [(d), (e), (f)]. 
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the isomer exists. The above mentioned bands correspond to the cal¬ 

culated frequencies. In the frequency region around 900 cm-1 in the 

vapor spectra, a shoulder band appears at 902 cm-1 beside the two 

infrared bands at 916 and 928 cm-1 (Catalog of Selected Infrared Spec¬ 

tral Data, American Petroleum Institute Project 44, 1969a), which 

correspond to the 2 infrared bands at 907 and 919 cm-1 in the liquid 

spectra (Axford and Rank, 1950; Catalog of Selected Infrared Spectral 

Data, American Petroleum Institute Project 44, 1969b). According to 

the calculated normal frequencies, the v35 vibration decreases it fre¬ 

quency during the conformational change, (trans-trans isomer), 

(trans-gauche (I) -> (gauche (I)-gauche (I) isomer). Therefore, the 

band at 902 cm-1 in the vapor spectra may well be interpreted as due 

to gauche (I)-gauche (I) isomer. 

From the above discussion, it may be concluded that (gauche (I)- 

gauche (I) isomer) exists in a small amount in the liquid state, and 

the abundancy increases during the phase change, liquid to solid. 

ACKNOWLEDGEMENT 

The author’s thanks are due to Mr. C. O. Reed, Jr. and Mr. A. W. 

Hathaway for their help with the computer work during the course 

of the present investigation. This work was supported in part by the 

American Petroleum Institute Research Project 44. 

LITERATURE CITED 

Axford, D. W. E., and D. H. Rank, 1950—Jour. Chem. Phys., 18: 51. 

Bazhulin, P. A., and V. N. Smirnov, 1959—Optika i Spektroskopiya, 6: 745. 

Bentley, F. F., and E. F. Wolfarth, 1959—Spectrochimica Acta, 1959: 165. 

Brown, J. K., N. Sheppard, and D. M. Simpson, 1954—Jour. Phys. Radium, 15: 593. 

Catalog of Selected Infrared Spectral Data, American Petroleum Institute 

Research Project 41, 1969a—Serial No. 440, Thermodynamics Research 

Center, Texas A&M University, Colleve Station (Loose-leaf data sheets extant, 

1969). 

---, 1969b—Ibid., Serial No. 240, 385,1091. 

-, 1969c—Ibid., Serial No. 1092. 

Cornu, A., 1959—Bull. Soc. Chim. France, 1959: 721. 

Donneaud, M. T., 1954—Compt. Rend., 239: 480. 

Mann, D. E., T. Shimanouchi, J. H. Meal, and L. Fano, 1957 Jour. Chem. Phys., 

27: 43. 

Nakagawa, I., 1964—Jikken Kagaku Koza, Vol. 10., Maruzen Company, Tokyo, 

p. 532. 

Norman, N., and H. Mathisen, 1960—U.S. Dept. Com., Office Tech. Serv., P.B. 

Rept. 171, 181, p. 93. 



222 THE TEXAS JOURNAL OF SCIENCE 

-, 1964—At a. Chem. Scand. 18: 353. 

Schachtschneider, J. H., undated a.—Technical Report No. 210-61, Shell De¬ 
velopment Company, Emeryville. 

-, undated b.—Technical Report No. 263-62, Shell Development Com¬ 
pany, Emeryville. 

Scherer, J. R., and J. Overend, 1960—Jour. Chem. Phys., 33: 1681. 

Sheppard, N., and G. J. Szasz, 1949—Jour. Chem. Phys., 17: 86. 

Shimanouchi, T., 1949—Jour. Chem. Phys., 17: 245. 

-, and S. Mizushima, 1949—Jour. Chem. Phys., 17: 1102,1321. 

Snyder, R. G., and J. H. Schachtschneider, 1963—Spectrochimica Acta, 19: 85. 

Wilson, E. B., 1939—Jour. Chem. Phys., 7: 1047. 

-, 1941—Jour. Chem. Phys., 9: 76. 



The Effect of Small Amounts of Added Salts on 

Saponification Rate Constants of Two Aliphatic Esters 

by BILLY J. YAGER and GLEN D. PORTER 

Department of Chemistry, Southwest Texas State 

University, San Marcos, 78666 

ABSTRACT 

Saponification rate constants have been obtained for methyl acetate 

and rc-butyl acetate in aqueous sodium hydroxide to which small quan¬ 

tities of salt, sodium chloride or potassium perchlorate, have been 

added. The rate constant was increased by the addition of small 

amounts of sodium chloride but was decreased by higher concentration. 

The potassium perchlorate caused rates to decrease at all concentra¬ 

tions. Results are interpreted in terms of the solvation effect of the 

salts on the reactant state of the ester. 

INTRODUCTION 

A previous paper has reported that addition of small amounts of 

aprotic organic solvents increases the rate of ester saponification. 

(Yager, et at., 1969). The explanation offered was that the ester ac¬ 

tivity is increased by the decrease in the hydration shell of the ester 

when a water miscible solvent is added to an aqueous solution. Tom- 

mila, et al. (1952) studied the effect of several mixed solvent systems 

on saponification rate constants of ethyl acetate. Their results were 

very similar to those reported from this laboratory but the explanation 

of their results was in terms of the increased solvation (and thus sta¬ 

bilization) of the activated complex rather than the decreased solva¬ 

tion (and destabilization) of the reactants. A test of the 2 hypotheses 

would be a reaction series in which the activity of the reactant state is 

affected but not the transition state. The addition of small amounts 

of salt to the reaction mixture appears to be such a test series. The 

process of “salting out” an organic solute from an aqueous solution is 

well known. The decrease in solubility is equivalent to the increase 

in activity. Less well known is the process of “salting in” organic solute 

into an aqueous solution with certain salts. 

A study of salt effects on the saponification rate constant of ethyl 

acetate was conducted by Wilson and Terry (1928). Neutral salts were 

The Texas Journal of Science, Vol. XXI, No. 2, November, 1969. 
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added in concentrations ranging from 0.02 M to 1.0 M to aqueous so¬ 

lutions of the ester and base. When NaCl was the added salt, the ob¬ 

served rate constant, was always lower than that in pure water, k0, 

and the rate constants were related by the equation 

log k° = log k' 
7HC1 

7NaOH 
(1) 

where the term —_ T ,„TT corrected the activity of the NaOH for 

presence of added salt. This effect must be classified as a secondary salt 

effect (Frost and Pearson, 1961: 155) i.e., the influence of an added 

salt on the activity of an acid or base. This effect is commonly called 

the common ion effect and is usually considered applicable only to 

weak acids or bases. The primary salt effect (Frost and Pearson, 1961: 

150-155) which influences reaction rates by changes in ionic strength 

(ju.) of the medium is classically described by the Debye-Huckel equa¬ 

tion for dilute solutions of low ionic strength (Frost and Pearson, 1961: 

150). 

In k — In k° + 2 ZaZb a Vju,. (2) 

Za and Zb are the charges on the ions in the reaction and a is a constant 

for each solvent and temperature. The equation predicts no salt effect 

if either of the reactants are uncharged (Z = 0). Several equations 

have been proposed to predict the secondary salt effects on reactions 

between ions and molecules (Amis, 1966). These equations involve 

some subjective application; usually the ionic radii of reactant and 

transition states are required and these values are not accurately ob¬ 

tainable or may vary with ionic strength. 

In the current study significantly lower concentrations of salt were 

used (.005-0.1 M) than in the study of Wilson and Terry (1968). 

Also, 2 widely different salts were used, sodium chloride and potassium 

perchlorate. The perchlorate salt was chosen for several reasons: (1) 

there is no common ion effect, (2) the perchlorate ion is considerably 

larger than the chloride ion and should have different solubility char¬ 

acteristics, (3) perchlorate salts have been shown to “salt in” organic 

material (Long, et al., 1951). 

EXPERIMENTAL 

Saponification rate constants were measured at 35 °C for 2 esters, 

methyl acetate and n-butyl acetate by an adaption of the classical 

titration method which has been previously described. (Yager, et aL, 

1968). The ionic strength of the reaction mixture was varied by the 

addition of measured amounts of standard salt solution, either sodium 
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chloride, or potassium perchlorate. The standard salt solutions were 

prepared gravimetrically from dried reagent-grade salts and deionized 

water. Determinations were usually made in triplicate. The maximum 

deviation in the observed rate constants was usually less than 3%. 

For those solutions where only a slight effect on the reaction rate was 

caused by the added salt, extreme care was exercised in measuring the 

reaction rates and the maximum deviation in the rate constants was 

less than 1 %. 

Table 1 

Saponification Rate Constants (1. mole _1 min.-1) 

Saponification Rate Constants (1. mole-1 min.-1) 
Molarity of Methyl acetate n-butyl acetate 

added salt 
ni solution (Na'Cl) (KC104) (NaCl) (KC104) 

0.000 (water) 22.70 22.70 8.39 8.39 
0.005 22.75 21.06 8.83 8.13 
0.010 22.85 20.85 9.08 8.03 
0.025 22.35 20.30 8.49 7.90 
0.050 21.80 20.02 8.40 7.91 
0.100 21.70 19.05 8.05 7.64 

RESULTS AND DISCUSSION 

The rate constants obtained are tabulated in Table 1 and shown 

graphically in Figure 1. The data indicate different effects for the 2 

salts on the 2 esters. The sodium chloride causes a very slight increase 

(about 1|%) in reaction rate for methyl acetate in the region of 0.005 

M to 0.010 M salt concentration with a significant decrease in reaction 

rate at salt concentrations over 0.025 M. However, sodium chloride 

caused a significant increase in reaction rate for 77-butyl acetate to a 

maximum at a salt concentration of 0.01 M. The reaction rate de¬ 

creased more slowly at higher salt concentration than for methyl ace¬ 

tate. A probable explanation lies in the difference in solubility of the 

2 esters. Methyl acetate, being miscible with water, is probably affected 

less by the addition of the salt than the less soluble 77-butyl acetate. 

This is to say that the activity of the 77-butyl acetate is increased more 

by the addition of salt than the activity of the more soluble methyl ace- 

ate. The decrease in reaction rate at higher concentrations of salt may 

be attributed to the secondary salt effects described by Wilson and 

Terry (1928). 

The effect of the perchlorate salt was essentially the same for both 

esters—a decrease in reaction rate at all concentrations of added salt. 
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The effect on methyl acetate was greater and more proportional to salt 

concentration than the effect on the rate constant of butyl acetate. 

Again, it must be presumed that the solubility differences in the 2 

esters causes the difference in the salt effect. Potassium perchlorate is 

more able to “salt in” the methyl acetate than the less soluble butyl 

acetate. 

Salt Cone. (|M.) 
I Fig. 1. Saponification Rate Constants. 
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From these results it appears that the effect of the reaction medium 

on the reaction rate is caused by the change in solvation (and activity) 

of the reactants and not the activated complex. The effect of the salts 

on the rate was directly related to their effects on the activity of the 

reactants as determined by independent investigation (Long, et al., 

1951). While it may be argued that the salts also affect the activated 

complex, it seems less likely that there would be such parallel effects. 

The complex is charged and should be more solvated (and stabilized) 

at higher ionic strengths—regardless of the type of salt. 

It should be noted that the total ionic strength of the solution is the 

sum of the added salt concentration and the sodium hydroxide con- 

cenrations. While the initial sodium hydroxide concentration was kept 

constant at 0.01 M, it represented a substantial ionic strength so that 

in the cases of lowest salt concentration (0.005 M) the ionic strength 

was simply being increased by 50%. The 0.10 M salt concentration is 

equivalent to a 100-fold increase in ionic strength. 

While the results of this research appear to substantiate the hypothe¬ 

sis that changes in the solvent affect the reactant state and not the 

transition state, it cannot be completely assumed that both the added 

salt and the added organic solvent act in the same way. The addition 

of organic solvents to the reaction medium may act chiefly on the ac¬ 

tivated complex and the added salt on the reactant state. A study of 

the effect of such addition on the activity of the reactants will be con¬ 

ducted to determine the similarity (or difference) in the 2 treatments. 
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THE OCCURRENCE OF STERNAPSIS SCUT AT A (POLYCHAETA: STERN- 

APSIDAE) ON THE TEXAS COAST. Sternapsis scutata (Ranzani) 1817, is an 

aberrant annelid characterized by its grub-like shape and ventral shield with radi¬ 

ating bundles of setae. Although usually considered to be a cosmopolitan species 

(Pettibone, 1954, Proc. U. S. Nat. Mus., 103: 309), a literature search and an inquiry 

to Dr. M. J. Pettibone indicated that S. scutata has not heretofore been recorded 

from the Gulf of Mexico. 

In the course of a survey of benthic invertebrates off Galveston, Texas, S. scutata 

was collected at 2 of 17 stations. Both stations are at a depth of 11 meters (6 fathoms) 

and both have a muddy bottom. 

Three specimens were collected at 29° 12' N, 94° 50' W on 24 September 1967. 

The water temperature was 28.0°C and the salinity was 27.0%o- Two of the speci¬ 

mens (2.37 and 2.31 mm) are in a semi-contracted state with the setae on segments 

2, 3, and 4, and the anal branchiae visible. The 3rd (2.64 mm) is very contracted so 

that no setae are visible, and the anal branchiae are only slightly visible. 

A 4th specimen was collected at 29° 14'N, 94° 45'W on 4 August 1968. The 

water temperature was 30.0 °C and the salinity was 27.0%0. The specimen is fully 

relaxed and measures 4.90 mm. 

The collection data indicate that Sternapsis is very localized and uncommon in 

the study area. 

This research was carried out under the support of a NASA Traineeship as partial 

fulfillment for the Ph.D. degree at Texas A&M University. Donald E. Harper, Jr., 

Biology Department, Texas A&M University, College Station, 77843. 

OBSERVATIONS ON THE BREEDING BEHAVIOR OF CYPRINODON ELE- 

GANS IN SWIFT WATER. Cyprinodon elegans occurs approximately 10 miles 

west of Balmorhea, Texas, and it inhabits the spring, as well as the tributaries, of 

Phantom Cave. The fishes studied lived in a swift-water, cement-lined canal which 

was about 4 feet wide and had a maximum depth of about 9 inches. Gambusia 

nobilis was conspicuously associated with the Cyprindon in the quiet waters but was 

not observed in the swifter areas. No rooted vegetation occurred in the canals, but 

mats of algae were present on the substrate. 

The genus Cyprinodon is usually characterized by small size, stout body, and 

short fins. Miller (1948, Misc. Pub., Mus. Zool., Univ. of Mich., No. 68), after 

reviewing the general morphology of the genus, states, “Cyprinodon prefers quiet 

water, as these fish are not adapted for swimming against strong current.” Cyprino¬ 

don elegans also has a similar but more elongate body plan and its habitation of 

swift water is unique for the genus. It was for this reason that a preliminary be¬ 

havioral study was undertaken to compare the natural reproductive behavior of 

elegans with other fish within the genus. 

Only males were observed to hold territories and these were usually centered 

around an algal mat. The dimensions of these defended areas were variable but 

were normally about 1.5 feet square. Besides the location of the algal mat, 

no preference was noted as to the position of the territories within the canal. 

Perhaps this was due to the uniformity of the depth and the current within the 

canal. The defending males positioned themselves at the upstream edge of their 

The Texas Journal of Science, Vol. XXI, No. 2, November, 1969. 
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areas and faced into the current. Although the males maintained a stationary posi¬ 

tion, constant beating of their caudal fins was necessary to prevent themselves from 

being swept downstream by the swift current. Most intruders entered the area from 

the rear of the defending male. Perhaps the presence of the male at the upstream 

edge of the area deterred fish from entering from that direction. The male attacked 

intruders by turning his body and allowing the current to carry him down towards 

the intruders. When the defender neared the intruder, the former began actively 

swimming and then attacked. Although the male’s activity was focused around the 

algal mat, not all mats were occupied. Territories were separated by a sufficient 

distance so that boundary fighting was not observed. 

The female entered the male’s territory and swam over to the algal mat. The male 

moved from his upstream position and swam toward the female in the same manner 

as described for an attack against an intruder. The female bit the algae and the 

male moved alongside the female with his snout behind her opercular. Both fish 

then twisted their bodies into what appeared to resemble an “S” shape. The spawn¬ 

ing sequence was completed when both fish made a quick, lateral, jerking move¬ 

ment. An egg was assumed to have been laid when the jerk occurred (Barlow, G., 

1961, Amer. Mid. Nat., 65(2): 339-358). In all other species of Cyprinodon, the 

male has his anal fin wrapped around the female’s anal fin during the S-shape 

pattern to the end of the jerk. However, because of my vantage point, I could not 

observe this movement. While spawning, the pair always faced upstream. Upon 

completion of the jerk, the female left the area at high speed. No female was ob¬ 

served to spawn more than once. 

The swift-water habitat of Cyprinodon elegans is man-made, and thus the fish 

entered this environment rather recently. This recency is noted in the amount of 

energy the male must have expended in order to remain in his territory. He was 

constantly beating his caudal fin in exaggerated strokes and even momentary stop¬ 

page caused him to be swept downstream. This is in contrast with the many swift- 

water fish, whose long association with this type of habitat caused a selection of 

body forms and behavior which maintain them, almost effortlessly, in swift water. 

Besides the exaggerated strokes of the caudal fin, the strong currents appeared to 

have modified the behavior in other aspects as well, Barlow (1961, Amer. Midi. 

Nat., 65(2): 339-358) reported that in the Salton Sea of California, male C. rnacu- 

larius patrol their territories by frequently and repeatedly swimming to all sections 

of the area. I have also observed this in C. variegatus in Maryland. As stated pre¬ 

viously, the male elegans stations himself at the upstream edge of his territory when 

not engaged in spawning or chasing. In variegatus and mascularius the territories 

are often clustered together in the shallows and the males often have boundary dis¬ 

putes with their neighbors. Since the territories of male elegans did not share com¬ 

mon boundaries I did not observe any territorial conflict. Both variegatus and 

macularius spawn in quiet water and do not orient in a particular direction. Males 

of both species will often swim in a circular pattern (loop) when the female is in 

the territory. This was not observed in elegans. In the natural habitat of variegatus 

and macularius both intra- and inter-specific species of fish are constantly entering 

and leaving the male’s area. These intruders may interrupt the spawning by caus¬ 

ing the male to chase them. In the swift-water habitat of elegans, only intraspecific 

intruders occurred. There was also an absence of immature elegans in the habitat, 

although young were very conspicuous in the other species’ environments. 

I wish to thank Dr. W. L. Minckley of Arizona State University for introducing 



NOTES SECTION 231 

me to this unique animal. Murray Itzkowitz, Department of Zoology, University of 

Maryland, College Park, 20740. 

REPELLING BOAT-TAILED GRACKLES FROM SPROUTING CORN WITH 

A CARBAMATE COMPOUND. Damage to sprouting grain by boat-tailed grackles 

(Cassidix mexicanus) has been noted for at least 30 years. Mclllhenny (1937, Auk, 

54: 274-295) stated, “They also do some damage to freshly sown corn and rice fields, 

following the sowers and picking up such grain as is not covered, or uncovering it 

with their strong beaks.” Bent (1965, p. 348, Life Histories of North American 

Blackbirds, Orioles, Tanagers, and Allies, Dover Pub., New York) writes, “they 

greedily eat maize, tearing up the germinating grains from newly planted fields.” 

No detailed surveys have been made on the severity of such damage, but Bent re¬ 

ported the experiences of one Guatemalan farmer, whose efforts to start a cornfield 

were frustrated by the grackles until he adopted the expedient of scattering a con¬ 

siderable quantity of grain about the edges of his field. 

Young and Zevallos (1960, Bull. FAO Plant Protection, 8: 37) used thiram to 

prevent boat-tailed grackles and brown-headed cowbirds (Molothrus ater) from 

taking sprouting grain sorghum in Mexico. As much as 77% of their planted control 

seeds were lost to the birds. Their results with thiram were variable, and it required 

3 to 5% concentrations to obtain any repellency. In addition, the thiram was no 

more repellent than the adhesive they used. 

In South Dakota, pheasants were repelled from sprouting corn with a compound 

coded as DRC-736 [4-(methylthio)-3,5-xylyl N-methylcarbamate] (West, et al., 

1969, Jour. Wild. Manage., 33: 216-219), and laboratory data in the files of the 

Denver Wildlife Research Center show it is repellent to a number of bird species. 

The present test was conducted to evaluate the repellency of DRC-736 to boat-tailed 

grackles. 

Two 3-acre cornfields were planted March 8, 1968 on the Texas Parks and Wild¬ 

life Department’s Longoria Unit of the Las Palomas Wildlife Management Area 

near Santa Rosa, Texas. One was planted with seed treated with 0.5% DRC-736 and 

the other with untreated seed. Fifty random 0.016-acre plots (2 rows each 100 feet 

long) were surveyed in each field to evaluate damage. Each plot was checked 4 

times during the 2 weeks following sprouting; uprooted plants were always col¬ 

lected to prevent duplicate counts. A 5th and final survey in April consisted of 

counting the plants remaining in the plots. 

In the control plots, an average of 6.48 ± 0.91 plants were found destroyed by 

boat-tailed grackles, whereas only 1.96 ± 0.27 were found in the treated plots. In 

April, an average of 61 ± 2.0 plants remained in each control plot and 98 ± 1.4 in 

each treated one. 

Grackles did not leave noticeable holes where they had taken seeds, as pheasants 

do; the only evidence of damage was the cut sprout. If the sprout was eaten by the 

bird or blown from the site by the wind, the damage was missed. This probably 

happened many times. 

From the number of seeds planted and the probable germination rate, there 

should have been an average of 114 corn sprouts per plot. By this method of calcu¬ 

lating damage, the treated plots lost about 800 plants and the control 2,650. Both 

evaluations, damaged plants found and estimated number of plants missing, indicated 

that about 70% protection was afforded by the treatment. 

Generally no more than 10 grackles at a time were observed feeding in either 
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Fig. 1. The stand remaining in the treated field. 
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field. However, the brush surrounding the fields was nesting habitat for several 

thousand, and probably several hundred actually fed in each field. 

Based on a predicted yield of 50 bushels per acre and a value of $1.25 per bushel, 

the value of corn grown on the treated field exceeded the value on the control field 

by $20 per acre. This is over 10 times the amount saved in the South Dakota pheasant 

test (West, et alibid). 

Additional information is being acquired to determine if the 0.5% DRC-736 treat¬ 

ment is safe to use as a bird repellent on agricultural crops. Whether it is trans¬ 

located to the ear or stalk and if so, what harm the residues may have on livestock 

are questions that remain to be answered before the compound can be released for 

general use. Richard R. West, Denver Wildlife Research Center, Denver, 80225 and 

James H. Dunks, Texas Parks and Wildlife Department, Edinburg, 78539 

FAT STORAGE IN FEMALES OF AN INTRODUCED LIZARD, HEMIDAC- 

TYLUS TURCICUS, FROM TEXAS. This paper reports preliminary observations 

on fat storage in females of the introduced Mediterranean gacko, Hemidactylus 

turcicus, from south-central Texas. The absence of abdominal fat bodies in 3 tropical 

house geckoes of the Old World, Cosymbotus platyurus, H. frenatus, and Peropus 

(■= Gehyra) mutilatus, has recently been pointed out by Church (1962, Copeia, 

(2): 262-269), who suggested that similar information on temperate species would 

be of interest. 

Numerous geckos were seen and 12 collected on the brick walls of a tavern in 

Serbin, 8 miles SW of Giddings, Lee County, Texas on 17 March 1968. This 

locality has been reported by Flury (1965, Tex. Herpet. Soc. Newsletter) and is 

apparently the most northern for this species in the New World. Weights and 

measurements of the 5 adults are given in Table 1. All specimens have been de¬ 

posited in the University of Texas at Arlington Vertebrate Museum, to which 

catalogue numbers refer. 

Church (op. eitp. 264) stated that the sexes of geckos that he studied were 

easily distinguished by the noticeably swollen tails of the males. While collecting, 

I noted that several of the lizards were in pairs, one member of which had approxi¬ 

mately the basal 1/3 of the tail distinctly enlarged. It was assumed that these were 

males until dissection revealed the opposite. In an attempt to determine the reason 

for this, the tails of all lizards were removed at a point where the medial subcaudal 

scales become abruptly enlarged (wider than long), 4 or 5 small scales from the 

cloaca and immediately posterior to the hemipenes in males. Tails were then 

weighed on a Mettler Balance, fixed in 10% formalin, sectioned at 15 ji on a freez¬ 

ing microtome, and stained with Sudan IV for detection of fats. Preparations of 

both males and females were positive for fat, and suggested heavier deposits in 

females. Females has proportionately heavier tails than did males (Table 1), and 

it seems likely that this reflects increased fat storage. 

Females also had distinct ventrolateral fat bodies lying between the hypaxial 

musculature and the skin, extending from axilla to groin. These were somewhat 

flattened and wider distally, of sufficient size to produce a definite ventrolateral fold 

when the lizard rested on a flat surface. They were easily visible through the trans¬ 

lucent skin. Apparently similar structures in other lizards have been referred to as 

post coelomic fat bodies by Church (op. cit.) and as abdominal fat bodies by Hahn 

and Tinkle (1965, Jour. Exper. Zool., 158(1): 79-86). Seasonal variation in fat 

deposits may be inversely related to the ovarian cycle. Quantitative measurements 
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were not made, but fat bodies were not obvious in females collected in mid-May, 

July, or October. 

Assessment of the adaptive significance or advantage of fat storage requires 

knowledge of reproductive cycles. Minto (1966. Bull. Amer. Mus. Nat. Hist., 

134(2): 27-184) observed this species in Karachi, West Pakistan and noted that 

hatchling and females containing large oviducal eggs were collected throughout the 

year. He did not mention the presence or absence of fat bodies; but presumably 

such would not be expected in area of uninterrupted breeding (Church, op. cit., p. 

268). Rose and Barbour (1968, Amer. Midi. Nat., 79: 159-168) studied a popula¬ 

tion on the Tulane University campus in New Orleans and found that the breeding 

season extended from April to early August; females were seen with large ovarian 

eggs as early as 18 May and oviducal eggs at late as 8 August. They demonstrated 

that about 2 months were required for the production of a clutch of eggs and that 2 

or possibly 3 clutches were produced during a season. Irregular observations and 

dissections of females from 2 south-central Texas populations (Serbin, Lee County 

and Gonzales, Gonzales County) over a 2-year period indicate a similar reproductive 

period. Females collected in late March had small but distinctly enlarged follicles 1 

to 2 mm. in diameter, one in each ovary. In mid-May the follicles were 3-6 mm in 

diameter. 9-12 mm. oviducal eggs with shells were present in early July. No speci¬ 

mens were collected in August. However, very small individuals, probably recently 

hatched, have been collected in September and early October. These may have 

hatched from a second clutch laid during August since the average incubation period 

is about 40 days (Rose and Barbour, op. cit., p. 165). 

The data presented here are rather meager; however, it does seem probable that 

fat storage is important to reproductive success in this population. It probably 

serves to insure production and incubation of at least 2 clutches of eggs early 

enough to permit some hatchling growth before the onset of cooler temperatures. 

Miller (1954, Copeia, (1): 38-40) and Zweifel and Lowe (1966, Amer. Mus. Novi- 

tates, 2247, p. 40) have described a correlation between rainfall, insect abundance, 

fat bodies, and reproductive success in the lizard Xantusia vigilis. Markedly de¬ 

pleted fat bodies were associated with widespread reproductive failure in one season. 

Like Xantusia, H. turcicus has a relatively low growth rate and reproductive po¬ 

tential; females probably first accumulate yolk in their 3rd season and produce no 

morethan 6 young per season (Rose and Barbour, op. cit., p. 163; personal observa¬ 

tion). Hahn and Tinkle {op. cit.) demonstrated that in Uta stansburiana rapid 

Table 1 

Measurements (in mm.) and weights (in grams) of Hemidactylus turcicus. Ab¬ 

breviations: SV, snout to vent length; TL, total length; TW, total weight; TLW, 

tail weight. 

No. SV TL TW TLW TLW/TW(%) Sex 

R1412 59 119 4.01 .75 18.70 Female 

R1413 60 129 4.30 .80 18.60 Female 

R1414 54 120 3.53 .60 17.00 Female 

R1415 57 124 3.64 .50 13.74 Male 

R1416 52 114* 2.68 .41 15.30 Male 

* Renerated tail. 
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mobilization of fat body lipid contributed to follicle yolking, which occurs at a time 

when feeding opportunities are far from optimum in this species. Thus females 

having large fat bodies at the onset of estrus are capable of relatively rapid follicular 

development and ultimately give rise to early maturing young which can produce 

maximum number of clutches in the next breeding season. 

The histological preparations were made by Mrs. Barbara Sims of Terrell Labora¬ 

tories. Robert W. Treadwell donated a series of specimens and R. C. Lehman, Phyllis 

K. Murray, and Donna Greene assisted in collection. Col. William Greene and 

Dr. W. F. Pyburn assisted in the preparation of the manuscript. Harry W. Greene, 

P.O. Box 855, Huntsville, Texas 77340. 

ELASMOBRANCH RECORDS AND RANGE EXTENSION FOR THE TEXAS 

GULF COAST. Field collections made by the author in the Galveston Bay area 

during the summer of 1966 yielded 2 significant records of elasmobranchs new to 

the Texas Gulf Coast. The specimens are currently on deposit at the U.S. National 

Museum in Washington, D.C. 

urolophus jamaicensis—Bigelow and Schroeder (1953, Sears Found. Mar. Res. 

Mem. 1, Yol. 2: 426) have indicated that the Yellow Ray, U. jamaicensis, should oc¬ 

cur along the Texas Gulf Coast, although they had no records of it there. Reed (1941, 

Tex. Acad. Publ. Nat. Hist., 2: 86) reported taking one specimen from Texas waters, 

but Baughman (1950, Tex. Jour. Sci., 2(1): 117) was unable to confirm his record. 

Hoese (1958, Publ. Inst. Mar. Sci., 5: 319) reported no definite records or specimens 

of this species from Texas waters. Dr. Gordon Gunter (pers. comm.) stated that he 

had never encountered this species along the Texas coast. In June, 1966, a mature 

male U. jamaicensis was captured in the Galveston Bay system approximately 0.25 

Fig. 1. Male Urolophus jamaicensis (right) and male Raja elganteria (left). 
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mile in from the San Luis Pass. The specimen, excluding the tail, was 132 mm. 

wide and 160 mm. long. This catch constitutes the 1st substantiated record of U. 

jamaicensis from the Texas Gulf Coast and is a range extension of over 600 miles. 

raja eglanteria—Bigelow and Schroeder (1953, op. cit.: 174) have reported the 

Clearnose Skate as being quite common along the Atlantic coast of the U.S., the 

westernmost record in northwest Florida. Reed (1941, op. cit.) reportedly caught this 

skate off the Texas coast, but, again, Baughman (1950, op. cit.) was unable to verify 

his record. Hoese (1958, op. cit.) stated that there are no records of R. eglanteria 

from Texas. Stewart Springer (pers. comm.) indicated that he had never seen this 

species taken from Texas coastal waters, but suggested that it might be sympatric 

with the common Texas Skate, R. texana. A male R. eglanteria was taken in 25 feet 

of water off the western end of Galveston Island. Excluding the tail, the specimen 

was 335 mm. wide and 265 mm. long. This catch is the 1st authenticated record of 

R. eglanteria from Texas and extends the range 600 miles. 

The author would like to express his appreciation to Mr. Stewart Springer of the 

Ichthyology Laboratory, U.S. National Museum, for verifying the identification of 

these two specimens. Michael C. Robinson, Tarleton State College, Stephenville, 

76401. 

BACTERIOPHAGE ATTACHMENT TO SUB-PROTOPLASTS OF E. COLL 

Although the main characteristics of the ultrastructure of bacteria are well known, 

little is understood about variations in ultrastructure that may accompany morpho¬ 

logical and physiological changes brought about by various factors. Weibull, et al. 

(1965, Jour. Ultras. Res., 12: 81-91) have recently reported the presence of small 

particles, 0.1 to 0.4 g in diameter, in cultures of a Proteus L-form which he termed 

“L-bodies”. Hillier, et al. (1949, Jour. Bad., 57: 319-338) have noted the presence 

of elliptical and circular discs resulting from the lysis of Escherichia coli cells with 

T2 coliphage. Mercer (1959, Biochim. Biophys. Acta, 34: 84-98) has observed the 

production of small vesicles resulting from the infection of E. coli cells with T2 

phage. He describes the attachment of phage to these small vesicles and to the bac¬ 

terial membrane; however, the visualization of the phage attachment to the vesicles 

presented by him is limited by the treatment of his preparation. 

The lysis of E. coli cells following the inoculation of cultures with very high 

concentrations of specific phage has been noted by various workers and was termed 

“lysis from without” (LWO) by Delbruck (1940, Jour. Gen. Physiol., 23: 643-660). 

Delbruck (1940, Jour. Gen. Physiol., 23: 643-660) and Watson (1950, Jour. Bad., 

60: 679-718) have reported on the spherical shape and ghostly appearance of cells 

having been “lysed from without”. Cota-Robles and Coffman (1964, Jour. Ultras. 

Res., 10: 304-316) have demonstrated the presence of membranebound vesicles in 

ghost cells produced by LWO. This paper reports the presence of coacervate-like 

bodies (hereafter referred to as sub-protoplasts) resulting from the lysis of apparently 

phage-resistant E. coli cells and the attachment of virus particles to these bodies. 

An untyped plaque isolate from sewage of T-even bacteriophage and E. coli ATCC 

No. 11775 were used in this study. Specimens for electron microscopic examinations 

were obtained directly from the plaques developed on Trypticase Soy Medium 

(Difco) supplemented with 0.7% agar or from Trypticase Soy Broth (Difco). The 

cultures were incubated at 37°C. Material from the plaques was obtained by care¬ 

fully pressing prepared grids onto the surface of the plaque. Specimens from plaques 

were taken at various time intervals up to 2 weeks after plaque formation. Broth 

cultures were centrifuged at 2,000 RPM for 10 minutes. A drop of the centrifugate 
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Fig. 1. (above). Phage-resistant bacterial cells in various stages of lysis. X 385,000. 

Fig. 2 and 3 (below). Sub-protoplast with phage attached X 176,000. 
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was placed on a prepared grid for 2 minutes and excess material was removed by- 

blotting on filter paper. Samples were taken from broth cultures at various time in¬ 

tervals up to 3 weeks after lysis of the cultures. Specimens from the broth, agar and 

broth cultures were placed on pre-carboned 200 mesh collodion-coated grids. The 

specimen-mounted grids were airdried and/or were, without drying, negatively 

stained according to the procedure of Brenner and Horne (1959, Biochim. Biophys. 

Acta, 34: 103-110). The specimens were then observed in a RCA EMU-3G electron 

microscope operating at 50 Kv with a 45 u objective aperture. 

Figure 1 shows bacterial cells in various stages of lysis. Sub-protoplasts appear to 

be developing within the bacterial cells as well as from the cell membrane. The 

membrane-like structure surrounding these bodies is more pronounced on those that 

are developing at the periphery of the cell in the area of the cell membrane. Figure 

2 shows the negatively stained sub-protoplast particles with one intact bacteriophage 

and a headless bacteriophage tail attached to the membrane. The inner structure 

of the body appears slightly more dense, but is apparently of similar homogeneity. 

Figure 3 is an electron micrograph of the typical sub-protoplast body (100-200 m/i 

in diameter) with the characteristic dense membrane-like structures surrounding the 

particles, also showing a phage attached to the membrane. 

The coacervate-like sub-protoplasts are stable under the conditions described. They 

persist for long periods of time and their number increase with the age of the cul¬ 

ture. They have been found in broth as long as 3 weeks and agar cultures as long 

as 2 weeks after the original lytic activity of the phages. It is surmised that the 

bacteria remaining 2 to 3 weeks after the original lysis are resistant to the phage. 

No phage attachment to the resistant bacteria has been observed, but the phages 

are found attached to the sub-protoplast bodies which appear to be produced (pos¬ 

sibly by LWO by phage enzyme) from the cell membranes of the phage-resistant 

bacteria. We have seen many such sub-protoplasts bodies which appear to be budding. 

Various workers have reported the ability of bacterial L-forms (Bloss, 1964, 

Archiv. fur Mikrobiol., 49: 81-85) and bacterial protoplasts (Hofschneider, 1960, 

Nature, 186: 568-569) to absorb bacteriophages from suspensions. The forms with 

which the workers absorbed phages from suspensions were much larger than the 

bodies described here. Mercer (1959, Biochim. Biophys. Acta, 34: 84-89) has de¬ 

scribed such a reaction; however, satisfactory photographic evidence of such phe¬ 

nomenon is lacking in the literature. We feel that the bodies described here are not 

true protoplasts, but are protoplasts capable of absorbing phage. To determine 

whether or not they are “L-forms” or are similar to the “L-bodies” described by 

Weibull, et al. (1965, Jour. Ultras. Res., 12: 81-91) will require additional investi¬ 

gation. Further investigations attempting to characterize these sub-protoplasts are 

currently in progress. 

This investigation was supported by a grant from Faculty Research Funds, North 

Texas State University. V. E. Scholes, Dept, of Biology, North Texas State Uni¬ 

versity, Denton, 76203; /. E. Shaw, Dept, of Botany and Microbiology, University 

of Oklahoma, Norman; and T. D. Rogers, Dept, of Biology, North Texas State Uni¬ 

versity, Denton, 76203. 
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Role of Biology in the Undergraduate Curriculum 

JOHANNES VAN OVERBEEK and 

SIDNEY 0. BROWN 

Department of Biology, Texas A&M University, 

College Station 77843 

In a conference at Texas A&M University of the colleges of the 

Science Education Board of the Texas Academy of Science, the broad 

objective was the articulation between the biology teachers of this dis¬ 

trict. Because of the wide spread application of these discussions, it was 

decided to record and disseminate this information for future consid¬ 

eration. There were 4 keynote speakers followed by a mutual discus¬ 

sion by the small working groups of the participitants. 

The 1st speakers, Dr. John Prescott and David Brooks of Texas 

A&M University, spoke to the following question “What chemistry 

should we teach during the 1st 2 years of a biology curriculum”. It was 

generally agreed that the main task for the first 2 years of the biology 

curriculum is to build a solid foundation of physical science basic to 

the development of a biology program in the later years. Two ways are 

open: separate chemistry courses for the biologist or the same courses 

for chemistry and biology majors. Both speakers advocated the latter: 

a strong course in general chemistry the 1 st year followed by a modern 

course in organic chemistry. When possible, selection of examples to 

illustrate chemical principles should be in the area of biology which in 

turn would stimulate the chemistry students, also. The teaching of 

laboratory techniques and analysis must be stressed since this con¬ 

tributes more to their later research careers. Brooks stressed that with¬ 

out a knowledge of chemistry most biological phenomena cannot be 

understood since even poultry production is an application of the 1st 

law of thermodynamics. 

Dr. H. Burr Furlong of the Tumor Institute of the M.D. Anderson 

Hospital discussed, “What mathematics shall we teach during the 1st 

2 years of a biology curriculum?” He stated that students need mathe¬ 

matics for scientific reasoning but stressed that biology students do not 

need the same math as math majors. Problems dealing with biological 

application should be selected. Students vary much in their aptitude 

for mathematics and should be given only as much as they are capable 

The Texas Journal of Science, Vol. XXI, No. 2, November, 1969. 
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of absorbing. The same program, therefore, should not be imposed on 

all students, but instead a general math course should be devised for 

all science students. 

Dr. Clark Hubbs of the University of Texas at Austin discussed, 

“What biology shall we teach during the 1st 2 years of a biology cur¬ 

riculum”? The specific courses that are taken are not of major im¬ 

portance since the interests and needs of the biology major vary, but 

what is most important is that the best teachers should teach the under¬ 

graduate students. The teachers, alone, should decide the subject matter 

included in the course. The students should be given the wide choice 

of courses. He stated that in some universities the foreign language re¬ 

quirement is excessive which precludes important courses in the bi¬ 

ology curriculum especially the electives. Another handicap that could 

be removed from the curriculum are the State requirements of courses 

in government and history which could be adequately dealt with at the 

secondary school level and need not be repeated in the university or 

college. 

The remainder of the meeting was devoted to panel and group dis¬ 

cussions which resulted in a surprising degree of agreement in many 

areas. It was unanimously agreed that a year of physics, now standard, 

should remain that way. Dr. Wilmer C. Wiser, St. Mary’s University, 

reporting the deliberations of the Panel on Physical Sciences for bi¬ 

ologists, said that it is necessary to put pressure on the high schools to 

teach good chemistry courses, so that the colleges can start out right 

away with the more rigorous treatment of chemistry. Although there 

was general agreement with what Prescott and Brooks had recom¬ 

mended (the same beginning chemistry for biologist and chemist) it 

was stated that chemical educators themselves are trying to condense 

courses and to present considerable amounts of quantitative and physi¬ 

cal chemistry during the 1st year in the general chemistry course. Such 

an approach would make it possible to teach biochemistry earlier. All 

biologists should have a course in biochemistry and/or physical chem¬ 

istry before they receive their BA degree, but these introductory 

courses should be especially designed for biologists. One semester of 

biochemistry is enough, and the physical chemistry course should not 

require calculus and should be given with emphasis on biological proc¬ 

esses. 

Interesting discussions were heard on team teaching. Furlong said 

that team teaching is advantageous because by exposing the students 

to a number of teachers their horizons become broader than with just 

one teacher. He also stated that examination questions of the individual 

teachers must be studied by the other members of the team as well as 
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by the students. These questions reveal what the teacher considers 

important, and what the students may expect, so they can prepare for 

it. This must be done at the beginning of each course. Furlong also 

stated that it is absolutely necessary that a syllabus of each lecture 

is needed for the team mates and students alike. The value of team 

teaching was generally recognized. It gives broader student experience, 

and it has an educational effect on the faculty as they now must co¬ 

operate with each other. Coordination and the desire by the team mates 

for the course to succeed are essential ingredients for team teaching. 

Winston Cave of the Coordinating Board made some closing re¬ 

marks in which he deplored the fact that too few junior college teachers 

were present at the conference (they had been invited). The Coordi¬ 

nating Board has just published a Core Curriculum for Junior Colleges. 

It is designed to facilitate transfer to senior colleges. The Board has 

no authority nor the desire to dictate course content for senior colleges. 

The Legislature is the final authority on all matters of education, how¬ 

ever, the board can recommend new programs to the Legislature. 

This meeting was held under the auspices of the Science Education 

Board of the Texas Academy of Science and the Commission on Under¬ 

graduate Education in the Biological Sciences (CUEBS). The CUEBS 

representatives were Commissioner Richard Beidleman of Colorado 

College and Dr. Lee Kavaljian of the Washington Office of CUEBS. 

Dean W. E. Norris presided and issued an invitation to meet at South¬ 

west Texas State College in San Marcos in 1969 which was accepted. 

The Coordinating Board of the Senior College Division, Texas College 

and University System, was represented by Mr. Winston Cave who ex¬ 

plained some pertinent changes in the curriculum of the Junior Col¬ 

leges of the State. It was regretted that there were no more represen¬ 

tatives of these junior colleges present. Local arrangements for this 

meeting were made by Johannes van Overbeek and Sidney 0. Brown of 

Texas A&M University. 
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Late Pleistocene History of Pluvial Lake Mound, 

Lynn and Terry Counties, Texas1 

by T. R. BATES,2 C. C. REEVES, JR.,3 and W. T. PARRY4 

Pan American Petroleum, Ft. Worth, Texas 76100 

Texas Technological College, Lubbock, Texas 79406 

Unicersity of Utah, Salt Lake City, Utah 84100 

ARSTRACT 

The Pleistocene Tahoka Clay, of Woodfordian age, crops out around 

the present playa of pluvial Lake Mound, Texas. The play a is formed 

by a veneer of Recent debris over up to 50 feet of pre-Tahoka lacustrine 

strata which consists mainly of clay and sand with sporadic carbonate 

lenses. 

Drill and core holes, oxygen isotope ratios, boron paleosalinity de¬ 

terminations, clay mineralogy, the local pollen curve, and radiocarbon 

dates, indicate the Mound Lake Dolomite wedge formed by precipita¬ 

tion of primary dolomite from magnesium-rich lake brines in pre- 

Tahoka time, the top of the dolomite now exhibiting irregularities 

caused by recent springs. 

INTRODUCTION 

The basin of pluvial Lake Mound, one of several large pluvial lake 

basins in the Lynn-Terry County area of West Texas (Fig. 1), 

straddles the Lynn-Terry County line about 30 miles southwest of 

Lubbock, and 3 miles north of U.S. Highway 380. Elevation of the 

present playa is +3150 feet which is about 40-50 feet below the sur¬ 

rounding terrain. 

The basin of pluvial Lake Mound is one of many large depressions 

on the southern High Plains. The origin of these depressions has been 

attributed to wind deflation (Gilbert, 1895; Evans and Meade, 1945), 

and solution and collapse of subsurface strata (Johnson, 1901; Baker, 

1915; Patton, 1935; Price, 1940), but recent work (Reeves, 1966: 

1968a) suggests development along Pleistiocene drainage channels as- 

1 This work was supported by National Science Foundation Grant #392-A. 

2 Pan American Petroleum, Ft. Worth, Texas 76100. 

3 Texas Technological College, Lubbock, Texas 79406. 

4 University of Utah, Salt Lake City, Utah 84100. 

The Texas Journal of Science, Vol. XXI, No. 3, February, 1970. 
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Fig. 1. Index Map-Lynn and Terry Counties, Texas. 

sociated with Cretaceous highs, with additional enlargement due to 

wind deflation when dry and end-current erosion when wet. Reeves 

(1968a: 1968b), by subsurface mapping, shows a definite relation be¬ 

tween the geographic locations of the basins of pluvial lakes Rich, 

Mound, and Brownfield (Fig. 1), local Cretaceous highs, and the 

regmatic fracture pattern of the Llano Estacado. 

The basin of pluvial Lake Mound is sub-elliptical, about 2% miles 

long and 1% miles wide, with the major axis trending N. 40° E. The 

area of the present drainage basin is approximately 9 square miles, the 

present playa (Fig. 2) covering about 2*4 square miles. The basin is 

cut into strata ranging in age from Early Cretaceous (Comanche) to 

Pleistocene (Late Wisconsin). Cretaceous rocks, which form the basin 

floor, are the Kiamichi Shale and the overlying Duck Creek Shale (Fig. 

3). 

STRATIGRAPHY 

The sediments in the basin of pluvial Lake Mound, of pre-Tahoka, 

Tahoka, and Recent age (Fig. 3), consist mainly of clays and sands 
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Fig. 2. Aerial view of the flooded playa of pluvial Lake Mound, view to the southwest. 

The Mound Lake Dolomite locality is shown by the arrow, the X marking the approximate 

location of the core from the central playa area. 

with minor amounts of carbonates and salts. Lithology in the center 

of the basin is mainly clay with pods and layers of gypsum, but cores 

along the basin margin consist of gravels, clays, sands, salts, and car¬ 

bonates. One thin zone of calcite crops out beneath a porous, indurated 

dolomite on the west side of the basin. 

Lacustrine sediments from the basin bottom to the present playa 

attain a maximum known thickness, based on oil well logs and cores 

from the center of the playa, of about 50 feet. The Cretaceous underlies 

the southern part of the playa at —3 feet, the eastern part about —16 

feet, and the northern part of the playa at least —18 feet. 

Pre-T ahoka 

Pre-Tahoka sediments were studied in a core from the center of the 

playa (Fig. 2), in outcrops on the west bank and in several hundred 

feet of hand auger samples. Pre-Tahoka sediments occur in outcrop 

about +5 feet above the playa on the west side of the basin about —7% 

feet in the central playa area. Contact between pre-Tahoka and Tahoka 

sediments beneath the playa is based on changes in clay mineralogy 

(Parry and Reeves, 1968) and on correlations with the lacustrine sec- 
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tion cored on the north side of the playa (Fig. 4), but no clear lithologic 

break exists. 
In the core from the central part of the playa the pre-Tahoka is 

mainly dark gray (N3) clay with gypsum pods and layers from —40 
to —1414 feet. Two coarsely crystalline 1-foot gypsum layers occur at 
—34 and —30 feet. From —14% to —6 feet 'the section is mainly 
medium dark gray (N4) clay with gypsum. Recent dark gray (N3) 
to black (Nl) water-saturated clays, often with 80-90 percent gypsum, 

Carbonates of pre-Tahoka age consist of dolomite and calcite, the 
singular calcite associated with one of the indurated dolomites (Fig. 5). 
The dolomites are represented by a thick soft-sediment lense on the 
north edge of the basin and playa, by several indurated porous dolo¬ 
mites cropping out along the west bank, and by thin soft-sediment 
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dolomites on the west and southwest playa fringes ranging in depth 

from —1 to —14 feet. 

A thin, indurated zone of white dolomite crops out near playa level 

in all of the large pluvial lake basins of West Texas. Radiocarbon dates 

of this dolomite show deposition occurred at the beginning of the Rich 

Lake interpluvial (Reeves and Parry, 1965), probably due to desicca¬ 

tion of the lakes. This carbonate is termed the Rich Lake Dolomite 

for widespread outcrops along the western playa margin of Rich Lake, 

Terry County, Texas (Figs. 1, 6), Lat. 33° 16' N., Long. 102° 11' W. 

Uncorrected radiocarbon dates for the Rich Lake Dolomite range from 

about 26,500 ± 800 to 32,525 ± 2,400 years B.P. 

The largest pre-Tahoka dolomite in the Mound Lake basin is located 

on the north end of the present playa, directly south of Mr. Oscar 

Robert’s house (Fig. 2). This unit, as well as correlative indurated 

dolomites on the west side of the playa, is termed the Mound Lake 

Dolomite. The Mound Lake Dolomite wedge south of the Roberts 

house covers approximately 900,000 square feet, thickness ranging 

from 0 to slightly over 8 feet (Fig. 7). The dolimite is predominantly 

soft, plastic, and white (N9) to greenish gray (5G61). Texture varies 

from clayey to sandy with sand and gypsum, often up to 50%, occur¬ 

ring as a matrix. 

Early drilling showed the Mound Lake Dolomite to be an irregular 

wedge with local highs and lows, thus the entire area was drilled on a 

100-foot grid and at selected closer intervals in areas of significant 

change. Three cores were taken at distances of about 100, 400, and 

1,300 feet north of the playa (Fig. 4), and one core was taken toward 

the central part of the playa (Fig. 2). 

The Mound Lake Dolomite is underlain by a distinctive green sand 

or green clay containing disseminated or podded glauconitic mica 

(Parry and Reeves, 1966). Basin ward the green sand or green clay 

changes to a black clay. Overlying the dolomite is a 1 to 6-foot section 

of Recent sands and silts. 

The Mound Lake Dolomite apparently formed by precipitation of 

dolomite from magnesium-rich lake brines in a restricted, hypersaline 

area of the lake. The dolomite was considered primary and of Recent 

age during the early (Reeves and Parry, 1965) and intermediate 

(Parry and Reeves, 1967) phases of study. This early opinion of the 

dolomite’s primary nature is now supported by oxygen and carbon 

isotope studies which are still in progress. Degens and Epstein (1964) 

show SO18 values for dolomite 6-10 per mil higher than the SO18 value 

for coexisting calcite at equilibrium and room temperature. Oxygen 

isotope ratios for the Mound Lake Dolomite range from SO18 = —0.5 to 
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Fig. 4. Aerial view of the northern edge of Lake Mound playa showing location of core 

holes #1, #2, and #3 and drill hole #4, The road in the left ©f the picture leads to 

the Oscar Roberts house Immediately west of core hole #1. 

—3.6 per mil, relative to the PDB standard. A coexisting dolomite and 

calcite on the west bank had respective SO18 values of —0.5 and —5.6. 

This difference in the SO18 value between the dolomite and the adja¬ 

cent calcite indicates that there has been no replacement of the calcite 

by the dolomite (Degens and Epstein, 1964). 

Weber (1964) finds secondary dolomites formed in normal marine 

environments but Deffeyes, et al. (1964) and Berner (1965), as well 

as Weber (1964), attribute various modes of primary dolomite to 

hypersaline environments. Evidence which suggests that the Mound 

Lake Dolomite formed by slow precipitation of primary, soft-sediment 

dolomite from magnesium-rich lake brine in a restricted area, consists 

of: 1) fine, euhedral crystals (Fig. 8), 2) general absence of fossils, 3) 

presence of brine shrimp pellets, 4) composition and ordering of crys¬ 

tals unlike recent replacement dolomite, 5) SO18 ratios, 6) stratigraphic 

association with evaporites, 7) homogeneity, 8) lack of replacement 

textures, 9) lenses of black organic debris often containing minor 

amounts of microscopic pyrite, and 10) shape and continuity (Fig. 7). 

An isopachous map (Fig. 7) of the Mound Lake Dolomite shows 5 
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Fig. 5. Exposure of pre-Tahoka dolomite on the west side of Lake Mound playa. The 

dolomite (D) is underlain by a 1—6 inch zone of calcite (C) which rests on green sand. The 

calcite yields a radiocarbon date of 34,410 ± 2490 years B.P. The upper part of the 

dolomite, not exposed in this picture, dates 27,720 ± 1 070 years B.P. 

areas with thicknesses ranging from over 3 feet to over 8 feet. The 

minima, occurring just basinward of the present playa edge and lead¬ 

ing shoreward, correspond to clastic fillings of topographic irregulari¬ 

ties in the dolomite produced by gullying. The maxima correspond to 

the locations of ancient or present springs. 

The Mound Lake Dolomite was initially considered of Recent or 

Holocene age (Parry and Reeves, 1967) because of the association of 

the local topographic highs with present springs (Fig. 7). Parry and 

Reeves (1967) thought the dolomite was precipitated by evaporation 

of spring waters as they flowed out of the springs and seeped into the 

adjacent playa where they contacted magnesium-rich lake brines. 

However, cores north of the present playa (Fig. 4) show the Mound 

Lake Dolomite extending beneath the Tahoka Clay (Fig. 9). This 

seems in order with radiocarbon dates from the dolomite of 26,790 ± 

2,540, 34,460 ± 2,540, and 37,000+ years R.P. 

Whether the Mound Lake Dolomite was precipitated wholly or in 

part by submarine springs during pre-Tahoka time is presently un- 



252 THE TEXAS JOURNAL OF SCIENCE 

Fig. 6. Outcrop of the Rich Lake Dolomite along the northwestern playa margin of Rich 

Lake, Texas. In the Mound Lake basin the Rich Lake Dolomite occurs mainly in the form of 

large carbonate pods or wedges (see Fig. 5). 

Fig. 7. 



LATE PLEISTOCENE HISTORY OF PLUVIAL LAKE MOUND 253 

Fig. 8. Electron micrograph of uppermost Mound Lake Dolomite grains (courtesy of Theron 

Oderkirk, University of Utah, Department of Metallurgy). The fibrous material is sepiolite. 

known, but post-depositional springs have altered the lense. Fine dolo¬ 

mite grains are at the surface in the throats of present springs and the 

isopach (Fig. 7) shows thickening of the dolomite around the springs. 

Tahoka Formation 

The Tahoka Formation, or Tahoka Clay, was named by Evans and 

Meade (1945) for lacustrine exposures near Tahoka, Texas. The Ta¬ 

hoka typically consists of light blue-gray bentonitic, calcareous clay 

with a thin dolomite zone near the top (Fig. 10), sand becoming prom¬ 

inent along the old shorelines. In the central basin areas gypsum or 

gypsiferous, yellowish gray (5Y 8/1) clays predominate. 

On the west edge of Lake Mound’s present playa the Tahoka is 

about 15 feet thick, but the formation increases to about 19 feet in the 

cores from the north side of the playa. The base of the Tahoka is not 

clearly defined but the top is everywhere marked by the change from 

lacustrine to fluvial or eolian sediments. 

The thin 1 to 6 inch, soft, crumbly dolomite near the top of the 

Tahoka Clay was deposited during the Vigo Park pollen interval, the 

name originating from a small community in northeastern Swisher 

County, Texas (Oldfield and Schoenwetter, 1964). Radiocarbon dates 
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from the Vigo Park Dolomite range from 15,240 ± 340 to 20,500 ± 
650 years B.P. Dates from the Vigo Park Dolomite in the Mound Lake 
basin range from 16,720 ± 320 (in core #3) to 18,050 ± 540 years 
B.P. (in core #1). On the basis of radiocarbon dates secured in this 
study and those from previous studies (Reeves and Parry, 1965; 
Reeves, 1968a) the Vigo Park correlates with the interlacustrine dia- 
stem in the Bonneville Formation, Utah, and with the Interstade de 
Lascaux of Europe. The Tahoka Clay is then of Woodfordian age oc¬ 
cupying the time interval 20,000 to 14,000 years B.P. 

Fig. 9. North-south cross section of Mound Lake Dolomite with radiocarbon dates at 

correlative depths. Core holes are numbered 1,2, and 3. 

Holocene 

Holocene or Recent lacustrine sediments in Lake Mound consist of 
sands, clays, and salts. Coarse to very fine sands predominate shore¬ 
ward because of sheetwash from fringing dunes and the inflow of- 
intermittent influents. Medium gray (N5) to black (Nl) clays, with 
abundant gypsum and other salts, occur in the central playa area. 

Average thickness of the Holocene sediments, determined by seismic 
survey, clay mineralogy (Parry and Reeves, 1968), and the sharp 

change from water-saturated, unconsolidated, gypsiferous clays and 
mucks to consolidated clays, is about 7% feet. The contact between 
the pre-Tahoka and Holocene sediments is the ancient surface formed 
by deflation of the Tahoka-aged lacustrine sediments during the Aiti • 
thermal period 6,500 to 5,000 years B.P. 
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Fig. 10. Outcrop of the Tahoka Clay, west side of Mound Lake. The children are standing 

on top of a thin soil formed on the Tahoka Clay, the Vigo Park Dolomite forming the light- 

colored Interval just beneath the soil (arrow). The dashed line marks the approximate 

position of the Rich Lake Dolomite which is only sporadically present at this locality. 

PALEOSALINITY DETERMINATIONS 

Degens, et al. (1957) show the boron content of illite clays reflects 

salinity of the depositional environment, thus a geochemical study of 

select samples from the core from the center of Lake Mound playa 

was considered appropriate. 

Adjusted boron values (ppm boron in illite) were calculated using 

the method of Reynolds (1965). The accuracy of this method depends 

on various factors, the most important being the assumed value for 

the percent K20 in pure illite (Reynolds, 1965). Because of the 

character and shape of x-ray diffraction peaks and the simularities of 

the x-ray patterns to patterns of a standardized illite containing 6.6 

percent K20, the Lake Mound illites were assigned a 6.6 percent K20 

value. 

Eighteen samples from the lacustrine interval + 18 feet (from out¬ 

crops on the west side of Mound playa) to — 38^/2 feet in the core, 

were analyzed for boron and K20 d.c. arc emission spectroscopy and 
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flame photometry respectively. All samples were run in triplicate and 

standards were run 6 times. Accuracy of the boron analysis, which was 

± 9.1%, was checked against National Bureau of Standards argilla¬ 

ceous limestone No. 1-a. The precision on a 500 ppm boron standard 

was 504 ±71 ppm boron as standard deviation. Accuracy of the K20 

analysis was checked against National Bureau of Standards standard 

granite G-l. The accuracy was ± 0.05% K20 as standard deviation. 

Adjusted boron values from the Lake Mound lacustrine section 

range from 284 to 1245 ppm; however, these approximations are 

probably influenced by 2 factors: 1) boron uptake by illite which 

proceeds very slowly, and 2) the boron/salinity ratio. If equilibrium 

was reached the boron concentration values should be valid, but if 

equilibrium had not been reached the values are low and true salinities 

would have been higher. The boron/salinity ratio for sea water is 

essentially constant (Harvey, 1955), but no data is available for 

Mound Lake. Certainly inflow of saline spring water and/or deposition 

of boron-rich sediments could have changed boron concentration in¬ 

dependent of salinity; however, the adjusted boron values are con- 

PPM BOROM 

Fig. 11. Diagrammatic presentation of clay mineralogy from the core taken near the 

center of Mound playa (Fig. 2), compared to the paleosalinity curve and the pollen curve 

with pollen analytical episodes. 

S = sepiolite 

I = illite 

K = kaolinite 

M = montmorillonite 
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sidered representative of Mound Lake salinities because: 1) the illite is 

the low temperature 1 Md polomorph which is sensitive to salinity 

(Reynolds, 1965), and 2) variations correlate well with pollen and 

sediment changes. 

Figure 11 shows variable adjusted boron in the pre-Tahoka section 

(— 38 to — 7% feet) with a maximum occurring at — 34 feet which 

corresponds with a zone of gypsiferous clay. The gypsiferous clay at 

— 3 feet, however, is marked by a slight decrease. The salinity maxima 

at — 18 feet is lithologically marked by a change in clay mineralogy 

from illite-montmorillonite interstratified clays to 100 percent mont- 

morillonite (Parry and Reeves, 1968). The salinity maxima at — ?y2 

feet, the pre-Tahoka Holocene boundary, probably represents aridity 

of the Altithermal. Paleosalinity values for the Holocene section, which 

range from 70 to 100 per mil, are verified by the hypersaline brines 

and gypsum mash in the central playa area. The low salinity values 

for the Tahoka section correspond to those of fresh to brackish water 

environments (Curtis, 1964). 

GEOLOGIC HISTORY 

No data is available to exactly indicate when the basin of Lake 

Mound first formed. Formation of the basin has been considered 

post-Pliocene because of the surrounding Ogallala elastics, but presence 

of basal Ogallala gravels and the Cretaceous Duck Creek above the 

present playa suggests that the Ogallala may have never completely 

covered the area (Reeves, 1968b). Pliocene lacustrine strata in the 

Ogallala exposed on the west side of Mound playa indicates a pre- 

Pleistocene lake, but area of the lake or lake basin cannot now be 

determined. 

Sometime after formation of the Mound basin, and probably during 

the late Pleistocene, lake level rose to approximately 3,200 feet, and 

filling of the basin with an unknown thickness of lacustrine debris 

occurred. Subsequent desiccation of the lake and deflation of an un¬ 

known amount of the fine-grained lacustrine sediment by a prevailing 

wind blowing S. 65° E. produced the oldest recognizable dune series in 

the Mound Lake area. These dunes, which correlate with Melton’s 

(1940) Series III, are older than 20,000 years B.P., but are probably 

no older than Early Wisconsin. Although the pre-Tahoka lacustrine 

sediments in front of the Series III dunes have been drilled, no 

dateable material has been found. 

After deflation of the lake basin to produce the Series III dunes, and 

about 20,000 years B.P., the Lake Mound basin again filled with water 
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to approximately the 3,180 foot level at the onset of the Tahoka 

Pluvial. During the 6,000 year span of Tahoka time 20 to 40 feet of 

Tahoka Clay was deposited, except for slight interruption for an 

unknown period of time when the lake desiccated during the Vigo 

Park interval. 

The largest dune trend in the Lake Mound basin borders the Tahoka 

Clay strand line, representing deflation of fine-grained Tahoka Clay 

from a post-Tahoka playa sometime after or at the end of the Tahoka 

Pluvial. This dune trend, equivalent to Melton’s (1940) Series II, is 

younger than 14,000 years B.P., and was produced by a prevailing 

wind blowing S. 40° E. (Reeves, 1965), major deflation occurring dur¬ 

ing the thermal maxima or Altithermal (Antevs, 1955). It was prob¬ 

ably this period of deflation which effectively produced the present 

basin-playa configuration. 

During the last 4,000 years the playa of Lake Mound has ex¬ 

perienced predominantely deflation by two prevailing wind directions, 

one S. 45° E. and one N. 10-25° E. Dunes produced during this period, 

equiavlent to Melton’s (1940) Series I, rest on the Tahoka Formation 

(Fig. 9). An extensive, well-developed, wave-cut terrace on the Series 

I dunes, 6 to 8 feet above the present playa, indicates a higher lake 

level sometime during the last 4,000 years. 
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ABSTRACT 

The present geographical distributions of the races of the closely 

related toads, Bufo americanus and Bufo woodhousei, suggest that a 

Pleistocene glaciation separated each species into 2 geographical iso¬ 

lates, one of which occupied the Florida peninsula, while the other was 

in a Mexican retreat. Sympatric interactions are thought to have been 

responsible for the evolution of size differences between B. americanus 

and B. woodhousei. 

INTRODUCTION 

Anuran amphibians often show rather puzzling patterns of intra¬ 

specific geographical variations in size. Interpretations as to their 

underlying causes, in light of the past evolutionary history of the 

species, have been infrequently put forth. Presented in this report is an 

analysis of and possible explanation for racial differences in size in 2 

species of toads. 

GEOGRAPHIC VARIATION IN SIZE 

Bufo woodhousei, the most widely distributed species of toad in 

North America, is differentiated into 2 closely related races which are 

distinguished largely on the basis of size. The smaller race, B. wood¬ 

housei fowleri (regarded as a separate species by some), is found over 

much of the eastern half of the United States while the large race, B. 

woodhousei woodhousei, occurs throughout much of the western United 

States (Fig. 1). The 2 forms can either intergrade (Meacham, 1962) 

or their ranges may abut without interaction (A. P. Blair, 1941) along 

a line extending through eastern Texas, eastern Oklahoma, eastern 

Kansas, and western Missouri. 

The Texas Journal of Science, Vol. XXI, No. 3, February, 1970. 
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Fig. 1. Distribution of the races of Bufo woodhousei (adapted from Map 34, in Stebbins, 

1966). Bufo woodhousei woodhousei (horizontal lines) occurs in western North America; 

B. woodhousei fowleri (vertical lines) occurs in eastern North America. 

Bufo americunus, a toad of the same species group as B. woodhousei 

(W. F. Blair, 1963; Tihen, 1962), is restricted to central and eastern 

North America (Fig. 2). Two races which are distinguished mainly 

on the basis of size are also found in this species. The larger race, B. 

americanus americanus, is found in the eastern and northern portions 

of the range of the species. The smaller race, B. americanus charle- 

smithi (described by Bragg, 1954), is confined to the southwestern part 

of the species range. 

W. F. Blair (1958) suggested a geographical separation of B. wood¬ 

housei woodhousei from B. woodhousei fowleri during a glacial period 

of the Pleistocene. B. woodhousei woodhousei is thought to have occu¬ 

pied a Mexican retreat while B. woodhousei fowleri was on the Florida 

peninsula. Present range contact is thought to be secondary. It would 

seem plausible that B. americanus charlesmithi and B. americanus 

americanus also differentiated at that time as a result of a similar sepa¬ 

ration. Smith (1961) and Conant (1958) show that there is a large 
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area in southeastern Illinois and southwestern Indiana in the center of 

the range of B. americanus where this species apparently does not 

occur. This hiatus is between the ranges of the 2 races at the eastern¬ 

most extent of the range of B. americanus charlesmithi and suggests 

that at this point the 2 races have not yet come back into contact after 

previous separation. 

Distinctive size differences are maintained between the larger B. 

americanus americanus and the smaller B. woodhousei fowleri over 

most of eastern North America where they are sympatric. The size 

relationship between the 2 species is reversed at the southwestern edge 

of the range of B. americanus in the central United States where the 

considerably smaller B. americanus charlesmithi and the larger B. 

woodhousei woodhousei are sympatric. Size divergence may have 

started between B. americanus charlesmithi and B. woodhousei wood¬ 

housei in their Mexican refuge during the Pleistocene due to ecological 

Fig. 2. Distribution of the races of Bufo americanus (adapted from Map 208 in Conantr 

1958). Bufo americanus charlesmithi (dark area) is found in the southwestern portion of the 

range of the species; B. americanus americanus (light stippling) is distributed in the northern 

and eastern portions of the range of the species. 
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interactions. At the same time, reversal of 'direction in size displace¬ 
ment may have been selected for in B. americanus americanus and B, 
woodhousei fowleri in the southeastern isolate. 

Geographical variation in the snout-vent length of sexually mature 
males and females of the 4 races is shown in Fig. 3. All animals mea¬ 
sured were museum specimens and had been preserved for a time ade¬ 
quate to allow shrinkage. As sexual dimorphism in size occurs in the 
2 species (males being smaller than females), each sex was treated 
separately. Specimens were measured following the methods of Brown 

(1967). It is unlikely that the differences found reflect a biased sam¬ 
pling of just one age class because the number of specimens that was 
collected at a specific location on the same date was usually quite small. 
The specimens measured for each race came from areas scattered 
throughout the ranges of the races. However, B. woodhousei fowleri 
from southern Mississippi, southern Louisiana and southeastern Texas 
were not included in the statistical analysis presented in Fig. 3 as this 
species exhibits size changes in these areas which appear to. be due to 
other conditions of sympatry (Brown, 1967). Statistically significant 
differences occur in both sexes between B. woodhousei woodhousei and 
B. americanus charlesmithi, and also between B. woodhousei fowleri 
and B, americanus americanus. 

There would seem to be 3 different ways in which size differences 

could be selected for between the sympatric forms of this complex. 
First, a situation could develop where there was predation on these 
newly evolved species of similar appearance and habits by a common 
predator. There would then be selection for divergence in habits and 
appearance (and possibly size) to reduce the effectiveness of the pre¬ 
dation (Brower, 1958). Secondly, competition for food would pre¬ 
sumably initiate selection for size differences of sympatric species for 
specialization in ingesting different sized insects (see Brown and Wil- 

Flg. 3. Size differences of the races of B. americanus and B. woodhousei. Block boxes 

indicate B, woodhousei samples? boxes with diagonal lines are B. americanus samples. The 

statistical treatment used is a modification of the graphical method ©f Hubbs and Hobbs 

(19531, Sample sizes are indicated after N— at the lower edge of the diagram. The 

observed range of variation is plotted as a vertical line; the mean is indicated as a short 

horizontal line; a darkened bar represents the 95 % confidence limits on either side ©f the 

mean; and the ©pen bar plus Yi of the darkened bar indicates one standard deviation on 

either side of the mean. Non-overlap of the 95 % confidence limits of any 2 samples indicates 

that the difference between the means is statistically significant. A shows size differences of 

recently collected male B. woodhousei woodhousei and B. americanus charlesmithi, B shows 

size differences of recently collected male B. woodhousei fowleri and B. americanus 

americanus. A and B refer respectively to comparisons of females of the same races. 
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son, 1956). Other ecological interactions could result in selection for 

niche differentiation and this might involve the evolution of size dif¬ 

ferences. Thirdly, in areas where there is selection against the produc¬ 

tion and survival of hybrids, there could subsequently evolve size dif¬ 

ferences between the parental species because of the role size plays in 

reproductive isolation (see W. F. Blair, 1964). Size difference is 

100 

N= 508 192 751 262 236 49 266 68 
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thought to function as an isolating mechanism mainly through its in¬ 

fluence on some components of the mating call (reviewed by Zweifel, 

1968) and through the physical difficulties involved in carrying out 

the proper behavioural patterns during amplexus. Other possible 

methods by which size can function in reproductive isolation have 

been suggested by Brown (1967). 

Because of the very frequent occurrence of natural hybridization 

between B. americanus and B. woodhousei (A. P. Blair, 1941; Volpe, 

1952; Cory and Manion, 1955; W. F. Blair, 1956; Brown, 1967; 

Zweifel, 1968; and others) it is quite possible that the observed size 

differences have evolved as a result of selection against reproductive 

interactions, although hybrid inferiority has not yet been demon¬ 

strated. It would seem that external environmental factors such as 

altitude, temperature, humidity, etc. can probably be discounted as 

causes of the size differences between the sympatric forms of this com¬ 

plex because these factors would most likely have affected differenti¬ 

ation in each species in a similar manner, as the species are so closely 

related. 
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Pygmy Sperm Whales, Genus Kogia, on the Texas Coast 

by GERALD G. RAUN,1 H. DICKSON HOESE2 and 

FRANK MOSELEY3 

ABSTRACT 

A 4th record of a stranded pygmy sperm whale (Kogia) from the 

Texas Coast is reported and comparison made with other specimens. 

Considerable variation in proportions is noted and the suggestion made 

that a specimen from Galveston Island, Texas may be Kogia simus 

rather than K. breviceps. A limited number of internal structures were 

measured and an analysis of the stomach contents is included. 

INTRODUCTION 

Pygmy sperm whales are frequently stranded along the Atlantic 

Coast of North America (Gunter, et aL, 1955; Caldwell and Golley, 

1965), but records from the Gulf of Mexico are still rare. Only 6 speci¬ 

mens have been recorded from Gulf beaches; 3 from Florida (Moore, 

1953; Caldwell, et al., 1965) and 3 from Texas (Gunter, et al., 1955; 

Caldwell, et al., 1960). All of these have been referred to Kogia brevi¬ 

ceps. 

A 4th Texas record, from Mustang Island, is reported here. This 

adult male came ashore 15.8 miles south of the south jetty at Port 

Aransas, Texas. It was apparently stranded sometime during the after¬ 

noon of January 28, 1965, and was still alive as late as 11:00 P.M. 

EXTERNAL APPEARANCE AND MEASUREMENTS 

The black color of the dorsum extended down the flanks to about 

415 mm below the base of the dorsal fin. The light pinkish lateral color 

was speckled with small, dark spots. Widespread subcutaneous hemor¬ 

rhage obscured the ventral color. Two dull yellow streaks were present 

laterally. One extended from just above the flipper posterio-ventrally 

to end about 310 mm behind the genital aperture and was about 41 mm 

wide. The second, which narrowed in width from 85 to 50 mm front 

to rear, ran from about the middle of the jaw to below the origin of the 

1 Department of Biology, North Texas State University, Denton, 76203. 

2 Department of Biology, University of Southwestern Louisiana, Lafayette 70501. 

3 Department of Biology, The University of Corpus Christi, Corpus Christi, 78411. 
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flipper. An indistinct white mark behind the eye more nearly re¬ 

sembled a reversed L (Caldwell, et al., 1960: 137) than a bracket- 

shaped mark (Hubbs, 1951: 408). 

There was no external evidence of a wound or injury which might 

have contributed to the stranding. The skin was pocked with irregular 

holes ranging from 25 to 100 mm in diameter and 12 to 50 mm deep, 

with most at the smaller end of the range. Slijper (1962: 85-88) dis¬ 

cussed the possibility that peculiar scars on the skin of whales may be 

caused by sea lampreys. While some of the holes on our specimen bore 

a resemblance to those figured by Slijper (1962: 86), most were much 

smaller and it seems doubtful that lampreys were responsible. Squid 

might be a more likely possibility since they were present in the 

whale’s stomach. We found no evidence of external parasites. 

The Committee on Marine Mammals, American Society of Mam- 

malogists has recommended certain standard measurements to be taken 

on smaller cetaceans (Norris, 1961), and we have followed these as 

closely as possible. A few additional measurements were taken in order 

to compare our data with those presented by other authors. As Norris 

(1961: 471) pointed out, “A major difficulty in using morphological 

data gathered from stranded cetaceans by many widely scattered per¬ 

sons is that the resultant figures are seldom directly comparable.” That 

such is true with regard to Kogia is illustrated by comparison of mea¬ 

surements (Table 1) and proportions (Table 2). Any conclusions as 

to morphological variation must be viewed with the knowledge that 

these measurements were made by different individuals and perhaps 

with variable techniques. It must also be considered that, while Kogia 

breviceps has long been considered the only species in the genus, Hand- 

ley (1966) has recently shown that there are 2 species along the 

Atlantic Coast. 

Gunter, et aL, (1955) compared 3 specimens from Texas, California, 

and New Jersey and commented upon certain morphological differ¬ 

ences. With the addition of other specimens some further comments 

are in order. Variations noted have included: proportional width of 

flukes, proportional length of flippers, height, length, and position of 

the dorsal fin, placement of flippers, and relative positions of eye and 

blowhole (Tables 1 and 2). It has been postulated that these differences 

were due to incomplete spreading of flukes, differences in measuring 

techniques, sexual differences, age differences, and the possibility of 

error in the original measurements. A much more likely answer to 

some of the variation has been suggested by the recent recognition of 

2 species, K. breviceps and K. simus (Handley, 1966). 

The Galveston Island specimen (Caldwell, et al., 1960), most aber- 
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Table 1 

Body measurements of Kogia from Mustang Island and comparison with measure¬ 

ments reported for other Texas specimens. All measurements in mm. 

Measurement 
Mustang 
Island1 

Mustang 
Island2 

Galveston 
Island3 

Body 

Total length to notch in flukes 3020 27434 21344 

Length, snout tip to mid-eye 490 406 305 

Lenth of gape 200 

Length, snout tip to blowhole 403 356 178 

Length, snout tip to anterior 

insertion of flipper 653 

Length, snout tip to dorsal base (rear) 1840 1905 1295 

Length, snout to genital slit 1350 

Length, snout to anus 2280 

Length, notch in flukes to 

dorsal base (rear) 1235 914 838 

Length, notch in flukes to 

flipper base (rear) 2192 1981 9435 

Projection of snout beyond lower jaw 200 

Body depth at base of dorsal 5506 635 508 

Maximum girth, anterior to dorsal base 1778 

Girth, caudal peduncle 457 

Apertures 

Eye length 37 

Eye height 17 

Length, genital slit 200 

Length, anal slit 195 

Width, blowhole 84 

Appendages 

Length, flipper (anterior L. ? L. 382 L. 336 

insertion to tip) R. 395 

Length, flipper (axilla to L. 355 
tip) R. 355 

Width, flipper base L. 175 

Height, dorsal fin 120 127 178 

Length, dorsal fin 265^ 406 305 

Width, flukes (tip to tip) 740 5088 559 

1 Reported in this paper. 
2 Gunter, et al., 1955. 
3 Caldwell, et al., 1960. 
4 Measurements originally given in inches have "been converted to mm. 
5 Estimated. 
6 Inaccurate. 
7 Measured at base and not comparable to the others. 
8 “Fluke probably not fully spread.” 
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Table 2 

Comparison of proportional body measurements of Kogia from various localities. All 

measurements are expressed in thousands of total length to notch in flukes. 

Measurement 
Mustang 

Island1 

Mustang 

Island2 

Galveston 

Island3 

Total length to notch in flukes 1000 1000 1000 

Length, snout tip to eye 162 148 143 

Length, snout tip to blowhole 133 130 83 

Length, snout to dorsal base (rear) 

Length, notch in flukes 

609 694 607 

to dorsal base (rear) 

Length, notch in flukes 

409 . 333 393 

to flipper base (rear) 726 722 536 

Body depth at base of dorsal 1825 231 238 

Length of flipper 130 176 167 

Height of dorsal fin 39 46 83 

Length of dorsal fin 886 146 143 
Width of flukes 245 1857 262 

Length, snout to front of dorsal base 521 60Q4 

1 Reported in this paper. 

2 Gunter, et al., 1955. 

3 Caldwell, et al., 1960. 

4 Estimated. 

5 Inaccurate. 

6 Measured at base and probably not comparable. 

7 “Flukes probably not fully spread.” 

rant of the 5 specimens compared (Table 1 & 2), exhibits characteris¬ 

tics which lead us to refer it to simus rather than breviceps. The total 
length (snout to notch in flukes) falls within the range of simus and 

below the minimum for breviceps, The dorsal fin was very high and 
inserted just anterior to midbody. These characteristics are regarded by 
Handley (1966: 67) as diagnostic of simus. The flipper of this speci¬ 
men was displaced far to the rear and the blowhole displaced forward, 
farther from the eye than in the others. 

D K. Caldwell (in Hit.) has previously concluded that this specimen 
was almost certainly simus. He has examined a newspaper photo¬ 
graph, unavailable at the time the specimen was described, which con¬ 
firms the size and positioning of the dorsal fin. This apparently repre¬ 
sents the only record of K. simus from the Gulf of Mexico. 

Assignment of the Galveston Island whale to K. simus relieves the 
problem to a degree, but considerable variation in proportional mea¬ 
surements remains (Table 2). 

The Mustang Island specimens are similar except for the placement 
of the dorsal fin, and this could result from different measurement 
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techniques. The dorsal fins are both situated posterior to midbody. 

There is a slight difference in the placement of the blowhole relative to 

the eye. There is no doubt that both of these whales are breviceps. 
Our whale weighed 740 lbs. minus most of the viscera and after hav¬ 

ing been ashore for at least 48 hours with consequent dehydration. 

INTERNAL STRUCTURES 

We were able to dissect the specimen and, while our efforts were too 

crude to provide much information on internal anatomy, we were able 

to make a few observations and measurements which contribute to the 

poorly known biology of the species. 

The blubber was 40-50 mm thick along the ventral midline. It 

seemed thickest laterally and was 66 mm thick adjacent to the left 

flipper. The thinnest section measured (34 mm) was on the dorsum 

just posterior to the skull. A considerable amount of oil was present in 

the hollo wed-out frontal portion of the skull. 

The testes were situated low in the abdominal cavity, just anterior 

to the genital slit. The left testis measured 445 mm in length and about 

100 mm in width. The penis, forceably extended as far as possible, 

measured 740 mm from tip to base, and 460 mm from tip to end of 

prepuce. It was a very slender, almost the same diameter throughout 

its length, and lacked a baculum. It was completely withdrawn within 

the genital slit prior to dissection. 

STOMACH CONTENTS 

Squid beaks were the most common item in the stomach. The size 

range was considerable, and, despite the whale’s small mouth, some of 

the squid were quite large. The longest beak had a rostral length of 

about 1.5 cm, indicating a squid of well over 50 cm in dorsal mantle 

length. Most of the squid probably ranged from only a few centimeters 

up to about 35 cm in mantle length. The only identifiable beak was of 

the genus Ommastrephes. This squid is occasionally found close to 

shore (18 fathoms) but is also known from oceanic waters. 

A mysid shrimp, Gnathophausia ingens, and a peneid shrimp, Aris- 

taeomorpha foliacea, were present. G. ingens has been recorded from 

the Gulf of Mexico (Tattersall, 1951). A. foliacea is said to be a pelagic 

form which occurs below 150 fathoms. If the depth factor is correct, 

this gives some indication of the depth to which Kogia may dive. 

Sargassum was also present and may have been ingested incidental 

to the squid and shrimp. Two stems, 18 leaves, and 24 bladders were 

found. 
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An unidentified nematode was abundant in the stomach. At least a 

one quart sample was collected but does not represent the total infes¬ 

tation. No other parasites were recorded from cursory examination. 
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Blood Characteristics of Some Marine 

Fishes of the Texas Gulf Coast 

by JAMES N. CAMERON 

The University of Texas Marine Science Institute1 
at Port Aransas 78373 

INTRODUCTION 

Since Hall (1929, 1930) first pointed out that the characteristics of 

the blood of various marine fishes were closely correlated with their 

activity and environment, many papers have appeared that support 

this correlation. Measurements of blood characteristics of temperate 

fishes (Hall, 1930; Kisch, 1949; Dubravko, 1956; Prosser and Brown, 

1961; Eisler, 1965), tropical fishes (Willmer, 1934), Arctic species 

(Lieb, et at., 1953; Scholander and van Dam, 1957) and Antarctic 

fishes (Ruud, 1954; Tyler, 1960; Grigg, 1967) have been published, 

and all tend to support the idea that hemoglobin concentration is great¬ 

est in those species whose activity is highest. Hematocrits and red cell 

counts, as well as total oxygen capacity, generally follow this same 

pattern. In addition, the nature of the reaction between oxygen and 

various hemoglobins is indicative of the particular respiratory require¬ 

ments of a species. Man well (1960) and Fry (1957) have recently 

reviewed this area. 

Various blood parameters have also found some practical use in 

fishery management and fish culture for indicating the general health 

of a fish (Higginbotham and Meyer, 1948; Snieszko, 1960) and for 

determining sex, in some cases (Steucke and Atherton, 1965). 

Also known to affect the blood are environment variables such as 

temperature (Spoor, 1951; Falkner and Houston, 1966; DeWilde and 

Houston, 1967; Houston and DeWilde, 1968; Anthony, 1961; Black, 

et al., 1966; Cameron, 1969a), dissolved oxygen content of the water 

(Philips, 1947; Prosser, et al., 1957, Cameron, 1969a), and salinity 

(Benditt, et al., 1941; Parry, 1961; Cameron, 1969a). Various authors 

do not entirely agree on the nature of these effects (cf. Houston and 

DeWilde, 1968, and Anthony, 1961). Environment effects probably 

vary from one species to the next, depending on the relative rates of 

1 Present address: Dept, of Zoology, Univ. of British Columbia, Vancouver 8, 

B.C., Canada. 
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various changes taking place in the Wood (Cameron, 1969a). Blood 
characteristics may be useful indicators of the acclimation history of 
a fish. 

MATERIALS AND METHODS 

All fish used in the study were collected in the vicinity of Port 
Aransas, Texas using various methods of capture, including seines, 
cast nets, trawls, gill nets, traps, and hook-and-line. All blood samples 
were drawn from live fish and processed the same day. 

For larger fish, samples were drawn directly from the heart, and 
preserved by'storage at 4°C. The barrel of the syringe was wetted with 
a 10% solution of heparin sodium to prevent coagulation. Another 
method was used for smaller fish: the fish was blotted dry, and the 
caudal peduncle quickly severed, causing a free flow of blood. The 
blood was then collected into heparinized capillaries or pipettes for the 
various analyses. No differences were detectable due to the 2 different 
sampling procedures. 

Hemoglobin analyses were carried out by the cyanmethemoglobin 
method, using Uni-Tech reagents and standards (Uni-Tech Chemical 
Co., Calif.). Hematocrits were determined following the method of 
Larsen and Snieszko (1961). Red blood cell counts were made in the 
usual manner with a Spencer Bright-line hemacytometer by following 
Hesser’s (1960) suggestion of counting 4 fields instead of the usual 2. 

Oxygen capacity measurements and values for the construction of 
dissociation curves were determined following the method of Lenfant 
and Aucutt (1966) with modifications described by Cameron (1969a). 
Blood was equilibrated in a tonometer similar to that described by Hall 
(1960). 

RESULTS 

The results of the blood analyses are listed in Table 1, which shows 
the hemoglobin concentration (Hb, g%) in gm./lOO ml. blood, hema¬ 
tocrit (Hc%) as the % packed cell volume, red blood cell numbers 
(RBC) in millions per cmm., and the blood oxygen capacity (Cb02) in 
mb oxygen/100 ml. blood. Values calculated from these are the mean 
corpuscular hemoglobin (MCHB), Hb/100 cc. cells, and mean erythro¬ 
cytic volume (MEV) in The figures are given as the average, plus 
or minus one standard deviation (s); the number of determinations 
for each are given in parenthesis. A standard deviation was not calcu¬ 
lated for any mean of less than 3 determinations. 

The table is arranged in order of decreasing hemoglobin concentra- 
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tion, except for the values for M. cephalus and C. nebulosus from Baf¬ 

fin Bay. 

Sampling was carried out in Baffin Bay on 11 XII 67 and 20 III 68. 

Salinity was 4 and 12 ppt, respectively, on these 2 dates. These data 

are separated from the data from the Port Aransas area, since they 

show differences in hemoglobin and hematocrit which are consistent, 

and in most cases, statistically significant. 

The dissociation curves for blood of the striped mullet, Mugil 

cephalus, and the pinfish, Lagodon rhomboides, are shown in Figures 

1 and 2, respectively. Conditions for determination of the mullet dis¬ 

sociation curve were: temperature 10C, pH 7.00 and Pco2 less than 1 

mm. Hg. Conditions for the pinfish curves were: temperature 10 and 

20 C, pH 7.65, respectively and Pco2 less than 1 mm. Hg. Half satura¬ 

tion (T^) values for the pinfish curves are 8 and 12 mm. Hg, and 18 

mm. Hg for the mullet. 

DISCUSSION 

A wide range of hemoglobin values has been reported for the teleosts, 

ranging from zero in certain Antarctic fishes (Ruud, 1954), to about 

4.0 gm./lOO ml. in the toadfish (Hall, 1929), and over 20 gm./lOO ml. 

in various tropical scrombrids (Klawe, et al., 1963). The data for fish 

in this study range from 10.92 for the menhaden to 5.46 for the 

flounder. These data support the general correspondence among hemo¬ 

globin concentration, oxygen capacity, and activity of the fish. The 

menhaden is an active pelagic feeder characterized by relatively con¬ 

stant swimming motion, while the flounder spends much of its time 

lying still on the bottom. Two of the fishes which have been more in¬ 

tensively studied, the pinfish and striped mullet, show hemoglobin 

values intermediate to these 2 extremes. Various other characteristics 

in Table 1 also follow this pattern; e.g. the hematocrit values for men¬ 

haden and butterfish (B. pair onus and P. paru) are nearly twice those 

for the flounder. Red cell numbers range from 4.6 million per cmm. 

to 2.2 million per cmm. in the butterfish and flounder. 

High oxygen capacity has adaptive value for fishes whose active 

metabolism requires large transport capability during swimming ac¬ 

tivity. At comparable rates of cardiac output, twice the oxygen capacity 

will naturally result in twice as high a rate of oxygen delivery to the 

tissues. However, the increased oxygen capacity seen in some of these 

active fishes seems to be accomplished in slightly different ways. For 

example, the menhaden has a high hemoglobin content, but not sig¬ 

nificantly higher concentrations of red blood cells than fishes of much 
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Fig. 1. Dissociation curve of the blood of the striped mullet, Mugil cephalus. The figure 

shows percent saturation of the hemoglobin on the ordinate axis, and partial pressure of 

oxygen in mm. Hg on the abcissa. 

Fig. 2. Dissociation curves for pinfish blood determined at 10 and 20 C. Percent satura¬ 

tion of hemoglobin vs. partial pressure of oxygen in mm. Hg. 
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lower activity, such as the pinfish or mullet. The mean corpuscular 

hemoglobin and mean erythrocytic volume for this species are both 

high, but they are also high in the flounder, and low in the butterfish. 

The relative changes in cell size or number probably represent an 

evolutionary “choice” based on considerations of capillary size, cardiac 

function, resistance to blood flow, etc. 

A certain amount of the inconsistency in cell size and numbers 

might also be related to environmental influences. The data for mul¬ 

let and speckled weakfish (Mugil cephalus and Cynoscion nebulosus) 

show consistent differences between the Port Aransas area and Baffin 

Bay. In this situation, gross climatic factors can be ruled out as im¬ 

portant influences, since the areas are only about 50 miles apart. Baffin 

Bay, however, is normally hypersaline (average 52 ppt., Breuer, 1957) 

owing to its very restricted watershed; on the particular dates of sam¬ 

pling shown in Table 1, however, salinities were 4 and 12 ppt following 

hurricane floods. Whether these differences can be related to the low 

salinity prevailing at the time of capture, or to the high salinities pre¬ 

vailing up until Hurricane Beulah in September 1967 is of some in¬ 

terest. 

Experiments with the pinfish in this laboratory have shown that the 

concentration of the blood is directly related to the salinity of the en¬ 

vironment, and similar patterns of serum ion concentration were ob¬ 

served for the mullet by McFarland (1965). Both of these studies were 

probably pertinent to relatively short-term adjustments in fluid dis¬ 

tribution. In addition, higher salinity levels tend to promote higher 

rates of respiratory metabolism (Brett, 1962). Adjustment of the oxy¬ 

gen capacity upward to meet this extra metabolic demand would ap¬ 

pear to be advantageous in hypersaline conditions. Therefore, it might 

be expected that hemoglobin concentrations would be somewhat higher 

in hypersaline environments to aid in meeting this extra metabolic 

demand, which probably stems both from extra energy for osmoregu¬ 

lation adn from extra energy needed to obtain the less available oxygen 

from the environment. 

The abrupt change from hypersaline to hyposaline occurred 2*4 and 

5 months before the 2 sampling dates, and the data show that approxi¬ 

mately 5 months are required for the hemoglobin values to approach 

the normal for the Port Aransas area. It may not be coincidental that 

Hevesy, et al. (1964) reported the half-life of the tench erythrocyte 

to be approximately 5 months. Assuming that the mullet erythrocyte 

has about the same life span, at least 5 months would be required for a 

substantial response to such an environmental change to occur. This 
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argument is admittedly somewhat conjectual, so work is continuing 

on this subject. Studies of seasonal changes in mullet blood will be re¬ 

ported on in more detail elsewhere (Cameron 1969b). 

Dissociation curves for mullet and pinfish also tend to validate the 

general correspondence between activity and blood characteritiscs. 

High P50 values generally characterize active fishes living in well- 

aerated environments, while low P50-s are usually found in fishes living 

in less well oxygenated areas, and with lower activity levels. Other 

blood data for comparison can be found in Prosser and Brown (1961) 

and various other sources. The characteristics of pinfish blood appear 

to fall about in the middle of the range of values found for fishes in 

general, which supports the observation that they are of comparatively 

moderate activity. Adaptation of the dissociation relationship to low 

oxygen levels would not be expected in this particular area, because 

the Texas Gulf coast waters are well oxygenated and have high wind 

action during nearly all of the year. 

CONCLUSIONS 

In conclusion, blood characteristics of fishes from the Texas Gulf 

coast area fall within the range reported for teleosts from a variety of 

environments. The values found for various species tend to be corre¬ 

lated with their degree of activity and mode of living; more active sur¬ 

face feeders have the highest values for oxygen capacity and hemo¬ 

globin concentration values, while sluggish demersal forms have the 

lowest values. Additionally, the blood concentrations for 2 of the fishes 

show differences from one environment to another; the values for 

mullet and speckled weakfish being somewhat higher from a normally 

hypersaline area. Further research on the influence of environmental 

variables on blood composition should be undertaken to assess the ex¬ 

tent of capacity adjustment, and its significance in respiration and 

other physiological functions. 
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Some Results for Directional Fields of Force 

by JOHN DeCICCO 

Illinois Institute of Technology, Chicago 

and ARUN WALVEKAR 

Texas Technological College, Lubbock 

1. Directional Fields of Force in the Euclidean Plane E2. 

A directional field of force F, is definied to be a field of force for 

which the force vector depends not only on the position, but also the 

direction. That is directional field of force is of the form 

F — {^(x,y,yO, ^(x,y,y')} (1.1) 
= 4>(x,y,y0i + \Kx,y,y')j, 

where the horizontal component <£(x,y,y') and the vertical component 

^(x,y,y') are of at least class g > + 3, of a non-empty open region R of 

lineal elements E=E (x,y,y'), of the opulence 03 of the Euclidean plane 

E2. 

It is assumed that the force vector F, is not a scaler multiple of the 

velocity vector y= (x,y), in the given region R. 

Suppose that r is a regular arc in the open region R, joining two 

distinct points px (x,yi) and p2 (x2,y2). 

The acceleration along the arc a, is given by 

~a = xi + yj. 
—* 

The unit tangent vector along this arc t, is 

dx . . dy . 

t=dr1+dr)’ 
where ds2 = dx2 + dy2. 

(1.2) 

(1.3) 

It follows that, the tangential component of the force vector F along 

this arc r, is 

T = Ft 

dx dy 

*dT + *dT- (1.4) 

If particle of mass m > 0 is constrained to move along the regular 

arc r, then by Newton’s general laws of motion, it is seen that 

mvdv # <£dx + xj/dy. (1.5) 

The Texas Journal of Science, Vol. XXI, No. 3, February, 1970. 
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Hence the kinetic energy, is given by 

, . . mv2 
kinetic energy =- 

2 

= /2{^dx + ^dy}+E, (1.6) 
1 

where E is the total constant energy. 

Analogous to the positional fields of force, the integral that appears 
in the equation (1.6) is called the work W along the regular arc r. Thus 

W — /2 f (x,y,y') dx, 
i 

where f(x,y,y') = 4>(x,y,y') + f(x,y,y')y'. 

2. Directional Conservative Fields of Force in an Euclidean Plane E2. 
Suppose that 

F0 = $(x,y)i + ^(x,y)j, (2.1) 

represents a positional field of force on a non-empty open region of the 
Euclidean plane E2. 

Let, 

F = <Kx,y,y')i + <Kx,y,y')j, 
represent a directional field force on the corresponding open region R 
of the opulence 03. 

Let r, be a regular arc joining two points p1(x1,y1) and p2 (x2,y2). 

Consider the two work integrals 

w 1 = / # (x,y) dx + f (x,y) dy 
r 

= /0 + ^y')dx, (2.2) 

r 
and 

W2 - / <Kx,y,y')dx + ^(x,y,y')dy 
r 

.= f((j> + ^y')dx. (2.3) 
r 

Wi and W2 represent the work done along the arc r in a positional 
field of force and a directional field of force, respectively. 

Clearly, Wi = W2, if and only if 

<j> + ^y' — + ^y' (2.4) 

or 

Now, let 

p(x,y,y') = (■* — $)• (2.5) 
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Hence, it follows that 

</. = $ +P(x,y,y')y' 

and 
^ = *-p(x,y,y'). (2.6) 

Similarly, if the work integrals are expressed as 

dx dy 
Wi = / ^-} ds, 

r ds ds 
and 

dx dy 
w, = /{* + t—} ds, 

r ds ds 

then it can be shown that Wi = W2, if and only if 

. . ds 

ds 

*=*W* 
where p' = p' (x,y,y'). 

(2.7) 

In this use the substitution 

, ds dy 

9 “9 “dT 

Theorem 2.1. The work of W of a particle constrained to move along 
an arbitrary path in the Region of definition of a directional field of 

force F, is identical with that of a positional field of for F0, for which 
the horizontal and vertical components are $(x,y) and ^(x,y), if and 
only if the horizontal and vertical components <j>(x9y,y') and $(x,y,y') 

of the directional field of force F, are of the form 

4> = <£(x,y,y') ~ $(x,y) + p 

$ = f(x,y,y') = *(x,y) + p, (2.9) 

where p = p(x,y,y'), is an arbitrary scaler depending on the lineal ele¬ 
ments E — E(x,y,y) of the region R. 

—¥ 

A directional field of force F = as described in the preceding 
result, may be depicted as the resultant motion of a particle constrained 

to move under the influence of a given positional field of force F0 = 
(<£,^), subject to a resistance in the orthogonal direction of the motion 
of the particle. 
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A directional field of force F = is said to be conservative if 

the work W of a particle is independent of the path. 
—> 

Theorem 2.2. A directional field of force F = (), is conservative 

in its non-empty, simply connected open R of defiinition if and only if, 

its vertical and horizontal components <j>(x,y,y') and if/(x,y,y'), are of 

the form 

dU dy 
* = <Kx, yj)=- — +p — 

^ = ^(x,y,y') (2.10) 

where any one of its potentials U = U(x,y), is a scaler function of 

position alone, of at least class /x + 1 > + 4, and the scaler p = p(x,y,Y) 

depends on the lineal elements E = E(x,y,y') of the region R. Such a 

potential is determined up to an additive real constant. 
-4 

For a conservative directional field of force F — (<£,^), the energy 

equation is valid. Thus 

mv2 
—+ U(x,y)=E, (2.11) 

where E is the total constant energy. 

3. Velocity Families for Directional Field of Force of the Euclidean 

Plane E.g 
■4 

Consider a particle of unit mass in a directional field of force F = 

. The equations of motion are given by 

d2x 
^(x,y,/) 

dt2 

d2- 

dt2 
= <l> (x,y,y') (3.1) 

If the initial position and the initial velocity are known, the motion 

is determined. If only the initial position and the direction of motion is 

known, the radus of curvature will depend on the initial speed. Hence, 

in addition to the usual formula for the speed v, there must be a form¬ 

ula expressing v2 in terms of x, y, y', r. This is furnished by the relation 

v2 = rN, (3.2) 

where N is the component of the force F normal to the arc r. Thus, 

 (.<!> — y’ <t>) (1 +y'2) 
(3.3) 

In the actual trajectory v varies from point to point. In particular 

let v = 1. Then (3.3) may be written as 

y"= (<p-y'4‘) (i +y'2)- (3-4) 
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The family of oo3 curves Q, satisfying the differential equation (3.4), 

is called the velocity family O for a directional field of force F. 

4. Extremals in a Directional Field of Force in a Euclidean Plane Es. 

Lety = ju,(x,y,y') > 0 be a finite real valued function, for which the 

class of y is at least four, in a non-empty open region R of an opulence 

O3. 

Consider the variation problem 

/V(x,y,V)ds = /V(x,y,y') V 1+y" dx (4.1) 
1 1 

== minimum. 

Here f = (x,y,y') Vl+V2- 

To this f apply the Euler-Lagrange equations, namely 

d 0f _ 8f _Q 

dx 9y' 0y 

Then, we have 

d , r 
dx V1 +y' 

dy dy _ 
+V1+V2-} — y/l+y'2 — = 0 , 

3V 0y 
or 

y" {M+ (1+y'2) 
3V 

dy 

11 + 2(l+y'2)y'-^L} 
0y' 

+ (1+V2) - (1 +y'2) 4^} = 0 . 
ax oy 

(4.2) 

Thus the following result is established. 

Theorem 4.1. The explicit ordinary differential equations of a fam¬ 

ily of extremals for a directional field of force is 

y" = — {ilL-y'—L} (l+y/2) , 
J M 1 dy ' Jx'1 y ’ ’ 

where 

M={Ja+(l+y'2) 
02/i dy 

2y' (1+y'2) ^7)^0 

The solution of (4.3) is of the form 

y = y(x,a,b), 

where a and b are finite real constants. 

As a special case let y §j ja(x,y), then (4.3) becomes 

r„_ 1 
J — — ~ 

/* 0y 
r-^d+y'2) 

(4.3) 

(4.4 

(4.5) 

(4.6) 

The above is a velocity family O, for which 

0ja dy 
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Now, consider the case where 

M = {ja + (1+y'2) ^- + 2/ (1+y'2) » 0 , 

on the region of definition. 

In this expression for M, let 

/x = (1+y-2) ~1/2co, 

then M may be written as 

M=(l+y'2)2/2^-=0 : 
3y2 

Solution of the differential equation (4.9), is 

<■> = A(x,y) + B(x,y)-f 

From (4.8) and (4.9), it is seen that 

A(x,y) + B(x,y)y' 
!>■ =-, - 

Vi+y'2 

Consider the integral 

IP ds. 
1 

Then it is seen that 

/> ds = f2{A(x,y) + B(x,y)y'}dx. 
1 1 

(4.8) 

(4.9) 

(4.10) 

(4.11) 

(4.12) 

It is shown that (4.12) represents the work done by a particle con¬ 

strained to move along an arc T joining two points 1 and 2, under the 

influence of a positional field of force F, whose horizontal and vertical 

components are A (x,y) and B (x,y), respectively. 

5. The Systems Sk, for a Directional Field of Force F of the Euclidean 

Plane E2. 

Consider a particle of unit mass constrained to move along an ad¬ 

missible arc r. The acceleration along the arc is T, the tangential com¬ 

ponent of the force vector F. Thus the velocity at any point is given by. 

v2 = 2/Tds. (5.1) 

The pressure P, normal to the curve is given by 

P = — -N. (5.2) 
r 

Consider the general problem of finding systems of oo3 curves such 

that the pressure P is proportional to N, the normal component of the 

force F. That is, when P = kN. The system so obtained is called Sk. 

Note that k = 0, gives rise to system S0 of oo3 trajectories and k = co 

gives rise a velocity family S oo. 

To derive the differential equations of the system Sk, v has to be 

eliminated from the equations 
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v2 — (k+ l)rN,v4^ = T. 
ds 

The result is 

dr _ 2 _ dN 

ds fk+l) 2 ds 

(5.3) 

(5.4) 

Expanding this, it is seen that the differential equation of the system 

Sk, is 

dil/ dil/ dd> dd> 
(df — y'<y)y' " §= {--f- y' (-—-) — y'2-y"} v yyjy \ 0x y \ 0X ) y dy y s 

, 8^ a. / 0s(4> + ^K„2 
+ { 0V ~ y V ^ _ _ 2) (1 + V2) }y ’ 

(5.5) 

where n = 
k+ 1 
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ARSTRACT 

The education of the Indian physicist is described beginning with 

the primary school and continuing through the doctoral programs to 

facilitate comparison with physics education in the United States. The 

subjects covered and examinations are discussed, and brief lists of some 

of the textbooks used are included. 

INTRODUCTION 

During the summer of 1966 the author was privileged to be one of 

a team of Americans who served in India as specialists in physics to a 

number of institutes for teachers of college physics.1 He was one of the 

2 American specialists on the staff of the Eastern Zone Summer Insti¬ 

tute in Physics for College Teachers, held at Gauhati University near 

the city of Gauhati in the state of Assam. The 4 Indians who served on 

the institute’s staff were members of the University’s physics faculty, 

and one of these directed the institute. Thirty-eight participants at¬ 

tended the institute. All of these had earned both the B.Sc. and the 

M.Sc. degrees in physics from Indian institutions, and all held appoint¬ 

ments on the physics faculties of various colleges in the states of Assam 

and Bihar. 

Shortly before the author left for India he read a paper that had 

been written by Dr. Robert C. Brasted of the University of Minnesota 

the year before. Dr. Brasted had served an institute for teachers of 

college chemistry. His paper described the education of chemists in 

India, and its usefulness was obvious. 

The institute provided an excellent opportunity to learn how physi¬ 

cists are trained in India. The physics faculty at Gauhati University 

and the participants of the institute were most patient in answering 

the author’s many questions. In addition, 36 of the participants cheer- 

1 These institutes were established cooperatively by the University Grants Com¬ 

mission of India and the United States Agency for International Development and 

administered in part by the Ohio State University/India Education Project. 
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fully completed a questionnaire that he distributed. These question¬ 

naires, many conversations, and several publications of Ganhati Uni¬ 

versity and the University Grants Commission were the chief sources 

of information. The answers on the questionnaires dealt with the in¬ 

stitutions where the participants earned their degrees and, therefore, 

gave a fairly broad view of Indian training of physicists to the extent 

the questionnaire permitted. The questionnaires indicated that these 

teachers had attended 11 different colleges and universities and that 

most of them were recent graduates. Thirty-five of the respondents had 

been awarded the B.Sc. after 1956 and 19 after 1961. Thirty-three of 

the participants were granted the M.Sc. after 1961, and 13 received 

the M.Sc. in 1965. 

It is obviously impossible to become an expert in such an extensive 

area in a short time, and there are some differences among the various 

institutions. However, the universities of India have important com¬ 

mon denominators. These exist among other reasons because of British 

influence during the years before Independence and nowadays because 

of central government involvement with education. One of the most 

important common features is the examination system. Another is the 

practice of teaching from syllabi. This teaching practice combined with 

the custom of having part of each of the annual examinations composed 

in a university apart from the one in which the examination is given 

serves to produce a significant degree of uniformity among Indian uni¬ 

versities. Dr. Benjamin S. Bloom of the University of Chicago com¬ 

pared the syllabi of 24 universities in the course of aiding the Indian 

government in a study of the examination system. He found that the 

topics listed for presentation in these syllabi were strikingly similar. 

There are many educational ties between the United States and 

India. The information compiled by the author may well be useful to 

the graduate school committees which evaluate applications for ad¬ 

mission from Indian students and to the curriculum advisors who must 

devise appropriate study plans for Indians who are beginning gradu¬ 

ate study in American institutions. 

ELEMENTARY AND SECONDARY EDUCATION 

There are kindergartens in some parts of India. However, most 

children begin their education in a primary school where classes one 

through 5 are taught. Some children receive additional coaching at 

home and succeed in passing the examination offered to test mastery of 

the 5th class material after spending 2 years in primary school. Many 

pass this examination in 3 years, and a few take longer than 5 years. 
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Classes 6 through 8 comprise the middle school. There are a variety 

of schools in which a student can continue his education after success¬ 

ful completion of the 8th class, but those who eventually become 

physicists usually enter a high school or a higher secondary school (see 

Fig. 1). 

Classes 9 and 10 are offered in the high schools. At the end of the 

10th year the student takes an examination written by the State Board 

of Higher Secondary Education to determine whether he is qualified 

for the pre-university course. The student’s score on an examination at 

the end of the pre-university course determines whether he can enter 

a college and the number of colleges from which he can choose a seat. 

The higher his standing the more likely he will be to gain admission 

to the college of his choice. Usually there are not a sufficient number of 

openings to accommodate all who pass the pre-university final exami¬ 

nation. 

If a student attends a higher secondary school, he completes the 

work of classes 9, 10, and 11 before taking the examination offered by 

the State Board of Higher Secondary Education. This examination 

serves the same purpose as that given at the end of the pre-university 

course. 

THE BACCALAUREATE PROGRAM 

After entering a college of the university, the student spends 3 years 

studying for the baccalaureate degree. The 1 st year prepares him for 

the B.Sc. program, which he pursues the next 2 years. 

The college year typically covers 8 calendar months. There are 

many scheduled holidays, and 110 working days are planned for the 

school year. However, special holidays are often declared when im¬ 

portant events warrant. For example, a brief recess was declared to 

show respect for President Kennedy upon his assassination, and a 2 

week period of mourning was observed for Prime Minister Nehru. 

Two of the participants in the summer institute estimated that the 

average school year consists of 90 working days. Nevertheless, the uni¬ 

versity insures that sufficient material is covered by specifying the 

minimum number of lectures that must be delivered. For example, the 

Gauhati University Calendar, a publication which is similar to the 

American catalog but much more extensive, states that in the final 2 

baccalaureate years at least 240 lectures per subject in the student’s 

major field must be delivered, not fewer than 95 of which must be 

delivered the last year. In the student’s minor fields a minimum of 160 

lectures per subject must be given during the last 2 years, at least 65 

of which must be delivered the final year. 
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Fig. 1. Educational routes followed by most physicists in India. 

The terms major and minor are not used in India. If a student is a 

physics major, he is said to be studying the Honours Course in physics; 

if he is a physics minor, he is taking the Pass course in physics. 

At the end of his 1st year of college work the student takes an ex¬ 

amination composed of a series of tests (a series of papers in Indian 

terminology) to determine his fitness to enter the B.Sc. program. There 

are no periodic quizzes during the college years, and no grades are as- 
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signed in the various subjects. If a student passes this promotion ex¬ 

amination, he then chooses his Honours Course (declares his major) 

and begins his 2nd year’s work, called B.Sc. Part I. An examination 

consisting of a number of papers including some on laboratory work 

(Laboratory work is called practicals in India.) determines whether 

the student may enter the final year of study, B.Sc. Part II. At the end 

of this 3rd year of college work the student takes the B.Sc. final ex¬ 

amination. 

The calendar indicates that the physics majors at Gauhati Univer¬ 

sity study general physics, sound, heat and thermodynamics, electricity 

and magnetism, light, and atomic physics. On their questionnaires the 

participants referred to general physics as the study of the properties of 

matter. The participants who earned their B.Sc. degrees at schools 

other than Gauhati University indicated that they had studied the 

same subjects except that a few did not list atomic physics in their B.Sc. 

curricula. 

The physics major is expected to study in 2 minor (subsidiary) fields 

one of which is mathematics. The calendar lists for mathematics 

minors at Gauhati University algebra, trigonometry, analytic geome¬ 

try, differential and integral calculus, differential equations, statics, 

dynamics, and hydrostatics. The questionnaires of participants who 

had attended other colleges and universities indicated that they had 

covered virtually identical ground. Two of the other universities in¬ 

clude astronomy in the mathematics minor, and several schools ap¬ 

parently do not offer differential equations to B.Sc. candidates. Two 

participants indicated that they had been taught only 1 st order differ¬ 

ential equations, and one participant estimated that his exposure to 

differential equations consisted of about 25 lectures. 

The participants listed on their questionnaires the textbooks they 

had used in their physics and mathematics courses. The lists were re¬ 

markably similar for all 11 colleges. Those used at the B.Sc. level which 

are quite familiar to American physicists are “Textbook of Sound” by 

A. B. Wood, “Fundamentals of Optics” by F. A. Jenkins and H. E. 

White, “Introduction to Geometrical and Physical Optics” by J. Mor¬ 

gan, “Principles of Electricity” by L. Page and N. I. Adams, “Thermo¬ 

dynamics” by E. Fermi, and “Heat and Thermodynamics” by M. W. 

Zemansky. A number of other texts, many by Indian authors, were 

listed. Virtually all of the mathematics texts listed were by Indian 

authors; “Elementary Differential Calculus” and “Integral Calculus 

for Beginners” both by Edwards and “Algebra” by Hall and Knight 

were exceptions. 

The B.Sc. final examination covers the 2 minor fields as well as 
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physics. The mathematics examination consists of 3 theoretical papers, 

and the examination in the other minor field consists of 2 theoretical 

papers and one practical paper. The criteria which govern the classifi¬ 

cation of a student’s achievement on final examinations differ some¬ 

what from university to university. Those employed at Ganhati Uni¬ 

versity are described here. In each of these minor fields the student 

must pass every paper and earn 30% of the total examination score 

possible in order to be eligible for the B.Sc. degree. The examination in 

physics consists of 4 theoretical papers and 2 practical papers. If the 

student passes all of these tests and achieves 40% of the total physics 

examination score, he is graduated with 2nd class honors. If he earns 

60%, he is graduated with 1st class honors. Rules for re-examination 

of students who fail are quite liberal. 

It is the author’s understanding that the papers comprising the B.Sc. 

final examination in physics generally allow the student to choose to 

answer a little more than % of the questions presented and that a size¬ 

able fraction of the questions require discussion, description, a deriva¬ 

tion, or a proof. In the work performed by Dr. Bloom for the Univer¬ 

sity Grants Commission he made a detailed study of a large number of 

examination papers. He found that each of the papers required the 

student to answer only about % of the questions listed and that all of 

the questions were of the essay type. Some of the questions challenged 

the students to do more than reproduce information, but a study by 

Dr. Desai of Baroda University indicates, according to Dr. Bloom, that 

only a few students choose to answer the questions which involve 

problem solving or complex reasoning. The book by C. L. Arora gives 

an indication of the breadth and depth of the B.Sc. final examinations 

in physics given in India. This book is a compilation of important ques¬ 

tions from examinations given by universities all over India together 

with detailed answers. Professor Arora states that he has included 

many typical numerical problems because such questions have become 

increasingly popular with examiners. The portion of this book dealing 

with magnetism, electrostatics, and electricity covers 230 of the total 

929 pages. In these 230 pages there are 204 questions most of which 

consist of several parts. Considering the parts separately and each 

part as the appropriate fraction of a question, one finds that about % 

of the total number of questions require descriptions, discussions, 

proofs, or derivations while the other % are numerical problems. Few¬ 

er than 14% of the total require the use of the calculus. 

Apparently, similar questions tend to recur but usually not in suc¬ 

cessive years. Indian students have remarked that the most unfair ex- 
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animation questions are those that had been posed, also, in the previous 

year. 

There were no mechanics courses mentioned by the respondents in 

their lists of physics courses in the B.Sc. program. However, they indi¬ 

cated that they had studied statics, dynamics, and hydrostatics in the 

mathematics department. The Gauhati University Calendar lists text¬ 

books for the B.Sc. program in physics, and none corresponds to a 

course in intermediate mechanics. Professor Arora’s book covers circu¬ 

lar motion, moment of inertia, simple harmonic motion, acceleration of 

gravity, gravitation, elasticity, surface tension, viscosity, osmosis, and 

low pressure and deals with no other part of mechanics. It appears, 

then, that throughout much of India only a few applications of New¬ 

ton’s laws are taught by physicists during the B.Sc. program and that 

the task of developing an appreciation for the breadth and beauty of 

Newtonian mechanics is left in the hands of mathematicians. The 

author may be unreasonably biased, but he believes that a physics 

curriculum that relegates the heart of classical physics to another de¬ 

partment must be weakened as a result. It is the physicist who can best 

relate the phenomena of nature to mathematical symbols, make reason¬ 

able approximations that render the insoluble manageable, and inter¬ 

pret complicated solutions term by term. And who better than the 

physicist can point to the many ways in which Newtonian mechanics 

has influenced the development of physics? 

THE M.SC. PROGRAM 

Those students who are granted the B.Sc. degree are eligible to apply 

for admission to the M.Sc. program. The higher the graduate’s stand¬ 

ing on the B.Sc. examination the more likely he is to be granted ad¬ 

mission to the university of his choice. Thus, the university in greatest 

demand gets the top graduates. 

The student pursues the M.Sc. Program for 2 years during which 

time he attends lectures and regular laboratory sessions. The Gauhati 

University Calendar requires that 180 lectures per subject be delivered 

during the 2 year period. The University’s M.Sc. Syllabus stipulates 

that the students should be prepared to undertake at the end of the 1 st 

year 2 theoretical papers (tests) and one practical paper which com¬ 

prise the M.Sc. previous examination. The 1st theoretical paper covers 

mathematical physics and classical mechanics. The syllabus recom¬ 

mends a fairly lengthy list of textbooks for these fields, but those on 

this list frequently mentioned by the participants on their question- 
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naires were “The Mathematics of Physics and Chemistry” by H. 

Margenau and G. M. Murphy and “Theoretical Physics” by G. Joos. 

No subsidiary (minor) subjects are studied in the M.Sc. program; 

therefore, mechanics on this level is taught by physicists. The 2nd 

theoretical paper covers elementary electronics, electromagnetic theory 

of light, and heat and statistical thermodynamics. Among the textbooks 

in these areas mentioned by the participants were “Electronics and 

Radio Engineering” by F. E. Terman, “A Treatise of Light” by R. A. 

Houston, and “Heat and thermodynamics” by M. W. Zemansky. The 

practical paper tests the student’s grasp of the laboratory experiments 

performed the 1 st year. 

The syllabus states that the M.Sc. final examination, which is held 

at the end of the 2nd year, consists of 3 theoretical papers and 2 prac¬ 

tical papers. The 1st paper examines the candidate’s knowledge of 

electromagnetism, relativity, atomic physics, and solid state physics. 

Textbooks listed by the participants as having been used in these fields 

were “The Classical Theory of Electricity and Magnetism” by M. 

Abraham and R. Recker, ‘“An Introduction to the Theory of Relativity” 

by P. G. Bergmann, “Introduction to Modern Physics” by F. K. Richt- 

myer and E. H. Kennard, and “Introduction to Solid State Physics” by 

C. Kittel. The 2nd theoretical paper covers quantum mechanics, nucle¬ 

ar physics, and cosmic radiation. The questionnaires indicated that 

books studied in these areas included “Introduction to Quantum Me¬ 

chanics” by L. C. Pauling and E. B. Wilson and “Nuclear Physics” by 

I. Kaplan. For the 3rd theoretical paper the student studies in a special 

field. At Gauhati University the student chooses one field from among 

spectroscopy, x-rays and crystal structure analysis, electronics and ra¬ 

dio physics, or nuclear physics and cosmic radiation. Among the text¬ 

books listed on the participants’ questionnaires for these fields were 

“Molecular Spectra and Molecular Structure” by G. Herzberg, “X-rays 

in Theory and Experiment” by A. H. Compton and S. K. Allison, “Elec¬ 

tron Tube Circuits” by S. Seely, and “The Atomic Nucleus” by R. D. 

Evans. One of the papers on practicals covers the experiments per¬ 

formed by all students during the 2nd year, and the other test deals 

with the laboratory work encountered by the student in the special 

field he elected. 

The participants had earned their M.Sc. degrees at 9 different uni¬ 

versities. The questionnaires of the participants who had not taken 

their graduate work at Gauhati University indicated that the programs 

at the other universities were quite similar to that offered at Gauhati. 

The variations in the questionnaires seemed to exist because curricu¬ 

lum changes that have taken place in recent years were mirrored in 
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the responses of the younger participants rather than because there 

are standing differences in the offerings of the various universities. 

It is possible for a student to substitute a research thesis for some of 

the subject matter covered in preparation for the final examination. 

Special permission is required, and apparently few students do re¬ 

search. None of the institute’s participants had performed research for 

their M.Sc. degrees. 

No periodic quizzes are given nor are course grades assigned dur¬ 

ing the M.Sc. program. The student’s mastery of the material covered 

is judged by the records he achieves on the M.Sc. previous and final 

examinations. At Gauhati University it is possible to earn a maximum 

of 300 points (marks) on the previous examination and 500 marks on 

the final examination. If the candidate earns 45% of the 800 marks 

possible, he is graduated with 2nd class honors. If he achieves 60%, he 

is granted the degree with 1st class honors. These criteria vary some¬ 

what from university to university. 

Control of the M.Sc. program is not vested in the colleges; it is com¬ 

pletely a university matter. In addition, part of the examinations ad¬ 

ministered originate in other universities. For example, at Gauhati 

University one of the theoretical papers given in the M.Sc. previous 

examination is written internally, but the other 2 are written at other 

universities. The practical paper of the previous examination involves 

external testing, too; a professor from another university joins in the 

testing procedure. The visiting examiner is free to examine the candi¬ 

date orally if he so chooses. The practical paper of the final examina¬ 

tion is handled in the same way. Two of the theoretical papers of the 

final examination are written internally, and the other 3 have external 

origin. 

The author has seen several papers that formed parts of the M.Sc. 

previous and final examinations. Each paper consisted of 10 or 11 ques¬ 

tions of which the student was required to answer 5 or 6. Almost all of 

the questions required description, discussion, derivation, or proof. 

Some of these involved mathematics above the level of the calculus. 

Only 41/2 questions of the total of 96 seen by the author required calcu¬ 

lation, and only 2 of these questions involved the calculus or more 

advanced mathematics. It must be remembered, of course, that the 

sample of tests seen by the author is quite small. Rules governing re¬ 

examination for the M.Sc. degree are quite liberal. 

THE DOCTORAL PROGRAMS 

Although the M.Sc. program in chemistry is appreciably different 

from that in physics, the paths to the D.Phil. degree in the 2 fields are 



302 THE TEXAS JOURNAL OF SCIENCE 

quite similar. This is probably true because there is virtually no struc¬ 

ture associated with these doctoral programs. 

If the M.Sc. graduate is interested in more training, he must locate 

a professor who is willing to supervise his thesis research. In order to 

earn the D. Phil, degree the candidate must devote 2 years to research. 

No formal courses are required; the student is expected to read what 

is necessary and appropriate. The only examination requirement is 

defense of the thesis although questions beyond the scope of the thesis 

may be asked. At some institutions if the thesis is judged to be espe¬ 

cially meritorious, its defense is waived. 

The path to the D. Sc. degree is similar except that the time devoted 

to study and research is 3 years. 

CONCLUSION 

Needless to say, one cannot hope to have heard all of the variations 

on the main theme in the period of time covered by a summer institute, 

but hopefully the theme has not suffered much as a result of its trans¬ 

position. 

One more observation may be of interest. Some American graduate 

schools ask foreign applicants to demonstrate proficiency in English 

by sending a recording. It seems to the author that this would be a good 

procedure to follow with Indian students, for those whom he under¬ 

stood easily were best able to understand him. 
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Notes Section 

FATTY ACID COMPOSITION OF THE AEROBACTER-KLEBSIELLA GROUP 

AS DETERMINED BY GAS CHROMATOGRAPHY. In the 7th edition of Bergey’s 

Manual (1957, Bergey’s Manual of Determinative Bacteriology, Williams and 

Wilkins Co., Baltimore.), Breed stated that “no method has been found to differen¬ 

tiate the majority of Klebsiella pneumoniae cultures from organisms commonly 

classified as Aerohacter aerogenesEdwards and Ewing (1962, Identification of En¬ 

ter obacteriaceae, Burgess Publishing Co., Minneapolis.) gave an extensive descrip¬ 

tion of biochemical and serological reactions for identification of members of the 

Aerobacter-Klebsiella group, but such procedures are involved, and do not always 

give definitive identification. 

Recently, refined gas chromatographic techniques have been used by many 

workers for the detection and identification of microorganisms, e.g. Henis, et al., 

(1966, Appl. Microbiol., 14: 513-524); Steinhauer, et al., (1967, Appl. Microbiol., 

15: 826-829); Miturka and Alexander (1968, Appl. Microbiol., 16: 636-640); Brian 

and Gardner (1968, Appl. Microbiol., 16: 549-552). However, despite the uncer¬ 

tainty in the nomenclature of these organisms, reports are not available on the use 

of gas chromatographic procedures as a taxonomic aid in their identification. As an 

extension of a comparative biochemical, serological, and pathogenicity study by the 

authors for the differentiation of Aerobacter-Klebsiella isolated from sugarcane 

(Nunez and Colmer, 1968, Appl. Microbiol., 16: 1875-1878), the present study was 

performed in an attempt to examine the value of gas chromatography for rapid and 

accurate classification of members of this group. This was done by comparing the 

lipid profile of an isolate identified as A. aerogenes according to the morphological 

and biochemical criteria established in Bergey’s Manual (op. cit.), with the lipid 

profile of a known K. pneumoniae (type 9, CDC #2211-66) obtained from the 

Communicable Disease Center, Atlanta, Georgia. 

Both organisms were grown in simultaneous culture in 1000 ml lactose broth 

(Difco) for 24 hours at 37°C. Following collection by centrifugation (16,300 X g) 

for 15 minutes at 4°C, the cells were washed 3 times in 0.2 M K.2HP04 buffer (pH 

7.2) by 3 separate 10 minute centrifugations. Total lipids were extracted by use of 

25 ml of a chloroform-methanol (2:1 v/v) solvent carried out overnight in 250 ml 

Erlenmeyer flasks at room temperature. At the end of this period, the contents of 

the flasks were filtered, and each lipid extract concentrated at 80°C on a rotary 

vacuum evaporator followed by transfer into separatory funnels with aliquots of 

chloroform. The methanol solvent was then removed in an aqueous phase leaving 

the chloroform layer with the extracted lipid from the cells. The samples were 

dried by the addition of anhydrous Na2S04. 

Dried lipid extracts were trans-methylated according to the procedure described 

by Stoffel, et al. (1959, Anal. Chem., 31: 307-308) with the modification of the use 

of H2SQ4 instead of HC1 in the transmethylation mixture (150 ml methanol, 75 ml 

benzene and 7.5 ml H2S04). Ten ml of the mixture were added to each lipid extract 

and refluxed for 2 hours at 100°C. Upon cooling, the refluxed materials were placed 

into separatory funnels along with 2 ml of petroleum ether and 5 ml of water. 

After mixing, the water layers were removed. This procedure was repeated to in¬ 

sure complete removal of acid from each of the two solutions. The petroleum ether 

fractions were next dried over Na2S04, evaporated to dryness under nitrogen at 

The Texas Journal of Science, Vol. XXI, No. 3, February, 1970. 
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80°C with a vacuum evaporator, and taken up in hexane for gas-liquid chroma¬ 

tography. 

Separation of the methyl esters of the extracted fatty acids were made using an 

F & M Gas Chromatograph, Model 700 (F & M Scientific Corporation, Route 41 

and Starr Road, Avondale, Pennsylvania). The column, which was 10 feet long, 

contained 8% diethyleneglycol adipate on 80/90 acid washed chromosorb W mesh 

at 180°C. Identification of the methyl esters was made by comparison with pre¬ 

pared standards (Applied Science Laboratories). For quantitative data on the per 

cent composition of the samples, peak areas were calculated by triangulation, and 

the area of each peak divided by the total area of all major peaks on the chromato¬ 

gram and multiplied by 100. Peaks below C12 were in trace amounts in lipid ex¬ 

tracts, and were not considered in this study. 

Table 1 gives the quantitative data for the chromatographic patterns derived for 

the tentatively identified A. aero genes and the known K. pneumoniae used in this 

investigation. 

Table 1 

Fatty acid composition of total lipids extracted from Aerobacter aero genes 

and Klebsiella pneumonia. 

Mean relative % of composition* 
Carbon chain length A. aerogenes K. pneumoniae 

12:0 1.00 0.18 

13:0 0.25 tracef 

14:0 11.00 16.30 

15:0 1.00 0.52 

16:0 27.80 27.00 

16:1 2.84 5.42 

17:0 0.58 0.29 

17:11$ 19.70 21.20 

18:00 4:10 4.55 

18:1 8.80 13.30 

18:2 0.82 0.81 

18:3 22.20 9.50 

* Analyses of 2 preparations each of the test organisms. 
f Trace is defined as that amount of fatty acid which is graphically observable, but not calculable. 
t Unsaturated fatty acid. 

From Table 1, it can be seen that both the known K. pneumoniae and the A. 

aerogenes isolate were found to possess similar fatty acids with the major percent¬ 

ages in each organism being found in the C 14:0, C 16:0, C 17:U, C 18:1, and C 18:3 

fractions. However, some differences are prevalent in respect to concentration of 

fatty acids between the two. For example, A. aerogenes demonstrated higher rela¬ 

tive percentages of C 12:0, C 15:0, and particularly C 18:3 in contrast to K. pneu¬ 

moniae being highest in concentrations of C 14:0, C 16:1 and C 18:1. Nevertheless, 

in respect to the total lipid profile, both organisms demonstrated comparable pat¬ 

terns. Such a result would be anticipated in organisms of the same genus, or or¬ 

ganisms of different genera which are essentially indistinguishable from each other 

by ordinary taxonomic procedures (Moore et al., 1966, Internatl. J. System. Bac- 
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teriol., 16: 383-415). Therefore, from these data it was concluded that the tentatively 

identified A. aero genes isolate would be more correctly classified as a K. pneumoniae 

type. 

Upon conclusion of this study, biochemical and serological testing performed on 

the isolate both by our laboratory and the Communicable Disease Center, Atlanta, 

Georgia, verified it as a serotype of K. pneumoniae, thus confirming the results ob¬ 

tained by the gas chromatographic analysis. However, further examination of fatty 

acid profiles of additional strains of the 2 genera is suggested to determine if this 

method is valid for use in the identification of all members of the group. 

The conclusion derived from this study, i.e. the identification of a representative 

A. aero genes isolate as K. pneumoniae, offers additional evidence for the use of the 

generic name Klebsiella in lieu of Aerobacter as suggested by many workers and ac¬ 

cepted by the Judicial Commission of the International Nomenclature Committee 

(1963, Internatl. Bull. Bad. Nomen. Taxon., 13: 38). The method employed offers 

the advantages of rapidity (<48 hours), and lack of tedious and often subjective 

means of morphological, biochemical, and serological testing procedures now being 

employed. It is not proposed, however, that such analyses should be used as the sole 

basis of identification or characterization for this group of microorganisms. 

This research was supported in part by funds from Public Health Service Train¬ 

ing Grant GM 00692 of the National Institute of General Medical Sciences and from 

the L.S.U. Foundation. William J. Nunez, G. T. Dimopoullos and Arthur R. Colmer. 

Department of Biology, North Texas State University, Denton, 76203, and Depart¬ 

ments of Veterinary Science and Microbiology, Louisiana State University, Baton 

Rouge 70803. 

PARTURITION IN THE DESERT POCKET MOUSE: Eisenberg and Isaac (1963, 

Jour. Mamm. 44: 61-67) observed the birth of several heteromyid rodents including 

Perognathus californicus. However, the process was not detailed in the report. In the 

course of a study on behavior of the desert pocket mouse (P. penicillatus) 2 instances 

of parturition were observed. This note describes the second instance. Litter sizes 

were 2 and 3 respectively. 

The females were trapped near Presidio, Texas the night of June 13, 1968, and 

placed in gallon jars with 2 inches of sand as a base. The 1st female gave birth in the 

morning of June 14. The 2nd litter was born in the evening of June 15. The female 

sat on her hind legs during parturition. Her eyes were closed. After the first pup had 

appeared she maintained this position. Heavy, strenuous breathing accompanied the 

delivery. Her inguinal region was inflammed and everted. Abdominal contractions 

continued after the birth. 

After 6 minutes she rolled onto her back, opened her eyes, and then stood up. The 

pup was still lying in the sand where it had dropped. The female began cleaning it 

and then positioned it for nursing. She continued cleaning it with her tongue as it 

nursed. 

Abdominal contractions continued at a rate of one every 35 seconds. Eleven min¬ 

utes later she stretched and moved around in the jar. The pup clung to a nipple as 

she moved. 

Twenty-eight minutes after the first pup was born the mother became highly ex¬ 

cited and moved rapidly around the cage. She then stopped, spread her rear legs, 

and strained. Again, she closed her eyes. Another pup slowly emerged. This delivery 

took 20 seconds. She then licked her vulva and proceeded to cleanse the new pop. 

During the next 34 minutes she alternated between cleaning and eating grain 
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and nursing the pups. She then started moving around the cage. Vaginal contrac¬ 

tions were occurring every 4 seconds. As before, she suddenly stopped, crouched, and 

began licking her vaginal region. Appendages of the pup were visible at various 

times, but kept slipping back into the oriface. After an extended contraction the 3rd 

pup was delivered. Delivery took 11 minutes to complete. This pup was a breech de¬ 

livery whereas the 1st 2 were cephalic. 

The female was observed to eat the fetal membranes only after the last delivery. 

She then cleaned her inguinal region, extracting more membrane which she ate. 

The last pup was cleansed and 25 minutes after the last delivery all 3 were nursing. 

Parturition and related maternal behavior encompassed approximately 2 hours. 

The female continued to care for the pups, but on the morning of June 16 2 of 

them were found dead and partially consumed. The 3rd lived 13 additional days be¬ 

fore it too died. It is thought that disturbances and the small enclosures were the 

reasons for this. The first litter died within the first 2 days. It is not known if the 

females killed the pups. 

This investigation was supported in part by Grant AP 28 from the National Air 

Pollution Control Administration, Consumer Protection and Environmental Health 

Service, Public Health Service. Technical Article 7814, Texas Agricultural Experi¬ 

ment Station. 

Calvin W, Hanselka, J. M. Inglis, and H. G. Applegate, Department of Wildlife 

Science and Department of Plant Sciences, Texas A&M University, College Station 

77843. 

POSTCLIMAX GRASSES ON RURBLE-CLAY STRATA OF THE MESILLA 

VALLEY OF TEXAS. The Mesllla Valley lies in the most westerly part of Texas 

extending from El Paso to immediately north of Las Cruces, New Mexico. According 

to Strain (1966, Tex. Mem. Mus. Bull. 10: 1-55) the valley resulted from the drain¬ 

ing of an ancient pluvial lake. The Rio Grande River is now entrenched in the 

present flood plain and many escarpments are found between the valley walls. As in 

much of the highly exposed, geologically eroded west, stratification is readily ob¬ 

served. Geological and manmade bisects of these escarpments reveal layers of detri¬ 

tus varying from large boulders through gravels, sands, silts, and clays. The ancient 

clay strata appear as lacustrum and are often observed beneath larger and more 

loosely deposited detritus. These clay layers support much more grass coverage than 

materials above and below. Such sites are of principle concern in the present study. 

Strain (1966, Tex. Mem. Mus. Bull. 10: 1-55), Metcalf (1967, U.T. at El Paso Sci. 

Series 1: 7-34) and Ruhe (1967, New Mex. Inst. Mining TechnMemoir 18.) dis¬ 

cuss the geological development of the Mesilla Valley including the present strati¬ 

graphy important to this paper. 

Slowly permeable geological strata with their exposed layered outcrops are com¬ 

mon causes of more available water for vegetation than are normally found under 

the existing conditions. When the overlying material above is differentially per¬ 

meable, increased water may accumulate at a lower clay strata and move laterally 

to the outside of the scarp. This results in more available moisture at the clay out¬ 

crop than would usually be found under the existing climate. Deserts and their ex¬ 

treme water deficits accentuate observations of the above conditions at these loca¬ 

tions. The extra moisture creates a postclimax environment. According to Clements 

(1928, Plant Succession and Indicators, H. W. Wilson Co., N.Y.) and Oosting (1956, 

The Study of Plant Communities, W. H. Freeman and Co., San Fran, and London, 

p. 256-8.) such environments occur where there are surpluses of one or more major 

growth factors than are normal for the climate. 
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The purpose of this paper is to discuss environments where differentially per¬ 

meable rubble overlies horizontal strata of almost impervious clay, resulting in in¬ 

creased moisture for the vegetation. This more favorable moisture relationship 

provides a postclimax mesophytic environment of Tobosa grass, Hilaria mutica, 

where normally only xerophytic desert vegetation would prevail under the existing 

climate. 

The study sites were located on several surfaces of the Mesilla Valley imme¬ 

diately below the west side of the Franklin Mountains and north of the city of El 

Paso, Texas. The valley has resulted from ancient lake drainage sedimentation, Rio 

Grande channelling, and Franklin Mountain detritus aggradation. Stratification of 

sediments is evident on many escarpments developed within valley walls. Among 

the several sites, that surface known locally as Kern Surface is of particular interest 

in this presentation. Permeable mountain and river rubble often overlies strata of 

recalcified carbonates and almost impervious clay. The rubble strata variably 

hinders the downward movement of water and its mobile contents. However, where 

clay sedimentation is well developed, carbonates often precipitate and water tends 

to move laterally to the outside sloping surfaces of the escarpments. 

At these rubble-clay strata an environment is created with more water holding 

capacity than the layers above or immediately below. Geologically eroded escarp¬ 

ments reveal these rubble-clay lines and the changed vegetation. Additional man¬ 

made bisects substantiate the presence of grasses on the clay layers with desert 

scrub above and below the clay strata. Tobosa grass, Hilaria mutica is dominant on 

the clay and a sharp ecotone exist between this more mesic grass and the xeric 

scrub above and below. Often the grass appears as a sharp demarcation line follow¬ 

ing the underlying clay strata which is often exposed as outcrops (Fig. 1). More 

Fig. 1. Rubble-day demarcation line on Mesilla Valley escarpment. Note postclimax 

Tobosa grass, Hilaria mutica, rooted in clay strata. Desert scrub is rooted in rubble strata 

above and below the grass. 
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moisture is apparent in the clay as it “balls” easily in freshly trenched bisects. The 

clay-grass relationships simulates a reduced “seep” as it is exposed on the scarp. 

The xeric vegetation above the grass line is predominantly Creosote bush, Larrea 

divaricata; Lechuguilla, Agave lechuguilla; Ratany, Krameria parvifolia; Ocotillo, 

Fouquieria splendens; Purple Mat, Nama demissum; Fluff grass, Tridens pulchel- 

lus; and Six-Weeks Grama grass, Bouteloua barbata. Other than the major domi¬ 

nant, Tobosa grass, on the clay outcrops, there is an occasional Yucca elata, Yucca 

Torreyi, and Agave lechuguilla. 

It appears, then that geological stratification influences the species present on 

these Mesilla Valley remnants. A postclimax environment for grass is produced in 

a normally desert scrub climate. 

Appreciation is extended to Dr. W. S. Strain for geological guidance and to Charis 

Coffman, Patricia McGuinness, and Ruben Kretzschmar for assistance in collecting, 

assembling, and preparation of the data for this manuscript. John S. Williams, De¬ 

partment of Biology, University of Texas at El Paso, 7999. 
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The Undergraduate Preparation in Mathematics 

For a Career in the Biological Sciences1 

by N. BURR FURLONG, 

The University of Texas 
Graduate School of Biomedical 
Sciences, Houston. 

In the Preface to “Modem Introduction to College Mathematics”, 

Isreal Rose says: “Mathematics has been very nearly all things to all 

men: art, science, language, method, and tool. It has been called on 

the one hand ‘queen’ and on the other ‘handmaiden’ of the sciences. 

Some have defined it as ‘the study of number and space,’ others, as ‘the 

science of drawing necessary conclusions.’ Some have found it the 

quintessence of divine order, tmth, and beauty’, others ‘a form of low 

cunning.’” (1). 

The history of science contains innumerable examples of the parallel 

development of the physical sciences and the mathematical expressions 

in which physical laws are summarized and through which new laws 

have been predicted. Many times this parallelism has developed almost 

in spite of, rather than because of, the innovation. For example, the 

“idle speculations” of Lobatschevsky about geometries which did not 

contain Euclid’s parallel postulate helped to provide the necessary 

groundwork for Einstein’s theory of general relativity. I believe that 

we can generalize from this relationship between mathematics and 

physics and, as it is within the philosophy of this conference, I would 

like to spend a few minutes considering the historical perspective of 

three major sciences. I would like to suggest the thought that the bio¬ 

logical sciences today are either undergoing or about to undergo the 

transition from a primarily descriptive science to one that is abstracted 

in manipulable symbols. Chemistry achieved this transition about 150 

years ago and physics some 300 years ago. To illustrate, let me quote 

from Galileo’s discourse on the pendulum written about 1620: “As to 

the time of vibration of bodies suspended by threads of different 

lengths, they bear to each other the same proportion as the square roots 

of the lengths of the thread; so that if one wishes to make the vibration 

1 An address delivered at the Regional Conference on Biological Sciences, Texas 

A&M University, October 25, 1968. 

The Texas Journal of Science, Vol. XXI, No. 3, February, 1970. 
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time of one pendulum twice that of another, he must make its suspen¬ 

sion four times' as long. . . . Thousands of times I have observed vibra¬ 

tions especially in churches where lamps, suspended by long cords, had 

been inadvertently set into motion; but the most which I could infer 

from these observations was that the view of those who think that such 

vibrations are maintained by the medium is highly improbable: for, 

in that case, the air must needs have considerable judgment and little 

else to do but kill time by pushing to and fro a pendent weight with 

perfect regularity. But I never dreamed of learning that one and the 

same body, when suspended from a string a hundred cubits long and 

pulled aside through an arc of 90° or even 1 ° or % ° would employ the 

same time in passing through the least as though the largest of these 

arcs; and, indeed, it still strikes me as somewhat unlikely.” (2). 

And now let us hear from Lavoisier writing in 1774 on the calcina¬ 

tion of tin in closed vessels: “It was shown that when lead or tin is 

calcined with a burning glass under a glass bell immersed in water or 

mercury, the volume of the air is diminished about a twentieth by the 

calcination, and the weight of the metal is in weight nearly equal to 

that of the air destroyed or absorbed. I thought that I could conclude 

from these experiments that a portion of the air itself or some material 

contained in an elastic state in the air combined with the metals during 

their calcination, and that this was the cause of the increase in weight 

of metallic calces. The effervescence which consistently occurs in all 

revivifications of metallic calces, that is, wherever a metallic substance 

changes from the state of a calx to that of a metal, lends support to this 

theory. I think that I have proved that this effervescence is caused by 

the disengagement of an elastic fluid, of a species of air which can be 

retained and measured, and, as a result of the many experiments which 

I have carried out, that when this fluid is separated from metals by the 

addition of powdered charcoal or of any other matter containing 

phlogiston, it does not differ at all from the substance which has been 

given the name of fixed air, mephitic gas, mephitic acid, all of which 

are synonymous expressions, and that this gas was exactly the same 

whether it be disengaged from metallic calces by powdered charcoal, 

from vegetables by fermentation, or from saline or earth alkalis by 

solution in acids.” (3). 

And now let us compare these excerpts with one passage from Wat¬ 

son's Molecular Biology of the Gene in 1965: “The collections of ad¬ 

jacent nucleotides that code for single mRMA molecules and that are 

under the control of a single repressor, are called “operons’’. Some 

operons thus contain one gene, others two, and still others several 

genes. The functioning of an operon is under the direct control of a 
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specific chromosomal region, the “operator”. The operator is always 

located adjacent to the genes whose transcription (functioning?) it 

controls, so there is a specific operator for each operon. Operators have 

essentially negative functions: If a functional operator is absent, the 

corresponding repressor cannot inhibit the synthesis (functioning?) 

of the specific mRNA, and as a result there is constitutive synthesis 

of its corresponding protein product. We do not yet possess any evi¬ 

dence whether the interactions of repressors and operators is direct or 

indirect. Presently, the most plausible hypothesis of operator function 

postulates that the operators are sites on the DNA molecules to which 

the active repressor molecules bind. Under this hypothesis, when the 

active repressor is bound to the operator, the synthesis of the specific 

mRNA of the adjacent operon is blocked. Alternatively, if repressors 

combine with specific sites on the mRNA molecules then the operator 

must code for these binding sites.” (4). 

In 1687, Newton published his Principia and developed therein the 

calculus which succinctly expressed the relations between forces, mo¬ 

menta, velocities, displacements and the like, which Galileo had de¬ 

scribed in his dialogues. In 1803, Dalton proposed the atomic hypothe¬ 

sis which led to the symbols in which the stoichiometry described in 

Lavoisier’s experiments was to find expression. 

Contemporary prophets are notoriously myopic but it seems to me 

that the modem flood of biological description in terms of codons, 

operons, repressors, allosteric effectors and enzymes bears more than 

a superficial resemblance to the literature of chemistry and physics 

quoted above. 

Ry making these comparisons I do not wish to denigrate biology in 

the least. It is rather an indication of the complexity and sophistication 

of biological data that has delayed the appearance of biological formu¬ 

lations and the consequent abstraction of general biological principles. 

I believe we will be led directly to the purposes of this conference 

by now considering what, in my opinion, is the primary unsolved prob¬ 

lem in biochemistry or molecular biology or modern biology (I do not 

consider these terms mutually exclusive). That problem is the mecha¬ 

nism of enzyme action. We are all used to tracking down a biological 

phenomenon until we reach a point where we can say “and this is due 

to enzyme action”. There the road ends, the bridge is out, the collective 

mind of science has come up with no really satisfactory theory which 

explains why polymers of amino acids not only recognize substrates 

of all varieties, large and small, with incredible specificity, but also so 

interact with them that the energies necessary to break and make 

bonds within them are made feasible at a chemically icy 37°C. As I 
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explain to our graduate students, in justifying the lectures on atomic 

and molecular quantum theory in our Core Program in Biomedical 

Sciences, when the explanation for these remarkable properties of 

enzymes is finally published, I expect it to be couched in terms such 

as “conduction bands”, “orbital overlap”, “reaction coordinates”, etc. 

To understate the case somewhat, the appreciation of such phenomena 

is not open to the mathematically naive student. 

In a nutshell, then, my philosophy regarding undergraduate prepa¬ 

ration in mathematics for a career in biology can be summed up as: 

“It would be a serious disservice to any student interested in biology 

not to encourage him to take as much mathematics as he is capable of 

understanding”. 

I believe we are all aware that students differ greatly in their en¬ 

thusiasm for, and in their ability to grasp, abstract mathematical 

theorems. There are now and will continue to be, areas in biology 

where mathematical expertise is not required and, thus, we should 

be careful in proposing blanket requirements in mathematics as if 

there were such a thing as Biology with a capital B. Unfortunately, 

however, until just recently, biology courses frequently seemed to be 

designed to offer a consolation degree in the sciences to students unable 

to “make it” in chemistry or physics. The requirements in mathematics 

for biology majors were minimal. Even today, evidence of this legacy 

is seen in our College catalogues. An analysis of seven catalogues which 

I was able to obtain from schools participating in this conference re¬ 

veals, for example, that several have no mathematics requirement for a 

Bachelor of Arts Degree in Biology. In one institution, Greek may 

be substituted for mathematics and a junior college was the only one 

to require calculus for a Science Degree in Biology. 

In 1964, the Committee on the Undergraduate Program in Mathe¬ 

matics of the Mathematical Association of America made tentative 

recommendations concerning the mathematics program for students 

in the biological, management, and social sciences (BMSS). Unfortu¬ 

nately, one of their initial assumptions invalidates some of their cur¬ 

riculum recommendations for our purposes since they assumed stu¬ 

dents in the biological area would be prepared to begin their collegiate 

mathematics with a calculus level course. This evidently contrasts with 

the state of affairs faced by the institutions represented here. Students 

graduating from many of our high schools do not have sufficient al¬ 

gebra, trigonometry, and analytical geometry to begin calculus their 

first year. However, before discussing specific recommendations for 

college curricula in our area, I would like to quote a few applicable 

observations from the report of this Committee: “A survey of this 
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Panel has shown that graduate schools in all BMSS areas would like 

to have more mathematical training for their entering students, but 

that very few of these students today have enough preparation, or 

preparation of the type needed. Since the exact need of BMSS students 

is hard to predict, they benefit most from preparation in considerable 

breadth in both classical and modem topics in mathematics. Of special 

importance are elementary analysis, probability and statistics, and 

linear algebra. 

Since high speed computers are sure to play an increasingly im¬ 

portant role in all BMSS areas, prospective graduate students should 

have the mathematical training necessary for data processing, and 

should have some experience with computers. 

The problem is to provide this varied training in the limited time 

BMSS students have available for mathematics during their under¬ 

graduate years. It is, therefore, important to recognize that they need 

mathematics primarily as a language for scientific reasoning, and that 

they do not need as much training in detailed technique as mathe¬ 

matics and physical science students. Nor is it reasonable to expend 

as much time on rigorous proofs for BMSS students as for mathematic 

majors. Also, more stress should be placed on applications which are 

of special interest in the biological and social sciences.” (5). 

These reasons have convinced this Committee that special courses 

must be developed for BMSS students. I continue the quote from their 

report: “Students in BMSS areas clearly need a selection of topics 

quite different from the traditional analytic geometry and calculus. 

To highlight this need, an oversimplified view of problems attacked by 

mathematical methods is presented in the accompanying figure. Most 

of the mathematics traditionally taught deals with problems that fall 

into one cell of this table, whereas problems in the other cells are also 

of current and evergrowing importance in all applications of mathe¬ 

matics, including those of the BMSS areas. 

Few variables 

Many variables 

Deterministic 

I Organized 

Simplicity 

III Organized 

Complexity 

Stochastic 

II Disorganized 

Simplicity 

IV Disorganized 

Complexity 

Area I includes the traditional undergraduate analytic geometry- 

calculus sequence, along with difference and differential equations. 

Area II includes elementary probability and statistics. Area III in¬ 

cludes linear algebra and many variable advanced calculus. Area IV 
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includes complex stochastic models. High speed computers play an im¬ 

portant role in all areas, especially areas III and IV. 

The two-year sequence proposed in the Committee’s report allocates, 

in order, about 45%, 25%, 25%, 5% of its time to these four areas. 

The recommendation unit on computing is in addition to the two-year 

sequence, and is not included in this allocation.” (6). 

In one of the issues of Bioscience this year, G. H. Miller published 

results of a survey on mathematics courses felt to be desirable for un¬ 

dergraduate students (7). The survey was obtained from biological 

scientists in two groups—an awards group (recipients of national hon¬ 

ors or awards) and an abstracts group (individuals who published 

often in the last 5 years) 

This survey provided the following conclusions: 

1. Courses very highly recommended were 1 year of calculus and 

applied statistics. 

2. Next in importance were 3rd semester calculus, differential equa¬ 

tions, machine computation and elementary probability. 

3. A large number of comments from these biological scientists noted 

that mathematics was not used much by the respondents. 

4. The recommendations of both groups coincided in almost all re¬ 

spects. 

In light of all the considerations presented to this point, then, I 

would like to propose for our subsequent discussion the following ideas: 

1. I highly recommend that all biology majors be advised to take 

1 year of calculus. Incidentally, this is a requirement for entrance 

into The University of Texas Graduate School of Biomedical 

Sciences in Houston. 

2. An immediate goal at each institution could be consultation with 

members of the mathematics faculty concerning mathematical 

requirements for biology students. Lists of problems which have 

biological applications in algebra, trigonometry, analytic geom¬ 

etry and calculus could be furnished these faculty members for 

use as examples and homework problems. 

3. The possibility of adopting first year texts in which the subjects 

of algebra, trigonometry, analytic geometry and introductory cal¬ 

culus are integrated should be investigated. An excellent text 

along these lines is A First Year of College Mathematics by H. S. 

Miles published by Wiley which includes also a chapter on prob¬ 

ability, permutations and combinations. The use of concepts de- 
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rived from analytic geometry to obtain trigonometric formulae 

results in a better understanding of both subjects. A second ad¬ 

vantage of this approach is that college mathematics is then not 

merely a repetition of large portions of high school math. Thirdly, 

the curriculum for a second year of mathematics, if desired, can 

be designed at a considerably more advanced level. 

4. The development of special introductory courses in mathematics 

expressly for biologists does not seem desirable, for even if quali¬ 

fied teachers for such courses could be found, all students entering 

college should not have been expected to decide on a major subject. 

5. Mathematics faculties should be encouraged to offer, and qualified 

biology students should be encouraged to take, advanced mathe¬ 

matics courses specifically directed to applications in the life 

sciences. These could include courses such as matrix algebra, per¬ 

haps using Searle’s text Matrix Algebra for Biology, b) probabil¬ 

ity and statistics with examples from life insurance, health sci¬ 

ences, genetics, psychology, etc.; c) mathematical simulation 

featuring analogue computer solutions to physiological or meta¬ 

bolic processes; d) experiment planning and data reduction ideally 

using the capabilities of a digital computer and programming 

instruction. Any of these advanced courses could be taken after a 

first year course such as described above. 

6. If time permits, I would like to suggest that consideration should 

be given to the development of a more general approach to col¬ 

lege level education in the sciences by integrating mathematical, 

physical, chemical and biological concepts in combined courses. 

Such courses could be designed around specific central problems 

which by being discussed in depth would bring in most of the im¬ 

portant facets of each discipline. For example, by analyzing the 

solution to the vibrating string problem in physics one could de¬ 

velop the geometry, mechanics, and differential equations neces¬ 

sary for the solution and, in doing so, illustrate harmonic motion 

or oscillation, eigenvalues, orthogonality, Fourier series, reso¬ 

nance, etc. Similarly, consideration could be given to central prob¬ 

lems in chemistry, such as the Q10 problem, and in biology to the 

problems of speciation or homeostasis in each case developing the 

necessary background information directed to these problems. 

I believe there is sufficient food for thought in these few suggestions. 

I shall be interested in any discussion they may evoke. Thank you for 

the opportunity to participate in this colloquium. 
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Abstracts of Papers Presented at the Annual Meeting, 

Arlington, Texas, March 13-15, 1969 

Section I—Mathematical Sciences 

RESIDUE CLASSES AND STRING FIGURES—Ali R. Amir-Moez, Texas Tech¬ 

nological College, Lubbock. 

A set S of string figures is called the set of n-losange figures whose elements are 

string figures each of which consists of a row of n rhombi. (See: Classes Residues et 

Figures avec Ficelle, Lafayette Printing Co., Lafayette, Ind.). There is a one-to-one 

correspondence between S and the set of natural numbers. The one-to-one cor¬ 

respondence is established 3 different ways making use of residue classes modulo 2 or 

3 or 4. 

ORBIT MECHANICS FOR SATELLITE LIFETIME ESTIMATION—Harold U. 

Everett, LTV Aerospace Corporation, Dallas. 

The problem considered is one of estimating the lifetime of an object in orbit 

about the earth, the time from injection into orbit by the launch vehicle until impact 

with the earth’s surface. The spacecraft is subject to perturbing forces due to at¬ 

mospheric drag, oblate earth gravity, lunar and solar gravity, and solar radiation 

pressure. Equations of motion are developed and approximate methods for their 

numerical solution are indicated. Results are presented which demonstrate the va¬ 

lidity of the method. 

RANKING AND EVALUTION PROCESSES IN OPERATIONS RESEARCH— 

L. D. Gregory, LTV Aerospace Corporation, Dallas. 

The notion of ranking 2 or more entities on the basis of observed properties arises 

in many contexts: Science, Engineering, Business, etc. The General Linear Rank¬ 

ing Model, as developed, can be thought of as a linearization of the appropriate 

Effectiveness Function whose form may not be completely known. The principle 

result is a procedure for making paired comparisons in terms of “error bounds” on 

the independent variables. These may be engineering estimates and/or statistical 

confidence intervals. A Rank Inferability matrix identifies at probability level 

which pairs are ranked and which are not. This lends to confidence intervals on the 

ranks. 

MIXED STRATEGIES FOR ESTIMATING SOLUTIONS TO INITIAL VALUE 

PROBLEMS—Stillman Sims and G. D. Shockey, University of Texas at Ar¬ 

lington. 

A method of estimating the solution of an initial value problem by using a poly¬ 

nomial approximation together with an exponential corrector is discussed. 

THE ARITHMETIC OF CONVEX SETS—R. L. Tennison, University of Texas at 

Arlington. 

This expository paper is concerned with properties of the addition of convex sets. 

Examples are given for the addition of sets in the plane and their generalizations to 

higher dimension. Euclidean space is pointed out. Included is a discussion of the 

Brunn-Minkowski inequality. 

The Texas Journal of Science, Yol. XXI, No, 3, February, 1970. 
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APPLICATIONS OF OPERATIONS RESEARCH—A, W. Wortham, Texas A & 

M University, College Station. 

Operations Research has many definitions and even more connotations. In this 

paper, Operations Research is defined as Research on Operations. As such the im¬ 

plications are broad and general and perhaps are more inclined with modern day 

jargon “Systems Engineering” and “Interdisciplinary Approach.” 

The purpose of this paper is to- demonstrate the applications of the Operations 

Research philosophy in the solution of several specific problems not previously re¬ 

ported in the literature. First, Cost Modeling Is presented with a somewhat conven¬ 

tional mathematical modeling approach. As presented, the method is cumbersome 

and difficult to implement. From network theory, Mason’s Rule is borrowed to re¬ 

solve the difficulty and to give a general theory. Other models for problems of dy¬ 

namic return on assets, small lot procurement, and planning are presented to show 

breadth of possibilities. 

Section II—Physical Sciences 

RADIATION PRESSURE AND DRAG FORCES ACTING ON PICOGRAM IN¬ 

TERPLANETARY DUST PARTICLES IN HELIOCENTRIC SPACE.—D. 

Allen and W. M. Alexander, Baylor University, Waco. 

Minute aggregates of particulate matter comprise the major portion of material 

in the Zodiacal Dust Cloud surrounding the sun. Knowledge concerning the mass 

and velocity of these small particles (mass IQ-13 g) has recently been obtained by di¬ 

rect measurements from cosmic dust experiments on rockets, satellites, and deep 

space probes. The effects of minor perturbing forces acting on these picogram par¬ 

ticles inside the orbit of Jupiter have to be considered particularly with respect to 

modifications of any of the heliocentric orbital parameters such as speed, Inclination, 

etc. Results of (1) studies of solar-radiation pressure on the heliocentric orbital 

speed, and, (2) preliminary considerations of the interaction of these particles with 

the interplanetary plasma in the same region of the solar system are presented. 

LUNAR EXPLORER 35: DIRECT MEASUREMENTS OF DUST PARTICLES 

IN SELENO-SPACE—W. M. Alexander, Baylor University, Waco and J. L. 

Bohn, Temple University, Philadelphia. 

The Lunar Explorer 35 cosmic dust experiment has made direct measurements 

of the flux of micron-sized particles in selenocentric space. The instrument used 2 

independent sensors which measured various parameters associated with the particle 

and the hypervelocity impact of this micro particle with the glass plate containing 

the 2 sensors. First, an acoustical ceramic tranducer sensing information related to 

the Impulse delivered to the plate by the impinging micro particle; and, 2nd, a large- 

area capacitor deposited on the exposed surface of the glass plate sensing a pene¬ 

tration of the -capacitor’s dielectric. The data from the first 236 days of the measure¬ 

ment shows the range of the flux to be between 

1.8 X 10~4 p/m2 sec < «f» < 2.3 X 10 3 p/m2 sec, with 

<1> (ave.) — 1 X 10-3 p/m2 sec. 

By using the chi-squared test for variance, it is shown that the time distribution of 

detected dust particles does vary significantly from a random distribution. The data 

is compared to Mariner IY measurements In interplanetary space and OGO III 

satellite experiment measurements in the vicinity of the earth and in cis-lunar space. 

Studies of these measurements and the orbits of comets and meteor sho-wers reveal a 
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possible modulation by the meteor shower and cometary particles of the interplane¬ 

tary background dust particle flux in the earth-moon system. 

THERMOMAGNETIC PHENOMENA IN ARSENIC AT LIQUID HELIUM 

TEMPERATURE—D. L. Alsup, J. R. Sybert and H. J. Mackey, North Texas 

State University, Denton. 

A heat current is imposed on one end of a single crystal of high-purity arsenic 

while the other is kept in contact with a liquid helium bath. A magnetic field is ap¬ 

plied parallel to the trigonal axis of the crystal and is varied over the range 0-22 

kilogauss. The transverse voltage across the sample is recorded during the magnetic 

field sweep. These data are analyzed in terms of gross effects occurring as a function 

of magnetic field as well as the possibility of oscillatory components which are 

periodic in the reciprocal of the magnetic field. This periodicity indicates transi¬ 

tions among the Landau levels of the electrons in the sample and gives direct in¬ 

formation on the nature of the Fermi Surface. The data from this experiment are 

preliminary to a calculation of the electronic density of states in arsenic. 

THE USE OF ELECTRICAL MEASUREMENTS FOR THE STUDY OF LUB¬ 

RICATING GREASES—Gordon S. Bright, Port Arthur Research Laboratories, 

TEXACO, Inc., Port Arthur. 

This paper covers a brief description of equipment for the determination of di¬ 

electric constant and dielectric loss of greases both statically and under conditions of 

shear. It is shown that the dielectric loss curve follows that theoretically postulated. 

The effects of the viscosity of the liquid medium and of soap concentration are dis¬ 

cussed. An indication of the possible meaning of the data from the standpoint of the 

theory of grease flow is included. 

EXPERIMENTAL PLASMA RESEARCH AT TEXAS WOMAN’S UNIVER¬ 

SITY—E. L. Cantrell, Texas Woman’s University, Denton. 

The incorporation of an experimental plasma research program into the graduate 

and undergraduate curriculum at Texas Woman’s University is described. Several 

experimental projects are described, and the progress and preliminary results are 

reported. 

THE ELECTROACOUSTICAL PROPERTIES OF A FLAME PLASMA—E. L. 

Cantrell and Margaret Kutzer, Texas Woman’s University, Denton. 

The mechanism by which an acoustic wave is generated when a modulated elec¬ 

tric current is passed thru the flame is not well understood. Theoreticians have 

proposed that an acoustic signal could be generated by the heating of the neutral 

gas component by collision with electrons. 

Two sets of experiments were performed, and the harmonic content of the 

acoustic wave was compared to that of the applied current in each case. In the 

1st set of experiments the electrodes were biased, permitting the current amplitude 

to vary, but keeping direction of current flow constant. For this case, the harmonic 

content of the sound was similar to that of the applied current. When the bias was 

removed and the current permitted to alternate, the acoustic harmonic content con¬ 

tained large percentages of even numbered harmonics. The current waveform did 

not contain these upper partials. The harmonic content of the square of the current 

was calculated by numerical evaluation of its Fourier coefficients. There was a 
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strong similarity between the harmonic content of this function and that observed 

in the corresponding acoustical signal. This is interpreted as an indication of the 

validity of the theoretical models which suggest heating as the mechanism for 

producing the acoustic signal. 

EFFECT OF A MAGNETIC FIELD ON CURRENT INSTABILITIES IN A 

LOW PRESSURE DISCHARGE—E. L. Cantrell and Veanna Stewart, Texas 

Woman’s University, Denton. 

Oscillations in the discharge current occurring at discrete values of the slope 

and magnitude of a time varying, transverse magnetic fields are reported. The 

frequency of these oscillations is from 50 to 100 kHz. They were observed using a 

sweeping magnetic field superimposed on a dc field. The sweep coil voltage was 

used to synchronize the horizontal sweep of an oscilloscope while the upper beam 

monitored current and the lower beam monitored the field strength by means of a 

calibrated Hall effect probe. These oscillations were observed to accompany the 

formation of striations by the magnetic field, but not to accompany the destruction 

of these striations as the field strength was decreased. It is believed that these os¬ 

cillations are similar in origin to previously observed, unexplained oscillations that 

occur without a magnetic field, but which are accompanied by striations. 

A TEMPERATURE STUDY OF MICROWAVE LINE WIDTHS—C. E. Cook and 

J. A. Roberts, North Texas State University, Denton. 

A 40 foot section of commercially available, coiled X-band waveguide is used as 

part of a high resolution microwave spectrograph. The waveguard is placed inside 

a well-insulated closed cylindrical container whose temperature is varied by a 

stream of cooled air passing through it. The air is cooled by passing it through a 

coil immersed in liquid nitrogen thus giving a temperature range from room tem¬ 

perature to approximately —190° C. Temperature is continuously monitored by 

means of a thermopile and a potentiometer. Seven thermocouples, connected in 

series, are distributed randomly over the waveguide. This yields an average voltage 

which tends to cancel out any local temperature variations in the waveguide. 

INVESTIGATION OF THE FLUX OF PICOGRAM DUST PARTICLES IN 

THE GEMINID METEOR STREAM FROM A BLACK BRANT II ROCKET 

EXPERIMENT—D. Corbin and W. M. Alexander, Baylor University, Waco. 

The Lunar Explorer 35 dust particle experiment measurement showed an en¬ 

hancement of dust particle flux during the time of major meteor showers in the fall 

of 1967. The measurement detected either primary particles in the meteor streams 

with masses in the order of a few picograms or micron-sized lunar ejecta particles 

resulting from hypervelocity impacts of larger mass shower particles impinging 

onto the lunar surface. Due to radiation pressure and drag forces, picogram par¬ 

ticles rapidly move out of the primary meteor stream orbit. Thus, picogram par¬ 

ticles detected by Lunar Explorer 35 dust particle experiment were of very recent 

origin if they were primary particles in a major meteor stream. An experiment 

was instrumented and flown on a National Research Council of Canada Black 

Brant II rocket during the Germinid Meteor Shower in December, 1968, to de¬ 

termine the flux of micro particles in the meteor stream itself. The result of the 

experiment are presented. 
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INVESTIGATION OF THE EFFECTS OF HIGH MAGNETIC FIELDS ON 

SILICON RADIATION DETECTORS—George W. Crawford and Stephen M. 

Curry, Southern Methodist University, Dallas. 

A basic study of the effect of high magnetic fields on the charge collection char¬ 

acteristics of lithium drifted silicon detectors has been made. The parameters studied 

included the strength of the magnetic field and its direction relative to the electric 

field of the biasing voltage. Specially constructed detectors were mounted on hinged 

bars, permitting measurements with the magnetic field parallel or perpendicular 

to the biasing voltage. A collimated alpha source was mounted inside a vacuum 

chamber so that the alpha particles always traveled parallel to the magnetic field. 

The magnetic field strength was varied from 0 to 66,000 gauss for each orientation 

of the detector. No changes in the collection characteristics were detected when 

collecting electron-hole pairs with the electric field parallel to the magnetic field. 

When collecting at right angles to the magnetic field, the total charge collected and 

stored in the multichannel analyser decreased with increasing strength of magnetic 

field. This gave an “apparent” loss of alpha energy of 0.074 MeV per 10,000 gauss. 

Thus AE — k H. In this experiment, k = 7.4 ev per gauss. 

COMPOSITIONAL CHANGES IN BOVINE MILK FOLLOWING PROLONGED 

TREATMENT WITH OXYTOCIN—C. W. Dill, G. T. Lane, B. C. Armstrong, 

and S. N. Hartsfield, Texas A&M University, College Station. 

Lactating dairy cows were milked completely by normal procedures and subse¬ 

quently injected with oxytocin through a catheter in the jugular vein at 20 minute 

intervals for a total period of 80 minutes. Complementary milk was removed 2 

minutes after each oxytocin injection. 

The solids concentration of the nonlipid portion of the milk dropped slightly as a 

result of the prolonged hormone treatments. The lipid concentration in the milk 

increased during the preliminary milking procedure and reached a maximum level 

after the first oxytocin treatment representing about a 5-fold increase over its initial 

concentration. After further hormone treatments the lipid content returned to (or 

below) its concentration in the bulk volume obtained during preliminary milking. 

The fatty acid composition of the neutral lipid fraction changed only slightly in 

its major fatty acid components. The polyunsaturated fatty acid components in¬ 

creased significantly, although these components normally represent only a small 

proportion of the fatty acids in bovine milk. 

The monoglyceride concentration (per unit weight of lipid) related inversely to 

total lipid concentration following hormone treatments, but correlated closely with 

the volume of milk serum. Explanations are based on a possible transport function 

of the monoglyceride components. 

TOWARD AN OPTIMAL TERMINOLOGY AND NOTATION FOR RELA¬ 

TIVITY—Jason Ellis, The University of Texas at Arlington, Arlington. 

Fundamental principles are used to select from the many different notations and 

terminologies of relativity those which seem the most compatible with the terms and 

notations used in some of the applications of relativity. 

HOW TO SHARPEN VECTORS—Jason Ellis and Kathryn Ellis, The University of 

Texas at Arlington, Arlington. 

The vector concept has been dulled by frequent and broad use. This paper presents 
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a collection of ways of sharpening the vector concept to produce a more dependable 

tool. 

4-FIBER APPROACH TO QUANTUM PHENOMENA AND THE STRUCTURE 

OF ELEMENTARY PARTICLES—Jason Ellis and Marion D. Wedin, The 

University of Texas at Arlington, Arlington. 

There are currently indications of a need for an understanding at a level more 

fundamental than present day quantum theory. This paper introduces an approach 

which, with further development, might yield such theory. 

LUNAR EXPLORER 35: STUDIES OF THE RELATIONSHIP BETWEEN 

LUNAR EJECTA PRODUCED BY METEOR SHOWERS AND ENHANCED 

DUST PARTICLE FLUX IN SELENOCENTRIC AND CIS-LUNAR SPACE 

—M. A. Fenner, D. W. Owens, and W. M. Alexander, Baylor University, 

Waco and J. L. Bohn, Temple University, Philadelphia. 

Orbits of picogram particles ejected from the lunar surface during the major 

meteor showers from August 1967 to June 1963 have been calculated. These calcu¬ 

lations show an expectation of a temporal variation in the flux of dust particles during 

the time these ejected particles remain in the earth-moon system. The Lunar 

Explorer 35 dust particle experiment measurements of the dust particle flux in 

selenocentric space during periods of major shower activity show a significant vari¬ 

ation from a random distribution. The degree of correlation between the expected 

shower related ejecta flux and the Lunar Explorer 35 measurement is presented. 

3'- AND 5'-URIDYLIC ACIDS FROM URIDINE DIPHOSPHATE IN FOUR 

SUCCESSIVE ENZYMATIC REACTIONS, DIFFERENT PHOSPHODI¬ 

ESTERASES USED FINALLY TO SPECIFY THE RESPECTIVE POSI¬ 

TIONS OF THE PHOSPHATE ON THE URIDINE—Willis W. Floyd, Sam 

Houston State College, Huntsville. 

Uridine diphosphate, ppU, an intermediate by-product of metabolic glycogenesis, 

is changed by a dephosphorylating polymerase to m-mer polyuridylic acid, (pU)mp, 

and (m-1) mols of phosphate, p: 

mppU—> (m-1) p:+ (pU)mp. (1) 

A polyuridylic acid with phosphates on both ribose ends is progressively hydro¬ 

lyzed by pancreatic ribonuclease to a mixture of 3'-oligouridylic acids and 3'-mono- 

uridylic acid. One m-mer mol of polyuridylic acid, as degraded by this enzyme to a 

single low-mer product, produces m/g mols of the g-mer 3'-oligouridlyic acid, (Up)g, 

and one mol of phosphate, p: 

(pU)mp + m/gH20^m/g(Up)g + p. (2) 

E. coli alkaline phosphatase, without severing intemucleotide phosphate linkages, 

hydrolytically removes terminal phosphates of an oligouridylic acid. Under the 

influence of this enzyme, a molecule of a g-mer 3'-oligouridylic acid, losing its end 

phosphate, gives a molecule of (g-l)-mer end-dephospho-oligouridylic acid, (Up) 

(g-Du'- 

(Up)g -f- H20 -» (Up) (g.jjU + p. (3) 

Dephospho-oligouridylic acid is sequentially hydrolyzed, (1) by a spleen phos¬ 

phodiesterase to 3'-uridylic acid, Up; or (2) by snake venom phosphodiesterase to 
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5'-uridylic acid, pU. With either hydrolase, one of the 2 terminal groups of the 

oligonucleotide comes out as a uridine molecule, U: 

/-(l) (g-l)Up+U 

(Up)(g-1}U + (g-1) H20 (4) 

' N (2) U +(g-l)pU 
Since pancreatic ribonuclease produces 3'- but no 5'-nucleotides, uridine diphos¬ 

phate is here converted more nearly completely to 3'- than it can be to 5'-mono- 

phosphate. 

Summing up these 4 steps leading to the higher yield 3'-product,—cancelling all 

intermediate “pluramers”,—gives for the over-all enzymatic reaction: 

m ppIJ + (m + m/g) H20 (m — m/g) Up ■+ m/g U + (m ■+ m/g) p. (5) 

SIZE EFFECT IN THE ELECTRICAL CONDUCTIVITY OF BISMUTH—S. M. 

Grandstaff, J. R. Sybert, and H. J. Mackey, North Texas State University, 

Denton. 

Measurements have been performed to determine the contribution of surface 

scattering of electrons to the total electrical resistivity of bismuth. To insure that the 

scattering from the boundaries of the sample represent a significant portion of the 

total resistivity, the sample must be thin (a few millimeters), cold (liquid helium 

temperatures), and relatively pure. Our present investigation is on size effect in 

conductivity for single crystals which are in a stair-step geometry. This is done in 

order to investigate resistivity of several thicknesses simultaneously without having 

to cycle the sample between room and liquid helium temperatures, thereby avoiding 

the problem of the sample being annealed at room temperature and changing its bulk 

properties between successive measurements. In addition, the sample was thinned 

and resistivity measurements repeated in order to extend the thickness range to 

smaller values. All measurements were made near 0 magnetic field. Analysis of 

these data provides information on the nature of the mechanism of the scattering 

occurring at the surfaces. 

THETA-THETA DIFFRACTOMETER FOR THE STUDY OF LIQUIDS BY 

X-RAY DIFFRACTION—Robert W. Gruebel, Stephen F. Austin State College,. 

Nacogdoches. 

A theta-theta x-ray diffractometer, using focusing geometry, is being constructed 

to study the structure of liquids. Precision worm gears and worms are mounted to 

drive the x-ray tube and detector in opposite directions about a common, horizontal 

axis with equal angular velocities or increments of theta. The method of scan can be 

either continuous using a ratemeter and recorder or programmed to step scan with 

scaler-printer-timer. 

The slits, mounted on tube and detector arms, are continuously micrometer adjust¬ 

able. Monochromatization is accomplished with a bent and ground rock salt crystal 

in the diffracted beam. A high temperature furnace, environmental chamber, or 

cryostat can be mounted on the stationary front pedestal to position the sample on 

the diffractometer axis. 

ELECTRON PARAMAGNETIC RESONANCE OF GAMMA-RAY IRRADIATED 

SODIUM NITRATE—T. L. Guzzle, General Dynamics, Fort Worth and P. P. 

Mahendroo, Texas Christian University, Fort Worth. 

Single crystals of sodium nitrate were irradiated at room temperature with Co60, 
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gamma rays and studied at the same temperature using an X-band electron para¬ 

magnetic resonance spectrometer operating at 9.5 GHz. The spectrum obtained con¬ 

sists of an anisotropic 3-line hyperfine spectrum and 3 sets of lines for which the 

hyperfine splittings were not observed. The resolved triplet is attributed to N02 

molecules lying in the (111) plane interacting with N14 nuclei. The principle values 

of “g” tensor and the hyperfine interaction tensor of the triplet have been deter¬ 

mined. The other 3 sets of lines are thought to be due to neutral N03. The g-values 

of these lines have also been measured. 

NUCLEAR MAGNETIC RESONANCE STUDIES OF POINT DEFECTS IN 

ALKALINE EARTH HALIDE CRYSTALS *—J. T. Knowles and P. P. 

Mahendroo, Texas Christian University, Fort Worth. 

Point defects have primarily been studied by ionic conductivity and radioactive 

tracer measurements. Such investigations are also possible by nuclear magnetic 

resonance. Since relaxation of a nucleus in a solid is affected only by relative motion 

of nearby nuclei, in principle, one expects a better microscopic picture of the diffusion 

process with n.m.r. studies, where translational diffusion (Torrey, 1953, Phys. Rev., 

93: 962; Eisenstadt and Redfield, 1963, Phys. Rev., 132: 635) is the primary relaxa¬ 

tion mechanism. From such measurements one can determine the nature of the 

defects, their activation energies, and jump frequencies. Preliminary results of such 

measurements on SrF0 will be discussed and compared with data on CaF2 and BaF2 

already obtained in this laboratory (Lysiak and Mahendroo, 1966, Jour. Chem. 

Phys., 44: 4025; Miller and Mahendroo, 1968, Phys. Rev., 174: 369). 

* Research supported by the Air Force Office of Scientific Research, Office of Aero¬ 

space Research, United States Air Force, under AFOSR Grant No. 604-66, and by 

the TCU Research Foundation under Grant No. P6784. 

TRANSIENT POTENTIALS AND FLUXES IN NON-HOMOGENEOUS 

MEDIA—Buford R. Koehler, Jr. and Paul B. Crawford, Texas Petroleum Re¬ 

search Committee, Texas A. & M. University, College Station. 

A mathematical model is presented showing the transient potentials and fluxes for 

substances obeying the 3 dimensional diffusivity equation with variable thermal 

properties. The model has application to stratified as well as heterogeneous systems. 

Several examples are presented. 

LIQUID SCINTILLATION COUNTING OF Ni-63 IN AQUEOUS SALT SO¬ 

LUTION—L. Landers and C. Cummiskey, St. Mary’s University, San An¬ 

tonio. 

The radionuclide Ni-63, a soft beta emiter (0.067 Mev), can be counted effectively 

either by gas flow detectors or liquid scintillation counters. However, in the case 

of aqueous salt solutions Containing tracer concentrations of Ni-63, the methods 

available to date do not give satisfactory results. 

A new approach using recently available solubilizers is presented in this report. 

This new approach to the liquid scintillation counting of Ni-63 is characterized as 

to counting efficiency, quench effects, and its limitations. 

RESONANCE SHIFTS BY PLASMAS IN TUNED CAVITIES AT MICRO- 

WAVE FREQUENCIES—J. Lau, R. Freeman, and J. A. Roberts, North Texas 

State University, Denton. 

A resonant cavity technique has been employed at 8 to 10 GHz to study the 
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effect of resonance shifts when a plasma is generated within the cavity. Correla¬ 

tion studies are being made between the resonant frequency shift of the cavity and 

the density of the plasma generated within the cavity. Nitrogen Hg vapor studies 

have been conducted and the results of these studies are to be reported. 

165Ho(n,2n) TOTAL CROSS SECTION AT 14.9 MeV*—Dick Lear and 

Tom J. Gray, North Texas State University, Denton. 

Measurements of the 165Ho(n,2n) 164Ho total cross section were made at neutron 

energies sl4.9 MeV by activation analysis techniques. Gamma-spectra were re¬ 

corded using a 2 cm3 planar Ge(Li) detector, a Tennelec amplifier-preamp system, 

and a 1024 channel analyzer. The neutron flux for these studies was supplied by 

the T(d,n) 4He reaction at the bombarding energy of 550 KeV obtained from the 

2 Mv Van de Graaff. Relative photo-peak efficiencies for the Ge(Li) detector have 

been determined and geometrical corrections for finite disc source; and finite de¬ 

tector volume have been made. A comparison to theoretical predictions will be 

made. 

* Regional Nuclear Physics Laboratory, operated jointly by North Texas State 

University and Southern Methodist University. 

LOW TEMPERATURE SPIN-LATTICE RELAXATION IN AMARIUM- 

DOPED CaF2 CRYSTALS*—C. Mak and P. P. Mahendroo, Texas Christian 

University, Fort Worth. 

The spin-lattice relaxation time Tj of F19 has been measured in single CaF2 

crystals containing 6.41 X 1018 ions/cm3 and 1.59 X 102° ions/cm3 of Sm3+ over a 

temperature range of 4.2° K to 300° K. These measurements were made at 29.5 

MHz by using the magnetic recovery technique (Mahendroo & Lysiak, 1966, Jour. 

Chem. Phys., 44: 4025) with the magnetic field along [111] crystallographic direc¬ 

tion. The data indicate that the relaxation is predominantly due to paramagnetic 

impurities (Rorschach, 1964, Physica 30: 38). Tt versus temperature curves for both 

samples exhibit 2 minima, one at about 80° K and the other at about 10° K. It is 

found that the minimum around T — 10° K corresponds to the condition <ore— 1 for 

the nuclear relaxation process due to Sm3 + . The other minimum could be due to 

some other paramagnetic impurity accidently present in the samples. The SM3+ 

minimum yields the electronic spin-lattice relaxation time re at 10° K to be 5.4 X 

10-9 sec. The nuclear spin-spin diffusion coefficient D has been calculated using this 

value of re and the T1 measured at the temperature of the minimum. The temper¬ 

ature dependence of re of Sm3+ has been obtained by using the measured nuclear 

Tx data and the value of D obtained as indicated above. The last 2 calculations have 

been made assuming that the relaxation process is diffusion limited. The calculated 

values of re indicate that the electronic relaxation re for Sm3 + :CaF2 decreases with 

the increasing Sm3+ concentration. 

* Research supported by the Air Force Office of Scientific Research, Office of Aero¬ 

space Research, United States Air Force, under AFOSR Grant No. 604-66. 

ROTATING FRAM NUCLEAR MAGNETIC RESONANCE RELAXATION IN 

FLUORINE SUBSTITUTED METHANES—Larry M. Moore and R. E. J. 

Sears, North Texas State University, Denton. 

Nuclear magnetic relaxation measurements are being made in some liquified 

fluorine substituted methanes (e.g. CHF2C1 and BrF3C). The relaxation times of the 

nuclear magnetization which is polarized along the direction of a strong resonant 
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radio frequency field can be combined with the spin-lattice relaxation time to yield 

the exchange coupling constant J between spin 1/2 nuclei (e.g. H and F) and those 

nuclei with quadruple moments (e.g. Br and Cl). Typically J/2 tt is found to be of 

the order of 50 hertz. 

ANALYTICAL STUDIES OF THE DYNAMICS OF PICOGRAM PARTICLES 

EJECTED FROM THE LUNAR SURFACE—D. W. Owens, M. A. Fenner, and 

W. M. Alexander, Baylor University, Waco, and J. L. Bohn, Temple University, 

Philadelphia. 

Because of no appreciable lunar atmosphere, the lunar surface is constantly bom¬ 

barded by meteoroids travelling at hypervelocities. Studies of the effects of hyper¬ 

velocity impacts show that one may expect ejecta from the craters of these impacts 

to have a velocity in excess of the lunar escape velocity when the mass of the ejecta 

particle is in the order of a picogram. Analytical studies of the dynamics of lunar 

ejecta picogram particles have been conducted. These studies include the major and 

minor perturbing forces which effect the lifetime of these particles in the earth-moon 

system. The significance of solar radiation pressure increases as the particles ap¬ 

proach masses in the picogram range. This effect causes the majority of these 

particles to exit the earth-moon system in an anti-solar direction regardless of the 

initial velocity radiant at the lunar surface. Results of preliminary studies concern¬ 

ing the dynamics of those micro particles that remain primarily in the tail of the 

earth’s magnetosphere as they exit the earth-moon system is presented. 

INTERACTION ENERGY BETWEEN TWO AXIALLY SYMMETRIC ELEC¬ 

TRODYNAMIC SYSTEMS—Peter N. Y. Pan and Leo L. Baggerly, Texas 

Christian University, Fort Worth. 

The magnetostatic or electrostatic interaction energy of 2 axially symmetric 

electrodynamic systems, whose axes intersect at an angle a, can be written as a 

harmonic series of Legendre polynomials in a, 

W(l,2;«) = 2UnPn(cos«). 

In this expansion, Un is the nth partial energy when a — 0. It is shown that if the 

2 distributions do not overlap at any a, the partial energies can be written as the 

product of 2 independent multipole “moments,” an “internal moment” and an 

“external moment.” 

THE EFFECT OF ELECTRODE GEOMETRY ON RADIO FREQUENCY SPUT¬ 

TERING RATE—P. J. Pantermuehl and R. E. Anderson, Southwest Texas 

State College, San Marcos. 

The thickness of the deposited film will be used as a measure of electric field 

strength. Glass slides cover a strip across the 5" diameter of the electrode. A 

photomultiplier and an electronic counter record the number of relative photons 

passing through the thin metal layer at various points across the 5" diameter sub¬ 

strate. This intensity is plotted against distance to show the uniformity of the metal 

film. 

133Cs(n,2n) i32Cs CROSS-SECTION MEASUREMENT AT 15.0 MEV*—George H. 

Pepper and B. P. Foster, North Texas State University, Denton. 

The 133Cs(n,2n) 132Cs cross-section was measured using D-T neutrons produced by 

the HVEC 2 Mv Van de Graaff generator with a deuteron energy of 550 Kev. 
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A pure cesium target was used for relative intensity measurements and a cesium 

salt for the actual cross-section measurement. 

The neutron flux was determined using a standard geometry monitor and a Texas 

Nuclear Model 9120 Spherical Neutron Dosimeter. 

The efficiency of the Nuclear Diodes 2 cc planar Ge(Li) detector for the 666 Kev 

gamma from 132Cs was determined by comparison with a 137Cs source of known 

activity and comparable geometry. 

Previous experiments and their interpretations will be discussed. 

* Regional Nuclear Physics Laboratory, operated jointly by North Texas State 

University and Southern Methodist University. 

AN IMPROVED MICROWAVE LINE WIDTH SPECTROGRAPH—D. V. Rogers 

and J. A. Roberts, North Texas State University, Denton. 

A microwave spectrograph capable of detremining accurate line width data to 

better than 2% for spectral lines of intensities of 10~6 and 10~7 cm-1 has been devel¬ 

oped. The technique of source modulation has been utilized effectively to produce 

molecular transition without resorting to the conventional technique of Stark modu¬ 

lation. This scheme of source modulation permits an absorption cell of any reason¬ 

able length to be used. The cells employed in this investigation were 20 feet, 50 feet, 

and 100 feet in length. Data on signal to noise ratios for spectral lines of 10-4, 10-5, 

and 10-6 cm-1 intensity lines is given to demonstrate the merit of an increased cell 

length. A circular waveguide rather than the conventional rectangular waveguide is 

utilized as the absorption cell. 

LINEWIDTH PARAMETERS FOR THE (1 < J < 7, K=l) ROTATIONAL 

LINES OF THE NH3 INVERSION SPECTRUM—D. V. Rogers and J. A. 

Roberts, North Texas State University, Denton. 

The Inversion Spectrum of NH3 for (J,K=1) has fine structures due to the 

removal of the K-degeneracy of the rotational energy levels when the Hydrogen 

spins interacts magnetically with the total Angular Momentum of the system. The 

removal of this degeneracy leads to a splitting of the spectral lines for all (J,K—1) 

lines into components which are very close together. These frequency spacings have 

been determined and are used to calculate the resultant distortion of line widths when 

low level splitting of main line components occurs. 

Line width parameters have been determined for the spectral lines with (1 < J < 

7, K=1) and are reported. These linewidth parameters have been obtained using a 

mathematical model to infer the resultant distortion of a Lorentzian shape spectral 

line when it is subjected to an environment of other Lorentzian shape lines. The 

mathematcial model is generalized to take into consideration as many lines as are 

found under a given envelope. 

DESIGN AND TESTING OF A PRECISION ANGULAR CORRELATION 

TABLE*—Larry Rowton and Tom J. Gray, Ndrth Texas State University, 

Denton. 

A precision angular correlation table was designed and constructed using 2 Ge(Li) 

detectors mounted on the table. The geometry of this table is established using the 

22Na annihilation radiation. Geometry factors for the detectors have been determined 
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experimentally using the 106Pd 624 Kev-513 Kev gamma cascade. The standard 106Pd 

correlation function is given by 

W(<?) = 0.314 P2(cos e) + 1.058 P4(cos0). 

Comparison of the data from the present experiment to this result will be discussed. 

* Regional Nuclear Physics Laboratory, operated jointly by North Texas State 

University and Southern Methodist University. 

COLORS PRODUCED BY FLUORESCENT LAMPS—B. E. Schulze, Corpus Christi 

Museum, Corpus Christi. 

It is well known that a fluorescent lamp lights up when it is held in the field of a 

radio frequency oscillator. When the lamp is moved or rotated colors that can be 

photographed appear. The wavelengths of certain spectral lines exhibited by the 

excited lamp can be measured. In this investigation an attempt is made to find the 

relation between the colors of the measured spectra and those produced when the 

source is in motion. Further, dispersion is speculated. 

THE PYROLYSIS OF POLYACRYLATES IN THE PRESENCE OF DERIVA¬ 

TIVES OF 2-MERCAPTOBENZOTHIAZOLE—Raymond B. Seymour, Amel 

Anderson, and Edwin V. O’Brien, University of Houston, Houston. 

Poly (methyl methacrylate) and poly (methyl acrylate) were pyrolyzed in the 

presence and absence of derivatives of 2-mercaptobenzothiazole. The effect of con¬ 

centration of these telogens on the yield of monomers and other products of pyrolysis 

was determined by gas chromatographic techniques. 

THE CHARACTERIZATION OF TELOMERS OF METHYL METHACRYLATE 

AND SUBSTITUTED PHENOLS—Raymond B. Seymour and Jose M. Sosa, 

University of Houston, Houston. 

Methyl methacrylate was polymerized at 50° C in the presence of azo bisisobuty- 

ronitrile and varying concentrations of substituted phenols. The chain transfer con¬ 

stants of these telogens were calculated and the telomers were characterized by 

viscometric, pyrolytic gas chromatographic, infrared spectroscopic, and gel permea- 

ation chromatographic techniques. 

THE EFFECT OF ADDITIVES ON THE CUBICAL COEFFICIENT OF EXPAN¬ 

SION AND GLASS TRANSITION TEMPERATURE OF POLYETHYLENE 

COMPOSITES—Raymond B. Seymour, Jose M. Sosa, and J. M. McShane, 

University of Houston, Houston. 

The coefficient of cubical expansion and glass transition temperature of linear and 

low density polyethylene may be modified by the addition of chlorinated ply- 

ethylene, chlorinated biphenyl, chlorinated paraffin, and carbon black. In many cases 

linear relationships between these parameters and composition may be demonstrated. 

The composites were prepared by mechanical mixing and extrusion. The coefficient 

of cubical expansion was determined on injection molded rods using standard ASTM 

procedures. The glass transition temperature was determined from the change in 

slope of the coefficient of expansion curves. 
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THE EFFECT OF TELOGENS ON THE SOLUTION COPOLYMERIZATION 

OF VINYL MONOMERS AND MALEIC ANHYDRIDE—Raymond B. Sey¬ 

mour, H. S. Tsang, and E. E. Jones, University of Houston, Houston. 

The rate of copolymerization of styrene or methyl methacrylate with maleic 

anhydride is faster in poor solvents than in good solvents but the rate decreases as 

the solvency of poor solvents decreases. The effect of selected telogens such as carbon 

tetrachloride on these systems was investigated by increasing the concentration of 

these additives and noting the change in rate of copolymerization, average molecular 

weight, and molecular weight distribution. The molecular weight data were obtained 

by viscometric and gel permeation chromatographic techniques. 

ATOMIC STRUCTURE: FRONTIER OF ACCURATE ANALYTICAL CALCU¬ 

LATIONS*—M. Synek, Texas Christian University, Fort Worth. 

Physicists need good wave functions of heavy atoms and ions for crystal field 

studies, astrophysical problems, and calculations of various atomic properties (Fraga 

and Malli, 1968, Many-Electron Systems: Properties and Interactions, W. B. Saun¬ 

ders Co., Phila.). Chemists need good wave functions of heavy elements for various 

molecular calculations, including pictorial representations of the electronic density 

in molecules (Wahl, 1966, Science, 151: 961). Analytical wave functions are par¬ 

ticularly desirable. We are gradually satisfying these needs by advancing the frontier 

of calculations of accurate analytical self-consistent field (SCF) wave functions 

further into the periodic system of atoms (Synek, et al., 1967, Jour. Chem. Phys., 

46: 2039; 1967, Phys. Letter., 28A: 19; and 1968, Jour. Chem. Phys., 48: 3121; 

1968, Phys. Letters, 27A: 349; and 1968, Phys. Letters, 28A: 344). Included (Synek, 

et al., in press, Phys. Rev.; and elsewhere) in our calculations are Ag+ and I-, and 

laser-active ions of rare earths, in particular Pr3+, Nd3+, Eu3+, Dy2+, and Tm3+. 

Calculations of certain optical excited states of the indicated laser-active ions are in 

progress. The applicability to the calculations of optical oscillator strengths will be 

facilitated by a simplifying rule published recently (Synek, et al., 1967, Internal. 

Jour. Quantum Chem., IS: 89) without any practical loss of accuracy. Applications 

to the Mossbauer chemical shift for In+ and Xen+ are in progress. 

* Work supported in part by the Texas Christian University Research Foundation, 

the Wright-Patterson Air Force Base, and the Argonne National Laboratory. 

CALCULATIONS OF ATOMIC TRANSITIONS AND MOSSBAUER DENSI¬ 

TIES*—M. Synek and P. Grossgut, Texas Christian Universtiy, Fort Worth. 

Calculations of atomic electric-dipole oscillator strengths for optical multiplets 

(Synek, et al., 1967, Internal. Jour. Quantum Chem., IS: 89) continue. A program 

was constructed in Fortran IV language for IBM 7094 computer to handle products 

of large Slater determinants in transition integral calculations concerning heavy 

atomic systems. The calculations are further facilitated by our simplifying rule. This 

rule enables us to calculate certain transitions, e.g., in Nd3+, (Z=60), by using 

products of determinants of the order of 29 X 29, instead of 57 X 57, without affect¬ 

ing the calculated oscillator strength to 3 significant figures. Such calculations have 

never been done before. Our accurate analytical wave functions are also being 

applied to extremely sensitive calculations of electronic densities at the atomic nuc¬ 

leus, to facilitate further studies of Mossbauer isomer shift in heavy atomic systems 

under varying chemical circumstances (Synek, et al., 1967, op. cit.). A computer 
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program was constructed also for this purpose. Calculations of forbidden transitions 

are under consideration. 

* Work supported in part by the Texas Christian University Research Foundation, 

the Wright-Patterson Air Force Base, and the Argonne National Laboratory. 

EXCITED STATE WAVE FUNCTIONS FOR THE LASER-ACTIVE IONS Nd3+ 

AND Pr3 + *—M. Synek, P. Grossgut, and W. Timmons, Texas Christian Uni¬ 

versity, Fort Worth. 

Accurate analytical self-consistent field wave functions have been calculated for 

the ground states, and are nearly completed for certain excited states, of 2 important 

laser-active ions of lanthanides, namely Nd3+, (Z=60) and Pr3+, (Z=59). The 

following states are covered by our calculations: (a), Nd3 + ; 5d6s2, 2D; 4f6s2, 2F; 

4f3, 4S, *d, 4F, 4G, 4I; (b), Pr3 + ; 4f5d, 4G; 4f5d, 3P; 4f5d, 3H; 4f2, 4G; 4f2, 3P; 

4f2, 3H. Our wave functions are the most accurate ones available. Our results for 

the excited states are the only ones available. All the orbital exponents of the basis 

functions in thfe analytical expansions have been carefully optimized. Typical com¬ 

position of basis set for the symmetries s, p, d, f was 10, 8, 5, 6 respectively. Our 

calculations are evaluated according to certain accuracy criteria (Synek, et al., 1967, 

Jour. Chem. Phys., 46: 2039). Unlike for lighter atoms, we did not impose the cusp 

condition restriction. Our results represent the absolute Hartree-Fock values to about 

5 significant figures for the total energies, and to about 2 to 3 decimal places for the 

orbital wave functions. The virial theorem is satisfied to at least 5 significant figures 

for all the states calculated. The local maxima of the radial orbital wave functions 

in the tail region are always smaller than 0.0008 in their magnitude; for most of the 

orbitals, including the important 4f orbital, they are either nonexistent or smaller 

than 0.00001. 

* Work supported in part by the Texas Christian University Research Foundation 

and by the Wright-Patterson Air Force Base. 

ACCURATE ANALYTICAL WAVE FUNCTIONS FOR Dy2+, Tm3 + AND 

Eu3 + *—M. Synek, R. Ramirez, A. DaMommio, and J. S. Fu, Texas Christian 

University, Fort Worth. 

Calculations of accurate analytical self-consistent field wave functions for the 

ground states of the laser-active ions Dy2+, (Z=66), Tm3+, (Z=69), and Eu3+, 

(Z=63) are in an advanced stage. The main orbital exponent optimizations have 

been carried out so that the total energies calculated remain unchanged to 6 signifi¬ 

cant figures in the refining optimization process. The calculated wave functions have 

reached unprecedented accuracy. The results communicated represent the most 

accurate values available. For all the 3 cases calculated, namely Dy2+, 4f10, 5I; 

Tm3+, 4f12, 3H; and Eu3+, 4f6, 7F, the virial theorem is satisfied already to 5 

significant figures. The results are expected to be of great practical importance in 

crystalfield investigations. Calculations of the following cases are in progress: Dy2+, 

4f10, excited states 5S, 5D, and 5G; Tm2+, 4f13, 2F; and Tm3+, 4f134d9, 3H. An 

estimate of an energetical significance of seniority numbers and other Racah’s 

quantum numbers is under consideration, with the following cases: Dy2+, 4f10, 3H; 

23H (11), 43H (11), 43H (21), and 43H (30) (Wyboume, 1965, Spectroscopic 

Properties of Rare Earths, Interscience, Wiley, N.Y.). 

* Work supported in part by the Texas Christian University Research Foundation 

and by the Wright-Patterson Air Force Base. 
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GROWING BISMUTH SINGLE CRYSTALS BY ZONE MELTING—E. C. 

Teague, H. J. Mackey, and J. R. Sybert, North Texas State University, Denton. 

Experimental techniques are described for producing bismuth single crystals with 

a specified crystalline orientation from a polycrystalline ingot. In the zone melting 

technique a single crystal seed is placed at one end of a crucible containing poly¬ 

crystalline material. A small segment (or zone) of the ingot is then melted and the 

zone moved slowly towards the seed until it is thoroughly wetted. The direction of 

the zone movement is then reversed and the seed allowed to grow. Areas of the 

experimental work which are described are: 1) effect of crucible shape and material 

on crystal growth, 2) preparation of a seed crystal, 3) operation of “seeding,” and 

4) effects of growth rate, growth temperature, and growth direction on crystal 

preparation. 

MAGNETOMORPHIC EFFECTS IN CADMIUM—W. M. Waller, H. J. Mackey, 

and J. R. Sybert, North Texas State University, Denton. 

Magnetomorphic or size effect oscillations may be observed in certain materials 

when the electron mean-free-path length is on the order of a sample dimension. 

These oscillations yield information on the differential geometry of the electronic 

Fermi Surface. These size effect oscillations in cadmium were observed using an ac 

field modulation technique. The results are comparable to those made using con¬ 

ventional dc techniques. The results are particular interesting in that no dc current 

was supplied to the crystal during the experiment. In addition, the size effect oscilla¬ 

tions may be observed either by using probes attached to the sample or by placing 

a pick-up coil adjacent to the sample. 

RELATIVISTIC 4-FIBER DISTRIBUTIONS—Marion D. Wedin and Jason Ellis, 

The University of Texas at Arlington, Arlington. 

Four-fiber distributions are considered. In particular, it is shown that distributions 

which are uniform over direction space cannot have a finite density in configuration 

space. This is of interest partly because Einstein’s first postulate of relativity requires 

the distribution be uniform. (The special theory itself; however, does not make this 

requirement). 

RESULTS OF STUDIES OF POYNTING-ROBERTSON EFFECT ON PICO- 

GRAM ENCKE COMET PARTICLES FROM MARINER IV COSMIC 

DUST EXPERIMENT MEASUREMENTS—A. Wever and W. M. Alexander, 

Baylor University, Waco, and J. L. Bohn, Temple University, Philadelphia. 

Minor perturbing effects such as the pressure and drag associated with solar- 

radiation as well as coulomb and Lorentz forces result in rapid depopulation of an 

original cometary orbit by micron-sized debris derived from the gradual disintegra¬ 

tion of the comet nucleus. Within a few AU of the sun, the radiation pressure and 

drag forces (Poynting-Robertson effect) appear to provide the primary minor per¬ 

turbing effect on these picogram cometary particles. In this case, studies show that 

these micro particles will spiral into the sun while remaining primarily in the 

initial orbital plane of the comet. The Mariner IV cosmic dust experiment detected 

a high impact rate on 15 September 1967 when the spacecraft was passing through 

the oribital plane of Encke’s comet. The spacecraft was over 50 Gm from the nodal 

point of any short period comet. Application of the Poynting-Robertson effect indi¬ 

cates that the Mariner IV cosmic dust experiment probably detected inspiraling 

Encke comet particles. 
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THE DETERMINATION OF THE RELATIVE ACTIVITY OF METHYL ACE¬ 

TATE IN AQUEOUS DIOXANE BY VAPOR PHASE CHROMATOG¬ 

RAPHY—Billy J. Yager and Kermit W. Doerr, Southwest Texas State College, 

San Marcos. 

The ratio p/pQ> of the partial pressure (p) of a component of a solution to the 

vapor pressure of the pure component (p0) is a standard method of defining activity. 

In this study, vapor phase chromatography was used to fractionate the vapor from 

a solution of methyl acetate in varying water-dioxane solutions. The vapor pressure 

of the methyl acetate was proportional to the peak area on the chromatogram. The 

peak area of methyl acetate in pure water was used as a standard solution of the 

effect of the addition of dioxane in the solution on the peak area (and thus the 

activity) of methyl acetate. The activities thus determined were relative to the ac¬ 

tivity of the methyl aceate in pure water. 

Section III—Earth Sciences 

CRITICAL FEATURES OF THE PLEISTOCENE BEAUMONT CLAY SUR¬ 

FACE IN JEFFERSON AND CHAMBERS COUNTIES OF SOUTHEAST 

TEXAS—Saul Aronow, Lamar State College of Technology, Beaumont. 

The principal geomorphic features of the Beaumont Clay surface in Jefferson and 

Chambers Counties, first studied by D. C. Barton in 1930, are (a) about 5 successive, 

linear, slightly elevated (less than 10 feet of local relief) meander belts or systems, 

with many relict oxbows and channel segments of the Pleistocene Trinity River, 

underlain with sandy soils. These belts are separated by (b) shallow swales of 

relict backswamps underlain by clayey soils. The belts also enclose, segment, and 

partly cover (c) portions of the slightly older Pleistocene Ingleside barrier-beach 

system. The Ingleside features, which apparently mark a formerly horizontal strand¬ 

line, rise in altitude from about 10 feet above sea level in the southwest (Smith 

Point area) to about 25 feet (Beaumont area) to the northeast. Almost all of the 

meander belts terminate in digitate deltas (about 5 feet above sea level) along the 

Holocene coastal marsh. This suggests that the Ingleside was tilted before the com¬ 

pletion of the deposition of the Beaumont Clay. Also, the meander belts cross 2 

prominent salt domes (Spindletop and Big Hill), indicating that the domes did not 

influence the locations of the several courses of the Pleistocene Trinity and that 

their rise is fairly recent, say in the past 40,000 to 70,000 years. 

K40/Ar40 AGES OF THE ALKALIC IGNEOUS ROCKS OF THE BALCONES 

PROVINCE OF TEXAS—Otha D. Baldwin and John A. S. Adams, Rice 

University, Houston. 

On the basis of K40/Ar40 whole rock apparent emplacement ages, igneous activity 

in the Balcones Province of Texas extended from 62 to 86 m.y.b.p. The last differ¬ 

entiates of the igneous sequence of the province are some 10 m.y. younger than the 

crystallization products of the parent magma type. Major oxides of 6 samples for 

which analyses are available appear to show trends which might be expected for 

a differentiation sequence in time. 

ORBITAL PHOTOGRAPHY OVER TEXAS AND NORTHERN MEXICO: SOME 

GEOLOGIC APPLICATIONS—William R. Dupre and Robert E. Boyer, The 

University of Texas at Austin, Austin. 

Photographs taken from Gemini and Apollo flights afford a new perspective for 
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geologic interpretation. Their use enables unobstructed viewing of large-scale fea¬ 

tures and facilitates understanding or regional geologic relationships. We found 

orbital photographs especially helpful in the sparsely vegetated areas of west Texas 

and northern Mexico; in contrast, it was only our ground familiarity that enabled 

distinction of Precambrian and Paleozoic rocks in the well-vegetated Llano region 

of central Texas. 

Segments of several structural and physiographic elements of northern Coahuila 

and west Texas are easily recognized on one Gemini XII photograph: 1) Edwards 

Plateau, 2) Rio Grande embayment, 3) Marathon basin, 4) Big Bend area, 5) Sierra 

del Burro, 6) Sierra Madre Oriental, and 7) an extensive ignimbrite plateau. 

Tectonic styles are also distinguishable. Tight folding of the Sabinas Gulf and parts 

of the Coahuila platform is in sharp contrast to epeirogenic warping on the Tama- 

ulipas platform and block faulting northwest of the Rio Grande. 

A prominent lineament trending approximately N.45°E. extends for at least 150 

miles across Chihuahua and Texas on one Gemini XII photograph. It may represent 

the western edge of the Ouachita Front; its trend parallels the Paleozoic folding in 

the Solitario uplift. The lineament bounds the northwest side of the Bofecillos 

Mountains, crossing into Mexico about 10 miles south of Presidio, Texas where it 

abuts the southeastern end of the Chihuahua tectonic belt. 

The Apollo 6 photo sequence traversed Texas from El Paso to Shreveport, Louis¬ 

iana. The improved resolution of these photographs enabled clear delineation of all 

major physiographic features along this trend. Transportational patterns, inner-city 

growth, and urban sprawl are quickly evaluated from these photographs for the 

Dallas-Fort Worth complex. Color tones and pattern changes on orbital photographs 

allow close correlation between land use and soil type, drainage pattern, regional 

physiography and bedrock. More photograhy from satellites will greatly facilitate 

land-use planning and the identification of environmental problems. 

CALCULATED SIZE OF ANCIENT BRAZOS RIVER FROM TERRACE 

GRAVEL AND MEANDER GEOMETRY—Lawrence W. Epps, Baylor Uni¬ 

versity, Waco. 

Hydrologic relations of the Brazos River describe paleohydrologic conditions, 

assuming present conditions can be extrapolated into the past. Terrace morphology, 

gravel suites, soil types, channel configuration, divide migration, and relationships 

of abandoned valley to the present river system suggest that the Brazos River was 

once significantly larger. 

Modern meander measurements along the river below Waco, indicate that the 

average radius-of-curvature at bankful stage is 2,000 feet, 2.8 times average channel 

width. The average radius-of-curvature for a series of ancient meander scars in the 

valley wall paralleling the river is 7,000 feet. Using modern radius-of-curvature-to- 

width ratio, the computed width of the river which was responsible for the larger 

meander scars in 2,600 feet. 

The relations of channel depth, width, and velocity-to-discharge were determined 

for the Brazos River. The changes in these variables in a downstream direction were 

plotted against discharge at each station. Each variable is a power function of dis¬ 

charge as follows: (1) W = 13Q-4 (2) D = .08Q-5 (3) V == 1.1Q1 

Substituting in the relations above gives for the magnitude of bankfull flow of the 

ancient Brazos River approximately 800,000 cfs, a depth of 72 feet, and a velocity 

of 4.3 feet/second. 

For the present Brazos River the basin area-discharge relationship is (4) A =■ 
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68Q-6. Under present rainfall-runoff conditions it would take a drainage area approxi¬ 

mately 4 times that of the present river to produce flows of 800,000 cfs. The rainfall 

intensity to sustain such a flow for a day would be 10 inches over the entire basin. 

Present annual rainfall-runoff figures are 33 inches and 2.23 inches. This intensity 

represents 30% of the yearly rainfall. 

Present conditions can not explain the calculated flow of the ancient river. How¬ 

ever, the decrease of temperature associated with the Wisconsin glacial advance 

would increase annual rainfall approximately 10 inches and annual runoff about 

5 inches. The Brazos River basin can also be assumed to have been larger in the 

past as indicated by pirated drainage areas. These changed conditions may explain 

the larger size of the Pleistocene Brazos River. 

EFFECTS OF GROUND WATER ON GEOMORPHOLOGY, LOWER MOJAVE 

VALLEY, CALIFORNIA—Charles G. Groat, Bureau of Economic Geology, 

The University of Texas at Austin. 

The configuration of the piezometric surface and the distribution of water quality 

zones have influenced dune and playa development in the Lower Mojave Valley of 

the central Mojave Desert. 

Dune fields in the valley have been built where mesquite, a phreatophyte in 

desert regions, is most abundant. The Newberry Fault, trending N'NW across the 

central portion of the basin, has partially dammed eastward-moving ground water 

causing a 40 to 50 foot drop in the piezometric surface on the east side of the fault. 

Mesquite growth on the west side of the fault, where the zone of saturation is within 

20 feet of the surface, has localized an extensive dune field. Mesquite and dunes are 

strikingly absent east of the structure where the zone of saturation is beyond the 

reach of mesquite roots. Dune fields localized by mesquite growth are also present 

near the western and southern margins of Troy Playa, located at the eastern end of 

the basin. The playaward margins of the dune fields approximately correspond 

with a zone of change from moderately to highly mineralized ground water, sug¬ 

gesting that the more highly mineralized water of the playa area restricted the 

growth of mesquite. 

The presence of 6" to 12" of loose, silt-sized clay aggregates at the surface of the 

central and western portions of Troy Playa is a result of capillary discharge or 

ground water. This loose material is susceptible to deflation and the playa surface 

has been lowered by wind erosion. Heavy pumping over the past 25 years has re¬ 

sulted in a steady decline in the elevation of the piezometric surface, reducing 

ground water discharge from the playa and facilitating the development of a hard, 

non-deflatable surface by desiccation. 

THE MARBLE CANYON IGNEOUS COMPLEX, CULBERSON COUNTY, 

TEXAS—Jack Kuehn and Jack Walper, Texas Christian University, Fort 

Worth. 

The Marble Canyon igneous complex, with its zonal character grading from 

syenogabbro on its periphery to granite in the center, affords an excellent field ex¬ 

ample illustrating how an igneous body may be formed by successive periods of 

influx of fluid material and the assimilation of pre-existing rock. The lack of any 

disruption of the country rock, Permian dolomites, by the igneous body strongly 

suggests a very subtle invasion and transformation of the country rock into an 

igneous body. The zonal nature of the igneous body reflects the successive influxes 

of invading fluids rich in silica, alumina, potash, soda, with minor iron and titan- 
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ium into first the country rock and then into the igneous rocks produced as the re¬ 

sult of assimilation by each previous invasion. In this way the igneous body became 

increasingly more acidic in composition towards the center. 

The first wave of invading material assimilated the country rock to form a body 

of syenogabbro and produced an extensive metamorphic aureole. Surplus mag¬ 

nesium from the assimilation of the dolomite enriched the metamorphic aureole 

producing a brucitic marble. The second wave reacted with the syenogabbro to form 

syenodiorite. A third influx assimilated the inner portion of the syenodiorite produc¬ 

ing a more acidic rock of coarser texture and the first appearance of quartz. Con¬ 

tinued invasion assimilated the central portion of this body and produced the core 

of granite. 

Subsequent invasion of material after solidification produced cross-cutting dikes 

and veinlets whose composition most likely represents the composition of the in¬ 

vading fluids. 

A NEW CYLINDRACANTHID ROSTRUM FROM THE EAGLE FORD SHALE 

(TURONIA'N), DALLAS COUNTY, TEXAS—C. L. McNulty, Jr., University 

of Texas at Arlington, Arlington. 

Several fragments of cvlindracanthid rostra have been found in the upper Eagle 

Ford Shale (Turonian) of Dallas County, Texas. 

Regardless of diameter and apparent position with respect to apex, they have an 

axial region of solid, somewhat osteodentinal (trabecular) aspect. The region is 

traversed by several canals of irregular size and arrangement. Configuration of 

laminae in the radial wedges that envelope the core is reflected in the topography of 

the external, longitudinal grooves and ridges. 

By properties of radial wedge structure and external groove configuration, this 

taxon is distinct from Cylindracanthus cretaceus (Dixon) from the Chalk (Turon¬ 

ian) of England. By axial structure this taxon differs from all other species of the 

genus. 

GEOLOGICAL INFLUENCE ON REGIONAL HEALTH PROBLEMS—Jean M. 

Spencer, Baylor University, Waco. 

Trace elements, derived from the rocks of each area, enter soil and water to be¬ 

come available for plant and animal uptake. The geology of each area, therefore, 

determines what elements are available and controls areas of pathological conditions 

associated with excesses or deficiencies of these elements. 

Well known are the soft and easily decaying teeth of children in fluoride-deficient 

areas and goiters in iodine-deficient areas. Not so well known are the increased 

rates of osteoporosis and aortic calcification in low fluoride areas and the suspicious 

relationship between iodine-deficient areas and breast cancer. 

Zinc concentrates in areas of the body where there is increased cell growth. Zinc- 

deficient Egyptian boys do not attain normal growth or physical maturity unless 

zinc treatment is begun. 

A kidney disease in Yugoslavia has been attributed to environmental factors as¬ 

sociated with the Sava and Orina rivers along which the condition occurs. To date 

the cause has not been discovered although genetic and biologic causes have essen¬ 

tially been ruled out. 

Other areas of regional diseases are known. Much more needs to be learned about 

the geochemistry of trace elements in various regions, especially those available in 
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local water supplies, and about the biochemistry of these elements after they are in¬ 

gested. 

Section IV—Biological Sciences 

A MODEL FOR THE STUDY OF RESPIRATORY FUNCTION—J. C. Anderson, 

D. L. Traber and R. D. Wilson, The University of Texas Medical Branch, 

Galveston. 

A model is necessary to observe the interactions of the lungs and the pulmonary 

vasculature and to determine the relative importance of these systems. Dogs were 

anesthetized with a mixture of 6 volumes'% halothane and air and maintained with 

a 1.5 volumes % halothan concentration. The animals were put on a pressure- 

limited, flow-controlled respirator. The gas mixture was changed to study various 

concentrations. A Fleisch pneumotachograph was used to measure gas flow. The 

flow signal was integrated electronically to give the volume. Transpulmonary pres¬ 

sure changes were measured by a differential pressure transducer from an esopha¬ 

geal stethoscope placed in the lower esophagus and a catheter introduced into the 

bronchial tree. Pulmonary compliance was measured by simultaneously recording 

the tidal volume and the transpulmonary pressure on an X-Y recorder. The respi¬ 

ratory resistance was measured by plotting the resistive pressure (the total trans¬ 

pulmonary pressure minus the lung elastic pressure) against the flow. Vascular 

changes were monitored through polyethylene catheters placed in the pulmonary 

artery, left ventricle, right atrium, and root of the aorta. The left ventricular end 

diastolic pressure was recorded as well as the pulmonary artery and aortic pressures. 

Cardiac output was determined by the single injection, dye dilution method. An 

electrocardiogram was recorded. Blood gas analysis was done on samples of arterial 

and mixed venous blood as were pH and hemoglobin determinations. The mean 

transit time of blood through the pulmonary system and the central blood volume 

were calculated. Core temperature was measured by rectal thermister, and thermal 

blankets were used to regulate body temperature. The combination of vardiovascular 

and ventilatory monitoring in this model allowed a closer inspection of the inter¬ 

action of these systems. This more accurate picture of pulmonary function would be 

of value in drug studies, evaluations of respiratory equipment, as well as in investi¬ 

gation of pathological conditions. 

SEASONAL DISTRIBUTION OF THE PLANKTONIC CLADOCERA OF HAYS 

COUNTY—Paul R. Becker, Southwest Texas State College, San Marcos. 

From November, 1967 through October, 1968, a survey was made of the clado- 

ceran fauna of the lotic, lentic, and temporary waters of Hays County, Texas. From 

335 plankton samples taken from 65 different sites, 6 families containing 20 genera 

and 36 species were found. Seven were found to be previously unreported from 

Texas—Latonopsis occidentalism Bosmina coregoni, Ilyocryptus sordidus, Acroperus 

harpae, Kurzia latissima, Dunheviedia crassa, and Chydorus poppei. 

Of the 36 species, 12 were classified as perennial—occurring in all seasons, 12 as 

aestival—overwintering as eggs, and 12 as sporadic—having low relative frequencies 

and occurring sporadically throughout the year. Of the 12 perennial species, 5 

(Simocephalus serrulatus, Chydorus sphaericus, Alona rectangula, Pleuroxus denti- 

culatus, and Bosmina longirostris) were considered as most common, having the 
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greatest relative frequency and occurring in all 3 major types of water (lotic, lentic, 

and temporary) all year. 

Of the 12 aestival species, 6 (Ceriodctphnia rigaudi, Daphnia laevis, Euryalona 

occidentalis, Dunhevedia serrata, A Iona karua, and Chydorus poppei) are consid¬ 

ered as warm-water species, limited to the southern United States and ranging down 

into South America. 

Species of lotic waters were most abundant in the slower rivers and creeks and no 

species were found to be restricted only to temporary ponds. 

PLACENTAL DEVELOPMENT IN THE MOUSE AND HAMSTER.*— H. S. 

Bellew, J. T. Watson, and J. C. Browning, The University of Texas Dental 

Branch, Houston. 

Incidental to a study of placental hormones in the mouse and hamster, data were 

collected concerning the weights of the definitive placenta and fetus at various 

stages of gestation. In the mouse both wet and acetone-dried weights of placenta in¬ 

creased significantly between the 11th, 13th, and 15th days but did not change sta¬ 

tistically between the 15th, 17th, and 19th days. Conversely, wet and dry weights 

of feti increased significantly between all of the same stages of gestation. On the 

Uth day, mean wet weight of the fetus and placenta were approximately equal but 

thereafter that of the fetus was greater. By the 19th day, the mean weight of the 

fetus was over 11 times that of the placenta, being 1265.8 ± 19.44 mg and 110.2 ± 

2.31, respectively. 

Wet weight of the placenta in the hamster showed a similar increase to that in 

the mouse over the 9th to 13th days, no significant change at the 14th, but a signifi¬ 

cant decrease at the 15th day. Dry weights were similar. Wet and dry fetal weights 

showed a significant increase between each of the above stages of gestation, as in the 

mouse. However, mean fetal weight was less than that of the placenta until the 12th 

day. By the 14th day, mean fetal weight was only 3 times that of the placenta, be¬ 

ing 1174.4 ± 51.0 mg and 341.7 ± 10.4 mg, respectively. 

* Supported by USPHS Research Grant CA-02880. 

EFFECT OF NORETHYNODREL OR OF MENSTRANOL ON TIME OF PUB¬ 

ERTY IN THE MOUSE*—D. K. Belsare and H. C. Browning, The University 

of Texas Dental Branch, Houston. 

Four groups of BALB/c/Cd F^^ hybrid female mice received a single dose of nor- 

ethynodrel (98.5 /jg/mouse), mestanol (1.5 /ig/mouse), both of the steroids, or of 

saline vehicle only at 5 days of age. Eye opening, between 12 and 14 days of age, 

was not significantly affected by steroid treatment. A premature and temporary 

vaginal opening occurred at a mean age of 7.9 ±0.13 days in the norethynodrel- 

treated, at 7.7 ± 0.05 days in the mestranol-treated, at 8.1 ± 0.25 days in the 

norethynodrel-mestranol-treated, but at 13.2 ± 0.39 days in the untreated mice. 

Duration of this opening was from one to 3 days. In the mestranol-treated mice, 

this premature opening closed and re-opened 2 or 3 times. Permanent and final 

vaginal opening occurred at a mean age of 27.3 ± 1.12 days in norethynodrel- 

treated, at 27.4 ±0.75 days in mestranol-treated, at 26.4 ± 0.92 in norethynodrel- 

mestranol-treated, and at 33.0 ± 1.37 days in untreated mice. After permanent 

opening, vaginal smears showed persistent cornification in all steroid-treated groups 

and normal cyclicity in the untreated animals. 

* Supported by NSF Grant GB-6466 and USPHS Research Grant CA-02880. 
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AN ATTEMPT TO PRODUCE NULLISOMICS IN GOSSYPIUM—Meta S. 

Brown, Texas A & M University, College Station. 

Because of the amphidiploid origin of Upland cotton [Gossypium hirsutum L. 

2n = 2(AD)] aneuploidy is not uncommon. Plants with an extra chromosome (tri- 

some) or lacking a chromosome (monosome) occur in natural populations and in 

irradiated progenies. Although plants with an extra pair of chromosomes (tetra- 

somes) have been produced by selfing trisomic plants, nullisomics, plants lacking a 

chromosome pair, have not been recovered, since n — 1 gametes rarely function in 

Gossypium. 

In an attempt to produce nullisomics, seeds of a monosomic plant were irradiated, 

the object being to eliminate the single chromosome, or monosome, in one or more 

branches if not in the entire plant. From 25 irradiated seeds, 16 of 17 surviving 

plants were analyzed cytologically. Nine were 2n, with one or more multivalents. 

One plant was 2n — 1, with 1-2 chromosome interchanges. Five plants lacked 2 

chromosomes; 3 were 2n —1 — 1, having either 2 univalents or 2 multivalents with 

3, 5, or 7 chromosomes. Two plants with 50 chromosomes had only even-numbered 

multivalents, i.e., with 4, 6, 8, or 10 chromosomes, and may well have been nulli- 

somic. Unfortunately, these 2 were sterile, as was one 2n — 1 — 1 plant. The high 

frequency of multivalents in all plants, and the large number of chromosomes in¬ 

volved in many multivalents, suggests that the treatment may have been in excess 

of the prescribed 1200r. With a lower dosage, simple, fertile nullisomics may be 

recovered. 

ANALYSIS SHOWING EVIDENCE FOR MULTICHAMBER CONCEPT OF 

THE TOAD BLADDER SODIUM TRANSPORT POOL*—LeEarl A. Bryant 

and John C. Vanatta, Collins Radio Company, Southern Methodist Institute of 

Technology, and The University of Texas, Southwestern Medical School, 

Dallas. 

A multichambered mathematical model is developed for the sodium transport 

pool in the wall of the urinary bladder of Bufo marinus. This model is compared 

with the laboratory performance of the bladder in order to determine whether the 

sodium transport pool satisfies the requirements of the multichambered model or is 

a single chamber as predicted by Leaf. The sodium pool is brought to steady-state 

conditions with radioactive sodium labeled Ringer solution exposed to the mucosal 

side. A method developed for performing a simultaneous wa9h-out of the transport 

pool from the mucosal and serosal sides of the membrane provides data for sodium 

wash-out curves. 

In 9 experiments, the mucosal wash-out curves could be resolved into at least 2 

rates. The fast rate coefficients varied from 0.21 to 0.36 and the slow rate constant 

varied from 0.047 to 0.074. In addition, most of the serosal wash-out curves also in¬ 

dicated the presence of 2 rate coefficients. A comparison of the 2 rate coefficients 

observed in the wash-out curves with the results predicted by the mathematical 

model rules out the single chamber sodium transport pool and strongly supports a 

multichambered model of the pool. 

* This research was supported by Collins Radio Company and NIH Grant HE 

01574. 

THE EFFECT OF CERTAIN ORGANIC ANOINA ON THE VIRULENCE AND 

VARIATION OF SHAEROPHORUS NECROPHORUS—H. E. Calkins and 

Helen E. Paul, Paul Quinn College, Waco. 

It has been found that the virulence of S. necrophorus is lost on serial transfer in 
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the ordinary anaerobic media, even with the addition of sterile serum. Loss of vi¬ 

rulence is accompanied by loss of gas production and of the ability to produce the 

spheres characteristic of the genus. The availability of acetate, citrate, butyrate, or 

proprionate restores this group of characters. It is proposed that the species S. necro- 

phorus be redefined by taking into consideration the variations among the taxa in 

this group of characters, which are intimately related to the host-parasite relation¬ 

ship of this pathogen. 

CHEMICAL LIMNOLOGY OF A DEVELOPING RESERVOIR (LAKE MERE¬ 

DITH) IN THE TEXAS PANHANDLE—W. A. Cooper, West Texas State 

University, Canyon. 

The physical and chemical history of the Canadian River (8-year weighted aver¬ 

ages) and of Lake Meredith since the closing of the dam in February, 1965 until 

January, 1969 was presented. Included were watershed data and graphic represen¬ 

tations of specific conductance, total hardness, total dissolved solids, dissolved oxygen, 

temperature, chlorides, sulfates, sodium-potassium, and volume. It was found that 

thermocline formation occurred during March and disappeared in the latter part of 

September or early October each year. Lake volume increase was spasmodic with 

major inflows in 1965 and 1967. The present volume of 300,000 acre-feet repre¬ 

sents less than *4 capacity. Analyses of the data for sodium-potassium, chlorides, 

and sulfates showed a relatively steady increase from less than 100 mgm/L to near 

250 mgm/L each during the 4-year period. Accompanying increases in total hard¬ 

ness, total dissolved solids, and specific conductance were noted. Total dissolved 

solids increased from 500 mgm/L to 1100 mgm/L, while total hardness rose from 

110 mgm/L to near 275 mgm/L, and the specific conductance increased from 1200 

to 1800 mmhos/cm. Use of the water for public consumption by people of 11 or 

more towns and cities in the panhandle was discussed. Detailed reports of physical 

and chemical, plankton, and bacteriological studies of the lake are being prepared 

for publication. 

STUDIES OF INSECT SPERMATAZOA—W. J. Dobson, Texas A & M Univer¬ 

sity, College Station and O. P. Breland, The University of Texas at Austin,. 

Austin. 

Microscopic studies were made of the fine structure of insect spermatozoa utiliz¬ 

ing principally sperm from the Coleoptera. These studies were concerned with 

spermiogenesis, or the changes that follow spermatid formation, and occur in the 

transformation of the spermatid stages into mature spermatazoa. Both phase con¬ 

trast and bright field microscopy were employed. Insects, freshly collected from the 

field, were used throughout this study. By means of dissection, spermatazoa were 

obtained from the testes or other parts of the reproductive tract of the male or from 

the spermathecae of the female. The reproductive organs of many of the insects 

dissected showed heavy red, yellow, or orange pigmentation. Spermatazoa that ap¬ 

peared mature were usually found in the vas deferens or seminal vesicles of the 

male. However, if spermatazoa from various parts of the male reproductive tract 

showed differences, which might indicate that they were immature, then sperma¬ 

tazoa from the female spermathecae were obtained and the assumption was then 

made that the majority of these spermatazoa were mature. Immature spermatazoa 

are more likely to be immotile and generally show blebs of cytoplasm along the 

tailpiece. While other spermatazoa may lack blebs, this is no assurance that they are 

physiologically mature. It is sometimes necessary to determine the limits of the 
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head and the tail in the sperm. Aceto-orcein resolves this problem nicely. It is in¬ 

troduced under the edge of the coverslip of the temporary slide and often causes the 

elements of the tailpiece to become disassociated from each other. This technique is 

of definite advantage for establishing the limits of the tailpiece and determining 

the number of parts present. It appears that immature spermatazoa react poorly, if 

at all, to the aceto-orcein. The phase contrast microscope is an excellent instrument 

by which to make observations on living material. It offers such advantages as lack 

of distortion of spermatazoa in the living state and observations of sperm motility if 

it is present. Studies of mature insect spermatazoa can yield tremendous amounts of 

information relative to the derivation and function of the various parts. In addition, 

there is such variation in insect spermatazoa that they could be used, in conjunction 

with other data, as an aid in taxonomy or systematics. 

CHRONIC AND ACUTE HEAT STRESS IN CHICKENS—R. W. Dorminey and 

J. R. Howes, Texas A & M University, College Station. 

Six environmental chambers, each containing 48 individually caged, white leg¬ 

horn females, were used in a study to determine the physiogenetic differences 

between resistance and susceptibility to acute and chronic heat stress. All environ¬ 

mental parameters were held constant for all 6 chambers, except temperature. All 

birds received a photoperiod of 14 hours daily, which was increased during the ex¬ 

periment by 30 minutes each week. The relative humidity was maintained at 60 ± 

2% and the ventilation rate was 3 ft. 3/min. All birds were offered water and mash 

at all times and received identical management. 

Two control chambers were exposed to a constant temperature of 75 ± 2°F 

throughout the 20-week experimental period. Birds in 2 other chambers were ex¬ 

posed for 12 weeks at 75 °F, followed by 8 weeks at 90 °F. These birds were also ex¬ 

posed to a few hours of acute heat stress at 105°F after 4 weeks exposure to 90°F. 

The remaining 2 chambers were operated, therefore, such that the acute heat stress 

occurred before the 8 weeks of chronic heat stress began. Birds were removed from 

the acute heat stress as they became prostrate and the exposure time for each indi¬ 

vidual was recorded. During the entire experimental period, a number of physio¬ 

logical parameters were recorded from individual birds in all chambers by classical 

methods and telemetry. 

It was determined that acute heat stress (l105°F) could be better tolerated physio¬ 

logically if the birds were exposed to it before becoming acclimated to chronic heat 

stress (90°F). Resistance or susceptibility to chronic heat stress appeared to be dis¬ 

sociated both genetically and physiologically with resistance or susceptibility to 

acute heat stress. 

STEM-HYDRATION OF LOBLOLLY PINE (PINUS TAEDA L.) AS AF¬ 

FECTED BY CLIMATIC AND EDAPHIC FACTORS—Robert J. Fewin, 

Texas A & M University, College Station. 

The purpose of this research was to examine the relationship of daily stem hy¬ 

dration in loblolly pine to weather and soil water factors. The study was made in a 

12-year-old loblolly pine plantation near Rusk, Texas. The stand was growing on 

Bienville sand, a deep sand, with a seasonal water table present at 7 to 8 feet beneath 

the surface during the west season. Annual rainfall at the site averages 40 inches, 

but prolonged dry periods are common in the summer. 

The results indicate that daily stem hydration is related to evaporative demand 

of the atmosphere and soil water availability. At high soil water levels stem hy- 
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dration was minimum showing minor fluctuations with vapor pressure deficit of the 

atmosphere. The magnitude of stem hydration increased as soil water was depleted 

to about 30% of maximum in the 0^1 foot layer, then daily stem change decreased 

as soil water became limiting to rehydration. At this point tree roots were unable to 

extract sufficient water during the night for trees to regain hydration losses during 

the day. Consequently, net radial enlargement of the stem is curtailed when soil 

water is reduced to this level. 

THE ISOLATION OF n-HEXADECANE UTILIZING MICROORGANISMS— 

Donald R. Foster, Abilene Christian College, Abilene. 

Four organisms were isolated from the soil near an oil well. An enrichment 

culture technique employing a mineral salts solution and n-hexadecane was used 

for the isolation. The organisms were 3 gram negative bacilli designated as 02B, 04C, 

and Oil and a gram positive cocci designated as 06. They were tentatively assigned 

to the genera Azotobaeter, Pseudomonas, Micrococcus, and Pseudomonas respec¬ 

tively. Future studies will investigate the quality of these organisms as possible 

sources for single cell protein which can be eaten by higher animals. 

BLOOD VALUES IN INFANT AND GROWING SQUIRREL MONKEYS, 

SAIMIRI SCIUREUS—Anne A. Fryar and E. W. Hupp, Texas Woman's 

University, Denton. 

Data was obtained from 10 infant squirrel monkeys (Saimiri sciureus) bom in 

the Texas Woman’s University animal facility. The monkeys were weighed at 

birth and bimonthly thereafter. The mean birth weight was 84.3 gm., and the 

mean weight at 1 year of age was 483 gm. and 425 gm. for males and females, 

respectively. Patterns in weight gain were also noted. Blood was obtained from the 

femoral vein at various ages from birth to 12 months. Age trends in the hematology 

data, including the number of red and white cells, hematocrit, hemoglobin, mean 

corpuscular volume, mean corpuscular hemoglobin, and differential white counts 

were compared with that obtained on adults in the same and other colonies, and 

with data on immature and adult animals of other primate species. These data 

provide a preliminary description of these parameters in growing squirrel monkeys. 

SOUND PRODUCTION DURING COURTSHIP IN THE SUNFISHES (GENUS 

LEPOMIS)— Jerry W. Gerald, The University of Texas at Austin, Austin. 

Sounds were recorded in colonies of 5 species of sunfishes (Lepomis megalotis, 

L. humilis, L. punctatus, L. macrochirus, and L. cyanellus) under field conditions. 

The calls consist of a series of grunt-like sounds and were heard only during active 

courtship of a female by a nesting male. Upon sighting a female, a nesting male 

would rush toward her and back toward his nest repeatedly while producing a 

series of grunts. The males produced at least part of the sounds because L. megalotis, 

L. humilis, and L. macrochirus males could be induced to court and call to dead 

females that were manipulated on a strong. Whether or not the females also 

produce sounds is not known. 

The frequencies used in the calls are all under 2,000 Hz and mostly under 1,000 

Hz. The dominant frequencies averaged about 250 Hz except for L. megalotis 

which was 390 Hz. The mean grunt duration for each species was about 0.064 sec¬ 

onds except for L. cyanellus which averaged 0.036 seconds. The primary differences 

between the calls are in the pulse repetition rate. Comparison (T-test) indicates 

that the mean pulse rate of L. punctatus, L. megalotis, and L. humilis are different 
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at the 0.01 level. The grunts of L. macrochirus and L. cyanellus showed almost no 

pulsation. All of the grunts by each species are not pulsed, however. The total 

number of grunts recorded for each species and the percentage showing pulsation 

are: L. macrochirus 80 (7%), L. punctatus 200 (25%), L. humilis 199 (66%), 

L. megalotis 141 (96%), and L. cyanellus 26 (0%). 

Pulse rate, grunt duration, and dominant frequency combine to give each species 

a unique courtship call. The exact functions of the sunfish sounds are not known, 

but their occurrence during courtship indicates that auditory cues may be important 

in species recognition. 

FREQUENCY OF SEX-LINKED RECESSIVE LETHALS IN FLUORIDE 

TREATED D. MEL ANOG ASTER—Raymond A. Gerdes, Texas Woman’s 

University, Denton. 

The mutagenic activity of atmospheric hydrogen fluoride was tested in mature 

sperm of Drosophila melanogaster. There was a significant increase in the recessive 

lethal mutations in the X chromosome after 24 hour exposure to the contaminated 

atmosphere. The observed recessive lethal frequencies ranged from the control’s 

.16% to a maximum of 2.4% in 3 gg. F/M3 atmosphere. 

GEOGRAPHICAL AND REPRODUCTIVE ISOLATION IN FROGS OF THE 

GENUS RAN A IN LOWER CENTRAL AMERICA—Edward J. Greding, Jr., 

Pan American College, Edinburg. 

Reproductive and geographical isolating mechanisms are studied in the 4 species 

of frogs in the genus Rana (palmipes, warschewitschi, vibicaria, and a representa¬ 

tive of the pipiens complex) known to inhabit southern Nicaragua, Costa Rica, and 

Panama. 

The known geographical ranges of all 4 species are defined more accurately than 

was before possible. The known range of vibicaria is extended to Volcan Turrialba, 

Costa Rica, and a large series of locality records indicates that this species does not 

occur below ca. 1500 m; similar records indicate an upper limit of ca. 1,000 m for 

palmipes, which is thus geographically isolated from vibicaria. R. warschewitschi 

ranges between sea level and ca 2,000 m, and pipiens-type frogs between sea level 

and perhaps 3,000 m. 

Temporal isolation appears to be an important factor separating warschewitschi 

reproductively from the other 3 species, since this species apparently is active 

diumally, the others noctumally. Mechanical isolation between warschewitschi 

and the other species may also be involved, since warschewitschi females are shown 

to be smaller than males of other species; in each species, males are smaller than 

females, and it is suggested that the heterospecific males would not mate with 

females smaller than themselves. Calling site of the male may separate vibicaria 

and pipiens-type frogs (which call from water) from warschewitschi and palmipes 

(which call from land or floating vegetation). Habitat separation may isolate pal¬ 

mipes from pipiens-type frogs in areas where they are sympatric. Calls differ 

sufficiently to be distinguishable to humans, and may operate as isolating mecha¬ 

nisms, although call type as an isolating mechanism has not been demonstrated 

within the genus. 

A series of artificial crosses in every combination between the 4 species, with 

controls, produced no viable interspecific hybrids; post-mating reproductive isola¬ 

tion is therefore complete. 
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SALINITY TOLERANCES OF FIVE SPECIES OF EAST TEXAS TELEOSTS 

—Arthur L. Harper and Darrell D. Hall, Sam Houston State College, Hunts¬ 

ville. 

The average survival times of conditioned and nonconditioned Cyprinus carpio, 

Notemigonus chrysoleucas, Notropis venustus, Gambusia affinis, and Poecilia lati- 

pinna were determined in serial dilutions of artificial seawater. Most specimens 

were obtained by seining ponds, lakes, and streams of Southeast Texas. Half of the 

individuals of a particular species, either collected or purchased, were placed in a 

control tank and half were placed in conditioning tanks filled with 30% or 40% 

seawater (depending upon the species involved). After one week, control and condi¬ 

tioned fishes were transferred directly into serial dilutions of artificial seawater and 

their survival times noted. Data were analyzed statistically, using analysis of vari¬ 

ance and orthogonal polynomial methods for 4 of the 5 species used in the study. 

In practically all cases, average survival times of conditioned fishes in serial 

dilutions of artificial seawater were significantly greater than survival times for 

control fishes. 

Data are summarized for the 5 species in the table below. 

Table 1 

Average survival times, in minutes, for control and conditioned fishes in serial dilu¬ 

tions of artificial seawater 

Species 
100% 

Cent. - Cond. 
80% 

Cont. - Cond. 
60% 

Cont. - Cond. 
40% 

Cont. - Cond. 

Cyprinus carpio 20- 29 30- 48 61- 113 270-1365 

Notemigonus chrysoleucas 16- 14 28- 38 57- 76 2600-8610+ 

Notropis venustus 11- 11 20- 17 35- 55 79- 125 

Gambusia affinis 120-10080+ 227-10080+ 552-10080+ 

Poecilia latipinna 

Group #1 10080+ 10030+ 10080+ 10080+ 

Group #2 225 10080+ 10080+ 10080+ 

GENETIC DIFFERENCES IN BREAST FEATHERING IN CORNISH TYPE 

CHICKENS—John T. Kiker and W. F. Krueger, Texas A & M University, 

College Station. 

This study is an attempt to determine the feasibility of altering the phenotypic 

characteristics of the feathered and non-feathered region of the breast of the fowl. 

The feathered and non-feathered regions of the breast were characterized and 

related to phenotypic characteristics of economic importance in meat type chickens. 

Multiple regression techniques were used to reduce the number of traits to those 

of importance to breast feathering and the development of a meaningful selection 

index. Genetic information on these traits was built into a selection index that would 

allow an objective truncation of the parent population. Bidirectional selection was 

utilized and the distribution of index values were truncated on each end of the 

distribution curve. 

Two distinct lines were formed using the index values as the criteria of selection. 

After one generation of bidirectional selection, the fx generation appears to be 

separated into 2 distinct populations. The results of this experiment indicate that 

the morphological characteristics of the feather tracts and spaces between the 

feather tracts can be altered through genetic selection. 
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GENETIC AND ENVIRONMENTAL DIFFERENCES BETWEEN TWO 

STRAINS of COLINUS VIRGINIANUS—W. F. Krueger and J. R. Howes, 

Texas A & M University, College Station. 

Attempts to quantitate phenotypic characteristics in 2 strains of Bobwhite quail 

in a selection experiment have demonstrated significant differences in means and 

variance of traits in the populations. 

Considerable variation in body weight existed within and between 2 populations 

of Bobwhite quail. Mean adult body weights for males and females in an Alabama 

strain were 195.5 ± 11.7 (6.0% C.V.) and 222.4 ± 21.5 (9.7% C.V.) grams re¬ 

spectively, while comparable mean weights in a Texas strain were 168.8 ± 12.0 

(7.1% C.V.) and 174.2 ± 16.2 (9.3% C.V.). Adult females were consistently 

heavier and more variable in body weight than the males. The additional weight 

in the females was not associated with egg production. The Texas strain was slightly 

better fleshed than the Alabama strain (2.14 vs. 2.00 breast fleshing score). Females 

had a higher and more uniform breast fleshing score than males. 

Average number of eggs produced per females housed was comparable for the 

2 stocks. Hen-housed production was 32.4% for the Alabama strain and 31.7% for 

the Texas strain. The Alabama strain had a slightly higher rate of egg production 

while the Texas strains had higher livability. Mean egg weights in the Alabama 

and Texas stocks were 9.58 and 9.01 grams respectively. Only slight differences 

were noted in component parts of the egg when strains were compared. Egg size 

was positively correlated with adult body size. 

THE INHERITANCE OF EGG WHITE PROTEIN FRACTIONS IN GALLUS 

DOMEST1CUS—W. F. Krueger, Texas A & M University, College Station 

and H. S. Jacob, Southwestern University, Georgetown. 

Electrophoretic studies of egg white proteins suggest that genetic polymorphism 

in electrophoretic patterns exist in chicken populations. Disc electrophoresis com¬ 

bined with good densitometry make quantitative genetic analysis of egg white 

proteins possible. The objective of this study was to determine the heritable nature 

of the egg white protein fractions and to determine their relationship to egg com¬ 

ponents and 8-week body weight of chickens. 

Eggs from a population of 159 pedigreed New Hampshire hens were weighed, the 

component parts measured and the albumen fractionated using disc electrophoresis. 

Estimates of heritability of the nine protein fractions of the albumen isolated were 

0.83, 0.56, 0.94, 0.38, 0.88, 0.15, 0.63, 0.45 and 0.89 for fractions 1 through 9, respec¬ 

tively. Protein fractions 3 and 5 were significantly influenced by genetic differences 

between both the sires and dams, fraction 8 was significantly influenced by sire 

differences and fractions 1 and 9 by genetic differences between dams. The inherit¬ 

ance of fraction 3 could be explained on a one locus and 2 allele basis. The mode of 

inheritance of fraction 3 appeared to be additive when tested against the Hardy- 

Weinberg distribution. 

Statistically significant genetic correlations were observed between the protein 

fractions and the egg components and with 8-week body weight. Fractions 5 and 9 

showed a significant negative association with 8-week weight while fraction 1 was 

positively correlated. The protein fractions accounted for 12.32% of the total vari¬ 

ance in 8-week body weight. 
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PRELIMINARY OBSERVATIONS OF THE FINE STRUCTURE OF RAT 

ADRENAL CORTICAL CELLS ATTENDING INCREASED II/LHY- 

DROXYLATION*—Linda W. Laury, Venita F. Allison and John L. McCarthy, 

Southern Methodist University, Dallas. 

Previous studies have indicated that administration of the synthetic androstane, 

2a-cyano-4,4,l Za-trimethyl-1 7/Thydroxy-5-androsten-3-one (cyano-ketone, CTA) in¬ 

hibits steroid biosynthesis in the adrenal gland of the rat. It is also known that the 

administration of adrenocorticotrophic hormone (ACTH) results in increased steroid 

biosynthesis. The present study was undertaken to determine if the effects of CTA 

could be reflected in the cellular fine structure of adrenal cortical cells. The adrenal 

tissue was prepared for electron microscopy by using phosphate buffered glutaral- 

dehyde and osmium fixation, Maraglas embedment, and lead citrate staining. Light 

microscopy was carried out by employing the Paragon technique for thick sections. 

Cells in the zona fasciculata and zona reticularis were carefully studied by light and 

electron microscopy. Special attention has been given to the fine structure of certain 

cytoplasmic organelles, namely, the mitochondria and the smooth surfaced endo¬ 

plasmic reticulum. Alterations in the appearance of these organelles resulting from 

CTA administration may reflect increased levels of ACTH. 

* Supported by USPHS Grant AM-05744. 

URINARY OUTPUT OF EPINEPHRINE AND NOREPINEPHRINE AS RE¬ 

LATED TO PHYSICAL CONDITIONING—John C. Little and James A. 

Neece, Abilene Christian College, Abilene. 

A group of 26 college men, mostly freshmen, were selected, on the basis of poor 

performance on a modified form of the AAHPER Youth Fitness Test, as subjects for 

a pilot study, in order to see if a shift in their NE/E ratio could be observed as the 

men became more physically fit, over the course of a semester. The men were placed 

in a Men’s Conditioning class under the supervision of the Physical Education De¬ 

partment. Along with this initial testing, a 24 hour urine sample was collected. The 

epinephrine and norepinephrine and content of this sample was determined by the 

trihydroxyindole method of von Euler and Floding, using a Turner photofluoro- 

meter. 

The subjects were given the same test 3 more times at approximate one month 

intervals, during the course of the semester. The catecholamine output was also de¬ 

termined at each testing interval. Some of the laboratory results were considered 

invalid for various reasons, thus the number of subjects presented for each testing 

period was reduced from the original 26 to 8 to 12. 

On the basis of the results obtained it was evident that increased performance on 

the Fitness Test was accompanied by physiological adjustments, as illustrated by a 

change in the NE/E ratio from a 2.4/1 to 5.1/1, over a period of 3 months. It was 

observed that this change in the ratio was due to a decreased output of epinephrine 

and to an increased output of norepinephrine, indicating a decrease in physiological 

stress and an increase in circulatory and muscular efficiency. The results of the final 

testing were inconclusive. 

TOXICITY OF METABOLITES OF MYCOTOXINS OTHER THAN AFLA- 

TOXIN IN THE CHICK—Edward E. Livingston, Jr. and R. W. Lewis, Prairie 

View A&M College, Prairie View. 

An objective in this study was to determine which species of fungi other than 
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those originating from aflatoxin can produce metabolites toxic to chicks when grown 

in or on peanut seeds. 

Defatted extracts were made up in propylene glycol and given to White Leghorn 

male chicks. 

The test solution was administered by the crop-tube method. The dosage was 

initiated at 0.5 ml and was increased 0.1 ml each succeeding day, generally for a 

total of 7 days. 

The procedure used in our experiments with the modifications proved satisfactory 

for the detection of the presence of toxins in metabolites of mycotoxins other than 

Aflatoxin when given orally to 2, 4, and 5-day-old-chicks. 

BIOLOGICAL RHYTHMS AND PRODUCTIVITY—Morris V. Maniscalco, Le- 

Tourneau College, Longview. 

This researcher, in early 1964, set out to test the industrial application of the Bio¬ 

rhythm Theory that was founded about 1900. The theory deals with the biological 

rhythms in man, i.e. that man has regular, repeatable biological cycles which can be 

mathematically calculated and plotted to reveal periods of “highs” and “lows”. 

Thus, it can by hypothesized that a company cannot produce any more goods than 

the men working the equipment are physically, emotionally, and intellectually able 

to carry out their duties. 

The research period covered—November and December, 1963; January 1964—a 

total of 92 days. However, only 53 days were used that met the average minimum 

of 9.7 tons per day. This average was used to try and eliminate, within reason, 

some external factors that could add strong, uncontrollable negative influence to the 

hypothesis: “that there is a relationship between high production and a high num¬ 

ber of good biorhythmic cycles.” 

If a company’s productivity and the production line workers biological conditions 

are plotted graphically, one observes these 2 values moving, generally, parallel. As 

production increases daily, so do the biological good days. As production decreases, 

likewise with the biological bad days. The efficiency shown is approximately 70%. 

In a scatter diagram and corner test, the production and the biological high per¬ 

centages, placed as a single dot on the graph where they intersect, show a 62% and 

92% efficiency, respectively. 

A linear regression analysis of the 2 values was done on a computer to check the 

coefficient of correlation of the data. It was concluded that the values due to and 

about regression are significant to show that the hypothesis has merit. 

To support another application of biorhythm this researcher plotted 2 of the 

workers. One was killed and one was injured at the machine from which all the 

statistical material was drawn. Their biorhythm conditions at the time of the cir¬ 

cumstances are quite revealing. 

FACTORS INFLUENCING THE CIRCADIAN RHYTHM OF THE LOCO¬ 

MOTOR ACTIVITY IN THE ANABANTOID FISH, TRICHOGASTER 

TR1CHOPTERUS SUMATRANUS LADIGES—Don M. Martin and Darrell 

D. Hall, Sam Houston State College, Huntsville. 

A quantitative study was done to detect the influence of certain factors on the 

circadian activity of the blue gourami, T. trichopterus sumatranus. 

Factors found to have a significant influence on the circadian activity of this fish 

include (1) sex of the fish, (2) sex ratio of the population, (3) temperature, (4) 

season, and (5) salinity. 
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The specific effects of these factors and the possible adaptive significances of the 

rhythm will be presented. 

SUBCELLULAR PARTICLES IN THE SPORES OF STREPTOMYCES SPECIES 

—T. McKee and R. Shake, Abilene Christian College, Abilene. 

In studying the spore morphology and surface structure many subcellular par¬ 

ticles became evident. The spores were stained by the modified procedure of Robi¬ 

now for DNA. We obtained a positive reaction to the stain. 

Thus, based on the classical theory of the results of the Feulgen reaction, we be¬ 

lieve the subcellular particles to be DNA and nucloid like in function, but we plan 

to study the particles as to their genetic action. 

ADRENAL MEDULLARY CATECHOLAMINES STUDIED BY FLUORES¬ 

CENCE MICROSCOPY—Fran Morriss and Vick Williams, The University of 

Texas Southwestern Medical School, Dallas. 

Application to the rat adrenal medulla of the Falck and Hillarp technique for the 

cellular localization of catecholamines by formaldehyde-induced fluorescence re¬ 

vealed an unexpected orange-brown fluorescence in the cytoplasm of certain cells, 

the remaining cells exhibiting the anticipated yellow-green fluorescence. The 

orange-brown color was distinct from autofluorescent lipofuscin, absent from freeze- 

dried tissue not exposed to formaldehyde vapor, and subject to fading on prolonged 

exposure to ultraviolet light. The fluorescence pattern was not changed by pro¬ 

longed exposure to formaldehyde, and different filter combinations failed to rectify 

the color discrepancy. 

In Syrian hamster adrenals in which norepinephrine-producing cells occur only 

at the medullary periphery, orange-brown fluorescence was found near the cortico- 

medullary junction; orange-brown fluorescence was not readily recognizable in 

guinea pig adrenals, in which the catecholamine content is 80% epinephrine. 

Orange-brown fluorescence was depleted by reserpine and intensified by nialamide 

plus DOPA or tryptophane. Adjacent sections examined for fluorescence and stained 

with ferric ferricyanide, modified to demonstrate norepinephrine specifically, re¬ 

vealed that the same cell clusters positive for norepinephrine exhibited orange- 

brown fluorescence. 

Alteration of the variable formaldehyde reaction conditions of time, temperature, 

and humidity showed that only by reducing the temperature below 80 °C could 

sections of hamster adrenal lacking peripheral orange-brown fluorescence be ob¬ 

tained. The sodium borohydride quenching test for specific fluorescence of cate¬ 

cholamines only slightly reduced the intensity of orange-brown fluorescence. These 

data indicate that the orange-brown fluorescence might result from polymerization 

of oxidation of the isoquinoline, produced by the reaction of norepinephrine and 

formaldehyde in the presence of dry protein and minute amounts of water. Such 

alteration of form of the fluorophore is suggested to occur under reaction conditions 

slightly more vigorous than optimal and in the presence of high concentrations of 

norepinephrine. 

TESTIS MICROSTRUCTURE AND FUNCTION IN RATS IRRADIATED 

DURING DEVELOPMENT*—Nancy E. Parlow, Linda S. Jones, and E. W. 

Hupp, Texas Woman’s University, Denton. 

X-irradiation (105R or 170R) was delivered to litters of Sprague-Dawley rats at 

ages 17 or 18 days prenatal or 1 day postnatal. Males were fertility tested, then 
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killed at ages 65, 105, 150, or 365 days of age. The testes were weighed, then fixed, 

sectioned, and .stained for histological analysis. The seminiferous tubules l were 

placed in 6 different histological classes on the basis of morphology. Average testis 

weights for males receiving 105K at 17 or 18 days .prenatal or 1 day postnatal were 

2.705, 1.799, and 1.045 gm. respectively. Average testis weights from males receiv¬ 

ing 170R were 1.022, 0.704, and 0.517 gm. at the same respective ages. Minimum 

testis weights of fertile rats in the 17 day, 18 day, and 1 day animals were 1.421 gm., 

1.188 gm., and 0.695 gm., respectively; a testis from the latter animal contained 

only 6% fully active tubules. Some individuals with testis weights up to 3,374 gm. 

have been found to he -sterile. Histological analysis showed a decrease in the av¬ 

erage number of tubules per cross section with increase in age. In these cases, jless 

than fully active tubules degenerate with an increase in age; little change occurs in 

the proportion of active tubules. 

* Financed in part by IJSPHS Grant HD 02237. 

EVALUATION OF MEDIUMS AND METHODS IN THE ROUTINE ISOLA¬ 

TION OF HAEMOPHILUS INFLUENZAE FROM CLINICAL SOURCES— 

Bill M, Pittard and W. Clark Stevens, Abilene Christian College, Abilene. 

. .Haemophilus influenzae is one of the most troublesome of the microorganisms 

dealt with by the medical bacteriologist. The fact that it is a very fastidious organ¬ 

ism causes it to be overlooked many times in cultures from secretions of the upper 

respiratory tract as well as cultures from other sources. There are 2 factors found in 

whole blood that are needed for growth by H. influenzae. One is the heat stable X 

factor (hematin) and the other is the heat labile V factor (nicotinamide adenine 

dinucleotide). This requirement separates H. influenzae from the morphologically 

similar, but non-pathogenic, H. parainfluenzas which needs only the V factor for 

growth. 

Three media were tested for their ability to promote growth when used with each 

of 3 commercially prepared supplements. Results indicated that heart infusion agar 

with either Flides enrichment (5%) or supplement B (1%) was slightly superior 

to proteose No. 3 agar with the same supplements added. Mueller-Hinton agar pro¬ 

duced slight growth and is not recommended. Also, supplement A is not recom¬ 

mended because of the inhibitory effect of the crystal violet in the preparation. 

(The above products are produced by Difco Laboratories.) 

The same 3 media with Fildes enrichment added were tested as to their value as 

holding media. The heart infusion agar was slightly more efficient than proteose 

no. 3 agar. The Mueller-Hinton agar gave the poorest results. Temperature played 

a very important role in preserving the viability of the microorganism. None of the 

H. influenzae remained alive for 2 weeks at 5°C, about 50% survived at 37°C for 

3 weeks, and nearly all remained viable at 25 °C for 5 weeks. 

Four methods of determining growth (X and V) requirements were compared. 

All showed equal accuracy. The method of using disks impregnated with the X and 

V factors is preferred because of the simplicity and.time saving features. Another 

method, using boiled hemoglobin solution as a source of X factor and a streak of 

Staphylococcus aureus as V factor is only slightly inferior. Not recommended are 

methods using tubes of broth with factors added or procedures using 2 organisms to 

supply factors. 

A simple method for the early recognition of Haemophilus, pneumococcus, and 

group A streptococcus is presented. A 5% sheep blood agar plate is inoculated with 

the specimen and streaked for isolation. Three aids are placed on the plate; a streak 



ABSTRACTS 351 

of S. aureus for satellite formation of H. influenzae and H. parainfluenzae, a baci¬ 

tracin disk (Taxos A, BBL) for inhibition of group A streptococcus, and an ethyl- 

hydrocupreine hydrochloride disk (Taxos P, BBL) for inhibition of pneumococcus. 

Comparing these aids with clonial morphology, hemolysis, and size of colony will, 

in most cases, sufficiently identify the organism for proper treatment to be initiated 

by the physician. 

CARDIORESPIRATORY ALTERATIONS RESULTING FROM HEMORRHAGIC 

SHOCK—L. Priano, D. Traber, and R. Wilson, The University of Texas Medi¬ 

cal Branch, Galveston. 

Many studies of cardiorespiratory physiology have been obviated by the presence 

of general anesthesia. This study involved an evaluation of the physiologic alterations 

induced by hemorrhagic shock in unanesthetized animals and attempted to provide 

an answer for the shock phenomenon of irreversibility. Under light halothane 

anesthesia, a rectal thermister and ECG electrodes were positioned and 4 catheters 

implanted; 2 catheters were placed in the right atrium, 1 in the left ventricle and 1 

in the aortic arch. After complete recovery, control values were obtained. The 

animals were bled to a mean pressure of 35-40 mm mercury and maintained for 

2i/2 hours at which time shed blood was reinfused and the animals followed for an 

additional */% hour. Variables measured included arterial blood pressure (ABP), 

central venous pressure (CVP), left ventricular end diastolic pressure (LVEDP), 

cardiac output (CO), heart rate (HR), body temperature, minute volume (MV), 

respiratory rate (RR), arterial hematocrit (Hct), hemoglobin (Hgb), pH pC02, 

p02 and myocardial contractility as evidenced by the anacrotic slope of the aortic 

pulse. Total peripheral resistance (TPR), stroke volume (SV) and tidal volume 

(TV) were calculated. Inability of the animals to maintain adequate ABP after 

reinfusion established the presence of irreversibility. This phase was accompanied 

by a progressive decline in CO and SV. HR, TPR, MV, TV, RR and p02 remained 

well above control while pH and pC0o were significantly less than control. Myo¬ 

cardial contractility showed no significant change from control after reinfusion. 

CVP and LVEDP were significantly less than control, while Hct and Hgb had risen 

to 115% and 113% of control respectively. These data indicate that the inability to 

maintain normal ABP is due to a decline in CO, which can be attributed to a decrease 

venous return probably as a result of a combination of peripheral pooling of blood 

and plasma extravasation. 

SOIL WATER RELATIONS UNDER A 12-YEAR-OLD LOBLOLLY PINE PLAN¬ 

TATION—George W. Richter, Texas A&M University, College Station. 

This study reports on soil water use in a loblolly pine (Pinus taeda. L.) plantation 

growing near Rusk, Texas. The plantation is growing on Bienville loamy fine sand, 

an excessively drained soil with a fluctuating water table in the lower portion of the 

profile during the rainy season. Available water storage is 9.5 inches in the 0- to 

8-feet soil layer. 

The seasonal soil water regime beneath the plantation during 1967 and 1968 was 

measured with the neutron soil moisture probe. A regression analysis of the data 

showed that water use, expressed as the ratio of daily water loss to daily potential 

evapotranspiration, was largely determined by the availability of soil water in the 

upper 2 feet of the soil profile. This is the zone of heaviest root concentration. 

Following rains which recharge the surface 0-2 feet soil layer, actual water loss is 
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considerably below the potential, even when plentiful water is available in the 

2- to 8-feet zone. 

HISTONES IN EMBRYONIC DEVELOPMENT—Alberta Seaton, W. Taylor and 

J. Powell, Texas Southern University, Houston. 

Two investigational approaches are being used to study the problem of histone 

involvement In embryonic development. 

A. In answer to the question “do histones become altered during development?”, 

chick embryos of 9, 15, and 21 days have been the source of liver and brain cells 

subjected to the Johns (1964) method of histone extraction. The histone extracts 

obtained were studied comparatively, using polyacrylamide gel electrophoresis. 

Results Indicated tissue differences in the 2 histone extracts studied, characterized by 

the late appearance in brain histone of detectable fractions I, Ha and Hb In addition, 

the histone extract of each tissue showed progressive changes in the band patterns 

obtained after gel electrophoresis. These changes were more striking in fractions III 

and IV. The band pattern obtained from 21-day histone extracts (brain and liver) 

resembled more closely the band pattern of calf thymus histone, thus tentatively 

indicating that histone heterogenity is more demonstrable during embryogenesis 

than in adult tissues. 

R. The morphologic and cytologic effects of exogenous whole histone and arginine- 

rich histone on chick embryos of stages 9 to 24 were studied. Arginine-rich histone 

provoked developmental delay more often than did whole histone. Whole histone 

injections were, on the other hand, more effective in prevention of morphogenesis 

than was the arginine-rich histone. Histone effects on cellular activity were studied 

by subjecting treated and control embryos to the Unna-Rrachet histochemical test 

for intracellular RNA and DNA localization. The early histone effect of diminished 

RNA could be seen in cells (of treated embryos) of organ primordia where morpho¬ 

genetic activity was only moderate. More active morphogenetic locales, such as 

neural tissue, showed a more extreme cellular effect in the form of widespread 

vacuolar degeneracy within the cytoplasm, thus indicating a more rapid uptake of 

the exogenous histone, by such primordia. 

AMINO ACID PROFILES DUE TO GROWTH OF STAPHYLOCOCCUS 

AUREUS AND VIBRIO CHOLERAE—Randolph H. Scott and Sanders T. 

Lyles, Texas Christian University, Ft. Worth. 

Research on the virulence of staphylococcus which has been carried on in our lab 

has shown that virulent staphylococci have higher invasion numbers in liver, heart, 

brain, and kidneys than nonvirulent Amino acid metabolism and its relation to 

protein synthesis suggest that utilization or production of amino- acids by infectous 

microbes could imbalance the homeostasis within tissues of the host. Data is re¬ 

ported on 4 organisms in vitro to- establish some basis to judge amino acid variations 

in the host embryo. The organisms studied were Staphylococcus aureus strains 

Giorgio and Tager 194 and Vibrio choleras strains NIH 41 and NIH 35R. Each 

organism was gro-wn in Casamino acid broth (Difco) and Brain-heart infusion. 

When sufficient turbidity resulted, organism count, amino acid .sample collection, 

and sample storage were done. 

Amino acid analysis was carried out on a Varian Aerograph model 1520B gas 

chromatograph. Gee’s method was used for conversion of amino- acids to trifluor- 

acetyl-methyl ester derivatives for GLC analysis. 

In casamino acid broth all amino acids changed significantly due to Giorgio; all 
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increased except for cysteine which was utilized. Half of the amino acids changed 

with Tager 104 and NIH 41. Only 3 amino acids changed significantly due to NIH 

104 and NIH 41. Only 3 amino acids changed significantly due to NIH 35R. Vir¬ 

ulent strains precipitated greater change in medium than their a virulent counter¬ 

parts. Fewer amino acids showed deviations after microbial growth in BHI, al¬ 

though Giorgio consistently produced more valine and utilized more systeine than 

T 104 or NIH 41. Significant deviations were observed between virulent and 

avirulent microbes and between the 2 pathogens in both media. All organisms 

metabolized amino acids di:erently in the 2 media. In casamino acid broth, the 

simpler medium, it is easier to produce or to detect amino acid variations. 

SOME SYSTEMATIC OBSERVATIONS ON EULIMNADIA (CONCHOSTRACA, 

CRUSTACEA)—Stanley L. Sissom, Southwest Texas State College, San Marcos 

Morphometric data was presented on the measurements of the taxonomic char¬ 

acter used to delineate certain species of Eulimnadia, primarily on Eulimnadia 

texana. F-values derived from an analysis of variance from within several widely 

scattered populations and between these populations indicated that the traditional 

taxonomic characters were of value only if there was a significant non-overlap of 

the modes and ranges of these characters between any 2 species. Some of the char¬ 

acters studied followed a normal distribution while others appeared to be a function 

of the growth and development of the population. Because of this wide variation in 

the morphology of the species in this genus a need for a review of the speciation 

in this genus was Indicated. The data indicated that E. texana was a very plastic 

species characterized by considerably more variation than had been previously 

reported. Ecological notes were presented depicting a very wide range of habitats 

supporting these forms. Field notes were presented indicating that these temporary 

pond dwellers are much more common than previously believed and the number 

of species occurring in Texas was increased from 1 (E. texana) to 4 (E. texana, E. 

diversa, E. inflecta and E. antlei). 

PRODUCTION OF SINGLE STRAND BREAKS IN B. SUBTILIS DNA BY THE 

CHEMICAL MUTAGEN METHYL METHANESULFONATE*—Rosemarie 

Wahl Synek, Texas Christian University, Fort Worth. 

The chemical alterations in DNA which can result in a mutation have been 

studied, using the chemical mutagen methyl methanesulfonate (MMS) and bi¬ 

ologically active DNA isolated from Bacillus subtilis. The transforming activity 

(try2 locus) of MMS-treated DNA decreased exponentially with time of reaction 

with MMS. The reactions initiated by MMS treatment are: Alkylation of guanyl 

residues -» depurination —-> broken phosphodiester bonds (single strand breaks) —» 

double strand scission. The specific reaction of this sequence which inactivated the 

DNA has been identified. A sedimentation velocity analysis in the Model E ultra¬ 

centrifuge of highly alkylated DNA (5 lethal hits per genetic locus) showed no 

decrease in sedimentation coefficient (S20 w), hence in molecular weight, indicating 

the absence of double strand scission. A sensitive sedimentation velocity method 

was developed to detect and measure single strand breaks DNA was denatured by 

dialysis against formamide at 37° C, and the formamide removed on a Sephadex 

column. Denaturation was preserved during analytical ultracentrifugation with 

buffered 2% formaldehyde. Denaturation of DNA containing single strand breaks 

yields a population of single-stranded molecules having a lower average molecular 

weight, and thus reduced S20 w value. The S20 w of denatured control DNA was 
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33.7. S20 w values of denatured MMS-treated DNA were a continuous decreasing 

function of the inactivation caused by MMS, and fell to 7.4 at 4.8 lethal hits/locus, 

conforming to the pattern expected for DNA containing breaks. The sedimentation 

velocity method was calibrated with B. subtilis DNA preparation which had been 

incubated with the enzyme pancreatic DNase, known to produce single strand 

breaks. The S20 w values of denatured DNase-treated preparations coincided with 

those of MMS-treated DNA activated to the same level. Since single strand breaks 

appear to account for all the inactivation by MMS, the preceding reactions, alky¬ 

lation of guanyl moieties and depurination at the alkylated site, are responsible 

for MMS-induced mutations. In both cases, the criteria of mutation are fulfilled: 

the DNA has undergone an alteration in structure, but is still biologically active 

and can replicate. 

* This research has been supported by NIH Medical Genetics Training Grant 

GM00090; Texas Christian University Research Foundation; and NIH Biomed¬ 

ical Sciences Support Grant BMB6892. 

NEONATAL STERILIZATION OF FEMALE MICE BY NORETHYNODRRL- 

MESTRANOL*—F. Talamantes, J. Watson and H C„ Browning, The Univer¬ 

sity of Texas Dental Branch, Houston. 

Thirty-nine C3H/Strong A F1 hybrid mice received a single dose of 98.5 ug of 

norethynodrel with 1.5 ug of mestranol (Enovid, Searle) when 5 days- of age. 

Eighteen identical mice received no treatment. Vaginal smears were followed daily 

through the 2nd to 5th month of life. At autopsy, ovarian, pituitary, adrenal, vaginal 

and mammary gland structure were examined. 

All treated animals showed persistent vaginal metestras while untreated mice 

showed normal estrous cycles. Histologically, vaginas of the former showed nor¬ 

mal heavy cornification with some leucocytic infiltration. Ovaries of treated ani¬ 

mals showed stages of follicular development only, while those of untreated mice 

had both follicles and corpora lutea. Neither adrenals nor pituitaries showed any 

differences in the 2 groups; mammary glands were slightly less developed in the 

treated animals. 

It appears that neonatal administration of a progestin (norethynodrel) with an 

estrogen (mestranol) does not protect against the sterilizing action of the latter, as 

progesterone itself may in the rat. However, the progestin here also has 5 to 7% 

estrogenicity, and this may override any antagonistic effect. 

* Supported by NSF Research Grant GB-6466 and USPHS Training Grant 

DE-Q0149. 

THE EFFECTS OF MONOCHROMATIC LIGHT ON TESTES RECRUDESENCE 

IN ANOLIS CAROLINENSIS—Aaron Theilengerdes and Don Green, San 

Antonio College, San Antonio. 

One hundred male Anolis carolinensis were subjected to different wave lengths of 

monochromatic light. The central groups consisted of an initial control, one group 

maintained under constant darkness, and one under white light. The monochromatic 

light used was 45QU, 545u, 650u, and 750u. All groups were subjected to 14 hours of 

light and 10 hours of darkness. A histological study was conducted and the areas 

observed were' testes weight, seminiferous tubule diameters, seminiferous tubule 

numbers, and cells undergoing spermatogenesis. Factors demonstrating that signifi- 
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cant recrudescence had taken place were an increase in testes weight, and increase in 

seminiferous tubule diameters, and an increase in sperxnatogenic cells. No signifi¬ 

cance was demonstrated in the number of seminiferous tubules. No significant differ¬ 

ence was detected in testicular weight or seminiferous tubule diameters between dark 

controls and light treated groups. Statistical analysis of histological evidence, how¬ 

ever, demonstrated a significant difference in the number of cells undergoing 

spermatogenesis between all light treated groups and the dark controls at 26 days of 

experimentation. 

Though this experiment did not demonstrate a statistically significant difference 

among different wave lengths of monochromatic light and their respective effects on 

testes recrudescence, there were some noticeable trends toward difference. This seems 

to indicate that a prolonged experiment might reveal a significant difference among 

different wave lengths of monochromatic light and their effect on testes recrudes¬ 

cence. 

BACKGROUND SELECTIVITY IN ANGELFISH, PTEROPHYLLUM EIMEKEI 

—J. Trial and A. J Speece, Texas Woman3s University, Denton. 

Angelfish were chosen for experiments in background selectivity for 2 major 

reasons; siblings can be grown in large numbers, and 3 phenotypes can be obtained 

among siblings. Phenotypic differences in pigmentation seem to be due to a single 

mutant gene for hyperpigmentation, since heterozygous parents produce offspring in 

a 1:2:1 ratio of phenotypes. Preliminary experiments showed background selectivity 

to be subordinant to other tendencies in these fish, such as schooling and background 

adaptation. Testing of individual background—adapted fish showed that a significant 

number of fish chose the background to which they had been adapted. When fish 

had been familiarized with both black and white backgrounds by daily alternation 

on these, one group showed random choices of the 2 backgrounds. Another group 

showed an overall preference for black, although there was differential performance 

between phenotypes. Black fish showed a significantly greater preference for black 

than the other 2 phenotypes. This difference was also seen when phenotypically 

uniform groups of fish were placed in a pool with a bottom pattern of black, white, 

and stripes. 

BIOLOGICAL CONCENTRATION OF PESTICIDES BY ALGAE—B. Dwain 

Vance, North Texas State University, Denton. 

Two blue-green algae, Microcystis aeruginosa and Anahaena cylindrica and 2 

green algae, Scenedesmus quadricauda and Oedogonium sp. have been tested for their 

ability to accumulate and concentrate chlorinated hydrocarbon pesticides. Each alga 

was grown in the presence of various concentrations (from 0.02-20 ug/ml) of 

a’i drin, dieldrin, endrin and p,p1-DDT. In all cases, the algae concentrated the 

pesticides from 120 to over 300 fold. None of the algae are killed by 1 ug/ml of any 

of the pesticides and most will grow in the presence of over 20 ug/ml of the pesti¬ 

cides. The algae do not appear to metabolize or degrade any of the pesticides and 

preliminary metabolic studies indicate thta the algae can function efficiently even in 

high concentrations of the pesticides. 

POSTCLIMAX GRASSES ON RUBBLE-CLAY STRATA OF THE MESILLA 

VALLEY OF TEXAS—John S. Williams, University of Texas, El Paso. 

Extra moisture available at exposed rubble-clay strata appears to result in a post¬ 

climax environment. The resulting vegetation at these locations in the Mesilla 
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Valley of Texas changes from a desert scrub community of Creosote bush, Larrea 

divaricata and Ratany, Krameria parvifolia to an almost pure stand of Tobosa grass, 

Hilaria mutica. 

Geological and manmade bisects at these rubble-clay contact sites reveal this 

changed environment illustrated by sharp ecotones with postclimax Tobosa grass. 

This grass is primarily rooted in the clay layer and is bordered with desert scrub 

rooted above and below in the more permeable detritus. 

AN ELECTROPHORETIC STUDY OF MUSCLE PROTEIN IN SELECTED 

SPECIES OF TELEOST FISHES—T. B. Williamson and D. D. Hall, Sam 

Houston State College, Huntsville. 

Proteins of the fish species, Centrarchus macropterus, Pomoxis nigromaculatus, 

and Pomoxis annularis were examined by polyacrylamide gel electrophoresis to 

evaluate the phylogenetic relationship of the 3 species. The tissues used in this study 

were muscle, serum, and lens. Densitometer scans of the gel columns shows distinct 

differences in number and amount of globulin fractions present. A reduced number 

of globulin fractions in both muscle and serum scans of Centrachus indicates that it 

is more primitive than the genus Pomoxis. Densitometer scans of the 3 species indi¬ 

cates that lens protein is species specific for Pomoxis. Disc electrophoresis of fish 

serum clearly shows the presence of additional serum proteins in fish infected with 

the metacecariae of the trematode, Posthodiplostomum minimum, a factor which 

could significantly affect interpretation of data in serum taxonomy. 

EFFECTS OF X-IRRADIATION ON QUANTITATIVE GENETIC SYSTEMS 

IN MICE—James E. Womack, Abilene Christian College, Abilene. 

Replicated lines of mice were maintained under selection for litter size and 28-day 

weight. Whole body X-irradiation was administered to both males and females 

immediately before pairing in 3 experimental groups receiving 25 r, 50 r and lOOr 

per generation respectively. Selection response for litter size was negative in most 

irradiated lines. This was due to reduced selection differentials and reduced herit- 

ability values. Selection response for 28-day weight was generally positive in the 

irradiated lines. Selection differentials were reduced but increased heritability values 

indicated the induction of some usable genetic variation. 

Experiments with selection and radiation have generally met with physiological 

complications in higher organisms. Also there is always the question of whether or 

not the genetic complement is actually fixed after selection and inbreeding. The use 

of vegetative cultures of Neurospora crassa in which growth is measured spectro¬ 

scopically after sonic disruption of hyphae is proposed as a more accurate means of 

measuring genetic variation induced by irradiation. 

Section V—Social Sciences 

UNREST ON THE CAMPUS—Howard Putnam, East Texas State University, 

Commerce. 

Amidst today’s unrest, university administrators find that they face public criti¬ 

cism and the threat of reduced funds. Familiar sociological patterns of collective 

behavior and social movements are evident in this situation. Issues present include 

those of academic freedom; individual rights; and the need for all concerned to have 

a voice in control. But certain other issues may be more fundamental and less obvious. 

A table presented in this paper reports original data from a study of student atti- 
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tudes involved. Curriculum, student activities, community matters, and relationships 

with society’s basic institutions, are emphasized. The students surveyed demand 

curriculum reform, a voice in administration, and steps to make better use of knowl¬ 

edge. The students rebel against control by parents and by alumni. They are satisfied 

with existing classroom procedures. 

Especially acute is the need for unity among all knowledge-processing activities. 

These activities include the producing, distributing, and consuming of knowledge. 

Research, knowledge-creation in the arts, education, the communication media, and 

knowledge-applying activities, are all part of one societal function. Civilization’s 

most effective tool, knowledge, is at stake, and its social unification on and off-campus, 

in all levels of education and beyond education, is happening spontaneously. 

It appears that knowledge processing will take its place alongside the family, 

business, government, and religion as one of society’s basic, major social institutions, 

concretely organized, defined sharply in the awareness of all. This can be a step in 

the direction of institutionalized freedom and sound change relative to real needs of 

the time. 

Section VI—Environmental Biology 

CHIROPTERAN SYMPOSIUM 

CHROMOSOMAL STUDIES IN BATS—Robert J. Baker, Texas Technological 

College, Lubbock. 

Studies of karyotypes of bats have been primarily descriptive with most efforts 

concentrated on somatic chromosomes. In Chiroptera the diploid number varies from 

16 to 62 and the fundamental number varies from 20 to 70. Karyotypic evolution is 

probably independent from the trends of evolution of gross morphological features 

which are presently used to indicate phylogenetic relationships in bats. Therefore, 

karyotypes may be valuable in some cases in determining the relationships of certain 

groups. Karyotypic implications must be evaluated in perspective with data from the 

other evolutionary studies, and in most cases chromosomal data support the current 

classifications. One exception is the Glossophaginae of the Phyllostomatidae. The 

similarities of the chromosomes of Carollia to the chromosomes of Choeroniscus and 

Choeronycteris presents an interesting case that the Carolliinae are closely related to 

these genera of Glossophaginae. The similarities of the chromosomes of Phyllostomus 

to the chromosomes of Glossophaga also suggests a close relationship between these 

2 genera. If both of these cases are true the subfamily Glossophaginae is diphyletic. 

The degree of support offered to these relationships by chromosomal studies is 

discussed. 

THE DAYTIME ROOSTING HABITS OF BATS—Walter W. Dalquest, Mid¬ 

western University, Wichita Falls. 

The Megachiroptera are primarily tree-dwelling in habits, but at least one type 

lives in caves. Most are colonial but some are solitary. 

The Microchiroptera are primarily cave-dwellers but exceptions are numerous. 

Cave inhabiting bats commonly occur in retreats that simulate caves, such as hollow 

trees, buildings, and mine tunnels. 

Crevice-dwelling bats are common in arid regions, where cliffs abound. The same 

kinds of bats may occur in crevices of man-made structures. Crevice-dwelling bats 

also live in cracks in lightning-blasted or fire-blackened trees, and under bark blisters 

in coniferous forests. A few spend the day in piles of loose rocks. 
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Tree-living bats are usually brightly colored and solitary. Relatively few species 

have this habit, but they represent several families and occur in widely-separated 

regions. 

Special interest attaches to the species with more unusual habits. In Africa and 

India, the Kerivoulinae usually occupy bird nests. The tropical American Rhyn- 

chonycteris perches on trees or rocks over water and depends on its resemblance to 

lichens for protection. The Thyrpteridae cling, with their sucking disks, to the inside 

of curled banana leaves. Uroderma bilobatum constructs “houses” by chewing the 

underside of palm leaves until they droop down to form a shelter, under which the 

bat spends the day. 

Much remains to be learned of the daytime retreats of bats. For example, Myotis 

velifer has recently been found living in windmills. This habit, if common in the 

species, may permit it to extend its range over large areas of the plains. The same 

species has been found living in the mud nests of cliff swallows, under concrete 

bridges. Construction of modern highways has vastly increased the cliff swallow 

population, and perhaps the bat population correspondingly. 

In the Old World, bats seem to inhabit hollow trees to a much greater extent than 

they do in America, perhaps because the kinds of trees in the Old World are more 

often hollow. Krzanowski, in Poland, has developed an efficient method of finding 

bats in “tree holes,” equivalent to woodpecker holes in North America. This method 

may be applicable to the study of bats in woodland areas of the United States. 

FEEDING MECHANISMS OF BATS—Bryan Glass, Oklahoma State University, 

Stillwater. 

Basically bats are flying Insectivores, with insectivorous teeth of modified tuber- 

culosectorial structure. Specialized adaptations related to feeding are echolocation, 

making possible the finding and apprehending of nocturnal insects, the use of wings, 

tail membrane and mouth to seize the prey, and efficient teeth for fine comminution. 

(The latter being presumably necessary for the fast digestion necessary to animals of 

such rapid metabolism.) Specialized non-insectivorous food habits of bats include 

cannibalism, herpetophagy, ichthyophagy, fruit eating, and nectar and blood drink¬ 

ing. Each of these involves specialized feeding mechanisms that may involve tooth, 

tongue, and limb structure as well as the sense of sight, smell, and hearing. Visceral 

adaptations are also characteristic of at least one (blood feeding). 

ECHOLOCATION AND COMMUNICATION IN BATS WITH SOME COM¬ 

MENTS ON THE INSECTIVORA—Edwin Gould, Johns Hopkins University, 

Baltimore, Maryland. 

From 1793 to 1794 the Italian monk Lazzaro Spallanzani experimentally demon¬ 

strated that hearing is essential to a bat’s ability to avoid obstacles; he also proved 

that blinded bats could survive in the wild. 

In the early 1900’s some speculation about the bat’s sensing system arose in the 

British literature, but it was not until 1938 that Donald R. Griffin and Robert 

Galambos demonstrated the relationship between emission of ultrasonic pulses and 

the need for unimpaired hearing in Myotis lucifugus. Simultaneously Dijkgraaf in 

Holland came to much the same conclusion with his unaided ear. 

Griffin’s field studies demonstrated that the frequency, pulse duration and repi- 

tition rate of emitted ultrasonics change as a bat approaches a small object or as it 

maneuvers in a difficult situation. Eptesicus, for example, shifts from a search rate 
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of about 8 sound pulses per second to an approach of 61 per second to a terminal rate 

of 100 or 200 pulses per second. 

These investigations were followed by comparative studies by Novick, Moehres 

and Kulzer on ultrasonics emitted by the various families and genera of bats. Studies 

by Grinnel and Suga demonstrated some of the neural mechanisms particularly 

adaptive for a bat’s interpretation of echoes. A most extraordinary advance in neuro¬ 

physiological studies was Henson’s feat of recording cochlear microphonics, right 

and left inferior collicular responses, and stapedius muscle action potentials from 

unanaesthetized bats that were actively echolocating; in some cases bats were flying 

with electrode implants in the brain. 

Among the 13 out of 16 families of bats studied, specializations are various: bats 

feeding on fruit produce low intensity pulses; rhinolophids and one phyllostomid 

(Chilonycteris) both produce very long cruising pulses, terminated by a frequency 

modulated component. Fish eating bats (Pizonyx and Noctilio) detect prey by 

responding to echoes from slight disturbances above the surface of the water. The 

independently evolved echolocation sounds of Rousettus derive from tongue clicks; 

all other bat echolocation signals probably derive from the larynx. 

Visual functions have been demonstrated in 10 species of emballonurid, phyllos¬ 

tomid, desmodontid and vespertillionid bats. Lines subtending 0.7 degrees to the bat 

can be discerned by some species at short distances. 

Communication in bats is still poorly known. Bats gather in numbers that exceed 

those of any other social mammal. In addition to ultrasonics used for echolocation, 

up to six different vocalizations that probably have communicative function are 

emitted by some bats. Calls emitted by numerous species of bats attract conspecifics. 

During courtship males may emit a twitter. The alarm call of Pteropus alerts the 

group to the presence of a predator. Grooming, segregated concentric configuration of 

the sexes and juveniles show similarities to certain primates that dwell in exposed 

situations. Vocalizations enrtted by the infant probably function to attract the 

mother. Clicks somewhat similar to bat sounds are prominent in prosimian and 

insectivore communication and are especially functional in maternal-infant com¬ 

munication. It is hypothesized that maternal-infant communication signals may be 

the ontogenetic precursors of echolocation signals. In general bat echolocation 

systems are highly stereotyped but relative fixity is not a reliable standard for 

inheritance of behavior. Studies of echolocation ontogeny are lacking. 

MECHANISMS OF THERMOREGULATION IN BATS—Robert E. Henshaw, 

Pennsylvania State University. 

Much controversy surrounds the nature of—indeed, the possibility of—body 

temperature regulation by small bats. Various species, and even the same species, 

have been described as completely homeothermic, poorly homeothermic, hibernator, 

poikilothermic, or lacking entirely any thermoregulatory capabilities. Diverse 

research approaches have led to equally diverse conclusions. This paper will review 

pertinent literature and develop a unified overview of the energy metabolism in the 

chiroptera. 

The following metabolic patterns will be described: all megachiroptera are 

homeothermic; the smaller species poorly so. Tropical microchiroptera are homeo¬ 

thermic, though some species have been shown to tolerate hypothermia, even if such 

conditions are not ordinarily experienced in nature. Subtropical microchiroptera may 

be migratory and are commonly homeothermic, or may become torpid in a variety 

of patterns from winter diurnal lethargy to over-wintering hibernation, the patterns 
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corrrelated with food and water availability. Temperate zone microchiroptera are 

all hibernators, both diurnally and over the winter. Many species also migrate great 

distances from summer activity ranges as far north as central Alaska to hibemacula 

in caves of average ambient temperature above freezing. Some species appear to 

remain homeothermic in summer colonies in buildings, apparently unable to hiber¬ 

nate (i.e. spontaneously arouse at low ambient temperatures). Others retain arousal 

capabilities all year and utilize caves at all seasons. Circadian metabolic rhythms are 

closely synchronized with ambient light periods but internally driven by unknown 

endogenous “clock” mechanisms. 

Entrance into hibernation entails a shutting down of metabolism and a subsequent 

reduction in body temperature. During hibernation body temperature remains about 

1 degree above ambient temperature and oxygen consumption is minimal. Arousal 

is affected by great increase in oxygen consumption forcing the body temperature to 

active levels. New data will be presented to show that torpid bats thermoregulate in 

a pattern similar to homeotherms but with a (hypothalamic?) set point set in 

response to ambient temperature. Mechanisms underlying these patterns and physio¬ 

logical capabilities will be discussed. A theory of evolution of thermoregulation with 

special reference to hibernation will be developed. 

CLASSIFICATION AND SYSTEMATICS OF BATS—J. Knox Jones, Jr., The 

University of Kansas, Lawrence. 

In the 10th edition of Systerna Naturae (1758), Linnaeus recognized 7 species of 

bats, which he placed in a single genus and grouped with primates and dermopterans. 

In contrast, one recent classification of the order Chiroptera arranged the included 

taxa in 2 suborders and 19 families (3 known only as fossils), and recognized 173 

Recent genera and about 875 Recent species. A capsulated history of chiropteran 

classification is presented, along with brief remarks on the origin, fossil history, and 

diversity of bats. 

From a systematic point of view, each level in the hierarchy of bat classification 

is discussed, some of the current systematic problems pointed out, mostly by way of 

example, and certain “new” approaches to the study of systematics and phylogeny 

of chiropterans are mentioned. At the subordinal level, for example, the possibility 

of, and evidence for, diphyletic evolution of bats is examined, and at the specific 

level taxonomic characteristics of certain sibling species are stressed. 

The general approach of the presentation, hopefully, will be to lay the appropriate 

groundwork for a mixed audience relative to other papers in the symposium. 

ZOOGEOGRAPHY OF BATS—Karl Koopman, American Museum of Natural 

History, New York. 

The Order Chiroptera has been neglected by zoogeographers, but it richly repays 

study if it is kept in mind that narrow water gaps have not been serious barriers. 

However, since bats are basically tropical with few groups adapted to cool conditions, 

a land bridge (such as at Bering Strait) that requires passage through cold regions is 

largely ineffective. This is why the contrast in hat faunas between New and Old 

Worlds is more significant than between the Australian and Oriental regions. An 

analysis of bat distribution is made for each of the 16 families and 6 zoogeographical 

regions. With the exception of one family each on Madagascar and New Zealand, 

all families occur either in the tropics of Africa and southeastern Asia or in tropical 

South America. Only 3 families occur in both. There is a rapid falling off of species 

numbers in passing into non-tropical regions such as the Palearctic or Nearactic and 
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a less pronounced decline in passing to peripheral tropical areas such as Madagascar, 

Australasia, and the West Indies. Madagascar and surrounding islands have a pre¬ 

dominantly Ethiopian bat fauna, but a significant Oriental element. The Australian 

region has basically a depauperate Oriental fauna, but with some local endemism 

and secondary diversification. These features are also seen on a smaller scale in the 

island area between the Asian and Australian continental shelves. The West Indies 

have an overwhelmingly Neotropical bat fauna, partly derived from Middle America 

and partly from South America. There is also some endemism and secondary diversi¬ 

fication. The primary prerequisites for a more precise zoogeography of bats are 

improved taxonomy on the species level and more adequate knowledge of species 

distributions. 

SOME ASPECTS OF PHYSIOLOGICAL ECOLOGY IN BATS—Norman C. Negus, 

Tulane University, New Orleans. 

Our state of knowledge is poor concerning chiropteran ecology and physiological 

responses to environmental variables. This is due largely to the difficulty in main¬ 

taining bats alive under suitable experimental conditions. Nonetheless, bats pose 

many challenging problems in the area of physiological ecology. 

The environmental factors influencing reproductive seasons in many species 

require further investigation. Many temperate zone Microchiroptera exhibit typical 

spring-summer breeding patterns. Others (e.g. Myotis myotis) exhibit fall mating 

prior to hibernation, with ovulation and fertilization delayed until late winter or 

early spring. The physiological basis and environmental factors involved remain 

obscure. Possibly photoperiod plays a role, but data on chiropteran physiological 

responses to changes in daylength are lacking. Breeding seasons of tropical species 

pose other problems. Many insectivorous species in the tropics appear to breed more 

or less throughout the year, whereas frugivorous forms have well defined reproduc¬ 

tive cycles. At least in the Southeast Asian tropics, these seasons begin with cessation 

of the monsoonal rainy season. A nutritional stimulus is suggested. 

The physiological bases for both homing to roosts and migrational homing to 

hibernacula represent orientation problems more perplexing than that of birds. Even 

blindfolded, bats retain the ability to home over considerable distances. Long distance 

migrations to specific cave hibernacula represent remarkable orientation abilities 

that cannot be explained by either visual or auditory orientation. Carefully con¬ 

trolled experimental approaches are necessary to solve this problem. 

Activity and metabolic rhythms of bats are well defined. What little data are 

available indicate a free running circadian activity rhythm that is synchronized by 

light intensity via “light sampling”. The ecological value of circadian temperature 

and activity rhythms is discussed with a suggestion of the possible clock mechanism. 

EVOLUTIONARY TRENDS OF CHIROPTERAN DENTITIONS—Bob H. 

Slaughter, Southern Methodist University, Dallas. 

Although Chiroptera probably did not originate until late Cretaceous, the basic 

dental pattern had begun to develop in their ancestors before the end of the Triassic. 

The teeth of Kuhneotherium, from the Triassic of England, still had reptilian 

enamel histology but all cusps of earliest eutherians were already developed and 

positioned, except for the protocone and the talonid cusps. 

Aegialodon of British early Cretaceous (Neocomian) is clearly of metatherian- 

eutherian grade but it is known only by a single lower molariform tooth and we 
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cannot be certain if it is marsupial, placental, or from the stem stock which give 

rise to both. 

By mid-Cretaceous times the divergence of Metatheria and Eutheria apparently 

had taken place. Molars of Pappotherium, the oldest known form referred to In- 

sectivora, had developed a small protocone from the lingual cingulum and a basined 

talonid equipped with all 3 talonid cusps. It was from the Pappotherium-like molar 

that all placental dental patterns took origin. 

The most important change from this basic pattern accomplished by tupaids, 

soricoids, and chiropterans was the enlargement of the notch between the paracone 

and metacone. Very early this notch almost reaches the labial border of the molar. 

A companion change in the lower molar is the migration of the hypoconulid nearly 

to the lingual corner of the tooth where it first is twinned with the entoconid and 

later lost. This adaptation doubles the shearing surface of the dentition with no loss 

of crushing surface. 

All chiropteran dentitions, fossil or modem, can easily be traced back to a single 

of crushing surface. 

BATS: CARRIERS OF HUMAN DISEASE-PRODUCING AGENTS—S. Edward 

Sulkin and Rae Allen, The University of Texas Southwestern Medical School, 

Dallas. 

For many years bats have been known to be carriers of agents which produce 

disease in man. A National Institutes of Health Bulletin published in 1931 presented 

a key catalogue of parasites reported for Chiroptera (including treponemes, trypano¬ 

somes, Leishmania, various helminths, and a vast number of ectoparasites) with a 

consideration of the possible public health importance of these associations. Even 

earlier, the association of bats with the transmission of rabies in South America had 

been documented, but it was not until rabies-virus was isolated from insectivorous 

bat species in the United States in 1953 that investigators began to focus their atten¬ 

tion on these flying mammals as important natural hosts of human disease-producing 

agents. In this report emphasis will be placed on a discussion of bats as reservoir hosts 

of viruses, particularly rabies virus and certain of the arthropod-borne viruses. The 

ability of bats to function in the perpetuation of these viruses in nature is enhanced 

by the fact that, with the exception of some strains of rabies virus which under 

certain conditions may produce erratic behavior and death of bats, these animals may 

remain persistently infected with these viruses without exhibiting overt signs of 

disease. Various physiological and behavioral characteristics of bats which suggested 

the manner in which these animals could serve effectively as reservoir hosts for the 

arboviruses will be presented in connection with a discussion of an extended series 

of experimental and field studies which have established the role of bats in the 

ecology of Japanese and St. Louis encephalitis viruses. 

PARASITES OF BATS—John E. Ubelaker, Southern Methodist University, Dallas. 

The internal environment provided by the various species of bats in the order 

Chiroptera has been widely exploited by invertebrates. 

Some groups, such as Acanthocephala and protozoa like Eimera are limited to the 

intestine which also serves as a habitat for many trematodes and nematodes. Some 

trematodes, however, are found in the bile duct and bladder while some nematodes 

are reported in urinary bladder, body cavity, and blood stream. The latter habitat is 

often utilized by trypanosomes. 

Of all invertebrates associated with bats only the protozoa are of public health 
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cant recrudescence had taken place were an increase in testes weight, and increase in 

seminiferous tubule diameters, and an increase in spermatogenic cells. No signifi¬ 

cance was demonstrated in the number of seminiferous tubules. No significant differ¬ 

ence was detected in testicular weight or seminiferous tubule diameters between dark 

controls and light treated groups. Statistical analysis of histological evidence, how¬ 

ever, demonstrated a significant difference in the number of cells undergoing 

spermatogenesis between all light treated groups and the dark controls at 26 days of 

experimentation. 

Though this experiment did not demonstrate a statistically significant difference 

among different wave lengths of monochromatic light and their respective effects- on 

testes recrudescence, there were some noticeable trends toward difference. This seems 

to indicate that a prolonged experiment might reveal a significant difference among 

different wave lengths of monochromatic light and their effect on testes recrudes¬ 

cence. 

BACKGROUND SELECTIVITY IN ANGELFISH, PTRROPHYLLUM RIMEKR1 

—J. Trial and A. J. Speece, Texas Woman’s University, Denton. 

Angelfish were chosen for experiments in background selectivity for 2 major 

reasons; siblings can be grown in large numbers, and 3 phenotypes can be obtained 

among siblings. Phenotypic differences in pigmentation seem to be due to a single 

mutant gene for hyperpigmentation, since heterozygous parents produce offspring in 

a 1:2:1 ratio of phenotypes. Preliminary experiments showed background selectivity 

to be subordinant to other tendencies in these fish, such as schooling and background 

adaptation. Testing of individual background—adapted fish showed that a significant 

number of fish chose the background to which they had been adapted. When fish 

had been familiarized with both black and white backgrounds by daily alternation 

on these, one group showed random choices of the 2 backgrounds. Another group 

showed an overall preference for black, although there was differential performance 

between phenotypes. Black fish showed a significantly greater preference for black 

than the other 2 phenotypes. This difference was also seen when phenotypically 

uniform groups of fish were placed in a pool with a bottom pattern of black, white, 

and stripes. 

BIOLOGICAL CONCENTRATION OF PESTICIDES BY ALGAE—B. Dwain 

Vance, North Texas State University, Denton. 

Two blue-green algae, Microcystis aeruginosa and Anabaena cylindrica and 2 

green algae, Scenedesmus quadricauda and Oedogonium sp. have been tested for their 

ability to accumulate and concentrate chlorinated hydrocarbon pesticides. Each alga 

was grown in the presence of various concentrations (from 0.02-20 ug/ml) of 

aldrin, dieldrin, endrin and p,p--DDT. In all cases, the algae concentrated the 

pesticides from 120 to over 300 fold. None of the algae are killed by 1 ug/ml of any 

of the pesticides and most will grow in the presence of over 20 ug/ml of the pesti¬ 

cides. The algae do not appear to metabolize or degrade any of the pesticides and 

preliminary metabolic studies indicate thta the algae can function efficiently even in 

high concentrations of the pesticides. 

POSTCLIMAX GRASSES ON RUBBLE-CLAY STRATA OF THE MESILLA 

VALLEY OF TEXAS—John S. Williams, University of Texas, El Paso. 

Extra moisture available at exposed rubble-clay strata appears to result in a post¬ 

climax environment. The resulting vegetation at these locations in the Mesilla 
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Valley of Texas changes from a desert scrub community of Creosote bush, Larrea 

divaricata and Ratany, Krameria parvifolia to an almost pure stand of Tobosa grass, 

Hilaria mutica. 

Geological and manmade bisects at these rubble-clay contact sites reveal this 

changed environment illustrated by sharp ecotones with postclimax Tobosa grass. 

This grass is primarily rooted in the clay layer and is bordered with desert scrub 

rooted above and below in the more permeable detritus. 

AN ELECTROPHORETIC STUDY OF MUSCLE PROTEIN IN SELECTED 

SPECIES OF TELEOST FISHES—T. B. Williamson and D. D. Hall, Sam 

Houston State College, Huntsville. 

Proteins of the fish species, Centrarchus macropterus, Pomoxis nigromaculatus, 

and Pomoxis annularis were examined by polyacrylamide gel electrophoresis to 

evaluate the phylogenetic relationship of the 3 species. The tissues used in this study 

were muscle, serum, and lens. Densitometer scans of the gel columns shows distinct 

differences in number and amount of globulin fractions present. A reduced number 

of globulin fractions in both muscle and serum scans of Centrachus indicates that it 

is more primitive than the genus Pomoxis. Densitometer scans of the 3 species indi¬ 

cates that lens protein is species specific for Pomoxis. Disc electrophoresis of fish 

serum clearly shows the presence of additional serum proteins in fish infected with 

the metacecariae of the trematode, Posthodiplostomum minimum, a factor which 

could significantly affect interpretation of data in serum taxonomy. 

EFFECTS OF X-IRRADIATION ON QUANTITATIVE GENETIC SYSTEMS 

IN MICE—James E. Womack, Abilene Christian College, Abilene. 

Replicated lines of mice were maintained under selection for litter size and 28-day 

weight. Whole body X-irradiation was administered to both males and females 

immediately before pairing in 3 experimental groups receiving 25 r, 50 r and 100 r 

per generation respectively. Selection response for litter size was negative in most 

irradiated lines. This was due to reduced selection differentials and reduced herit- 

ability values. Selection response for 28-day weight was generally positive in the 

irradiated lines. Selection differentials were reduced but increased heritability values 

indicated the induction of some usable genetic variation. 

Experiments with selection and radiation have generally met with physiological 

complications in higher organisms. Also there is always the question of whether or 

■not the genetic complement is actually fixed after selection and inbreeding. The use 

of vegetative cultures of Neurospora crassa in which growth is measured spectro¬ 

scopically after sonic disruption of hyphae is proposed as a more accurate means of 

measuring genetic variation induced by irradiation. 

Section V—Social Sciences 

UNREST ON THE CAMPUS—Howard Putnam, East Texas State University, 

Commerce. 

Amidst today’s unrest, university administrators find that they face public criti¬ 

cism and the threat of reduced funds. Familiar sociological patterns of collective 

behavior and social movements are evident in this situation. Issues present include 

those of academic freedom; individual rights; and the need for all concerned to have 

a voice in control. But certain other issues may be more fundamental and less obvious. 

A table presented in this paper reports original data from a study of student atti- 
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tudes involved. Curriculum, student activities, community matters, and relationships 

with society’s basic institutions, are emphasized. The students surveyed demand 

curriculum reform, a voice in administration, and steps to make better use of knowl¬ 

edge. The students rebel against control by parents and by alumni. They are satisfied 

with existing classroom procedures. 

Especially acute is the need for unity among all knowledge-processing activities. 

These activities include the producing, distributing, and consuming of knowledge. 

Research, knowledge-creation in the arts, education, the communication media, and 

knowledge-applying activities, are all part of one societal function. Civilization’s 

most effective tool, knowledge, is at stake, and its social unification on and off-campus, 

in all levels of education and beyond education, is happening spontaneously. 

It appears that knowledge processing will take its place alongside the family, 

business, government, and religion as one of society’s basic, major social institutions, 

concretely organized, defined sharply in the awareness of all. This can be a step in 

the direction of institutionalized freedom and sound change relative to real needs of 

the time. 

Section VI—Environmental Biology 

CHIROPTERAN SYMPOSIUM 

CHROMOSOMAL STUDIES IN BATS—Robert J. Baker, Texas Technological 

College, Luhbock. 

Studies of karyotypes of bats have been primarily descriptive with most efforts 

concentrated on somatic chromosomes. In Chiroptera the diploid number varies from 

16 to 62 and the fundamental number varies from 20 to 70. Karyotypic evolution is 

probably independent from the trends of evolution of gross morphological features 

which are presently used to indicate phylogenetic relationships in bats. Therefore, 

karyotypes may be valuable in some cases in determining the relationships of certain 

groups. Karyotypic implications must be evaluated in perspective with data from the 

other evolutionary studies, and in most cases chromosomal data support the current 

classifications. One exception is the Glossophaginae of the Phyllostomatidae. The 

similarities of the chromosomes of Carollia to the chromosomes of Choeroniscus and 

Choeronycteris presents an interesting case that the Carolliinae are closely related to 

these genera of Glossophaginae. The similarities of the chromosomes of Phyllostomus 

to the chromosomes of Glossophaga also suggests a close relationship between these 

2 genera. If both of these cases are true the subfamily Glossophaginae is diphyletic. 

The degree of support offered to these relationships by chromosomal studies is 

discussed. 

THE DAYTIME ROOSTING HABITS OF BATS—Walter W. Dalquest, Mid¬ 

western University, Wichita Falls. 

The Megachiroptera are primarily tree-dwelling in habits, but at least one type 

lives in caves. Most are colonial but some are solitary. 

The Microchiroptera are primarily cave-dwellers but exceptions are numerous. 

Cave inhabiting bats commonly occur in retreats that simulate caves, such as hollow 

trees, buildings, and mine tunnels. 

Crevice-dwelling bats are common in arid regions, where cliffs abound. The same 

kinds of bats may occur in crevices of man-made structures. Crevice-dwelling bats 

also live in cracks in lightning-blasted or fire-blackened trees, and under bark blisters 

in coniferous forests. A few spend the day in piles of loose rocks. 
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Tree-living bats are usually brightly colored and solitary. Relatively few species 

have this habit, but they represent several families and occur in widely-separated 

regions. 

Special interest attaches to the species with more unusual habits. In Africa and 

India, the Kerivoulinae usually occupy bird nests. The tropical American Rhyn- 

chonycteris perches on trees or rocks over water and depends on its resemblance to 

lichens for protection. The Thyrpteridae cling, with their sucking disks, to the inside 

of curled banana leaves. Uroderma bilobatum constructs “houses” by chewing the 

underside of palm leaves until they droop down to form a shelter, under which the 

bat spends the day. 

Much remains to be learned of the daytime retreats of bats. For example, Myotis 

velifer has recently been found living in windmills. This habit, if common in the 

species, may permit it to extend its range over large areas of the plains. The same 

species has been found living in the mud nests of cliff swallows, under concrete 

bridges. Construction of modern highways has vastly increased the cliff swallow 

population, and perhaps the bat population correspondingly. 

In the Old World, bats seem to inhabit hollow trees to a much greater extent than 

they do in America, perhaps because the kinds of trees in the Old World are more 

often hollow. Krzanowski, in Poland, has developed an efficient method of finding 

bats in “tree holes,” equivalent to woodpecker holes in North America. This method 

may be applicable to the study of bats in woodland areas of the United States. 

FEEDING MECHANISMS OF BATS—Bryan Glass, Oklahoma State University, 

Stillwater. 

Basically bats are flying Insectivores, with insectivorous teeth of modified tuber- 

culosectorial structure. Specialized adaptations related to feeding are echolocation, 

making possible the finding and apprehending of nocturnal insects, the use of wings, 

tail membrane and mouth to seize the prey, and efficient teeth for fine comminution. 

(The latter being presumably necessary for the fast digestion necessary to animals of 

such rapid metabolism.) Specialized non-insectivorous food habits of bats include 

cannibalism, herpetophagy, ichthyophagy, fruit eating, and nectar and blood drink¬ 

ing. Each of these involves specialized feeding mechanisms that may involve tooth, 

tongue, and limb structure as well as the sense of sight, smell, and hearing. Visceral 

adaptations are also characteristic of at least one (blood feeding). 

ECHOLOCATION AND COMMUNICATION IN BATS WITH SOME COM¬ 

MENTS ON THE INSECTIVORA—Edwin Gould, Johns Hopkins University, 

Baltimore, Maryland. 

From 1793 to 1794 the Italian monk Lazzaro Spallanzani experimentally demon¬ 

strated that hearing is essential to a bat’s ability to avoid obstacles; he also proved 

that blinded bats could survive in the wild. 

In the early 1900’s some speculation about the bat’s sensing system arose in the 

British literature, but it was not until 1938 that Donald R. Griffin and Robert 

Galambos demonstrated the relationship between emission of ultrasonic pulses and 

the need for unimpaired hearing in Myotis lucifugus. Simultaneously Dijkgraaf in 

Holland came to much the same conclusion with his unaided ear. 

Griffin’s field studies demonstrated that the frequency, pulse duration and repi- 

tition rate of emitted ultrasonics change as a bat approaches a small object or as it 

maneuvers in a difficult situation. Eptesicus, for example, shifts from a search rate 
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of about 8 sound pulses per second to an approach of 61 per second to a terminal rate 

of 100 or 200 pulses per second. 

These investigations were followed by comparative studies by Novick, Moehres 

and Kulzer on ultrasonics emitted by the various families and genera of bats. Studies 

by Grinnel and Suga demonstrated some of the neural mechanisms particularly 

adaptive for a bat’s interpretation of echoes. A most extraordinary advance in neuro¬ 

physiological studies was Henson’s feat of recording cochlear microphonics, right 

and left inferior collicular responses, and stapedius muscle action potentials from 

unanaesthetized bats that were actively echolocating; in some cases bats were flying 

with electrode implants in the brain. 

Among the 13 out of 16 families of bats studied, specializations are various: bats 

feeding on fruit produce low intensity pulses; rhinolophids and one phyllostomid 

(Chilonycteris) both produce very long cruising pulses, terminated by a frequency 

modulated component. Fish eating bats (Pizonyx and Noctilio) detect prey by 

responding to echoes from slight disturbances above the surface of the water. The 

independently evolved echolocation sounds of Rousettus derive from tongue clicks; 

all other bat echolocation signals probably derive from the larynx. 

Visual functions have been demonstrated in 10 species of emballonurid, phyllos¬ 

tomid, desmodontid and vespertillionid bats. Lines subtending 0.7 degrees to the bat 

can be discerned by some species at short distances. 

Communication in bats is still poorly known. Bats gather in numbers that exceed 

those of any other social mammal. In addition to ultrasonics used for echolocation, 

up to six different vocalizations that probably have communicative function are 

emitted by some bats. Calls emitted by numerous species of bats attract conspecifics. 

During courtship males may emit a twitter. The alarm call of Pteropus alerts the 

group to the presence of a predator. Grooming, segregated concentric configuration of 

the sexes and juveniles show similarities to certain primates that dwell in exposed 

situations. Vocalizations enrtted by the infant probably function to attract the 

mother. Clicks somewhat similar to bat sounds are prominent in prosimian and 

insectivore communication and are especially functional in maternal-infant com¬ 

munication. It is hypothesized that maternal-infant communication signals may be 

the ontogenetic precursors of echolocation signals. In general bat echolocation 

systems are highly stereotyped but relative fixity is not a reliable standard for 

inheritance of behavior. Studies of echolocation ontogeny are lacking. 

MECHANISMS OF THERMOREGULATION IN BATS—Robert E. Henshaw, 

Pennsylvania State University. 

Much controversy surrounds the nature of—indeed, the possibility of—body 

temperature regulation by small bats. Various species, and even the same species, 

have been described as completely homeothermic, poorly homeothermic, hibernator, 

poikilothermic, or lacking entirely any thermoregulatory capabilities. Diverse 

research approaches have led to equally diverse conclusions. This paper will review 

pertinent literature and develop a unified overview of the energy metabolism in the 

chiroptera. 

The following metabolic patterns will be described: all megachiroptera are 

homeothermic; the smaller species poorly so. Tropical microchiroptera are homeo¬ 

thermic, though some species have been shown to tolerate hypothermia, even if such 

conditions are not ordinarily experienced in nature. Subtropical microchiroptera may 

be migratory and are commonly homeothermic, or may become torpid in a variety 

of patterns from winter diurnal lethargy to over-wintering hibernation, the patterns 
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corrrelated with food and water availability. Temperate zone microchiroptera are 

all hibernators, both diurnally and over the winter. Many species also migrate great 

distances from summer activity ranges as far north as central Alaska to hibemacula 

in caves of average ambient temperature above freezing. Some species appear to 

remain homeothermic in summer colonies in buildings, apparently unable to hiber¬ 

nate (i.e. spontaneously arouse at low ambient temperatures). Others retain arousal 

capabilities all year and utilize caves at all seasons. Circadian metabolic rhythms are 

closely synchronized with ambient light periods but internally driven by unknown 

endogenous “clock” mechanisms. 

Entrance into hibernation entails a shutting down of metabolism and a subsequent 

reduction in body temperature. During hibernation body temperature remains about 

1 degree above ambient temperature and oxygen consumption is minimal. Arousal 

is affected by great increase in oxygen consumption forcing the body temperature to 

active levels. New data will be presented to show that torpid bats thermoregulate in 

a pattern similar to homeotherms but with a (hypothalamic?) set point set in 

response to ambient temperature. Mechanisms underlying these patterns and physio¬ 

logical capabilities will be discussed. A theory of evolution of thermoregulation with 

special reference to hibernation will be developed. 

CLASSIFICATION AND SYSTEMATICS OF BATS—J. Knox Jones, Jr, The 

University of Kansas, Lawrence. 

In the 10th edition of Systerna Naturae (1758), Linnaeus recognized 7 species of 

bats, which he placed in a single genus and grouped with primates and dermopterans. 

In contrast, one recent classification of the order Chiroptera arranged the included 

taxa in 2 suborders and 19 families (3 known only as fossils), and recognized 173 

Recent genera and about 875 Recent species. A capsulated history of chiropteran 

classification is presented, along with brief remarks on the origin, fossil history, and 

diversity of bats. 

From a systematic point of view, each level in the hierarchy of bat classification 

is discussed, some of the current systematic problems pointed out, mostly by way of 

example, and certain “new” approaches to the study of systematics and phylogeny 

of chiropterans are mentioned. At the subordinal level, for example, the possibility 

of, and evidence for, diphyletic evolution of bats is examined, and at the specific 

level taxonomic characteristics of certain sibling species are stressed. 

The general approach of the presentation, hopefully, will be to lay the appropriate 

groundwork for a mixed audience relative to other papers in the symposium. 

ZOOGEOGRAPHY OF BATS—Karl Koopman, American Museum of Natural 

History, New York. 

The Order Chiroptera has been neglected by zoogeographers, but it richly repays 

study if it is kept in mind that narrow water gaps have not been serious barriers. 

However, since bats are basically tropical with few groups adapted to cool conditions, 

a land bridge (such as at Bering Strait) that requires passage through cold regions is 

largely ineffective. This is why the contrast in bat faunas between New and Old 

Worlds is more significant than between the Australian and Oriental regions. An 

analysis of bat distribution is made for each of the 16 families and 6 zoogeographical 

regions. With the exception of one family each on Madagascar and New Zealand, 

all families occur either in the tropics of Africa and southeastern Asia or in tropical 

South America. Only 3 families occur in both. There is a rapid falling off of species 

numbers in passing into non-tropical regions such as the Palearctic or Nearactic and 
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a less pronounced decline in passing to peripheral tropical areas such as Madagascar, 

Australasia, and the West Indies. Madagascar and surrounding islands have a pre¬ 

dominantly Ethiopian bat fauna, but a significant Oriental element. The Australian 

region has basically a depauperate Oriental fauna, but with some local endemism 

and secondary diversification. These features are also seen on a smaller scale in the 

island area between the Asian and Australian continental shelves. The West Indies 

have an overwhelmingly Neotropical bat fauna, partly derived from Middle America 

and partly from South America. There is also some endemism and secondary diversi¬ 

fication. The primary prerequisites for a more precise zoogeography of bats are 

improved taxonomy on the species level and more adequate knowledge of species 

distributions. 

SOME ASPECTS OF PHYSIOLOGICAL ECOLOGY IN BATS—Norman C. Negus, 

Tulane University, New Orleans. 

Our state of knowledge is poor concerning chiropteran ecology and physiological 

responses to environmental variables. This is due largely to the difficulty in main¬ 

taining bats alive under suitable experimental conditions. Nonetheless, bats pose 

many challenging problems in the area of physiological ecology. 

The environmental factors influencing reproductive seasons in many species 

require further investigation. Many temperate zone Microchiroptera exhibit typical 

spring-summer breeding patterns. Others (e.g. Myotis myotis) exhibit fall mating 

prior to hibernation, with ovulation and fertilization delayed until late winter or 

early spring. The physiological basis and environmental factors involved remain 

obscure. Possibly photoperiod plays a role, but data on chiropteran physiological 

responses to changes in daylength are lacking. Breeding seasons of tropical species 

pose other problems. Many insectivorous species in the tropics appear to breed more 

or less throughout the year, whereas frugivorous forms have well defined reproduc¬ 

tive cycles. At least in the Southeast Asian tropics, these seasons begin with cessation 

of the monsoonal rainy season. A nutritional stimulus is suggested. 

The physiological bases for both homing to roosts and migrational homing to 

hibernacula represent orientation problems more perplexing than that of birds. Even 

blindfolded, bats retain the ability to home over considerable distances. Long distance 

migrations to specific cave hibernacula represent remarkable orientation abilities 

that cannot be explained by either visual or auditory orientation. Carefully con¬ 

trolled experimental approaches are necessary to solve this problem. 

Activity and metabolic rhythms of bats are well defined. What little data are 

available indicate a free running circadian activity rhythm that is synchronized by 

light intensity via “light sampling”. The ecological value of circadian temperature 

and activity rhythms is discussed with a suggestion of the possible clock mechanism. 

EVOLUTIONARY TRENDS OF CHIROPTERAN DENTITIONS—Bob H. 

Slaughter, Southern Methodist University, Dallas. 

Although Chiroptera probably did not originate until late Cretaceous, the basic 

dental pattern had begun to develop in their ancestors before the end of the Triassic. 

The teeth of Kuhneotherium, from the Triassic of England, still had reptilian 

enamel histology but all cusps of earliest eutherians were already developed and 

positioned, except for the protocone and the talonid cusps. 

Aegialodon of British early Cretaceous (Neocomian) is clearly of metatherian- 

eutherian grade but it is known only by a single lower molariform tooth and we 
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cannot be certain if it is marsupial, placental, or from the stem stock which give 

rise to both. 

By mid-Cretaceous times the divergence of Metatheria and Eutheria apparently 

had taken place. Molars of Pappotherium, the oldest known form referred to In- 

sectivora, had developed a small protocone from the lingual cingulum and a basined 

talonid equipped with all 3 talonid cusps. It was from the Pappotherium-like molar 

that all placental dental patterns took origin. 

The most important change from this basic pattern accomplished by tupaids, 

soricoids, and chiropterans was the enlargement of the notch between the paracone 

and metacone. Very early this notch almost reaches the labial border of the molar. 

A companion change in the lower molar is the migration of the hypoconulid nearly 

to the lingual corner of the tooth where it first is twinned with the entoconid and 

later lost. This adaptation doubles the shearing surface of the dentition with no loss 

of crushing surface. 

All chiropteran dentitions, fossil or modern, can easily be traced back to a single 

of crushing surface. 

BATS: CARRIERS OF HUMAN DISEASE-PRODUCING AGENTS—S. Edward 

Sulkin and Rae Allen, The University of Texas Southwestern Medical School, 

Dallas. 

For many years bats have been known to be carriers of agents which produce 

disease in man. A National Institutes of Health Bulletin published in 1931 presented 

a key catalogue of parasites reported for Chiroptera (including treponemes, trypano¬ 

somes, Leishmania, various helminths, and a vast number of ectoparasites) with a 

consideration of the possible public health importance of these associations. Even 

earlier, the association of bats with the transmission of rabies in South America had 

been documented, but it was not until rabies-virus was isolated from insectivorous 

bat species in the United States in 1953 that investigators began to focus their atten¬ 

tion on these flying mammals as important natural hosts of human disease-producing 

agents. In this report emphasis will be placed on a discussion of bats as reservoir hosts 

of viruses, particularly rabies virus and certain of the arthropod-borne viruses. The 

ability of bats to function in the perpetuation of these viruses in nature is enhanced 

by the fact that, with the exception of some strains of rabies virus which under 

certain conditions may produce erratic behavior and death of bats, these animals may 

remain persistently infected with these viruses without exhibiting overt signs of 

disease. Various physiological and behavioral characteristics of bats which suggested 

the manner in which these animals could serve effectively as reservoir hosts for the 

arboviruses will be presented in connection with a discussion of an extended series 

of experimental and field studies which have established the role of bats in the 

ecology of Japanese and St. Louis encephalitis viruses. 

PARASITES OF BATS—John E. Ubelaker, Southern Methodist University, Dallas. 

The internal environment provided by the various species of bats in the order 

Chiroptera has been widely exploited by invertebrates. 

Some groups, such as Acanthocephala and protozoa like Eimera are limited to the 

intestine which also serves as a habitat for many trematodes and nematodes. Some 

trematodes, however, are found in the bile duct and bladder while some nematodes 

are reported in urinary bladder, body cavity, and blood stream. The latter habitat is 

often utilized by trypanosomes. 

Of all invertebrates associated with bats only the protozoa are of public health 
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importance. Trypanosoma cruzi of bats in South America which has been identified 

as pathogenic to man, is now known from bats in Texas. The role of migration of 

bats in disseminating this parasite will be discussed. 

Life cycles, host specificity and distribution of trematodes, cestodes, and nematodes 

will be presented. Particularly, emphasis will be placed upon the nematodes who 

appear to be highly specific to bats. The role of nematodes as “phylogenetic tags” 

will be discussed. 

ADAPTATIONS FOR FLIGHT IN BATS—Terry A. Vaughan, Northern Arizona 

State University, Flagstaff. 

Flight, wherever it arose in the animal kingdom, required the development of 

lifting surfaces (wings), a means of propulsion, and the concentration of weight 

near the center of gravity. In bats, membranes stretched between the body, the 

hind limbs, and the elongate bones of the forelimb serve as lifting surfaces. A series 

of reinforcing mechanisms, involving muscles, bones and ligaments, enable the 

proximal part of the wing to develop lift through much of the wing-beat cycle 

while the tip of the wing, acting much like a variable-pitch propeller, produces pro¬ 

pulsion. Sustained flapping flight demands rapid wing action, precise control of the 

wings, and the use of the least possible energy to produce the wing-beat cycle. 

These demands have forced a striking reduction in the weight of the wings in bats, 

a reduction furthered by unique muscular and osteological specializations. Both bats 

and birds are effective fliers, but each group utilizes a somewhat different style of 

flight and muscular control of the wings has evolved along contrasting morphological 

lines in these groups. Whereas the pectoralis and supracoracoideus muscles, origi¬ 

nating entirely on the greatly enlarged sternum, provide the bulk of the power for 

the wing-beat cycle in birds, at least ten muscles are of primary importance in 

controlling the cycle in bats, and only one of these muscles originates on the 

sternum. 

Flight developed independently in three groups of vertebrates. From reptilian 

ancestry arose the pterosaurs and the birds, and bats evolved from primitive mam¬ 

mals. Pterosaurs became extinct, together with their relatives the dinosaurs, more 

than 75 million ago, whereas both birds and bats are still remarkably successful 

today. Pterosaurs probably used mostly gliding flight, but birds and bats use pri¬ 

marily flapping flight. Birds and bats use different styles of flight, probably as a 

result of the different ways in which these animals perceive their environments. 

Vision, which is used by birds for orientation, allows the recognition of obstacles at 

considerable distances. Bats, in contrast, use echolocation for orientation; this system 

enables primarily short-range perception of obstacles and necessitates fairly slow 

flight with high maneuverability. 

Although each group of flying vertebrates utilized somewhat different styles of 

flight, each met the same basic mechanical demands of flight. Each developed lifting 

surfaces, a means of propulsion, and each concentrated weight near the center of 

gravity. This paper will discuss these basic adaptations to flight as they occur in 

bats, and will consider selected structural and functional refinements that have 

served to perfect bats as flying animals. 

POST-CRANIAL OSTEOLOGY—Dan W. Walton, Southern Methodist University, 

Dallas, and Gloria M. Walton, Christian College of the Southwest, Dallas. 

The general contour of the vertebral column is typically mammalian. Accessory 

processes are generally reduced on the vertebrae and fusion occurs in the cervico- 
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thoracic, lumbar and sacral regions. There are generally 7 cervical, 11 to 13 

thoracics, 4 to 7 lumbar, 1 to 5 sacral and 0 to 17 caudal vertebrae. 

The thoracic cage is shaped as a dorsoventrally flattened bell. The clavicle is 

well developed and the sternum bears some semblance of a keel in the form of a 

vertical process and 2 lateral processes on the manubrium. 

In the construction of the scapula, variations occur in the spine and coracoid 

process. A low secondary spine may be present in the infraspinous fossa. 

The forelimb is modified for flight. The humerus may have secondary contact 

with the scapula. The radius is elongated and curved; the ulna is rudimentary; 

and the metacarpels and phalanges are greatly elongated. They serve to spread the 

plagiopatagium. 

The pelvis is weak but not underdeveloped. The hind limb is also weak. The knee 

is directed caudad and dorsad and lateral movements of the knee are limited due to 

the construction of the femur-tibia articulation. The fibula may or may not be 

complete. The foot is well-developed and all digits are of equal length. 

CONTRIBUTED PAPERS 

ORIGIN AND PRODUCTION OF AVIAN DUST—J. R. Howes, Texas A&M 

University, College Station. 

All birds produce dust, which, when they are maintained in numbers in an en¬ 

closed environment, gives rise to a management problem not encountered with other 

species. Since intensive bird housing is required for biomedical research and eco¬ 

nomic food production, an investigation of the origin of avian dust and possible 

control measures was undertaken. 

Using psychrometric chambers built for environmental research with birds, con¬ 

siderable quantities of dust were found to be produced by caged poultry. Dust produc¬ 

tion was doubled when the birds were maintained on fresh shavings litter on the 

floor. With caged birds, most of the dust came from skin and feather debris and 25% 

or less from finely ground mash. Were the feed pelleted or moistened, the dust from 

this source was reduced. With floor litter, dust production was most influenced by 

the type of material, its age, since most materials became more pulverized with 

time, and the atmospheric humidity. By increasing humidity, atmospheric dust 

could be precipitated. 

Apart from maintenance personnel, birds also suffered from exposure to dusty 

atmospheres, especially since they possess air sacs. The incidence of some respiratory 

diseases were shown to be related to the intensity of atmospheric dust. 

Microscopic examination of poultry dust filtered from the atmospheres of cham¬ 

bers containing caged bird showed it to consist of 2 types of particles. One type was 

long with nodes and intemodes and was identified as feather debris. The other 

particles were flakes of skin mixed with a few feed particles and oil droplets. The 

feather barbules provided an excellent mesh for the other particles to aggragate, 

resulting in the clogging of air filters. 

Chemical analysis of caged poultry dust indicated that it contained 92% dry 

matter, of which 60% was crude protein and 9% fat. Dust from 3- to 5-week old 

chicks losing their down feathers contained only 3% fat, but more protein, due to the 

greater percentage of down feather debris and less skin and fat particles. 

Age of birds, ambient temperature and humidity, air movement, type of feed and 

management, bird density and activity were all factors influencing dust production 

from caged birds. 
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STREAM POLLUTION EVALUATIONS IN THE DEVELOPING “NEW LEAD 

BELT” OF SOUTH EAST MISSOURI—Bobby G. Wixson, University of 

Missouri at Rolla. 

The development of what may be one of the world’s largest lead-zinc deposits 

in the Viburnum Trend or “New Lead Belt” of S. E. Missouri will rapidly alter 

the presently non-industralized and sparsely populated Ozark environment. Un¬ 

usual topography channels mining and milling wastes into separate stream tribu¬ 

taries of one drainage basin so that pollution effects may be determined for indi¬ 

vidual mines. Other streams in the same basin are unaffected by the industrial 

development and serve as unpolluted controls. 

The initial shock and following longer term cumulative effects of lead-zinc min¬ 

ing and milling wastes on the water quality and aquatic biota of streams in the “New 

Lead Belt” have been evaluated. Lead, zinc, copper, chromate and other milling re¬ 

agents are sometimes present in the milling waste water discharges at concentrations 

which may be harmful to water quality and aquatic life. Detection and measurement 

techniques have been developed for specific compounds which may or may not 

cause pollution problems in receiving streams. Information gained from stream 

surveys combined with gas chromatography, atomic absorption, and photometric 

determinations are presented. Effects of lead-zinc mining wastes are evaluated by 

changes in water quality and biotic populations correlated with accumulations of 

heavy metals and other reagents. 

To provide urban areas with the needed water for industrial, municipal and 

recreational use, available supplies of water must be protected from pollution as 

much as possible. Recommendations are presented that may be instrumental in 

preventing future mining pollution problems. 

Section VIII—-Science Education 

A METHOD OF DEVELOPING INQUIRY FILMS FOR HIGH SCHOOL 

CHEMISTRY—Robert H. Barker, The University of Texas, Austin. 

The method of structuring single-topic films herein described is based upon two 

kinds of inquiry. The kinds of inquiry we refer to are inquiry as a process of science 

and inquiry as a teaching methodology. Inquiry as a process of science is defined as 

that process which aids the student to discover and describe new facts, develop 

improved observational skills, improve quantitative description, and interrelate facts 

forming conceptual schemes. Inquiry as a teaching methodology is defined as the 

heuristic technique which actively involves the student as the learner in the 

process of discovering and describing new facts, developing observational skills, and 

interrelating facts forming conceptual schemes. Elements from both kinds of in¬ 

quiry are used in the structuring of the film presentations for high school chemistry- 

students. 

The elements of inquiry as a process of science which form the basic model for 

the development of the visual display in the films are: 

1. Observation of a phenomenon. 

2. Formulation of an hypothesis to explain the phenomenon. 

3. Designing an experiment to test the hypothesis. 

4. Experimentation. 

5. Revision or modification of hypothesis in light of experimental factors. 

The preceding elements mentioned form the basic model for the films in the 
following manner: 
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Step I. The visual presentation of a chemical phenomenon which poses a problem, 

or indicates a gap in information, or asks a question. A most important sub-unit 

of this step is the criterion used in choosing the chemical phenomenon. 

Step II. The students are requested to formulate an hypothesis based on their ob¬ 

servations of the displayed phenomenon of Step I. An important sub-unit for this 

step which is also important to Step I, is the listing of prerequisite learning 

experiences considered to be necessary to the student’s ability to formulate a rele¬ 

vant hypothesis! 

Step III. The student is requested to design an experiment to test the hypothesis 

he formulated in Step II. The step required that the student synthesize from many 

learning experiences and since we cannot anticipate all designs, we do not attempt 

to list prerequisite learning experiences considered necessary to perform this task. 

Step IV. The student tests his hypothesis by performing the experiments he designed 

In Step III. Since this step is not feasible on one film, we have two alternatives 

which we can use to support possible relevant hypotheses which should have been 

formulated: 

(1) we can display experimental evidence involving additional factors of the 

same system or a similar system to the one displayed in Step I, or (2) we can 

display, using other phenomena, some of the principles and concepts which are 

considered significant to an explanation of the phenomenon presented in Step I. 

Step V. The student is requested to revise or modify his original hypothesis in the 

light of the factors he has observed, either presented by experimental evidence 

or new considerations which are derived from the interaction between students 

or students and teacher. 

The development of a teacher’s guide to accompany and supplement the film is 

based upon certain elements of Inquiry as a teaching methodology. The elements 

suggested the following guidelines: 

1. The emphasis of the film presentations should be student-centered. 

2. Authoritative statements should be kept to a minimum. 

3. The role of the teacher should be to guide student discussion and interaction 

without dominating either. 

4. The teacher should guide the film presentations by posing questions and rais¬ 

ing problems about the visual display and related data to promote student 

participation. 

5. Students should be led to discover interrelationships of pertinent concepts and 

principles, but the teacher should not present these relationships directly. 

These guidelines led to the development of a three-column format for the teacher’s 

guide. The first column, called the visual display, pictures certain pertinent scenes 

of the film. The other columns are oriented toward and coordinated with the visual 

display of the first column. The second column is called teaching points. These are 

specific points to be made by the teacher usually in the form of significant and/or 

leading questions. The third column is labeled behavioral objectives. This column 

gives the specific objectives of the teaching points listed in the second column stated 

in behavioral terms. The use of behavioral objectives facilitates recognition of 

attainment by students and provides a mechanism by which progress of the dis¬ 

cussion be regulated. 

It is the aim and purpose of the film presentations thus developed to provide the 

following opportunities for students: (1) to develop certain creative talents, (2) to 

participate actively in scientific processes, (3) interact with other students in an 

inquiry approach, and (4) to better understanding the problems scientists face. 
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A NEW EXPERIMENTAL ELEMENTARY CURRICULAR UNIT FOR THE 

SIXTH GRADE UTILIZING MARINE SCIENCE CONCEPTS—Lloyd M. 

Bennett, Texas Woman’s University, Denton. 

In the early 1950’s some impetus was given for the initiation of, a more or less, 

nationally oriented movement to improve science teaching. From this beginning, 

which certainly may have had its basic inception earlier but wasn’t coalesced until 

the late 1950’s and early 1960’s, several experimental programs (curricular pro¬ 

jects) began to evolve. From this evolution, many programs have been devised and 

implemented In the public schools, experimentally as well as on an adoption basis, 

which almost have resulted in nationally oriented curricula in science for the public 

schools of the United States. However, it must be stated that the individual states, 

as well as local school systems, have retained their autonomy in the adoption of 

curricular programs for their respective schools; thus guarding the American Ideal 

of decentralized local control of the public schools. 

One of the first areas of public education to be utilized was the senior high school 

level which tried out programs like PSSC physics, BSCS biology (three versions), 

and CHEM & CBA chemistry. Today there are newer projects, as well as revised 

older programs, on the horizon for secondary education. Some of the newer projects 

are: Harvard Project Physics, (HPP), ECCP (Engineering Concept Curriculum 

Project), TSM, {Time, Space and Matter) and others which are experimental in 

nature but in the future may make up the contemporary science program of the 

day. Some of the new projects being explored are local projects that show promise 

and that may be expanded to go beyond the local area. 

The next area of public school involvement was the elementary level. Many of 

the nationally oriented elementary (federally funded) programs are still experi¬ 

mental and are still being developed. However, of note, are programs like: ESS 

(.Elementary Science Study), ESCP {Earth Science Curriculum Project), WIMSA 

{Webster Institute of Mathematics, Science and Arts), AAAS, “Science a Process 

Approach” (American Association for the Advancement of Science), SCIS {Science 

Curriculum Improvement Study), et alle. Of course there are always on the periph¬ 

ery, locally designed programs that may be as scientifically sound as some of the 

older, more widely accepted programs, waiting for funding of some type to aid in 

the expansion of the local project to national scope. Some of these new ideas in this 

geographic locale are the Flint Hills Project of Kansas, Learning by Investigation 

Project in Missouri, the Marine Biology Science Project being developed at Texas 

Woman’s University, and others too numerous to mention. 

It seems significant at this point to mention that there is' one area of public 

education that has been and still is being almost avoided in the upgrading of science 

teaching. For the junior high level, whether it be two or three years in its organiza¬ 

tion, there is only one good program in science being developed which is the ISCS 

{Intermediate Science Curriculum Study) project in Florida. It seems incongruous 

to have good programs for either end of the public school program with the middle 

being almost devoid and being left as a sort of “waiting” period in science for the 

middle school student. The transition of the student in learning science must be a 

smoothly correlated and integrated one from K through 12. 

There is one academic area that is lacking in most of the new curricular materials 

being developed and that is avoided In most of the elementary science series (text¬ 

books) which is the marine environment. If students are to^ have a comprehensive,, 

well grounded background in science, then no major area of science can nor should 

be overlooked. 
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Some of the central objectives of the new curricular programs are: (1) to teach 

good, sound, basic science, (2) to develop a method of inquiry, (3) to utilize con¬ 

cepts of science as well as facts, (4) to give better and broader coverage of the field 

of science through the use of pertinent and relevant scientific experiences com¬ 

mensurate with the students’ background of experiences, and (5) to develop materials 

that can be made commercially available at low cost to any and all teachers (e.g. 

books, experiment sheets, laboratory blocks, study guides, evaluation materials, et 

cetera) at the appropriate elementary grade levels. 

Thus, the objectives previously set forth were acceptable for the project in marine 

science discussed in this paper. Most importantly however, is that the marine 

environment may be the hope of the future in aiding the nations of the world in 

solving some of the problems concerned with feeding the tremendous number of 

people, and making available of additional natural resources, and for obtaining 

fresh water for drinking as well as for industrial usage. 

Why is the marine environment important to Texans and how can it be utilized 

in teaching good science? 

1. Texas has over 700 miles of coastline. 

2. Many of Texas’ citizens travel to and visit the coastal areas every year. 

3. One of the country’s experimental desalinization plants is located along the 

coast of Texas. 

4. Sea agriculture (growing of vegetables) is taking place experimentally along 

the Texas coast. 

5. Just as good learning activities in science can be developed by using accessible 

coastal fauna and flora as by using purchased “stuffed” or “preserved” speci¬ 

mens. 

6. Additionally, using animals from a native habitat can conserve the limited 

funds public schools have for purchasing supplies. These conserved funds can 

then be used to develop more materials for the teaching of science in the 

schools. Equally important is that marine organisms can be shipped free or 

for a nominal fee directly to the schools, alive and fresh. 

7. Texas is involved in the process of trying to find ways of using the marine 

environment to aid in the supply of additional food for the world’s masses. 

STATEMENT OF PROBLEM 

The purposes of the study were to implement a marine science unit in selected 

elementary schools within a four state area accessible to Texas Woman’s University 

and to statistically evaluate the value of this new unit as an adjunct to the existing 

elementary science program. The four states used were Oklahoma, Texas, Louisiana 

and Arkansas. The sixth grade level of the participating elementary schools made 

up the samples for the study. 

HYPOTHESES 

The following hypotheses were utilized: 

1. There will be no significant differences in learning between those students in 

the experimental and control groups, regardless of type of materials used in 

teaching science. 

2. There will be no significant differences in learning between those students in 

the experimental and control groups, regardless of achievement level (I.Q.). 

Associated with the previously defined hypotheses are some basic assumptions that 
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are a part of the study and that will be analyzed even though these assumptions are 

not stated as formal hypotheses. These assumptions are: 

1. The new science materials will be as good as, if not better than, the curricular 

materials in science presently being used. 

2. The student will learn as much scientific factual information and science con¬ 

cepts as is learned in the more traditional programs. 

3. The attitudes and interests of students will increase through the use of the 

new science materials. 

The assumptions, even though not formally stated, will be analyzed by profes¬ 

sional judgement of the classroom teachers involved in the study. Often this type 

of evaluation is more important than statistical evaluation, especially if the materials 

are to be made practical and applicable to the current program of teaching science 

in the public schools. 

PROCEDURE 

The unit 

The marine science unit package consists of the following items: 

A. Unit booklet (teaching material) 

B. Student worksheets (correlated with the unit booklet) 

C. Evaluation materials 

D. Live marine animals 

E. Supplemental reference materials 

F. Shells of marine organisms 

The six week sixth grade unit includes a discussion in depth of the following major 

concepts and understandings of the marine environment. 

1. Hydrosphere of the earth 

2. Oceanographer and his work 

3. Interdiscipline of science 

4. Salinity 

5. Oceans and their characteristics 

6. Continental land masses in relationship to the oceans 

7. Topography of the ocean floor 

8. Various salt water environments 

9. Life zone of the oceans 

10. Physical properties of ocean water 

11. Chemistry of sea water 

12. Ocean currents 

13. Food cycles 

14. Echo sounding 

15. Tides and tidal action 

16. Shell structures and identification 

17. Study of selected marine animals 

The unit was taught for a period of six school weeks (5 days per week) excluding 

the pre- and post-testing sessions. The teacher used the normally assigned period 

of instruction of her school program. Each teacher was given all of the necessary 

materials for the basic minimum teaching effort. Background and experience were 

not considered variables in this research program. 

The students were pre-tested before the teaching began and post-tested at the 

end of the teaching, utilizing the same instrument for both testing sessions. Each 

testing session was done unannounced to reduce any student apprehension about 
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taking tests and to make appraisal of student learning more realistic. All of the 

materials of the experimental unit remained with the schools at the end of the 

project for subsequent use. 

Sample 

The teacher and student samples were drawn from a four state area of Texas, 

Oklahoma, Arkansas and Louisiana. The samples were not randomly selected but 

drawn on the basis of (1) willingness to participate in the project, (2) accessibility 

to the Texas Woman’s University campus for the purpose of driving to the schools 

to work with them in in-service training preparatory to the teaching phase, and 

(3) arbitrary selection by the researcher to include small rural type schools along 

with middle size urban communities. 

The teachers that participated were twenty-five sixth grade teachers regularly as¬ 

signed in their school. The student sample numbered 800 sixth graders. The student 

sample was drawn from various socio-economic and academic levels. These variables 

will be considered in the analyses. 

The schools used were arbitrarily selected during the 1967-68 school year. Some 

schools selected did not participate during the subsequent year for one reason or 

another. One school system utilized this material in an educational television setting 

beaming the lessions to some 300 students. Control groups were selected from the 

same types of schools as the experimental schools used in the study. 

Experimental Design 

The data were collected in the form of a 2 X 3 contingency table for analysis of 

covariance using pre-test scores as the covariate. Each analysis will be based upon 

the comparison of groups as divided by LQ. scores. The mean LQ. score of 100 was 

used as the dividing point between the high and low groups. 

RESULTS AND ANALYSIS 

The data are being collected, collated and organized at the time of the presenta¬ 

tion of this paper at the 1969 Texas Academy Meeting in Arlington. All of the data 

will be collected by June 1969. Soon thereafter, the analysis of the data will be 

done by using the analysis of covariance with the pre-test scores being the covariate. 

The Texas Woman’s University Binary Linear Hypothesis program or some similar 

program will be used for the analysis. 

THE RELATIONSHIP OF PHYSICAL SCIENCE (JUNIOR HIGH SCHOOL) 

TO THE FUTURE OF PHYSICS AND CHEMISTRY—Max C. Bolen, The 

Universiety of Texas at El Paso, El Paso. 

The number of students taking College Physics and Chemistry is directly related 

to the number taking Physics and Chemistry in high school. The number taking 

High School Physics and Chemistry is dependent upon many things among which 

are; The teaching of science in elementary school, parent’s attitude toward science 

in general and Physics and Chemistry in particular, high school counseling, and, 

probably the most important of all, the kind of Physical Science Course to which 

the student is exposed in Junior Lligh School, if he takes one at all. This is a report 

about a successful pilot course offered to ninth grade physical science teachers dur¬ 

ing the summer of 1968 in the Department of Physics in cooperation with the 

School of Education at The University of Texas at El Paso. 
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MANPOWER DEVELOPMENT—David P. Butts and B. Scott Irwin, The Uni¬ 

versity of Texas. 

Securing change in the learning experiences of students has been the ultimate 

goal of curriculum innovations in mathematics and science. These curriculum 

innovations represent the combined talents of teams of academicians, classroom 

teachers, and learning theorists. The existence of these curricula does not, however, 

mean that student’s learning experiences have in fact been changed. Spanning the 

development of the curriculum innovation to its institutionalization represents the 

challenge of our day. This challenge can only be met by the development of the 

adequate base of manpower. This statement is based on the simple assertion that 

people plus programs equal change, whereas programs without people remain on 

the supervisor’s shelf! 

Change in the student’s learning experience can be facilitated through the way 

those experiences are structured. The structure of the learning experience includes 

both the curriculum and the teacher who uses that curriculum. The nature of the 

newer curriculum innovations are such that effective use of them requires an under¬ 

standing of both the subject and the method that was built into the design of the 

program. To use the innovation effectively, most teachers find it necessary to con¬ 

siderably modify previous teaching procedures. Teachers can no longer “teach as 

they have been taught.” They can no longer just have the students copy notes in 

their notebooks presented largely from the teacher’s old college notebooks! 

The effectiveness of the program as it relates to the teacher and student has been 

the subject of a number of research studies in the Science Education Center. An 

analysis of these research findings has led to the development of a model for imple¬ 

menting curriculum change. The Science In-Service Project has piloted and demon¬ 

strated the usefulness of this model in cooperation with more than 80 school districts 

in Texas which included more than 6,000 classroom teachers. 

“TEACHING EARTH SCIENCE THROUGH THE PROCESS OF INQUIRY”— 

William A. Dexter, St. Mark’s School of Texas, Dallas. 

DO YOU: 

paint by the numbers? 

take your students by the hand? 

cook-book their instructions? 

ask them to parrot back information? 

emphasize unnecessary jargon? 

define the following terms? 

teach only facts? 

If yes is the answer, you’re doing it wrong! 

Success in teaching and learning must be a “change of pace” variation in presenta¬ 

tion, developing a method of presenting ideas (concepts) which arouse critical think¬ 

ing,, developing an investigative attitude which makes earth science exciting—ESCP 

does this “if” it is taught right! 

“TACTICS EXHIBITED by TEACHERS TEACHING SCIENCES—A PROCESS 

APPROACH”—Gene E. Hall. The University of Texas, Austin. 

In this study, examination was made of the effects of a recently developed science 

curriculum, Science—A Process Approach, on teaching behavior. Three groups of 

second grade teachers were utilized. Two groups of teachers were teaching Science— 

A Process Approach for the first time and had received two different types of train- 
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ing and supervision for teaching the curriculum. The third group of teachers was 

not teaching or trained to teach a recently developed .science curriculum. 

Science classes were observed by 3 trained observers using the Instrument for 

the Analysis of Science Teaching (IAST). The IAST consists of two parts: Part I 

is a 26-category system of interaction analysis, and Part II is a 15-item sign system 

that the observer completes at the end of each observation. 

With respect to the sequence of behaviors (tactics) all three groups were found 

to have the same primary tactic (that sequence of tallies that was most probable), 

with one exception for the comparison group, and the same secondary tactic (the 

second most probable sequence of tallies). The primary tactic, which involved 

substantive content, consisted of extended teacher lecture followed by a short (three 

seconds or less) closed question followed by a short closed student statement followed 

by a short teacher acceptance of the student statement followed by another short 

closed teacher question. The exception for the comparison group was that the closed 

student statements were for longer periods than three seconds. 

The secondary tactic, which was procedural in function, consisted of extended 

teacher directions followed by extended student overt activity followed by teacher 

directions. The secondary tactic accounted for a greater portion of class time in 

Science—A Process Approach classrooms than in the comparison classrooms while 

the primary tactic accounted for more of the class time in the comparison group 

than the treatment groups. 

THE RELATIVE EFFECTS OF IMITATION AND MANIPULATION ON THE 

ACQUISITION OF QUESTIONING BEHAVIOR BY PRE-SERVICE ELE¬ 

MENTARY SCIENCE TEACHERS—John T. Koran, Jr., The University of 

Texas, Austin. 

The general purpose of this study is to examine the relative effects of direct 

instruction on “how to teach” using a particular set of curriculum materials and of 

showing pre-service elementary teachers film-mediated models depicting desirable 

teaching behavior to be imitated. It was expected that: 

1) Subjects receiving direct instruction and manipulation of curriculum materials 

will generate in writing significantly more observation and classification ques¬ 

tions than a control group; 

2) Subjects viewing a videotape model of observation and classification questions 

to be imitated will generate in writing significantly more observation and 

classification questions than those not viewing the model. 

Thirty-three elementary teachers in a science methods course were randomly 

assigned to two treatment groups and one control. Treatments I and II both manipu¬ 

lated AAAS Observation I and Classification I kits and received direct instructions 

on how to teach using the kits. The control received a placebo. After the first written 

measure, Treatment I received a videotape model and II and III received a placebo. 

A one-way analysis of variance model was used to assess the differences between 

treatments. 

Results: 

1) There is no significant difference in the number of behaviors generated after 

manipulation and direct instruction between the two treatments and the 

control (p=>.29); 

2) There is a significant difference between Treatments I, II and III with 

Treatment I, the imitation group, which viewed the film videotape model 
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producing a significantly greater number of total observation-classification 

questions than the control (p<.05); 

3) There is a significant increase in frequency of total observation-classification 

questions generated by Treatment I (imitation) subjects from trial 1 to 

trial2 (p=<.05). 

The results of this study suggest that even with simple teaching skills such as the 

use of observation and classification questions, elementary school teachers appear to 

require behavior modification experiences beyond instruction and manipulation. 

Viewing videotape models of the behaviors to be acquired appears to be an effective 

way to influence elementary science teachers’ behavior. The common assumption 

that there is transfer from classroom description and manipulation of curriculum 

materials to actual teacher behavior would appear to be unwarranted. 

COOPERATIVE COLLEGE-SCHOOL SCIENCE PROGRAM FOR SCHOOL SYS¬ 

TEM IMPROVEMENT—Leo G. Mahoney, University of Houston, Houston. 

A summer institute and a coordinated in-service program during the 1968-69 

academic year for key elementary teachers, supervisors, and administrative personnel 

of the Spring Branch Independent School District, Houston, Texas. 

The purpose of the program is to prepare teachers and administrative personnel to 

use Science—A Process Approach in two pilot schools and to assist those who could 

design and conduct future in-service elementary science teacher education programs. 

A second purpose is to encourage the sharing of the project evaluation models 

through a description of the evaluation model and the presentation of the data 

collected in applying it to the science curriculum. 

AN ANALYSIS OF THE VERBAL BEHAVIOR OF PHYSICAL SCIENCE- 

TEACHERS AS A PARTIAL EVALUATION OF AN INSERVICE PRO¬ 

GRAM—Earl J. Montague, The University of Texas, Austin. 

During the summer of 1968 and the academic year of 1968-1969 an inservice pro¬ 

gram was conducted for a group of ninth grade physical science teachers in Austin. 

These teachers were to teach physical science during the academic year of 1968-1969, 

but the majority had little formal course work in either chemistry or physics. 

Five general objectives were outlined for this inservice project: 

(1) Increase the teachers knowledge of physical science. 

(2) Increase the teachers understanding of the philosophy of science and the 

classroom implications. 

(3) Develop the teachers ability in teaching a laboratory-centered course. 

(4) Improve the teachers evaluation methods and techniques. 

(5) Alter the teachers verbal behavior in the classroom from direct influence 

toward more indirect influence. 

To achieve these objectives several phases to the inservice program were planned. 

As part of the summer program a two-weeks workshop was conducted. During this 

period the science teachers were taught how to carry out and analyze a Flander’s 

Interaction Analysis. 

Eleven of the teachers involved in this training session had been taped the pre¬ 

ceding spring in their classrooms. They were taped again early in the school year 

follwoing the summer workshop. These observations were then placed on group 

composite matrices using Flander’s Interaction Analysis categories. The following 

changes were noted: 
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(1) The percent of class time spent by the teacher lecturing decreased from 56% 

to 42%. 

(2) The percent of class time spent by the teacher asking questions increased 

from 11% to 18%. 

(3) The percent of class time spent by the teacher praising students increased 

from 4.5% to 6.7%. 

(4) Extended teacher lecture time was reduced and the total time of student talk 

increased. 

(5) Flander’s I/D ratio for the group in the spring was 0.19 and 0.42 in the fall. 

(6) Flander’s i/d ratio for the group in the spring and fall respectively was 1.9 

and 2.4. 

In general the teachers were found to be more indirect in the fall than they were 

the preceding spring. This model (not completely described herein) of an inservice 

program seems to be successful in altering the verbal behavior of teachers. The extent 

of this change was fairly large and can be considered educationally significant. 

FRESHMAN CHEMISTRY IN TEXAS JUNIOR COLLEGES—R. L. Neman, 

Laredo Junior College, Laredo. 

In an effort to better correlate the undergraduate chemistry programs of Texas 

junior and senior colleges, a questionnaire was mailed to all junior colleges in Texas 

last spring. This paper will present some of the more interesting findings of that 

study. The junior colleges that responded to the study (and 82% of the Texas schools 

did) responded to questions concerning the organization of the standard 8-hour 

course in freshman chemistry and the structure of the laboratory that accompanies 

that course, as well as questions relating to other freshman courses that are offered. 

It appears from the study, that the number and variety of courses offered at the 

junior college level is directed at retention of sophomores as well as recognition of 

both the science oriented and the non-science oriented student. The nature of the 

standard 8-hour course is becoming more theoretical and less descriptive, while the 

lab that accompanies the course is definitely evolving into one of a more quantitative 

nature, often borrowing experiments from the field of analytical chemistry. 

SCIENCE LABORATORY WORKSHOP IN THE REPUBLIC OF GUATEMALA 

—Alfred Peters, Science Consultant, Texas Education Agency, Austin. 

The culmination of the special project between the Texas Education Agency (State 

Department of Education) and the Ministry of Education of Guatemala occurred in 

July, 1967, and August, 1968 when twelve Texas science teachers and supervisors 

held two three-week workshops and four one-week workshops for 400 Guatemalan 

teachers in the beginning laboratory facilities for secondary schools in Guatemala. 

The idea of an educational relationship abroad by the TEA developed from its 

Four-State Project on International Education with Alabama, Louisiana, and 

Tennessee. The main objective was to involve public schools of the four states in 

international education. 

The officials of TEA, the Guatemala Ministry of Education, and the Agency for 

International Development decided on the establishment of science laboratories in 

two normal schools, Institute Normal de Centro America for girls and Escuela 

Normal Central for boys. 

The laboratory workshops in biology, chemistry, and physics began July 17, 1967, 

and terminated on August 25, 1968. The four one-week laboratory workshops in 

August 1968 continued the emphasis of the project to the four major cities of Guate- 
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mala. The major objectives of the workshop were to enrich the training of teachers 

in the utilization of equipment, local resources, and curriculum materials in teaching 

sciences by a laboratory method. 

Although many of the laboratory activities were of a traditional nature because 

of the requirements of the Ministry’s program, there was great emphasis placed on 

the BSCS materials (Yellow Version) in biology, CHEM-Study in chemistry, and 

PSSC in physics. Equipment for these courses were included in laboratory equipment 

purchased for the workshops. 

The educational activities which have been underway and are planned in the 

future between TEA and the Guatemala Ministry of Education and from the 

enthusiasm produced are evidence of the vital need for more educational exchange 

and interchange our country and other countries in this hemisphere. 

STUDY OF STUDENT OUTCOMES IN EARTH SCIENCE CLASSES—Silas W. 

Schirner, University of Houston, Houston. 

This study reports the effects of the type of earth science course (ESCP and non- 

ESCP), the directness or indirectness of a teacher’s pupil-teacher interaction in 

various teaching activities (ID ratio), and the teacher’s expressed philosophical 

orientation (TNT ratio) on various student outcomes such as a student’s under¬ 

standing of science and scientists; critical thinking ability; basic knowledge of 

principles, methods and procedures of science. Thirteen Iowa schools, seventeen 

teachers and 750 students were involved in the study. 

Six pre and post tests were used to measure student outcomes. They were the Test 

on Understanding Science (TOUS), Watson-Glaser Critical Thinking Appraisal 

(WGCTA), Test of Science Knowledge, Parts I and II (TOSK I and TOSK II), the 

Earth Science Curriculum Project Final (ESCP-FINAL), and a constructed Earth 

Science Final (ES-FINAL). Students were separated by scores from three subtests 

of the Differential Aptitude Tests (Verbal Reasoning, Abstract Reasoning, and 

Numerical Ability). These tests were also administered to the 750 students in 

January of 1967. 

The factors compared with the ESCP and non-ESCP students were the Teacher’s 

average ID ratio (high and low), laboratory ID ratio (high and low), discussion ID 

ratio (high and low), teacher’s philosophical orientation (traditional and non-tra- 

ditional beliefs), and various combinations of these factors. Flander’s Interaction 

Analysis was used to determin ID ratios, and a Teacher’s Educational Credo Prefer¬ 

ence Check List was constructed to determine the TNT ratio. A simple analysis of 

covariance was used to determine the significance of the F test at the 5% level of 

confidence for differences in post test means adjusted on the basis of pre-test means 

for the various combinations on each of the six tests used. 

The findings are as follows: (1) ESCP students do significantly better on the 

ESCP final examination while the non-ESCP students do significantly better on the 

ES-FINAL. (2) The ESCP students develop into significantly better critical thinkers 

as measured by the WGCTA than the non-ESCP students. (3) The compatibility of 

the factors represented by ID ratio, TNT ratio, and the type of course lead to sig¬ 

nificantly greater achievement in most student outcomes. A student with a direct 

teacher and traditional beliefs has an advantage if in a non-ESCP course and is at a 

disadvantage if in an ESCP course. A student with an indirect teacher having non- 

traditional beliefs has an advantage if in an ESCP course and is at a disadvantage 

if in a non-ESCP course. Hence to teach a modern course in a traditional manner 

results in less student achievement than could be expected with the same teacher in 
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a traditional course on most of the student outcomes measured in this study. (4) The 

students in the groups representing ability extremes (high and low) are slightly 

better achievers in an ESCP course. However, being in the extreme groups tends to 

equalize other factors except for students of high numerical ability. This type of 

student develops into a significantly better critical thinker in an ESCP course. This 

type of student is able to master more facts better in a non-ESCP course than his 

counter-part in the ESCP course. (5) Factors influencing student outcomes are inter¬ 

dependent. When the teacher’s characteristics of action and beliefs are considered 

alone with the type of course not controlled, fewer significant differences in terms of 

student outcomes are observed. 

THE TEXAS GULF COAST SCIENCE EDUCATION RESOURCES CENTER— 

Joseph Strehle, Houston Independent School District, Houston 78711 

The Texas Gulf Coast Science Educational Resources Center was funded in 

February, 1966 through Title III, ESEA for innovative and exemplary programs. 

The Houston Independent School District was designated as fiscal agent for the 

program, with services available to all schools of 17 districts in the Gulf Coast ara. 

The project is now in its third year of operation. Research and development serv¬ 

ices of the Center have been in the basic areas of curriculum, educational media, 

resources procurement, evaluation and dissemination, field trip experiences, and 

teacher in-service education. 

Operation of the program required that three facilities be made available through¬ 

out the Houston area-—an Elementary Resources and In-Service Center, a Secondary 

Resources and In-Service Center, and an Oceanography Center. All three facilities 

work cooperatively within the program in supplying the needs of schools and 

teachers in the Gulf Coast area. 

Curriculum materials have been developed at the elementary level in Embryology, 

Oceanography, Geology, Space-related concepts, Entomology, Living Thing, Chem¬ 

istry, Energy and Computer Science. The Center provides in-service training and 

supplies the necessary hardware to accompany each of the experimental units used 

on a pilot basis in the Gulf Coast area. 

Secondary units have been developed in Oceanography, Living Specimen, Mitosis, 

Astrophysics, and Medical Lab Technology. One center is designated and equipped 

to maintain the necessary living supplies for schools teaching these classes. 

Closed circuit television is being utilized successfully in the in-service training for 

teachers. Concealed cameras operated remotely provide a unique facility as near to 

a normal teaching situation as possible. 

Preliminary evaluation of the Center’s activities indicates a high degree of accept¬ 

ance on the part of administrators and teachers. It appears likely that the in-service 

approach developed in these centers will be applied in other instructional areas. 

A LIFE SCIENCE EDUCATION CENTER—John P. Sprinkle, Corpus Christi 

Public Schools, Corpus Christi, 78403. 

A Life Science Education Center, Marine Science Program, and Museum Pro¬ 

gram have been funded by Title III for the 1968-69 school year to provide programs, 

materials, and training to students and teachers in the Region II Service Center area. 

The region covers an eleven county area and provides this service to approximately 

98,000 students, 4,500 teachers, and 49 school districts. 

The Corpus Christi Museum, under the direction of Mr. Albert Heine, has daily 

programs in the natural sciences, Tuesday through Friday, at the museum, for ele- 
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mentary school children. Students are bused to the museum for these programs. Also 

provided by the museum are kits in natural sciences, such as shells, insects, and rocks. 

These kits and other loan items are shipped to teachers upon request. 

The Life Science Center provides both living, zoological, and preserved specimens. 

Living materials for biology and life science classes are available for classroom use 

on one day’s notice. Loan equipment for field trips is also available. Orders are filled 

and delivered by school mail trucks to schools in the Region II area. 

Marine Science is now being offered in all senior high schools in Corpus Christi, 

with a total enrollment of 201 students. The center provides transportation and field 

equipment for Marine field trips. Also, capitol outlay and consumable equipment is 

provided through the program for classroom use. Equipment such as tanks, pumps, 

filters, and refractometers are provided. 

An extensive teacher training program has been provided by the center in areas 

such as Field Ecology, Micro-Techniques, Elementary and Secondary Marine 

Science, and Utilization of Center Facilities. A continuation of these training sessions 

is already scheduled for this spring and summer. 

THE DEVELOPMENT OF A FOUR-SEMESTER CORE CURRICULUM IN 

BIOLOGY—Robert K. Williams and Bobby E. Wilson, East Texas State Uni¬ 

versity, Commerce. 

East Texas State University was very sensitive to the development of the unifying 

concepts and principles made available by research into the subcellular levels of 

organization. Staff self studies during 1961-63 designed to improve and modernize 

existing courses led to the development of a 4 semester core curriculum during the 

period 1963-1967, inclusive. 

Expensive and time-consuming research was eliminated by adopting and modify¬ 

ing the information available from pioneering institutions in core curricula and from 

studies and conferences of the Commission on Undergraduate Education in the 

Biological Sciences. 

An “ideal” curriculum of 8 semesters was developed without regard to practicality 

or capability of the institution. This model curriculum was then used as the basis 

on which to build a practical core curriculum within the institution’s capabilities 

and existing programs. A 4 semester time limit was set and courses were developed 

to teach concepts based on biological principles, levels of organization, and functions; 

to eliminate repetition among courses to establish the course as pre-requisites in a 

sequence; to include modem findings at all levels; to retain as much as possible of 

the relevant material from older courses; and to avoid the label of the “molecular 

approach.” The 4 courses developed from this study includes a one-semester course 

in biological concepts entitled Introductory Biology; a one-semester course entitled 

Organismic and Developmental Biology; a one-semester course in Cell Biology; and 

a one-semester course in Environmental Biology. 

CONTENT OF A FOUR SEMESTER CORE CURRICULUM IN BIOLOGY— 

Bobby E. Wilson, Ph.D., and Robert K. Williams, Ph.D., East Texas State 

University, Commerce. 

A sequence of 4 semesters of integrated biology was instituted at East Texas State 

University in September, 1968. The generalized content of these 4 courses (Intro¬ 

ductory Biology, Organismic and Developmental Biology, Cellular Biology, and 

Environmental Biology) may be summarized as follows: introductory material, 5 

weeks; particles, 9 weeks; cells and cell structure, 8 weeks; tissues and organs, 4 
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weeks; organisms, 10 weeks; species and populations, 7 weeks; communities and 

biomes, 10 weeks; reproduction, 4 weeks; early embryology, 5 weeks. (As used, one 

week equals 1/15th of a semester and consists of 3 hours each of lecture and labora¬ 

tory.) 

Botany, Zoology, and Biology majors all take the same 4 core courses, followed 

in the junior year by 2 semesters of Biology of Metaphytans and/or Metazoans 

(depending on major area of study) and 2 senior-level courses selected to meet the 

needs of the individual student. 

It is believed that this program will produce a baccalaureate graduate who is 

adequately trained in all areas and phases of biology for teaching, for most industrial 

occupations, or for graduate level studies in the biological sciences, and who’s back¬ 

ground is superior to the students produced by non-integrated curricula. 
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Failure of Hapten-Autologous Protein Antigens 

To Produce Arthus Reactions in Rabbits1 

by R. K. GUTHRIE,2 G. E. LOWKE, W. L. ELLIS and 

W. J. NUNEZ 

Department of Biology 

North Texas State University, Denton 76201 

ABSTRACT 

Immunizing preparations were prepared from autologous and het¬ 

erologous serum proteins by conjugation of the protein with 1 -fluoro-2, 

4-dinitrobenzene. Following multiple injections of the specific prepara¬ 

tion in use, the immune responses of the animals were studied by skin 

testing and by in vitro serological procedures. Mixed immediate and 

delayed hypersensitivity reactions were produced in all animals re¬ 

gardless of the protein used for immunization. All animals produced 

precipitating antibody for the conjugate used in immunization. In 

those animals which were immunized with DNP-autologous or ho¬ 

mologous conjugates, no Arthus reaction was produced, although pre¬ 

cipitating antibody was present. In these animals the antibody pro¬ 

duced appeared to be of a macroglobulin variety only. 

INTRODUCTION 

The production of an Arthus reaction in the rabbit is obtained by 

repeated injection of an antigen into the skin, with the later injections 

resulting in the reaction varying from edema to necrosis, when pre¬ 

cipitating antibody in the circulation has reached the necessary criti¬ 

cal level. 

According to Raff el (1961) the requirements for the Arthus reaction 

are (1) the reaction of precipitating antibody with antigen, both in 

adequate concentrations and (2) the presence of blood vessels in the 

tissue where the combination takes place. The nature of the Arthus 

reaction mechanism makes it difficult to distinguish from a delayed 

hypersensitivity reaction specific for the same antigen, and there are 

1 This work was supported in part by a grant from the Faculty Research Fund of 

North Texas State University. 

2 Present address: Director, Division of Biology, Clemson University, Clemson, 

South Carolina 29631. 

The Texas Journal of Science, Vol. XXI, No. 4, June, 1970. 
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many reports in the literature of the occurrence of a mixed Arthus 

and delayed reaction resulting from a single antigen injection. 

In attempting to produce a contact type delayed reaction with con¬ 

jugates of l-fluoro-2, 4-dinitrobenzene (DNFB) and autologous rabbit 

serum, the authors observed a discrepancy in the production of Arthus 

reactions in the rabbit. The following experiments report the findings 

in this regard. 

MATERIALS AND METHODS 

Animals. Random bred albino rabbits, 2-3 kilogram weight and 

Hartley strain albino guinea pigs, 300-500 gram weight, were used in 

this work. 

Antigens. The hapten used throughout this study was l-fluoro-2, 

4-dinitrobenzene (DNFB) (Matheson Coleman & Bell Chemical Co., 

Norwood, Ohio), recrystallized from absolute ethyl alcohol. DNFB 

was coupled to protein from 4 sources for each experimental series to 

form dinitrophenyl (DNP)-protein conjugates. Proteins used for cou¬ 

pling were (1) autologous rabbit serum (ARS), (2) pooled homologous 

rabbit serum (HRS), (3) pooled heterologous guinea pig serum (GS) 

and (4) crystalline egg albumin (CEA) (salt free, twice crystallized 

ovalbumin from Nutritional Biochemicals, Cleveland, Ohio). 

Coupling. Before coupling, protein concentration was measured by 

the biuret test. This was followed by dilution of protein, to 5 mg/ml 

in 0.15 M sodium chloride. To 50 ml of the protein solution, 0.2 ml 

recrystallized DNFB was added essentially according to the procedure 

given by Rabat and Mayer (1961). The pH of this mixture was ad¬ 

justed to 8.0 by the addition of sodium bicarbonate. The alkaline prepa¬ 

ration was allowed to stand at room temperature for 2-4 hours, and 

at 4-10°C overnight. Following this incubation period the preparation 

was dialyzed against 20-40 volumes of 0.15 M sodium chloride at 

4-10°C, with the dialysis bath being changed at 4-8 hour intervals 

for a total 12 changes. Following removal of the uncoupled DNFB, 

volume wTas restored to 50 ml by pervaporation. 

Immunization. Rabbits were immunized by 30 daily injections of 

0.1 ml antigen intradermally for a total of 15 mg coupled antigen. 

Measurement of immune responses. (1) Precipitin tests. Blood sam¬ 

ples were taken from all animals at intervals of 4-7 days and pre¬ 

cipitin titers determined by ring precipitin tests. In some experiments, 

precipitin titers were also measured by agar gel diffusion tests. 

(2) Direct skin tests. The flanks of experimental animals were 

cleaned of hair with a fine clipper. Skin tests for immediate and de- 
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layed hypersensitivity reactions were done 5 days after the 30th an¬ 

tigen injection. Each animal was tested by painting separate skin areas 

with one drop each of 0.5% and 0.75% recrystallized DNFB in olive 

oil, and by injection at separate sites of 0.1 ml (0.5 mg) DNP- 

conjugate, specific protein, and 0.15 M sodium chloride. Skin reac¬ 

tions were read at 2-4 hours and again at 24 hours, and graded ac¬ 

cording to the following schemes: (a) delayed reactions appearing 

later than 4 hours; ++T+, marked homogenous erythema and in¬ 

duration; +-f—h, homogenous erythema; ++, patchy erythema; +, 

slight erythema; ±, doubtful reaction; 0, no reaction and (b) immedi¬ 

ate reactions appearing before 4 hours, H—I—I—+H—K edema with 

marked hemorrhage progressing to necrosis; ++, edema with slight 

hemorrhage; +, definite edema; ±, doubtful reaction; 0, no reaction. 

Necrotic and hemorrhagic reactions were confirmed by observation for 

72-96 hours. 

When a reaction appeared in under 4 hours, and continued to prog¬ 

ress, it was assumed that the reaction consisted of a mixed immediate 

and delayed response since these reactions occurred only following in¬ 

jection of conjugates in animals also showing a contact reaction to the 

hapten which appeared later than 4 hours. 

Delayed and contact reactions in rabbits were confirmed by passive 

transfer of peritoneal exudate cells. The methods of provoking the 

peritoneal exudate, collection of cells, transfer, and testing was the 

same as that given previously (Guthrie, et al1966). Recipient rabbits 

were tested with 0.5% and 0.75% DNFB in olive oil by painting, and 

with the unconjugated immunizing protein, the immunizing con¬ 

jugate, and one heterologous DNP conjugate. 

(3) Analysis of immune sera. The sera from immunized animals 

were subjected to analysis by different methods. Sera were treated 

directly with mercaptoethanol before testing for reactivity, to deter¬ 

mine whether or not the precipitin acitivity was present in the macro¬ 

globulin fraction. 

In additional tests, the sera were fractionated by passage through 

a Sephadex 200 column 1 X 70 cm. The whole serum, and the Sephadex 

fractions were then analyzed by parallel electrophoresis on cellulose 

acetate strips. All strips were scanned by use of the Photovolt Densi- 

cord, Model 542, and the serum fraction recovered from each Sepha¬ 

dex fraction was compared to the whole serum. Sephadex fractions 

were then concentrated by pervaporation and were tested for pre- 

cipitins. A portion of each concentrated fraction was treated with 

mercaptoethanol and then tested for precipitin activity. The electro¬ 

phoretic analysis was used only as an additional examination of the 
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Sephadex fractions, and is not considered as evidence establishing the 

macroglobulin character of the antibodies present. 

(4) Passive cutaneous anaphylaxis (PCA). Serum collected at in¬ 

tervals was tested for heterologous PCA activity in guinea pigs by the 

methods given by Campbell, et al. (1964). 

RESULTS 

precipitin responses. Precipitin titers for immunized animals are 

shown in Table 1 and cross reactions are indicated. In general the more 

foreign the protein of the coupled immunizing antigen, the more cross 

reactivity observed with other coupled antigens, regardless of the 

titer. Most sera showed cross reactions with all other coupled antigens. 

No cross reactivity was observed with an uncoupled protein when 

that protein was not included as a part of the immunizing antigen. 

Specific titers by the ring test were high in all animals. When pre- 

cipitins were tested by agar gel diffusion, the same specificities were 

observed in the presence of 3 to 5 precipitin bands, and the titers were 

considerably lower, as expected. 

skin test reactions. When immunized rabbits were skin tested as 

indicated in Table 2, delayed reactions to the coupled antigen and re¬ 

actions specific for the hapten were observed in all animals regardless 

of the antigen or the immunizing schedule used. Delayed reactions to 

Table 1 

Ring precipitin titers and cross reactions of serum from immunized animals 

Animals 

Immunized 

With Rabbit 

Numbers Antiqen 

DNP- -ARS ARS DNP-HRS HRS DNP-GS GS DNP-CEA CEA 

DNP-ARS 1 5 X 104 0 + 0 + 0 + 0 

2 5 X 105 0 + 0 + 0 + 0 
3 1 X 106 0 + 0 + 0 + 0 
4 1 X 102 0 0 0 0 0 0 0 

5 1 X 103 0 0 0 0 0 + 0 

6 1 X 105 0 + 0 + 0 + 0 

7 1 X IQ2 0 + 0 0 0 + 0 

8 1 X 103 0 + 0 0 0 + 0 

DNP-HRS 9 + 0 8 x 105 + + 6 + 0 

10 + 0 16 x 105 + + 0 0 

11 + 0 1 x 105 0 + 0 + 0 

12 + 0 1 x 103 0 + 0 + 0 

13 + 0 1 x 102 0 0 0 0 0 

14 + 0 1 x 102 0 0 0 0 0 

DNP-GS 15 + 0 + 0 16 x 105 + + 0 

16 + 0 + 0 16 x IQ5 + -f 0 

DNP-CEA 17 '+ 0 + 0 + 0 16 X 105 + 

18 + 0 + 0 + 0 52 X 106 + 

19 + 0 + 0 + 0 1 X 104 + 

20 + 0 + 0 + 0 1 X 103 + 

Cross reaction titers were not determined. A ( + ) indicates positive cross reaction at low dilution. 
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Table 2 

Skin test reactions in actively immunized rabbits 

Rabbit 
Numbers 

Immunized 

With 
DNFB 
0.5% 

Concentration 

0.75% Protein 
DNP 2 

Conjugate 

1 DNP-ARS ++ +++ 0 ++ 
2 DNP-ARS ++++ ++++ 0 ++++ 
3 DNP-ARS +++ ++++ 0 + 
4 DNP-ARS ++++ ++++ 0 + 
5 DNP-ARS ++++ ++++ 0 + 

6 DNP-ARS ++++ ++++ 0 - 

7 DNP-ARS + +++ 0 ++ 
8 DNP-ARS +++ +++ 0 ++ 

9 DNP-HRS + +++ 0 + 
10 DNP-HRS -H-++ ++++ 0 +++ 
11 DNP-HRS + ++ 0 + 
12 DNP-HRS ++++ ++++ 0 ++ 
13 DNP-HRS ++ +++ 0 + 
14 DNP-HRS +++ ++++ 0 ++ 

15 DNP-GS ++++ ++++ ++++* ++++* 
16 DNP—GS ++ +++ ++++* ++++*** 

17 DNP-CEA +++ ++++ ++++** ++++*** 
18 DNP-CEA ++++ ++++ ++++* ++++*** 
19 DNP-CEA +++ +++ ++** ++** 
20 DNP-CEA +++ +++ ++4S *■* +++* 
21 DNP-CEA ++ +++ ++++*** 

1 Protein moiety of immunizing conjugate. 
2 DNP-conjugate as used in immunization. 
* Immediate reaction of +. 

* * Immediate reaction of + +. 
* * * Immediate reaction of + + +. 
Skin reactions resulting from chemical contact and/or conjugate injection skin tests. Actively immunized 

animals were injected daily with antigen dosages up to a maximum of 30 injections with complete failures 
to develop Arthus reaction at the injection site. 

the protein moiety of the immunizing antigen were observed only 

when these proteins were foreign to the animal. Immediate reactions, 

observed before 2—4 hours, were seen only in animals immunized with 

heterologous protein conjugates. 

pc a reactions. Serum taken from animals 21-28 days following the 

initial immunizing dose was used to test PCA reactions in guinea pigs. 

When rabbit sera were tested, positive reactions with the specific con¬ 

jugate were observed in 6 of 10 sera, with no reactions observed when 

proteins not included in immunization were used for testing. Animals 

immunized with conjugates containing autologous or homologous car¬ 

rier proteins failed, 2 weeks after skin tests, to show any symptom of 

systemic anaphylaxis following intracar dial injection of 2.5 mg of the 

specific coupled antigen. Heterologous conjugate immunized animals 

were sensitive to systemic anaphylaxis. 

antibody characterization. All animals showed precipitin titers 

of at least 1:100. Sera were tested for precipitins, treated with mer- 

captoethanol, and then re-tested. Mercaptoethanol treatment did not 

affect the precipitin titer of sera from rabbits immunized with hetero¬ 

logous proteins; however, precipitation was lost in sera from DNP- 
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autologous protein immunized animals. These results pointed to a dif¬ 

ferent character of antibody protein in the 2 types of immune sera. 

To confirm this, rabbit sera were analyzed by cellulose acetate strip 

electrophoresis of whole serum and of Sephadex fractions. Sephadex 

fractions were tested directly and following mercaptoethanol treat¬ 

ment for precipitin reactivity. In immune serum from DNP-heterolo- 

gous protein immunized animals, precipitin reaction was found only 

in the fraction containing the 7s gamma globulin. Precipitins in this 

fraction were unaffected by mercaptoethanol treatment. In immune 

serum from animals injected with DNP-autologous protein, precipitin 

reaction was found only in the fraction corresponding to 19s gamma 

globulins. Precipitating capacity of this serum was destroyed by treat¬ 

ment with mercaptoethanol, and was found in the electrophoretic pat¬ 

terns to correspond with macroglobulin migration. From these results 

it is concluded that the antibody globulin produced in response to 

hapten-autologous protein conjugates is of the 19s variety. In animals 

so immunized only one animal showed a definite positive immediate 

reaction to the specific immunizing conjugate, while all others failed 

to show any Arthus reactivity. However, in animals immunized with 

hapten-heterologous protein antigens, all animals showed immediate 

reactions. 

immunization variables. In an attempt to determine the possible 

effect of antigen dosage and/or immunizing schedule, additional ani¬ 

mals were immunized with a dosage of 50 /xg of either DNP-ARS or 

DNP-CEA and either with or without complete Freund’s adjuvant 

(Difco). Resulting skin test reactions, when tested as described pre¬ 

viously, were essentially the same as those shown in Table 2. One ani¬ 

mal, immunized by conjugate-adjuvant injection did produce a weak 

immediate reaction to DNP-ARS; however, this reaction failed to 

progress in intensity. It was concluded, therefore, that the dosage and 

immunization schedule used in the results shown did not produce dis¬ 

tortion in the reactions observed. 

DISCUSSION 

In these results, the failure to produce an Arthus reaction in rabbits 

having high titer precipitating antibody is seen to be limited to those 

animals immunized with conjugates containing autologous or homolo¬ 

gous carrier proteins only. This antibody was capable of producing 

a positive PCA reaction, yet no systemic anaphylaxis reaction was 

observed. The effect of antigen-antibody ratio should not be a factor 

in the failure to produce Arthus reactions, since during the course of 

repeated multiple injections this ratio was altered many times. 
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In all animals which failed to produce Arthus reactions, the pre¬ 

cipitin titer of the serum was destroyed by treatment of the serum 

with mercaptoethanol, while the titer of serum from heterologous con¬ 

jugate immune animals was unaffected. The autologous conjugate im¬ 

mune response appears to be consistent with the report of Asherson 

and Rose (1963) that the antibody response following injections of 

autologous or homologous tissue in rabbits is of the macroglobulin 

variety. In this work, such macroglobulin antibody fails to initiate an 

Arthus reaction. 

All animals were shown to possess contact hypersensitivity to the 

hapten, regardless of the type of conjugate used. The dialysis of these 

conjugates should be sufficient to remove any unreacted DNFB; how¬ 

ever, the possibility of remaining traces can not be ruled out. The con¬ 

sistency of the production of contact hypersensitivity in all animals 

following injection of conjugates is worthy of note. 

SUMMARY 

Mixed immediate and delayed responses were produced in all rabbits 

following injection of DNP-protein conjugates, as demonstrated by 

contact hypersensitivity skin test reactions, and by the production pf 

high titer precipitating antibody. In animals which had been immu¬ 

nized with DNP-autologous or homologous serum protein, no Arthus 

reaction was produced, although precipitating antibody was present. 

In these animals, the antibody produced appeared to be of a macro¬ 

globulin variety only. 
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A Checklist of the Cave Fauna of Texas. IV. Additional 

Records of Invertebrata (Exclusive of Insecta)1 

by JAMES R. REDDELL2 

Texas Speleological Survey, Austin, Texas 

ABSTRACT 

Sixty-three species of non-insect invertebrates are reported for the 

first time from caves in Texas and new records and bibliographic cita¬ 

tions are included for 108 species previously reported from Texas 

caves. Unpublished records are included for the following troglobitic 

groups: isopods, amphipods, millipeds, pseudoscorpions, spiders, and 

opilionids. Brief comments on taxonomic revisions and habitat are sup¬ 

plied for most species. The trichoniscid isopod genus Protrichoniscus is 

considered to be a synonym of Brackenridgia. 

INTRODUCTION 

This report is the first of 3 intended to supplement the comprehen¬ 

sive checklist of the cave fauna of Texas previously published (Reddell, 

1965; 1966; 1967a). The continuing study of the Texas cave fauna has 

now added significantly to our knowledge of the distribution and sys- 

tematics of many troglobitic species. Included in this supplement will 

be all species newly found in Texas caves, new records and bibli¬ 

ographic citations for species reported in the previous 3 parts, correc¬ 

tions and nomenclature changes, and the names of newly described 

species. As in the previous checklist comments on habitat and nomen¬ 

clature are included where appropriate. 

Of special interest are several groups which have been systematically 

studied since publication of the previous checklist. The troglobitic flat- 

worms of the genus Sp hallo plana have been studied by Mitchell 

(1968); three new species of isopods of the genus Asellus have recently 

been described by Steeves (1968); 10 species of amphipods of the genus 

Stygonectes are now recognized in the monographic revision of Hol- 

singer (1967); and 3 new species of troglobitic opilionids have been 

1 Supported in part by a grant from the Water Resources Center, Texas Tech* 

nological College, Lubbock, 79406 

2 Present address: Box 7672, University Station, Austin, 78712. 
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described by Goodnight and Goodnight (1967). Still awaiting study 

are the mites, centipedes, and many opilionids. 

This present list now brings to 602 the number of non-insect in¬ 

vertebrates reported from Texas caves. The distribution of many of 

these is now much better known, but only intensive collecting in north- 

central, northwest, and far west Texas will allow us to conclude that 

most of the species now known from caves are also known with respect 

to their distribution. 

The following symbols have been used to indicate the probable 

ecologic classification of the species: troglobite (**), troglophile (*), 

trogloxene (f), and accidental (ff). A question mark preceding a 

record indicates that it is only tentatively assigned to the species or 

subspecies for which it is listed. Numbers preceding the scientific 

name, if below 540, refer to the number assigned to the species in the 

first 3 parts of the checklist; if the number is 540 or above it is a con¬ 

tinuation of the numbering from the previous list. The systematic ar¬ 

rangement in this report generally follows that of the previous check¬ 

list. All of the material was collected by members of the Texas Speleo¬ 

logical Survey unless otherwise acknowledged. 
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PHYLUM COELENTERATA 

CLASS HYDROZOA 

Order Hydroidea 

Family Hydridae 

1. ff Hydra sp. 

Bibliography.—Reddell (1967). 

PHYLUM PLATYHELMINTHES 

CLASS TURBELLARIA 

Order Tricladida 

Family Planariidae 

540. ** Sphalloplana kutscheri Mitchell 

Texas records.—Travis County: Spanish Wells. 

Comment.—Mitchell (1968) has demonstrated that the family Kenkiidae should be 

relegated to the synonymy of Planariidae. Material from the above cave was 

previously listed under #6. 

Bibliography.—Mitchell (1968). 

5. ** Sphalloplana mohri Hyman 

Comment.—Material previously reported from Harrell5s Cave, San Saba County, 

has now been identified as Sphalloplana sloani Mitchell. This species has been 

redescribed by Mitchell (1968). 

Bibliography.—Mitchell (1968). 

541. **Sphalloplana reddelli Mitchell 

Texas records.—Kendall County: Cascade Caverns. 

Comment.—This species is seasonally abundant in a shallow pool immediately within 

the cave entrance. This pool is fed during times of high water from a crevice in 

the floor of the cave a short distance away. 

Bibliography.—Mitchell (1968). 

542. * * Sphalloplana sloani Mitchell 

Texas records.—San Saba County: Harrell’s Cave. 

Comment.—This material was previously identified tentatively as S. mohri Hyman. 

It was taken from a large pool floored with guano and fed by a small stream. 

Bibliography.—Mitchell (1968). 

543. **Sphalloplana zeschi Mitchell 

Texas records.—Mason County: Zesch Ranch Cave. 

Comment.—This species was previously included under #6. It is at times remark¬ 

ably abundant in the cave, where it is found in an intermittent pool ranging up to 

several feet in depth. 

Bibliography.—Mitchell (1968). 

6. Unidentified material 

Comment.—-Material from Zesch Ranch Cave, Mason County, and Spanish Wells, 

Travis County, has now been described. No collections have yet been made of 

flatworms in the previously cited caves. 
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CLASS TREMATODA 

Order Digenea 

Family Dicrocoeliidae 

7. Dicrocoelium rileyi Macy 

Bibliography.—Caballero (1960). 

Family Lecithodendriidae 

14. Ochoterenatrema labda Caballero 

Comment.—Further study correctly places this species in the genus Ochoterenatrema 

rather than Prosthodendrium as previously reported. 

Bibliography.—Caballero (1960). 

Family Plagiorchiidae 

16. Plagiorchis sp. 

Bibliography.—Caballero (1960). 

PHYLUM ASCHELMINTHES 

CLASS NEMATODA 

Order Strongylidea 

Family Trichostrongylidae 

29. Molinostrongylus delicatus (Schwartz) 

Bibliography.—Reddell (1967). 

PHYLUM MOLLUSCA 

CLASS GASTROPODA 

Order Archaeogastropoda 

Family Helicinidae 

33. fHelicina orbiculata (Say) 

Bibliography.—Reddell (1967). 

34. \Helicina orbiculata tropica (Pfeiffer) 

Bibliography.—Smith and Reddell (1965). 

Order Ctenobranchiata 

Family Amnicolidae 

36. **Horatia (Hauffenia) micra (Pilsbry and Ferriss) 

Bibliography.—Strecker (1935); Taylor (1966); Walker (1918). 

Order Basommatophora 

Family Carychiidae 

541. *Carychium sp. 

Texas records.—Comal County: Bad Weather Pit. 

Comment.—Basommatophora is here used in place of Order Pulmonata to agree 

more with current usage. A single specimen of Carychium was taken in Bad 

Weather Pit. This genus is abundant in caves in the southeastern United States. 

Family Physidae 

37. *Physa sp. 

Bibliography.—Reddell (1967). 
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Order Stylommatophora 

Family Endodontidae 

39. *Helicodiscus eigenmanni Pilsbry 

Texas records.— Edwards County: Deep Cave; Kerr County: Seven Room Cave; 

Travis County: Arrow Cave, Salamander Cave, and Spanish Wells; Williamson 

County: Beck’s Sewer Cave. 

Comment.—This species is usually found on silt or moist flowstone. 

Bibliography.—Brooks and Brooks (1930-1931); Chamberline and Jones (1929); 

Reddell (1967); Reddell and Smith (1965); Strecker (1935). 

40. * Helicodiscus intermedius Morrison 

Texas records.—Comal County: Bad Weather Pit. 

Comment.—This species was taken from silt in the rocky entrance crawlway. 

Family Polygyridae 

42. fMesodon roemeri (Pfeiffer) 

Texas records.—Burnet County: Snelling’s Cave; Lampasas County: Dead Goat Cave. 

Comment.—In Dead Goat Cave this species was present in large numbers along the 

walls of the fissure-like entrance. 

45. \\Polygyra texasiana (Moricand) 

Bibliography.—Reddell (1967). 

Family Pupillidae 

545. ffPupoides albilabris (C.B. Ad.) 

Texas records.—Bexar County: Bullis Hole. 

Comment.—This species obviously was washed into the cave. 

Family Urocoptidae 

546. *j-Holospira roemeri (Pfeiffer) 

Texas records.—Val Verde County: Painted Cave. 

Comment.—This species may be a trogloxene. It was probably taken inside the 

entrance to this shelter-like cave. 

Bibliography.—Bartsch (1907); Strecker (1935). 

Family Zonitidae 

547. *Glyphyalinia indentata (Say) 

Texas records.—Williamson County: Bat Well. 

Comment.—This species was found in darkness and is probably a troglophile. It has 

been taken in Longhorn Caverns, Burnet County, and Miller’s Cave, Llano 

County, in paleontologic excavations (Frank, 1964). 

Bibliography.—Frank (1964). 

47. *Glyphyalinia roemeri (Pilsbry and Ferriss) 

Texas records.—Medina County: Coontop Pit; Travis County: Salamander Cave; 

Uvalde County: Picture Cave; Williamson County: Beck’s Sewer Cave. 

Comment.—In each of these caves the snails were taken from silt in total darkness. 

Bibliography.-—Reddell (1967). 

48. f\Hawaiia minuscula (Binney) 

Bibliography—Kunath and Smith (1968); Smith and Reddell (1965) 

50. *Zonitoides arboreus (Say) 

Texas records.—Kendall County: Prassell Ranch Gave. 

Comment.—An albino specimen of this snail was taken in this cave. 
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PHYLUM ANNELIDA 

CLASS OLIGOCHAETA 

Order Opisthopora 

Family Lumbricidae 

52. Unidentified genus and species 

Texas records.-—Burnet County: Snelling’s Cave; Travis County: Broken Straw 

Cave. 

Comment.—Specimens from the above caves were too immature or too poorly pre¬ 

served to permit further identification. 

53. *Allolobophora trapezoides (Duges) 

Texas records.—Travis County: PWeldon Cave; Williamson County: Bat Well. 

Comment.—Material from Weldon Cave is too immature to permit more than tenta¬ 

tive identification. Specimens from Selman Cave, Woodward County, Oklahoma, 

although immature, are also probably this 'species. 

Family Megascolecidae 

56. *Diplocardia sp. 

Texas records.—Bexar County: Headquarters Cave; Comal County: Fischer Cave. 

Comment.—Specimens from these caves are too immature to permit further Identi¬ 

fication. 

548. *Diplocardia fusca Gates 

Texas records.—Travis County: Weldon Cave. 

Comment.—This species was taken from organically rich soil in the general area of 

the entrance. It has not previously been recorded from caves. 

PHYLUM ARTHROPODA 

CLASS CRUSTACEA 

Order Podocopa 

Family Cypridae 

60. **Candona sp. 

Texas records.-—Mason County: Zesch Ranch Cave. 

Comment.—This is unquestionably an undescribed species of troglobite. 

61. **Candona sp., nr stagnalis Sars 

Texas records.—Sutton County: Felton Cave. 

Comment.—This undescribed troglobite was taken from a guano-floored pool in the 

Bat Room. 

Bibliography.—Reddell (1967). 

549. *Cypridopsis sp. 

Texas records.—Travis County: Adobe Springs Cave. 

Comment:—This ostracod was taken from a small stream-fed pool In which a large 

dead grasshopper lay. 

62. *Cypridopsis sp., nr vidua (O. F. Muller) and okeechobei Forbes 

Bibliography.—Reddell (1967). 

63. *Cypridopsis 1 Helvetica Kaufmann 

Comment.—This was misspelled Cyprinodopsis in the previous list. 

Bibliography.-—Reddell (1967). 
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65. *Physocypria pustulosa (Sharpe) 

Texas records.—Sutton County: Felton Cave. 

Comment.—This species was taken from near a dead bat on the floor of a guano- 

floored pool in the Bat Room. 

Bibliography.—Reddell (1967). 

Family Entocytheridae 

67. *Ankylocythere sinuosa (Rioja) 

Texas records.—Comal County: Bender’s Cave; Kendall County: Dead Man’s Cave 

and Golden Fawn Cave. 

Comment.—The above specimens were all taken from the crayfish, Procamharus 

clarkii (Girard). The use of the name Entocytheridae is in keeping with current 

systematic practice and replaces Cytheridae which was used in the previous list. 

Bibliography.—FTobbs and Walton (1968). 

68. *Entocythere reddelli. Hobbs and Walton 

Texas records.—Kendall County: Golden Fawn Cave. 

Comment.—This species was originally cited as Entocythere sp., but it has since been 

described as new. It was taken from the crayfish, Procamharus clarkii (Girard). 

Bibliography.—Hobbs and Walton (1968). 

Order Eucopopoda 

Family Cyclopidae 

73. * Cyclops vernalis Fischer 

Bibliography.—Barr and Reddell (1967). 

75. * Meterocyclops albidus (Jurine) 

Bibliography.—Reddell (1967). 

78. *Paracyclops fimbriatus poppei (Rehberg) 

Texas records.—Burnet County: Snelling’s Cave. 

Comment.-—-This species was taken from a small stream in the cave. 

Bibliography.—Reddell (1967). 

Order Isopoda 

Family Asellidae 

82. ** Asellus spp. 

Texas records.-—Kendall County: Schneider Ranch Cave. 

Comment.—Dearolf (1953) reports Asellus smithii (Ulrich) from this cave. This is 

certainly not this, but an undescribed species. Material from the previously listed 

caves (excepting Bat Well, Williamson County) has since been described and is 

listed under the following species. 

Bibliography.—Dearolf (1953); Holsinger (1966); Mohr and Poulson (1966); Red¬ 

dell (1967). 

550. **Asellus bisetus Steeves 

Texas records.—San Saba County: Gorman Cave. 

Comment.—This species was previously included under No. 82. It is abundant in 

streams and pools in the cave. 

Bibliography.—S teeves (1968). 
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551. * *Asellus pilus Sleeves 

Texas records — Medina County: Valdina Farms Sinkhole. 

Comment.-—This species was previously included under No. 82. It was found under 

small stones in a rapidly flowing stream. 

Bibliography.—Reddell (1967); Steeves (1968). 

552. **Asellus reddelli Steeves 

Texas records.—Bell County: Nolan Creek Cave; Coryell County: Tippit Cave; 

Travis County: Cave X; Williamson County: Elm Water Cave. 

Comment.—This species was previously included under #82. Specimens from Elm 

Water Cave were found beneath rocks below the entrance; in the other caves 

they were taken from off of silt in total darkness. 

Bibliography.—Steeves (1968). 

83. **Asellus smithii (Ulrich) 

Texas records.—Dearolf (1953) reports this species from Schneider Cave, Kendall 

County. This is certainly in error and probably this represents an undescribed 

species. 

Bibliography.—Dearolf (1953); Steeves (1968). 

Family Cirolanidae 

84. **Cirolanides texensis Benedict 

Texas records.—-Kerr County: Stowers Cave; Uvalde County: McNair Cave. 

Comment.—Specimens from Stowers Cave were taken from a guano-floored stream 

in the Bat Room, while those from McNair Cave were taken from a tiny stream- 

fed pool located about 3 feet above the floor of this one-room cave. 

Bibliography.—Bolivar (1950); Cole and Minckley (1966); Dearolf (1953); Dunn 

(1926); Hay (1903); Holsinger (1966); Mohr (1939); Richardson (1904). 

Family Procellionidae 

87. *Metoponorthus pruinosus (Brandt) 

Bibliography.—Kunath and Smith (1968). 

89. -j-j-Porcellio scaber Latreille 

Bibliography.—Reddell and Smith (1965). 

Family Trichoniscidae 

90. Trichoniscinae gen. et sp. 

Bibliography.—Barr and Reddell (1967). 

93. * *Brackenridgia cavernarum Ulrich 

Texas records.—Hays County: Cricket Cave. 

Comment.—Vandel (1965) removed this species to the genus Protrichoniscus, but 

since Brackenridgia clearly has priority there is no justification for the continued 

use of the name Protrichoniscus and all of the described species of that genus 

should be removed to Brackenridgia. A record of this species in Bat Cave, New 

Mexico (Dearolf, 1953), is certainly in error. 

Bibliography.—Dearolf (1953); Kunath and Smith (1968); Richardson (1904); 

Smith and Reddell (1965); Vandel (1953; 1965.) 

92. **Brackenridgia reddelli (Vandel) NEW COMBINATION 

Comment.—This species was originally reported as Protrichoniscus sp., but it has 

since been described as a new species. 

Bibliography.—Reddell (1967); Vandel (1965). 
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91. * *Caucasonethes gipsocolus Vandel 

Comment.—This newly described trcglobite was originally reported as Caucasonethes 

sp. The genus is also known by troglobites in the eastern United States. 

Bibliography.—Vandel (1965). 

Order Thermosbenacea 

Family Monodellidae 

94. **Monodella texana Maguire 

Comment.—This newly described troglobite was originally reported as Monodella sp. 

Bibliography.—Maguire (1965). 

Order Amphipoda 

Family Gammaridae 

95. * *Stygonectes spp. 

Comment.—With the exception of the record of Neel Cave, Menard County, all of 

the previously listed records have been identified and described as new species and 

will be found below. 

Bibliography.—Holsinger (1966; 1966a; 1967); Mohr and Poulson (1966); Reddell 

and Smith (1965). 

553. * *Stygonectes alabamensis occidentalis Holsinger 

Texas records.—Dallas County: Seeps, Turtle Creek. 

Comment.—This subspecies belongs to a widely-distributed species of amphipod 

commonly found in seeps and springs throughout the southeastern United States. 

Bibliography.—Holsinger (1966a; 1967). 

96. **Stygonectes balconis Hubricht 

Texas records.—Hays County: Boyett’s Cave; Travis County: Ireland’s Cave. 

Comment.—These are the only 2 records unquestionably belonging to this species. 

All previously cited records actually belong to S. russelli Holsinger (see below). 

Bibliography.—Holsinger (1966; 1966a; 1967). 

554. **Stygonectes bifurcatus Holsinger 

Texas records.—Coryell County: Tippit Cave;; Kendall County: Century Caverns 

and Schneider Ranch Cave; Lampasas County: Sullivan Knob Cave; San Saba 

County: Gorman Cave and Harrell’s Cave; Travis County: Jack’s Joint. 

Comment.—Material from Century Caverns was previously reported as species #95, 

while that from Tippit Cave was listed as S. balconis Hubricht. Dearolf (1953) 

reported Synpleonia clantoni Greaser as occurring in Schneider Ranch Cave, but 

study of his specimens showed that it is actually this species. 

Bibliography.—Dearolf (1953); Holsinger (1966a; 1967). 

555. * *Stygonectes dejectus Holsinger 

Texas records.—Kendall County: Cascade Caverns. 

Comment.—This species was found in small pools. 

Bibliography.—Holsinger (1966a; 1967). 

97. **Stygonectes flagellatus (Benedict) 

Bibliography.—Dearolf (1953); Holsinger (1966; 1966a; 1967); Mohr (1939). 

556. * * Stygonectes hadenoecus Holsinger 

Texas records.—Edwards County: Devil’s Sinkhole. 
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Comment.—This species was originally included under species #95. It is found to 

be seasonally abundant in guano-floored lakes in the cave. 

Bibliography.—Holsinger (1966; 1966a; 1967). 

557. Stygonectes longipes Holsinger 

Texas records.—Kendall County: Century Caverns. 

Comment.—This species was previously cited under species #95. 

Bibliography.—Holsinger (1966; 1966a; 1967). 

558. * * Stygonectes pecki Holsinger 

Texas records.—Comal County: Comal Springs. 

Comment.—This species was previously included under #95. It was taken in one 

instance at the spring folio-wing heavy rains and in a second in the “cave-like” 

opening of the spring beneath a rock. 

Bibliography.—Holsinger (1966a; 1967). 

559. **Stygonectes reddelli Holsinger 

Texas records.—San Saba County: Whiteface Cave. 

Comment.—This species was previously included under #95. It was found in a 

stream at the lowest level of the' cave. 

Bibliography.—Holsinger (1966; 1966a; 1967). 

560. **Stygonectes russelli Holsinger 

Texas records.—Bell County: Nolan Creek Cave; Burnet County: Snelling’s Cave; 

Coryell County: Tippit Cave; Kendall County: Cascade Caverns; Kerr Countyi 

Stowers Cave; Mason County: Zesch Ranch Cave; San Saba County: Gorman 

Cave and Harrell’s Cave; Travis County: Adobe Springs Cave, Balcones Sink, 

Cave X, Dead Dog Cave No. 2, Ireland’s Cave, Jack’s Joint, Salamander Cave, 

and Spanish Wells. 

Comment.—With the exception of the records from Jack’s Joint, Travis County, and 

Snelling’s Cave, Burnet County, all of the above records were previously cited 

under #95 or #96 (S. balconis). 

Bibliography.—Holsinger (1966a; 1967); Mitchell (1968). 

Order Decapoda 

Family Astacidae 

100. *Procambarus clarkii (Girard) 

Texas records.—Comal County: Bender’s Cave and Goat Cave; Kendall County: 

Dead Man’s Cave and Little Water Cave. 

Comment.—In each of the above instances crayfish were taken from streams 

emerging as springs. 

101. *Procambarus simulans simulans (Faxon) 

Bibliography.—Penn and Hobbs (1958). 

Family Grapsidae 

561. *Hemigrapsus estellinensis Creel 

Texas records.—Hall County: Estelline Salt Spring. 

Comment.—Described from this salt spring this salt-water crab is known only from 

the type locality. Its presence here is of considerable zoogeographic interest. 

Bibliography.—Creel (1964). 

Family Palaemonidae 

102. **Palaemonetes (Alaocharis) antrorum Benedict 
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Bibliography.—Dearolf (1953); Dunn (1926); Hay (1903); Holsinger (1966); 

Husmann (1967); Mohr (1939). 

CLASS DIPLOPODA 

Order Chordeumida 

Family Lysiopetalidae 

103. WAbacion sp. 

Texas records.—Kerr County. Seven Room Cave. 

Comment.—Immature specimens of this genus were taken in the entrance room. 

104. \\Abacion texense (Loomis) 

Texas records.—Edwards County. Punkin Cave; Real County. Tucker Hollow Cave; 

San Saba County: PCicurina Cave; Uvalde County. Sandtleben Cave. 

Comment.—In each instance above the specimens were taken from near the cave 

entrance. Material from Cicurina Cave was female and so only tentatively assigned 

to this species. 

Bibliography.—Reddell and Smith (1965). 

Order Julida 

Family Paraiulidae 

105. f-fUnidentified genus and species 

Texas records.—Comal County. Rittiman Cave; Edwards County. Deep Cave and 

Hughes Cave; Travis County. Spanish Wells. 

Comment.—Immature specimens were found near the entrance or in silt washed into 

each of the above caves. 

106. WAniulus sp. 

Texas records.—Medina County. Coontop Pit. 

Comment.—Females of this genus were found at the bottom of the entrance pit. 

Bibliography.—Reddell (1967). 

109. WGosiulus sp. 

Bibliography.—Reddell and Smith (1965). 

110. WGosiulus aethes (Chamberlin) 

Texas records.—Bexar County. Bullis Hole. 

Comment.—This species was taken from leaf litter on a ledge 20 feet below the 

entrance. 

111. WGosiulus conformatus Chamberlin 

Bibliography.—Reddell (1967). 

Order Polydesmida 

Family Desmonidae 

562. -j-fDesmonus sp. 

Texas records.—Travis County. Spanish Wells. 

Comment.—An immature specimen of this genus was taken below the cave entrance. 

Family Eurymerodesmidae 

113. WEurymerodesmus sp. 

Texas records.—Bexar County. Headquarters Cave; Kerr County: Seven Room Cave; 

Uvalde County: Cedar Brake Cave and Tampke Ranch Cave. 
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Comment.—Specimens in each of the above caves were taken from near the cave 

entrance in silt or leaf litter. 

Bibliography.—Kraiath and Smith (1968); Reddell (1967). 

Family Polydesmidae 

114. ** Speodesmus spp. 

Texas records.—Bexar County: Government Canyon Bat Cave; Edwards County: 

Deep Cave; Medina County: Davenport Cave and Goat Cave; Uvalde County: 

Dripstone Cave; Val Verde County: Fem Cave. 

Comment.—The genus Speodesmus apparently includes several undescribed species, 

of which material listed above may represent 2 or more. Material from Deep Cave 

and Davenport Cave is insufficient to make further identification. Specimens from 

Powell’s Cave, Menard County, previously reported here have since been identified 

as 8. echinourus. Material from Edwards and Yal Yerde Counties is notable in 

representing range extensions for the genus. 

Bibliography.—Reddell (1967); Reddell and Smith (1965). 
- 

115. ** Speodesmus bicornourus Causey 

Texas records.—-Lampasas County: Jackson One-Bat Cave; Travis County: Broken 

Straw Cave. 

Comment.—The Lampasas County record represents a considerable range extension 

for this species. 

116. **Speodesmus echinourus Loomis 

Texas records.—Bandera County: Fossil Cave and Haby Water Cave; Comal 

County: Bad Weather Pit, Bender’s Cave, Dierk Cave, Rittiman Cave, and Voges 

Cave; Hays County: Boggus Cave and Donaldson Cave; Kerr County: Seven 

Room Cave; Menard County: Powell’s Cave; Real County: Pape Cave and 

Tucker Hollow Cave; Travis County: Pipeline Cave; Uvalde County: Cedar 

Brake Cave and Tampke Ranch Cave. 

Comment.—As previously stated the genus Speodesmus is a difficult one and some 

of the above records may eventually be described as new species. This species 

is reported here for the first time from Comal, Menard, and Uvalde Counties. 

Bibliography.—Dearolf (1953); Reddell and Smith (1965). 

117. **Speorthus tuganbius Chamberlin 

Texas records.—Culberson County: Cutoff Cave, New Cave, and Olive’s Cave. 

Comment.—In Cutoff and New Caves this species was taken from cave walls; in 

Olive’s Cave it was found on silt and under small rocks in a low side passage. 

Bibliography.—Barr and Reddell (1967). 

Family Strongylosomidae 

118. *Oxidus gracilis (Koch) 

Texas records.—Bexar County: Bullis Hole; Kimble County: 700 Springs Cave; 

Travis County: Bee Creek Cave and Midnight Cave; Williamson County: Inner 

Space Caverns. 

Comment.—The continued appearance of this remarkably vagile species in caves in 

fairly large numbers and in darkness indicates that it probably is a troglophile. 

This species was previously listed under the family Polydesmidae. It is abundant 

in caves in Mexico. 
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Order Spirobolida 

Family Atopetholidae 

119. -^Unidentified genus and species 

Comment.—Both of the previously cited records for this family have since been 

found to belong to the family Spirobolidae. The Burial Cave specimens have been 

identified as Eurelus kerrensis Chamberlin and Mulaik, while the Indian Creek 

Cave specimen is ITylobolus sp. 

Family Spirobolidae 

563. ffEurelus kerrensis Chamberlin and Mulaik 

Texas records.—Uvalde County: Burial Cave. 

Comment.—This specimen was taken at the bottom of the entrance drop. It was 

previously listed under species #119. 

120. ffNarceus americanus (Beauvois) 

Texas records.—Burnet County: Snelling’s Cave. 

Comment.—This species was taken near the entrance. 

Bibliography.—Reddell (1967). 

564. -j*f ITylobolus sp. 

Texas records.—Uvalde County: Indian Creek Cave. 

Comment.—An immature specimen of spirobolid possibly belonging to this genus 

was taken below the entrance drop. This species was previously included under 

#119. 

Order Spirostreptida 

Family Cambalidae 

122. *Cambala reddelli reddelli Causey 

Texas records.—Culberson County: New Cave. 

Comment.—Many specimens were found on the walls and on silt throughout the 

cave. 

Bibliography.—Barr and Reddell (1967). 

123. **Cambala speobia (Chamberlin) 

Texas records.—Bexar County: Government Canyon Bat Cave; Burnet County: 

Snelling’s Cave; Comal County: Fischer Cave, Little Gem Cave, and Voges Cave; 

Edwards County: Bobby Jetton Cave and Deep Cave; Hays County: Boggus Cave; 

Kerr County: Seven Room Cave; Kimble County: Cameron Ranch Cave and 

Llewelyn Rose Cave; Lampasas County: Dead Goat Cave, Falling Cricket Fissure, 

Jackson One-Bat Cave, and Jaunt Joint; Medina County: Coontop Pit, Lutz Cave, 

and Weynand Cave; Real County: Tucker Hollow Cave; San Saba County: 

Crystal Lake Cave and Fence Line Fissure; Schleicher County: Oglesby Ranch 

Cave; Travis County: Arrow Cave, Broken Straw Cave, Midnight Cave, Mold 

Hole, Pennie’s Cave, and Pipeline Cave; Uvalde County: Cedar Brake Cvae, 

Dripstone Cave, Groupe Hollow Cave, McNair Cave, and Tampke Ranch Cave; 

Val Verde County: Centipede Cave; Williamson County: Ramsel’s Corral Cave. 

Comment.—The above records include the first for Kimble, Real, and Schleicher 

Counties. 

Bibliography.—Kunath and Smith (1968); Mohr and Poulson (1966); Reddell 

(1967); Reddell and Smith (1965); Smith and Reddell (1965). 
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Family Spirostreptidae 

565. f\Orthoporus ornatus (Girard) 

Teaxs records.—Randall County. Confusion Cave. 

Comment.—A specimen of this species was taken immediately inside the entrance to 

this sandstone cave. 

125. *Orthoporus texicolens (Chamberlin) 

Bibliography.—Causey (1964). 

CLASS CHILOPODA 

Order Scolopendromorpha 

Family Scolopendridae 

566. Scolopendra viridis Say 

Texas records.—Hays County: Ezell’s Cave. 

Comment.—The ecological status of this species is unknown, but it is probably a 

trogloxene or accidental. 

Bibliography.—Chamberlin (1944). 

CLASS ARACHNXDA 

Order Scorpionida 

Family Buthidae 

135. -j*tCentruroides vittatus Say 

Texas records.—Edwards County. Punkin Cave. 

Comment.—A specimen of this scorpion was found among rotting wood below the 

large entrance drop into the cave. 

Family Vejovidae 

136. *Vejovis sp. 

Texas records.—Bexar County. Government Canyon Bat Cave; Edwards County: 

Deep Cave; Hays County: Donaldson Cave; Kimble County: Fleming Bat Cave; 

Travis County: Broken Straw Cave; Uvalde County: McNair Cave and Tampke 

Ranch Cave. 

Comment.—This species was extremely abundant on the walls and beneath rocks in 

Deep Cave. In one small room of the cave 32 individuals, 2 carrying young, were 

observed. 

Bibliography.—Mohr and Poulson (1966); Reddell and Smith (1965). 

Order Chelonethida 

Family Cheiridiidae 

567. Apocheiridium sp. 

Texas records.—Edwards County: Devil’s Sinkhole. 

Comment.—This material was previously included under #141. It was taken 

beneath a rock on the breakdown slope below the cave entrance. Its ecological 

status is unknown. 

Family Chemetidae 

568. Unidentified genus and species 

Texas records.—Comal County: Bracken Cave; Edwards County: Wheat Cave and 

Wyatt Cave; Kinney County: Rattlesnake Cave; San Saba County: Harrell’s Cave; 

Terrell County: Blackstone Cave. 
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Comment.—This material was all previously included under #141. Many of the 

records are represented by immature specimens only. 

569. ?Acuminochernes sp. 

Texas records.—Edwards County: Deep Cave. 

Comment.—This specimen is tentatively assigned to this genus. It was found on 

guano and may be a troglophile. 

570. * IDinocheirus sp. 

Texas records.—Edwards County: Devil’s Sinkhole. 

Comment.—This species, previously included under #141, was taken from guano. 

571. * IHesperochernes sp. 

Texas records.—Val Verde County: Four Mile Cave. 

Comment.—Material from this cave is only tentatively assigned to this genus. It 

was taken from guano in the Bat Room. 

572. *Tejachernes sp. 

Texas records.—Comal County: Bracken Cave; Edwards County: Punkin Cave; 

Kinney County: Webb Cave; Medina County: Valdina Farms Sinkhole; Val 

Verde County: Fern Cave. 

Comment.—With the exception of the Punkin Cave record all of the above records 

were included under #141. This and the above chernetids will have to await a 

more comprehensive study of the systematics of the family before positive identi¬ 

fications are possible. All of the above specimens were taken from bat guano. 

Bibliography.—Reddell (1967). 

Family Chthoniidae 

573. *Tyrannochthonius spp. 

Texas records.—Edwards County: Deep Cave; Hays County: Ezell’s Cave; Travis 

County: Tooth Cave. 

Comment.—The Ezell’s Cave record was previously included under #141. The 

genus Tyrannochthonius has not been previously recorded from Texas. It is 

possible that these species are troglobitic, but this cannot be known with certainty 

until the surface fauna of the state is better known. 

Family Neobisiidae 

574. ffMicrobisium sp. 

Texas records.—Travis County: Old Hole. 

Comment.—This specimen was taken from leaf litter at the bottom of the 10-foot 

drop into this cave. Cave conditions differed in no significant way from similar 

surface conditions. 

575. * *Microcreagris spp. 

Texas records.—Travis County: Schulze Cave and Tooth Cave; Williamson County: 

Beck’s Ranch Cave and Inner Space Caverns. 

Comment.—As many as 4 undescribed species may be represented by the above 

records. The Schulze Cave and Inner Space Caverns records were previously cited 

under #141. 

141. Unidentified material. 

Comment.—All of the previously cited records except Diamond Cave, Coryell 
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County, have now been identified and are included in the above citations. 

Bibliography.—Reddell and Smith ('1965). 

i 
Order Araneae 

Family Agelenidae 

144. ff Cicurina sp. 

Bibliography.—Kunath and Smith (1968). 

145. **Cicurina spp. 

Texas records.—Bandera County: Fossil Cave; Bexar County: Government Canyon 

Bat Cave and Headquarters Cave; Edwards County: Deep Cave; Hays County: 

Donaldson Cave; Kerr County: Seven Room Cave; Medina County: Davenport 

Cave and Weynand Cave; Travis County. Broken Straw Cave and Midnight Cave; 

Uvalde Countyi Dripstone Cave, McNair Cave, Tampke Ranch Cave, and White- 

cotton Bat Cave; Williamson County: Inner Space Caverns. 

Comment.—Many of the above records are for immature specimens and so cannot 

be certainly identified. All probably represent undeseribed forms. 

Bibliography.—Mohr and Poulson (1966); Reddell (1967); Reddell and Smith 

(1965). 

147. *Cicurina varians Gertsch and Mulaik 

Texas records.—Bandera County. Fossil Cave; Bexar County. Government Canyon 

Bat Cave and Headquarters Cave; Burnet County: Snelling’-s Cave; Comal County: 

Fischer Cave; Edwards County: Deep Cave, Hughes Cave, and Punkin Cave; 

Hardeman County: Walkup Cave; Hays County: Boggus Cave and Hunter Un¬ 

cave; Kendall County: Century Caverns; Kerr County: Seven Room Cave; Kimble 

County: Garter Snake Cave, The Hole, Live Dog Cave, Lizard Cave, and Llewelyn 

Rose Cave; Lampasas County: Enough Cave; Medina County: Coontop Pit, Lutz 

Cave, and Weynand Cave; Real County: Tucker Hollow Cave; Travis County: 

Arrow Cave, Lunsford Cave, and Spanish Wells; Uvalde County: Carson Cave, 

Grape Hollow Cave, Sandtleben Cave, and Tampke Ranch Cave; Val Verde 

County: Centipede Cave and H. T. Miers Cave; Williamson County: RamsePs 

Corral Cave. 

Comment.-—-This eyed spider is extremely abundant in Texas caves and will prob¬ 

ably be found in most humid central Texas caves. 

Bibliography.—Kunath and Smith (1968); Mohr and Poulson (1966); Reddell 

(1967); Reddell and Smith (1965); Smith and Reddell (1965). 

576. * Tegenaria sp. 

Texas records.—Hays County: Ezell’s Cave. 

Comment.—-The genus Tegenaria is a frequent troglophile and troglobite in Mexi¬ 

can caves, but this is the first Texas record for it. 

Family Argiopidae 

577. ffLeucauge venusta Walckenaer 

Texas records.—Comal County: Little Gem Cave No. 1. 

Comment.—This species was found at the entrance and is probably an accidental. 

150. *Meta sp. 

Texas records.—Hardeman County: Walkup Cave; Medina County: Davenport 

Cave; Uvalde County: Tampke Ranch Cave. 

Comment.—Meta menardii is an abundant troglophile in caves in the eastern 
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United States. The continued appearance of this genus in caves in Texas certainly 

indicates that it is a troglophile. 

Bibliography.—Reddell (1967). 

Family Ctenidae 

155. fCtenus sp. 

Texas records.—Val Verde County: Cave near Pandale Crossing. 

Comment.—This large undescribed species was found on the cave wall near the 

entrance. 

Bibliography.—Kunath and Smith (1968); Reddell (1967). 

Family Dipluridae 

578. f\Euagrus ravenus Gertsch and Mulaik 

Texas records.—Edwards County. Punkin Cave. 

Comment.—This species was taken among branches and other debris at the bottom 

of the large entrance to this cave. 

Family Gnaphosidae 

579. ffDrassyllus devexus Chamberlin 

Texas records.—Kimble County: Garter Snake Cave. 

Comment.—This species was taken just inside the cave entrance. 

580. f\Herpyllus sp. 

Texas records.—Edwards County: Devil’s Sinkhole. 

Comment.—-This specimen was taken along the breakdown slope below the entrance. 

Family Leptonetidae 

167. **Leptoneta spp. 

Texas records.—Bexar County: Government Canyon Bat Cave. 

Comment.—This undescribed species appears to be distinct from the 5 previously 

reported new species. It was taken beneath a rock in a small alcove off of the 

main room of the cave. 

Family Linyphiidae 

169. Unidentified genus and species 

Texas records.—Comal County: Rittiman Cave; Travis County: Mold Hole; Wil¬ 

liamson County: Beck’s Sewer Cave. 

Comment.—All of the above records are represented only by unidentifiable im¬ 

mature specimens. 

581. fEperigone sp. 

Texas records.—Travis County: Tooth Cave. 

Comment.-—This genus was taken in the entrance area. 

172. fEperigone antraea (Crosby) 

Texas records.—Culberson County: Cutoff Cave, New Cave, and Olive’s Cave; 

Kimble County: Fleming Bat Cave. 

Comment.—In each instance this species was found near the entrance. 

Bibliography.—Barr and Reddell (1967). 

173. fEperigone maculata Banks. 

Texas records.—Lampasas County: Enough Cave. 

Comment.—This specimen was taken near the cave entrance. 

Bibliography.—Reddell and Smith (1965). 



406 THE TEXAS JOURNAL OF SCIENCE 

174. *Islandiana sp. 

Bibliography.—Reddell and Smith (1965). 

175. * * I slandiana unicornis Ivie 

Comment.—This species, originally reported as Islandiana sp., has since been de¬ 

scribed as new. 

Bibliography.—Ivie (1965). 

178. *Meioneta sp. 

Texas records.-—Bexar County. Government Canyon Bat Cave; Culberson County: 

Porcupine Cave and Gyp Joint; Edwards County. Huhes cave; Hardeman Coun 

ty. Walkup Cave; Uvalde County. Whitecotton Bat Cave. 

Comment.—Two or more undescribed species are probably represented in the above 

material. In Government Canyon Bat Cave and Whitecotton Bat Cave this species 

is extremely abundant among breakdown blocks covered with guano. Many 

small dipterans were noted in their webs. 

Bibliography.—Kunath and Smith (1968); Reddell (1967); Reddell and Smith 

(1965); Smith and Reddell (1965). 

Family Loxoscelidae 

582. \Loxosceles reclusa Gertsch and Mulaik 

Texas records.—Uvalde County. Tampke Ranch Cave. 

Comment.—This is the first record for this poisonous spider from a cave. The genus 

Loxosceles, however, is frequently found in Mexican caves so further records in 

caves for this species should be forthcoming. 

Family Lycosidae 

583. \\Lycosa antelucana Montgomery 

Texas records.—Edwards County. Punkin Cave. 

Comment.—This wolf spider was taken from among logs at the bottom of the 

entrance drop into the cave. 

184. ffLycosa carolinensis Walckenaer 

Bibliography.-—Kunath and Smith (1968). 

584. f\Pirata sp. 

Texas records.—Bexar County. Bullis Hole. 

Comment.—This spider was taken at the bottom of the entrance drop. 

186. ffPirata sedentarius Montgomery 

Bibliography.—Reddell jand Smith (1965). 

Family Micryphantidae 

585. ffEulaira suspecta Gertsch and Mulaik 

Texas records.—Val Verde County: Four-Mile Cave. 

Comment.—This spider was taken from the entrance crawl following a heavy flood. 

Family Nesticidae 

188. *Gaucelmus augustinus Keyserling 

Texas records.—Bandera County. Haby Water Cave; Comal County. Dierk Cave 

No. 1; Kimble County: 700 Springs Cave; Uvalde County: Tampke Ranch Cave. 

Comment.—These spiders were all found hanging from webs along the cave walls. 
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189. **Nesticus sp. 

Bibliography.—Dearolf (1953); Kunath and Smith (1968); Reddell (1967). 

587. *Nesticus sp. 

Texas records.—Bandera County: Haby Water Cave; Comal County: Bad Weather 

Pit; Culberson County: Wiggley Cave; Kendall County: Century Caverns; King 

County: River Styx Cave; Medina County: Davenport Cave. 

Comment.—Some of the above specimens are immature, but material from Wiggley 

Cave is probably representative of a new species related to Nesticus pallidus 

Emerton. 

191. * Nesticus pallidus Emerton 

Texas records.—Bandera County: Fossil Cave; Bexar County: Government Canyon 

Bat Cave and Headquarters Cave; Burnet County: Snelling’s Cave; Crockett 

County: 09 Well and Water Cave; Howard County: Cramer’s Scenic Mountain 

Cave; Travis County: Broken Straw Cave and Midnight Cave; Uvalde County: 

Tampke Ranch Cave and Whitecotton Bat Cave. 

Comment.—This species is abundant in caves and in each of the above caves the 

specimens were taken from beneath rocks on silt. 

Bibliography.—Reddell (1967); Reddell and Smith (1965); Smith and Reddell 

(1965). 

Family Pholcidae 

192. fPhysocyclus enaulus Crosby 

Texas records.—Culberson County: Grass Cave and Grassy Grotto; Edwards County: 

Punkin Cave; Uvalde County: Tampke Ranch Cave. 

Comment.—Specimens from each of the above caves were found hanging in webs 

from domes and hollows in the ceiling near the entrance. 

Bibliography.—Reddell and Smith (1965). 

587. fPhysocyclus hoogstrali Gertsch 

Texas records.—Val Verde County: Cave near Pandale Crossing. 

Comment.—This species was described from a cave in Coahuila, Mexico, and has 

since been found in a large number of caves in northern Mexico. Its appearance 

in the United States in this area is, therefore, not surprising. 

193. *Psilochorus sp. 

Texas records.—Kimble County: Beetle Cave. 

Comment.—This is apparently an undescribed species. 

Family Pisauridae 

195. fDolomedes scriptus Hentz 

Texas records.—Travis County: West Cave. 

Comment.—This large fisher-spider was taken in the entrance area of this small 

cave. 

Family Salticidae 

588. ffPhidippus texanus Banks 

Texas records.—Williamson County: Inner Space Caverns. 

Comment.—This jumping spider was found in the entrance area. 

Family Segestriidae 

198. \\Ariadna bicolor Hentz 

Bibliography.—Reddell and Smith (1965). 
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Family Selenopidae 

199. \\Selenops sp. 

Texas records.—Edwards County: Punkin Cave. 

Comment.—Immature specimens of this genus were taken below the entrance drop. 

Family Theridiidae 

201. *Achaearanea porteri (Banks) 

Texas records.—Burnet County: Snelling’s Cave; Edwards County: Hughes Cave; 

Hardeman County: Walkup Cave; Kerr County: Seven Room Cave; Kimble 

County: Garter Snake Cave, The Hole, Live Dog Cave, and Lizard Cave; Lampasas 

County: Dead Goat Cave and Jackson One-Bat Cave; Medina County: Davenport 

Cave and Lutz Cave; Randall County: Confusion Cave; San Saha County: Fence 

Line Fissure; Travis County: Spanish Wells; Uvalde County: Tampke Ranch Cave 

and Whitecotton Bat Cave. 

Comment.—This continues to be one of the most abundant spiders in collections 

from Texas caves. Of note are the first records for the species from caves in 

Hardeman and Randall Counties. 

Bibliography.—Kunath and Smith (1968); Reddell (1967); Reddell and Smith 

(1965). 

589. fLatrodectus sp. 

Texas records.—Hardeman County: Walkup Cave. 

Comment.—Immature specimens of this genus were taken from webs near the 

entrance. 

202. fLatrodectus mactans Fabricius 

Texas records.—Edwards County: Punkin Cave; Medina County: Weynand 

Randall County: Big Rock Cave. 

Comment.—Black widow spiders were taken near the entrance in each of the 

caves. 

Bibliography.—Reddell (1967). 

590. Mysmena incredula Gertsch and Davis 

Texas records.—Hardeman County: Walkup Cave. 

Comment.—The ecological status of this species is unknown. 

Order Phrynichida 

Family Tarantulidae 

207. * Tarantula sp. 

Texas records.—Edwards County: Deep Cave. 

Comment.—The discovery of many specimens of this genus, some carrying young, 

indicates that this species is probably a troglophile rather than an accidental as 

was previously supposed. The discovery of many caves in Mexico inhabited by 

unquestionable troglophile members of this genus also indicates that this should 

be considered a troglophile. 

Cave; 

above 

Order Opiliones 

Family Cosmetidae 

591. fVonones ornata (Wood) 

Texas records.—Hays County: Boyett’s Cave; Real County: Haby Cave; Travis 
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County: Bandit Cave; Williamson County: Williams Cave. 

Comment.—This species was found beneath rocks or debris near the entrance to each 

of these caves. 

Family Phalangiidae 

208. 4Leiobunum sp. 

Texas records.—Brewster County. OTL Cave; Burnet County: Marble Falls Cave 

No, 3. 

Comment.—Only immature specimens were taken in the above caves. All are prob¬ 

ably Leiobunum townsendi. 

209. -fLeiobunum townsendi Weed 

Texas records.—Bexar County: Airport Cave; Brewster County: Split Tank Cave; 

Comal County: Eisenhauer’s Horror Hole and Hitzfelder’s Cave; Culberson 

County: Tumbleweed Pit; Menard County: Neel Cave; Real County: Turkey 

Pens Cave; Sutton County: Felton Cave; Travis County: Lunsford Cave; Uvalde 

County: Sandtleben Cave. 

Comment.—Almost every cave in Texas is inhabited by harvestmen and most will 

probably prove to belong to this species. 

592. 4\Mesosoma roeweri Goodnight and Goodnight 

Texas records.—San Saba County: Lemons Cave; Williamson County: Inner Space 

Caverns. 

Comment.—This species was taken in the entrance area. 

Family Phalangodidae 

593. Unidentified genus and species 

Texas records.—Travis County: Weldon Cave. 

Comment.—This material is too immature to permit further identification. 

594. ** Hoplobunus madlae Goodnight and Goodnight 

Texas records.—Bandera County: Station “C” Cave No. 1; Bexar County: Helotes 

Hilltop Cave and Madia’s Cave; Edwards County: Dunbar Cave; Kendall County: 

Century Caverns; Kinney County: Webb Cave; Real County: Skeleton Cave; 

Uvalde County: Indian Creek Cave, Rambie’s Cave, and Sandtleben Cave; Val 

Verde County: H. T. Miers Cave. 

Comment.—The genus Hoplobunus is of tropical origin and is abundant as troglo- 

bites in caves in northern Mexico. This large species is found, at times in abund¬ 

ance, on silt and moist flowstone. 

Bibliography.—Goodnight and Goodnight (1967). 

595. **Hoplobunus russelli Goodnight and Goodnight 

Texas records.—Medina County: Valdina Farms Sinkhole; Uvalde County: Sandtle¬ 

ben Cave; Val Verde County: Diablo Cave and Ladder Cave. 

Comment.—This large species is apparently restricted in its distribution to the 

western Edwards Plateau. 

Bibliography.—Goodnight and Goodnight (1967); Reddell (1967). 

210. **Texella mulaiki Goodnight and Goodnight 

Texas records.—Travis County: Cotterell Cave; Williamson County: Beck’s Ranch 

Cave, Beck’s Sewer Cave, and Man-with-a-Spear Cave. 

Comment.—This species is found on silt or moist flowstone. 
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596. **Texella reddelli Goodnight and Goodnight 

Texas records.—Travis County: Bee Creek Cave, Tooth Cave, and Weldon Cave; 

Williamson County: Bone Cave. 

Comment.—This species is abundant in Tooth Cave on silt and among small rocks. 

Bibliography.—Goodnight and Goodnight (1967). 

Order Solpugida 

597. Unidentified material 

Texas records.—Edwards County: Punkin Cave. 

Comment.—This is the first record of solpugids from Texas caves. A single specimen 

was found below the entrance and apparently fell into the cave with debris. 

Order Acarina 

Family Argasidae 

212. Antricola coprophila (McIntosh) 

Texas records.—Burnet County: Beaver Creek Cave; Kimble County: Fleming Bat 

Cave. 

Comment.—This species was taken from off of guano in the 2 above caves. The 

record from Fleming Bat Cave was originally isted as from a “cave” in Kimble 

County. 

Bibliography.—Constantine (1967); Eads, et al. (1956); Reddell (1967); Smith 

and Reddell (1965). 

214. *Ornithodoros concanensis Cooley and Kohls 

Texas records.—Edwards County: Punkin Cave. 

Comment.—These specimens were taken from an area over which both bats and 

cave swallows roosted. 

Bibliography.—Eads, et al. (1956); Kohls and Ryckman (1962); Kohls, et al. (1965); 

Smith and Reddell (1965). 

215. *Ornithodoros stageri Cooley and Kohls 

Bibliography.—Eads, et al. (1956); Reddell (1967). 

216. fOrnithodoros turicata (Duges) 

Texas records.—Travis County: Bandit Cave. 

Comment.—A single adult of this tick was taken from off of the wall about 150 feet 

from the entrance. 

Bibliography.—Anonymous (1957); Dunn and Clark (1933); Eads (1952); Schu- 

hardt (1937). 

217. * Ornithodoros yumatensis Cooley and Kohls 

Texas records.—Uvalde County: Frio Bat Cave; Val Verde County: Diablo Cave 

and Four-Mile Cave. 

Comment.—Specimens from Four-Mile Cave were taken from guano in the Bat 

Room. Both engorged and unengorged specimens were found. 

Bibliography.—Eads, et al. (1956). 

Family Glycyphagidae 

222. *Nycteriglyphus bifolium Strandtmann 

Bibliography.—Constantine (1967). 
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Family Ixodidae 

224. \Ixodes conepati Cooley and Kohls 

Bibliography.—Barr and Reddell (1967); Cooley and Kohls (1944, not 1943 as in 

Part I; 1945); Eads, et al. (1956); Kohls and Clifford (1966). 

Family Macronyssidae 

218. Unidentified genus and species 

Comment.—This material was previously listed as Subfamily Liponissinae. Current 

taxonomic practice includes all of the bat parasites of this group in the family 

Macronyssidae. 

Bibliography.—Reddell and Smith (1965). 

221. *Chiroptonyssus robustipes (Ewing) 

Comment.—This species was previously listed in the genus lchoronyssus in the 

family Dermanyssidae. 

Bibliography.—Barr and Reddell (1967); Constantine (1967); Radovsky (1967); 

Reddell (1967). 

220. Macronyssus longisetosus (Furman) 

Comment.—Radovsky (1967) believes that this is probably a misidentification for 

Macronyssus crosbyi (Ewing and Stover), but it cannot be proven without addi¬ 

tional material. This species was previously listed in the genus lchoronyssus. 

598. Macronyssus unidens Radovsky 

Texas records.—Armstrong County. Hedgecote Ranch Cave 

Comment.—This mite was taken from Plecotus townsendii pallescens. This cave is 

probably Sinkhole Cave-Crawlway Cave System. 

Bibliography.—Radovsky (1967). 

599. Steatonyssus (Steatonyssus) occidentalis (Ewing) 

Texas records.—Edwards County: Devil’s Sinkhole. 

Comment.—This mite was taken from Tadarida brasiliensis mexicana. 

Bibliography.—Radovsky and Furman (1963). 

Family Myobiidae 

227. Acanthophrhirius longa (Ewing) 

Bibliography.—Barr and Reddell (1967); Reddell (1967). 

Family Sarcoptidae 

229. Teionocoptes lasionycteris (Boyd and Bernstein) 

Bibliography.—Reddell and Smith (1965). 

Family Trombiculidae 

234. Eltonella (Coecicula) tibbettsi (Brennan and White) 

Texas records.—Uvalde County: Frio Bat Cave. 

Comment.—This species was previously reported as Trombicula sp. It was described 

as Trombicula tibbettsi and reported from Mormoops megalophylla megalophylla. 

Bibliography.—Barr and Reddell (1967); Brennan and White (1960); Loomis and 

Crossley (1963); Vercammen-Grandjean (1965). 

600. Tecomatlana (Beamerella) acutascuta (Brennan) 

Texas records.—Uvalde County: Frio Bat Cave. 
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Comment.—This mite was described in the genus Beamerella and taken from Mor- 

moops megalophylla megalophylla. 

Bibliography.—Brennan (1965); Vercammen-Grand]ean (1967). 

601. Tecomatlana (Hooperella) texana (Loomis and Crossley) 

Texas records.—Uvalde County: Frio' Bat Cave. 

Comment.—This mite, originally described in the genus Tromhicula, was taken 

from Mormoops megalophylla megalophylla. 

Bibliography.—Loomis and Crossley (1963); Vercammen-Grandjean (1967). 

602. Tromhicula usitata Brennan 

Texas records.—Uvalde County: Frio Bat Cave. 

Comment.—This mite was taken from Mormoops megalophylla megalophylla. 

Bibliography.—Brennan (1965). 

Family Urodinychidae 

235. Leiodinychus sp. 

Bibliography.—Reddell and Smith (1965). 
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Activity Patterns of White-tailed Deer in South Texas1 

by EDWIN D. MICHAEL 

Department of Biology, Stephen F. Austin 

State University, Nacogdoches 75961 

ABSTRACT 

White-tailed deer (Odocoileus virginianus) were observed in south 

Texas to determine which environmental factors had the greatest ef¬ 

fect on activity patterns. Data were collected during a 2 year period on 

the Welder Wildlife Refuge by observing deer from towers. The in¬ 

fluences of changes in season, hour-of-day, temperature, precipitation, 

cloud cover, wind, and moon phase are discussed. Two main feeding 

peaks occurred, 6:00 AM and 6:00 PM with 2 lesser peaks at noon and 

midnight. Activity patterns varied significantly with season and hour- 

of-day, but no consistent correlation between activity patterns and 

meteorological factors were noted. 

INTRODUCTION 

The purpose of this study was to provide an understanding of the 

daily activities of white-tailed deer in the Coastal Bend area of Texas, 

with special emphasis on feeding behavior. To my knowledge there are 

no published accounts of seasonal variations in the 24-hour activity 

patterns of white-tailed deer. However, short-term activities, such as 

those discussed in Severinghaus and Cheatum (1956), have been well 

documented. Data were collected from June through August 1960 and 

February 1961 to February 1963 on the Rob and Bessie Welder Wild¬ 

life Refuge, San Patricio County. 

PROCEDURE 

Activity patterns of both marked and unmarked deer were observed. 

More than 150 deer, adults and fawns, were marked, but many of the 

fawns were only observed once. Deer were captured and marked as 

described by Knowlton, et ah (1964). 

Observations were made with the aid of binoculars, spotting scope, 

and spotlight from observation towers. Protracted periods of time, 

1 Welder Wildlife Contribution No. 126. 

The Texas Journal of Science, Vol. XXI, No. 4, June, 1970. 
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which extended from sunrise to sunset and from sunset to sunrise, 

were spent in observation towers during which the number of active 

deer was recorded at half-hour intervals. The observation towers were 

35-40 ft. in height and overlooked all vegetative types on the study 

area. From each tower deer could be seen over several hundred acres. I 

Table 1 shows the seasonal and daily distribution of hours of observa¬ 

tion. Records of precipitation, wind, and cloud cover were kept during 

each observation period. Wind records were obtained with a Dwyer j 

Wind Meter. Pandux Recording Thermometers, Model 585, were 

placed in each vegetative type to record air temperatures 2 ft. above 

the ground surface. 

STUDY AREA 

The Welder Refuge consists of approximately 7,800 acres. Average 

annual rainfall for the area is approximately 31 inches, but this is ; 

highly variable. The refuge is in an area where the south Texas brush ! 

country, the coastal prairies, and the live oak region interdigitate. : 

Plant communities are closely linked to soil types and to drainage (Box 

1957, 1961). Deer density on the area was estimated to vary from one 

deer to 5 acres to one deer to 10 acres. During the study period the 

refuge was stocked with 400 to 500 Hereford and Angus steers. 

RESULTS AND DISCUSSION 

General Behavior. Deer spend more time in feeding than in any other 

activity. Although some deer delayed feeding for several hours, all 

fed during the 24-hour period. Any deer not bedded or standing and 

resting was recorded as feeding. Thus, this included not only those 

deer engaged in the actual process of feeding, but also those moving 

about. For this reason, the terms “feeding” and “active” are synono- 

mous throughout this paper. With the exception of the period of rut, 

Table 1 

Seasonal and daily distribution of hours of observation. 

Day Night Total 

December-F ebruary 276 58 334 

March-May 449 77 526 

June-August 552 302 854 

September-November 434 164 598 

Total 1711 601 2312 

I 
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more than 90% of the deer recorded as feeding were involved in the 

process of ingestion. 

Bedding sites were generally located at the borders of the areas in 

which deer were feeding. The general procedure was to rise, stretch, 

take an occasional bite as they moved around the bedding site for a 

few minutes, and then leisurely move into the feeding area. After 

10-15 minutes all the deer in a group had gotten up and moved into 

the feeding area, usually in small groups of seldom more than 5. There 

was a transition period of approximately one hour when most groups 

finished bedding and began feeding. Any group concluding its bedding 

later than the majority of groups moved directly toward the large 

group already feeding. They did not tarry to take occasional bites as 

had groups starting to feed earlier and some even ran to the large 

group. 

Generally, there was no segregation of sexes during feeding periods. 

Bucks, does, and does with fawns fed together. However, at certain 

periods of the year, mainly during June, July, and August, many 

bucks fed in isolated groups. These groups of bucks varied from 2 to 

22, with 4 to 5 being the most common size. Groups of bucks remained 

together throughout the entire 24-hour period more than did groups of 

does or mixed groups. 

Deer tended to move constantly while feeding, taking a bite here and 

there as they walked. Although a food item might be abundant, deer 

did not consume all of that item present at one site; instead they were 

continually on the move. This was especially noticeable on the more 

open areas. A few exceptions to this were noted when deer sought 

specific plants or parts of plants. Some deer selected certain flowers to 

eat, and on several occasions were observed eating Indian paintbrush 

(Castilleja indivisa) and nothing else. On 7 occasions, deer consumed 

all the seed pods on an individual yucca plant (Yucca treculeana). 

Berries from agarita (Berberis trifoliolata) were highly preferred at 

times and deer searched for every berry on individual plants. One deer 

spent 70 minutes feeding on one bush. One food item they seemed to 

prefer more than any other was post oak (Quercus stellata) and live 

oak (Q. virginiana) acorns. In many instances individual deer fed 

under one tree for more than 2 hours. Deer also sought certain aquatic 

plants during July and August, 1961. Individual deer remained in the 

water for 30-45 minutes while feeding on floating vegetation. 

Apparently no individual deer nor any one small group consistently 

made decisions regarding the direction in which the large group would 

feed. Instead, the lead deer or the lead group determined the direction 

of travel. Individual deer, however, did not maintain their respective 
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places in the group, but moved from the back to the front and to all 

positions in between. Sometimes the deer at the front of the group, 

which the others were following, was a yearling; an adult; a male or a 

female. In the smaller groups of 3-5 deer, there was often one deer, 

almost always an adult doe, that assumed leadership. The presence of 

a leader was most evident in groups of one or 2 adult does and yearlings 

or fawns. When groups of bucks fed and bedded together it was never !; 

possible to determine a leader. 

Time of Day. Deer preferred to feed during daylight hours, but did 

some feeding at night. Periods of greatest feeding activity usually oc¬ 

curred approximately at sunrise and sunset (Fig. 1). Two lesser ac¬ 

tivity peaks were evident at noon and midnight. The midnight peak j 

was evident throughout the year, but the noon peak was not prominent 

during all months. Seasonal differences in feeding periods, which 

lasted approximately 2-3 hours each, are shown in Fig. 2. Deer ac¬ 

tivity was closely correlated with time of sunrise and sunset. From 

May-August, when the daylight period was longest, deer fed earlier 

in the morning and later in the evening than they did during No- 

vember—February. During the long summer days from May to August, 

*ll ifii—i"T—t-1—it I t-I--I.r -V ■»••••>—i—r~T 

I 3 5 7 9 II I 3 5 7 9 11 
A.M. HOUR P. M. 

Fig. 1. Effects of hour-of-day on deer feeding. 
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A.M. HOUR P. M. 
Fig. 2. Hourly and seasonal variation of number of deer feeding. 
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deer showed 3 definite periods of daylight activity—6:00 AM, noon, 

and 6:00 PM. One possible explanation for the greater prominence of 

the noon activity peak in summer than in winter was that there was 

more time between morning and evening feeding periods. Another 

explanation is: deer were less inclined to move about for extended 

periods during the middle of the day because of the heat and restricted 

their mid-day feeding periods to one or 2 hours. In winter, deer fed 

intermittently throughout the day, with the morning feeding period 

beginning slightly later and the evening feeding period slightly earlier 

than in summer. 

Variations in individual diurnal activity did occur and activity pe¬ 

riods of certain recognizable deer (natural markings or by collars 

and/or ear tags) are presented in Figs. 3 and 4. Other detailed ac- ; 

counts of daily activities were obtained, but only those in which the 

deer were observed continuously throughout all the daytime or night- , 

time hours are presented. 

Group size was not similar at all major feeding periods of the 24- 1 

hour period. Fig. 1 shows that fewer, but larger groups, usually fed 

during the evening period than during the morning. Groups number¬ 

ing more than 100 deer were observed only in the evening. At the mid- 1 

night feeding period the number of groups was almost as large as that 

at 6:00 P.M. As the evening feeding period ended the largest groups 

broke up into small groups of 2-4, most of which moved off the feeding 

area to bed down. At midnight, several deer were again feeding. Thus, 

although the number of groups was high, group size and total number 

of deer were reduced greatly. 

Season of Year. Variation of environmental conditions and behavior 

patterns associated with reproduction, resulted in different feeding 

patterns at different times of the year. Figs. 3 and 4 show some of the 

findings of seasonal and individual variation of feeding. Most variation 

was more the result of individual variation among deer than of existing 

environmental conditions. During December and January, deer were 

active 82% of the daylight hours compared to only 45% in August 

and September. Table 2 shows a gradual decrease in daily activity ; 

from January to September followed by an increase from October to 

December. Not only was the greatest amount of activity, expressed as a j 

percentage of daylight hours, in winter, but it also was greater in terms 

of actual hours. This occurred even though there were fewer daylight 

Fig. 3. Daily activity periods of individual bucks. Darkened areas represent times that 

deer were active. In all cases deer were active when first seen in the morning and last seen 

in the evening. 
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hours in winter. Because does and bucks showed no significant differ¬ 

ence in this behavioral pattern, data were combined to produce Table 2. 

More deer and more groups were seen during the months of October- 

January than at other periods of the year, but the differences were not 

statistically significant. These differences were due in part to deer be¬ 

ing active throughout the day and not confining their activities to two 

main peaks. Rutting season activities also accounted for more group 

records. 

Group size in deer was apparently a function of habitat with sea¬ 

sonal variations attributable to rutting and fawning. Attractive habitat 

(that having abundant, preferred food and cover) was conducive to the 

formation of large groups and unattractive habitat to small ones. Deer 

tended to form larger groups in the spring than in other months (Fig. 

5). Not only were they more inclined to feed together, but they also 

remained together when bedded. Group size in summer and winter 

was smaller than average due to rutting activities and the abundance 

of single does and does with fawns. Does tended to spend most of their 

feeding periods with other deer, but when they were going to and from 

their fawns, or when the fawns were with them, these does avoided 

other adult deer. 

Above average temperatures had the greatest effect on deer activity, 

although the differences were not statistically significant. Tempera¬ 

tures well above average were associated with a decrease in number 

of deer, number of groups, and number of deer per group. Increased 

temperatures may have induced decreased feeding for 2 reasons: (1) 

the deer were physically uncomfortable and thus not stimulated to 

feed: (2) in hot weather, less food is needed to maintain a homeo- 

thermic state. Conversely, low seasonal temperatures seemed to cause 

an increase in activities. 

Table 2 

Seasonal variation of daytime activities for all ages and sexes. 

Mean Number of Hours 
of Activity during 
Daytime Period 

Percent of Daylight 
Hours that Deer 

were active 

December-January 8.17 ( 7) 82 
F ebruary-March 8.00 (10) 73 
April-May 7.30 (15) 56 
June-July 7.09 (16) 51 
August-September 5.91 (11) 45 
October-N ovember 6.59 (11) 60 

( ) = Number of observations: sunup to sundown. 
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Analysis of variance tests for hourly effects of temperature on feed¬ 

ing yielded non-significant values. There were at least 12 days during 

the study period when the temperature was below 32'°F. Other than 

ruffling of the hair, behavior was not noticeably affected by low tem¬ 

peratures alone. Deer did not appear uncomfortable, and they bedded 

and fed in the same places and in the same manner as when the tem¬ 

peratures were higher. On a few occasions when low temperatures 

were accompanied by high winds and sleet, many deer continued to 

feed in open areas but more than usual remained in the brush. 

Wind, Wind had no statistically significant effect on the number of 

deer feeding. Deer did prefer the company of others during periods of 

high winds, indicating an increased dependency upon each other to 

detect danger. However, I do not think they relied on each other for 

warnings of danger. 

Moon Phase. The overall effect of moon phase on deer activity was not 

statistically significant and moon phase had no significant effect on 

deer feeding at different times of the 24-hour period. 

Precipitation. Moderate amounts of precipitation did not have a con¬ 

sistent effect on deer feeding. During the summer months a shower or 

thunderstorm did not affect feeding deer. On 7 occasions the onset of 

a moderate summer rain caused deer to leave their bedding sites and 

begin feeding. These events were particularly noticeable because they 

often occurred during the afternoon when deer were inactive. The 

stimulus may not have been the precipitation itself, but rather dark¬ 

ened skies, temperature drop, or a combination of these factors. Ex¬ 

treme winter conditions, precipitation, high wind, low temperatures 

and blowing sleet, did alter feeding behavior. Rain fell on 10 of the 

48 days during which deer were observed continually throughout the 

daylight hours. On some days, rain was associated with an increase in 

activity whereas on other days it was associated with a decrease. Fog 

was common on the study area during the early morning hours and 

usually up to 2 hours after sunrise. It was impossible to make accurate 

counts because of reduced visibility but fog did not alter deer feeding 

behavior. 

CONCLUSIONS 

(1) Deer formed larger feeding groups than bedding groups. (2) 

All ages and sexes fed together throughout most of the year. (3) 

White-tailed deer had a weak leader-follower relationship; no one in¬ 

dividual deer consistently assumed the role of leader. (4) Two main 

peaks of feeding, 6:00 AM and 6:00 PM and 2 lesser peaks, noon and 
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midnight, occurred. (5) Deer preferred daylight to nigh time for feed¬ 

ing. (6) Deer fed in larger groups during the evening than during the 

morning. (7) Deer were more active throughout the day in winter 

than in summer. (8) Deer formed larger groups in spring than at other 

seasons of the year. (9) Deer were not adversely affected by tempera¬ 

tures over 100°F or by temperatures below 32°F. (10) High winds 

caused deer to seek shelter. (11) Inclement weather was associated 

with a decrease in feeding. (12) Moderate precipitation including fog 

had no effect on feeding. 
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Some Aspects of the Life History of the Ground Skink, 

Lygo soma Laterale 

by CHARLES M. MATHER 

813 Clark Ave. Crockett, Texas 75835 

ABSTRACT 

A study of the home range and reproduction in the ground skink 

(.Lygosoma laterale) was conducted in East Texas. Indications were 

that the males had the largest home range, the females a smaller home 

range, and juveniles the smallest. 

A pattern of size increase and regression of testes during the year 

was suggested from the data gathered. The minimum testes size oc¬ 

curred in September and the maximum size was attained sometime 

between December and April. 

Egg laying apparently occurs from March through August and 

more than one clutch per female is probably produced. The mean 

clutch size was 3.1 eggs. Eggs probably begin hatching in June and 

some hatching may occur as late as October. An incubation period of 

between 35 and 47 days was observed for eggs hatched in an air condi¬ 

tioned laboratory. 

Of 180 adult ground skinks sexed, 84 were males and 96 were fe¬ 

males. However, of 49 juveniles examined, 32 were males and 17 were 

females. This indicates that at some time before adulthood, differential 

mortality occurs between the sexes. 

Activity seemed to be associated with temperature and moisture 

conditions. Skinks seemed to be most active when the soil temperature 

was between 65° F and 70° F. Drought seemed to decrease lizard 

activity. 

Population densities on 2 study plots were approximately 122 skinks 

per acre and 259 per acre. 

INTRODUCTION 

The main objectives of this study of the ground skink (Lygosoma 

laterale) were to determine: (1) the size and extent of its home range 

and (2) the seasonal aspects of its reproduction. Field studies con¬ 

ducted on 2 sites were done to determine home range and movements 

of the skinks. Reproduction was studied in the laboratory with speci- 
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mens collected in eastern Texas. Through the efforts of Lewis (1951), 

Johnson (1953), Fitch and Greene (1965), and Brooks (1967), the 

life history of the species is fairly well known. 

THE STUDY AREA 

Two field study plots were gridded with wooden stakes at 20-foot 

intervals. Each plot was 20 yards wide and 100 yards long, covering 

an area of 18,000 square feet or 0.413 acre. 

Both plots were located in Nacogdoches County, Texas. One (“West 

Plot5’) was located approximately 6 miles southwest of the city of 

Nacogdoches near Moral Creek. The other plot (“East Plot”) was 

located near Farm to Market Road 2609, approximately 3 miles north¬ 

east of the Stephen F. Austin State College campus in Nacogdoches. 

Nacogdoches County has an average annual rainfall of 48.04 inches. 

The average January temperature is 48° F, the average July tempera¬ 

ture is 82° F, the mean annual temperature is 65° F, and it has a grow¬ 

ing season of 234 days (Texas Almanac, 1964-1965). 

The East Plot, with a north-south long axis, was located on a sandy 

ridge characterized by the presence of shortleaf pine (Pinus echinato), 

blackjack oak (Quercus marilandica), post oak (Q. stellata), sand jack 

oak (Q. incana), and sweetgum (Liquidambar styraciflua). The under¬ 

story included American beautyberry (Callicarpa americana), bush 

pea (Baptisia sp.), panic grass (Panicum sp.), poison ivy (Rhus 

toxicodendron), and various composites. These plants are rather 

typical of dry (well-drained) sandy soils of the region. Due to the 

cutting of pulpwood on the area in 1962 or 1963, rotten pine tops were 

scattered over the study plot. The canopy cover was scanty (40-50%) 

and the surface of the soil was composed of a layer of rotting leaves 

and other plant material. This layer was very thin and almost absent 

in the more open areas, but relatively thick in the areas of abundant 

cover and vegetation. 

The West Plot had its long axis running east-west, and was located 

near the banks of Moral Creek. It extended from a low area near the 

creek, characterized by the presence of ferns, mosses, liverworts, and 

trees such as sweetbay (Magnolia virginiano), and Florida maple 

(Acer barbatum), up a hillside into an area supporting loblolly pine 

(Pinus taeda) , sweetgum (Liquidambar styraciflua), and whiteoak 

(Quercus alba). The understory of the low area near the creek included 

partridge berry (Mitchella repens), American holly (Ilex opaca), 

and jack-in-the-pulpit (Arisaema triphyllum). The understory higher 

up the hillside primarily consisted of American beautyberry (Colli- 



LIFE HISTORY OF THE GROUND SKINK 431 

carpa americana), poison ivy (Rhus toxicodendron), and longleaf 

uniola (Uniola sessilifLoro). The soil of the lower part of the plot was 

very wet throughout the year due to several small deep springs in the 

area. The soil was sandy and very black due to the great amount of 

organic material present. The surface was covered with a thin layer of 

leaves and other rotting plant material. On the hillside, the soil was 

sandy and light in color. It was relatively damp throughout the year 

but well-drained. The surface of the soil in this area was composed of 

a thick layer (1-2 inches) of rotting leaves and vegetation. The canopy 

cover was nearly complete (70-80%) and there had been no logging 

or pulp wood cutting on the area in at least 25 years. 

METHODS AND MATERIALS 

Field work was carried on from March 11, 1967 until November 7, 

1967. Each plot was visited approximately once per week. I walked 

slowly along each line of stakes and also a line between each of the 

rows, so that a total of 7 lines were walked on each visit. An attempt 

was made to capture all ground skinks seen. On the West Plot, 50% 

of the ground skinks seen were captured. On the East Plot, 47% of 

those seen were captured. 

All lizards were marked by clipping various combinations of digits 

on the forelimbs. Digits already missing were simply incorporated into 

the numbering system although it meant using numbers out of se¬ 

quence. Of those lizards captured, only one had digits already missing 

on the front limbs. 

A total of 10 items were recorded upon capturing each lizard: (1) 

date, (2) time of capture, (3) number assigned, (4) sex, (5) snout- 

vent length, (6) total length, (7) location on plot, (8) injuries or 

deformities (soars, missing limbs, regenerated tail, etc.), (9) reproduc¬ 

tive condition and age (gravid, hatchling, etc.) and (10) behavioral 

activity when captured (feeding, basking, etc.). The sex of each skink 

was determined by gently pressing the base of the tail and causing 

the anal opening to gape open, everting one or both hemipenes if the 

specimen was a male (Fitch, 1955). It was not possible to sex small 

individuals such as hatchlings and juveniles in this manner. 

The soil temperature was taken during each visit at 4 predetermined 

points on the plots at a depth of 2 inches below the surface. This was 

done to determine whether soil temperatures were correlated with 

daily or seasonal activity patterns. 

In addition to the field study, additional lizards were captured out¬ 

side the plots and taken into the laboratory. Males and non-gravid 
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females were injected and fixed with 10% formalin and transferred 

to 70% ethyl alcohol for later dissection. Seventeen females that were 

thought to be gravid were kept alive in gallon jars provided with rotten 

wood and leaves for cover. These were fed mealworms as a regular 

diet. An attempt was made to determine: (1) approximate dates of 

egg deposition, (2) number of eggs deposited, (3) size of eggs depos¬ 

ited, and (4) incubation time. 

In addition to skinks obtained by those methods already discussed, 

140 were available for study from the Stephen F. Austin State College 

Vertebrate Collection. The 140 skinks from the collection contributed 

to the data gathered on seasonal cycles. They were collected over a 

period of several years (mostly since 1957) from various East Texas 

areas. In using the preserved skinks, the snout-vent length was meas¬ 

ured in millimeters using vernier calipers. Each skink was then dis¬ 

sected to determine the sex and condition of the gonads. For males, the 

length and width of each testis were measured. For females, the num¬ 

ber and size of oviducal eggs and/or enlarged ovarian follicles were 

recorded. If neither eggs nor follicles were present, then the length and 

width of the ovaries were recorded. 

To estimate population size on the 2 plots, the Schnabel method, 

utilizing accumulated captures and recaptures was used (Mosby, 

1963). 

RESULTS 

Texas Distribution 

The distribution of the ground skink in Texas is mostly confined to 

the eastern half of the state. As a result of this study, 12 more counties 

are added to the presently known distribution as published by Brown 

(1950), Milstead, et al. (1950), and Smith and Sanders (1952). Those 

new counties are: Anderson, Angelina, Cherokee, Gregg, Jasper, 

Navarro, Newton, Panola, San Augustine, Shelby, Smith, and Upshur. 

Home Range 

A total of 80 lizards were captured, marked and released. On the 

East Plot a total of 45 were marked; 2 with 3 captures, 4 with 2 cap¬ 

tures, and 39 with one capture. Thirty-five skinks were marked on the 

West Plot; 4 with 3 captures, 3 with 2 captures and 28 with one cap¬ 

ture. No lizards were captured more than 3 times. Data collected were 

inadequate to make any conclusions regarding size or shape of home 

range. However, it was found that the maximum distance between 

recaptures was 45 feet. This was by a male. The 2nd longest distance 

between recaptures was 40 feet, also by a male. The maximum dis- 
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tances between recaptures for females were 29.5 and 28.5 feet. The 

average maximum distance between recaptures for males was 34.0 

feet, for females 22.8 feet, and for juveniles 18.3 feet. 

Reproduction 

To insure that all specimens examined were sexually mature, only 

males 35 mm. or greater in snout-vent length were used in this portion 

of the study. The testes of those males collected in April were of great¬ 

est length. Those specimens collected from May through September 

had progressively smaller testes, with minimum testes length being 

observed in September (Fig. 1). An increase in testes size was observed 

from September until November. Data were not obtained on testes 

size during December, January and February. 

The present of enlarged ovarian follicles or oviducal eggs were used 

as an indication of sexual maturity in females. The smallest female 

found that was definitely sexually mature was 37.6 mm. (snout-vent 

length). Enlarged ovarian follicles or oviducal eggs were present in 

preserved females from March through July (Fig. 2). However, one 

female captured on July 27 deposited 3 eggs sometime between August 

MONTH 
Fig. 1. Relation between seasonal temperature cycle and seasonal testes change. Solid 

line represents testes sire, and broken line represents temperature. Temperature data taken 

from Climatological Data, 1956—1966, U. S. Dept, of Commerce. 
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4 and August 7, thus indicating that egg laying possibly occurs in the 

field in August. 

Seventeen adult females were kept in the laboratory to observe egg 

laying and incubation. Twelve of these captive females deposited one 

clutch of eggs. After all females had died or had been killed, they were 

dissected. None contained enlarged ovarian follicles or oviducal eggs. 

In 6 preserved specimens, enlarged ovarian follicles were present at 

the same time that eggs were present in the oviducts. One was col¬ 

lected on April 21, one in May, 3 in June, and one on July 3. 

In this study, a total of 55 clutches or potential clutches were ex¬ 

amined of which 12 were deposited in the laboratory and 43 were 

determined by dissecting preserved females. A mean clutch size of 3.1 

was found, with clutches ranging from one to 5 eggs. Of the 36 eggs 

deposited in the laboratory, 29 were measured. Of these, the smallest 

was 7x5 mm., the largest was 11x5 mm., and the average was 9x5 

mm. All of the eggs were oblong, had a leathery shell, and were a 

creamy white color. Only 2 of the 36 eggs hatched, one took between 

43 and 47 days and the other between 35 and 47 days. The 2 young 

produced were 17 and 21 mm. (snout-vent) respectively. No eggs 

were found in the field. 

The earliest hatchling recorded in this study was found on June 29, 

1967 and was 21.9 mm. (snout-vent). The earliest clutch of eggs was 

deposited in the laboratory on May 7, 1967. However, another speci¬ 

men died in the process of laying an egg on May 2, 1967. Among the 

preserved skinks examined, the latest date in the year that an indi¬ 

vidual of hatchling size was collected was October 6, 1963 and was 

20.5 mm. (snout-vent). The last clutch of eggs deposited in the labora¬ 

tory was between August 4 and August 7, 1967. The average size of 

the ground skinks collected in East Texas dropped abruptly in July. 

This coincided with the period when hatchlings were most abundant 

in the field, and thus supports field observations. 

Sex Ratio 

Of 180 adult ground skinks (greater than 35 mm. in snout-vent 

length) sexed in this study, 84 were males and 96 were females. This 

is not a significant deviation from a 50:50 ratio, but the females did 

slightly outnumber the males. However, among 49 juveniles examined 

(less than 35 mm. in snout-vent length), 32 were males and 17 were 

females. This differs significantly from a 50:50 ratio at the 5% level. 

Activity 

The possibility that activity was correlated with temperature and 
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MONTH 
Fig. 2. Seasonal variation in presence of enlarged ovarian follicles or oviducal eggs. 

moisture was investigated. When the soil temperature (2 inches below 

the surface) was about 85° F, or below 55° F, no skinks were caught. 

The greatest activity seemed to be between 65° F and 70° F. Activity 

decreased above and below this point. During early spring, skinks were 

seen only during the warmest part of the day. As the weather warmed 

some, they were seen from mid-moming until dusk. As summer came, 

daily activity seemed to divide into 2 periods, mid-morning and dusk, 

but not in between. During July and August, it was extremely hot and 
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dry and it was very difficult to find skinks at any time. However, as 

the weather began to cool, the pattern reversed itself until late fall, 

when skinks were again seen only during the warmest part of the day. 

Growth 

Growth information was obtained on 3 young lizards. One was first 

captured on the West Plot on August 23, and had a snout-vent length 

of 24 mm. and a tail length of 4 mm. Thirty-two days later on Septem¬ 

ber 24, it was recaptured and then had a snout-vent length of 31 mm. 

and a tail length of 59 mm. The other 2 were captured on the East 

Plot. One was first captured on August 24, and had a snout-vent length 

of 30 mm. and a tail length of 48 mm. The other lizard was first 

captured on August 20, and had a snout-vent length of 25 mm. and a 

tail length of 42 mm. On October 17, 58 days later, it was recaptured 

and at that time had a snout-vent length of 31 mm. and a tail length 

of 44 mm. 

The largest female observed in this study was 56.9 mm. in snout- 

vent length, and the largest male was 46.1 mm. snout-vent length. 

Using May as a month not being influenced by hatchlings in the popu¬ 

lation, it was found that females averaged 43.75 mm. snout-vent 

length, while the males averaged 39.40 mm. snout-vent length. 

Population Size and Density 

Because skinks were caught around the edge of the plots, a strip 10 

feet wide was added to the edge of both plots when calculating popula¬ 

tion size and density. This added 7,600 square feet to the 18,000 square 

feet within each plot. Using the Schnabel method for estimating popu¬ 

lation size, it was found that the West Plot had approximately 72 

ground skinks within the 25,600 square feet. This would be one lizard 

per 356 square feet, or approximately 122 individuals per acre. The 

East plot had approximately 152 skinks. This was one lizard per 168 

square feet, or 259 skinks per acre. 

DISCUSSION 

Although information on home range was somewhat inadequate, 

indications are that the males have a larger home range than females, 

and the females have a larger home range than the juveniles. This 

agrees with the findings of Brooks (1967) that male ground skinks 

have larger home ranges than females. 

Since data were not obtained on the size of ground skink testes 

during December, January, and February, a complete annual cycle 
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cannot be shown. For the 9 months that data were obtained, it seemed 

to coincide with that of Brooks (1967). 

The earlier egg deposition date (May 7 as compared to May 12 in 

Louisiana as reported by Johnson, 1953) is probably valid even though 

it was deposited in the laboratory. However, the May 2 case where 

the female died while depositing an egg is probably not valid. It is 

more likely that the egg was aborted at death, rather than death 

occurring because the egg was being expelled. 

The longer period of time required to hatch ground skink eggs in 

this study as compared to that of Lewis (1951) is possibly explained 

by the fact that those hatched in this study were in an air conditioned 

laboratory, thus possibly retarding development of the embryo. 

Differential sex mortality is known to occur in reptiles. Thus, the 

variation from a 50:50 sex ratio among immature ground skinks is not 

too unusual. The differing sex ratios of the juveniles and adults indi¬ 

cate that at some time prior to adulthood, a differential mortality 

possibly occurs. From my data it is not possible to determine when or 

why this takes place. 

Although it was stated earlier that activity seemed to be correlated 

with temperature and moisture conditions, this does not necessarily 

mean that these were directly restricting lizard activity. It is possible 

that the food supply is affected by these factors and this in turn affects 

lizard activity. Many invertebrates become inactive during hot, dry 

periods in order to conserve moisture, or because their food supply is 

also affected. 

As noted previously, the 2 study plots had different densities of 

ground skinks (based on the Schnabel Test). The higher population 

density on the East Plot as compared to the West Plot (259 per acre 

as compared to 122 per acre) could be explained on the basis of food 

and cover. The rotting pine tops scattered over the East Plot provided 

much shelter for the skinks and other animals, especially invertebrates 

that are usually associated with rotting plant material. This in turn 

would provide an ample supply of food for a larger lizard population. 

On the West Plot, this additional cover was not present and in turn, 

the associated invertebrates were not present. This may have resulted 

in a lower skink population. The lack of cover on the West Plot could 

have exposed these skinks to increased predation. The potential preda¬ 

tors of ground skinks are birds, mammals and snakes. It is not believed 

that bird or mammal predation is a significant factor affecting skink 

populations. Snakes are the most likely predators, but population size 

and density of various species in the areas is not known. Based on the 

number of snakes observed in the 2 plots, the relative densities of this 
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potential predator did not appear to be significantly different. Thus, 

no conjectures can be made on the effects of predation on ground 

skink populations. 
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Factors Influencing Orthophosphate Concentration Decline 

In the Water of Laboratory Mud-Water Systems 
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ABSTRACT 

Orthophosphate removal from Lake Waco water was found to be 

primarily by adsorption to the mud substrate. Removal by systems 

combining mud adsorption and bacterial uptake was only slightly 

greater than by mud alone. Phosphate assimilation by plankton or 

aerobic precipitation with iron were insignificant. 

INTRODUCTION 

Orthophosphate (P04) is well-known as an essential nutrient for 

plant growth. Low concentrations often limit primary production in 

aquatic systems (Prescott, 1960; Hutchinson, 1957; Chu. 1943). The 

importance of P04 as an initial eutrophication factor (Ohle, 1953) and 

as a limiting nutrient has stimulated investigations of phosphorus 

cycling in aquatic systems. Three proposed mechanisms of P04 removal 

from water have persisted: (1) inorganic precipitation mechanisms 

(Einsele, 1938); (2) bacterial conversion of P04 to soluble organic 

forms (Hayes and Phillips, 1958); and (3) adsorption of P04 to sus¬ 

pended solids (Carritt and Goodgal, 1954; Olsen, 1958, 1964). 

Most investigations of phosphorus cycling and P04 removal have 

been conducted on natural lakes. Since impoundments often differ 

from natural lakes in physical and chemical characteristics, our objec¬ 

tive was to quantitatively determine the relative importance of biotic 

and abiotic mechanisms to P04 removal in an aerobic reservoir system. 

METHODS 

Mud and water samples were collected from Lake Waco, a 7500 

acre impoundment near Waco, McLennan Co., Texas. Samples were 

placed in sterile glass containers and transported to the laboratory as 

rapidly as possible. Lake Waco sediments are principally clays in 

approximately equal proportions of Calcium-Montmorillonite, Illite, 

and Kaolinite. After stirring of the mud to insure homogeneity, mud- 

water systems were established. A 100 ml subsample of mud and a 
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300 ml subsample of water were introduced to each of 40 sterile 500 ml 

Erlenmeyer flasks. Flasks used in this investigation were pre-soaked in 

a 1% HF-2/V HC1 solution to reduce removal of P04 by glass adsorp¬ 

tion as described by Hassenteufel, ete al. (1963). 

To determine P04 removal by: (1) mud, bacteria, and plankton; (2) 

mud and bacteria; (3) mud only; (4) bacteria only; and (5) adsorp¬ 

tion to the glass walls of the flasks, 5 series of artificial systems were 

constructed. Plankton and bacteria were removed from all water 

samples, except those used in series 1, by filtration through 0.45 npu 

Millipore filters. Bacteria were reintroduced to the necessary series 

when mud was added. Bacteria were eliminated from series 3 and 5 by 

the addition of 30 mg tetracycline and 10 ml 95% formalin to each 

system. The control, series 5, contained only distilled water, tetracy¬ 

cline, and formalin. Series 1 was aerated to maintain plankton in 

suspension. Series 2, 3, 4, and 5 were unaerated but remained aerobic 

throughout the experiment. An aerated mud-bacteria series was a 

control for series 1. Aseptic technique was practiced to avoid contami¬ 

nation by foreign bacteria. 

A period of 48 hours was allowed for the artificial systems to reach 

physical and chemical equilibrium. No detectable concentration of 

P04 was present in the systems after this time. One mg P04, as 

NaH2P04 solution, was added to each system and this quantity con¬ 

firmed by analysis. Phosphate concentrations were determined by the 

phosphomolybdate method (Rainwater and Thatcher, 1960). Optical 

density at 690 m/x was read in a spectrophotometer with a 25 mm 

light path. Six determinations were made on each system during the 

14 day experiment. After 14 days, total iron concentration was deter¬ 

mined for each system by the bipyridine method (Rainwater and 

Thatcher, 1960). 

RESULTS 

The importance of plankton, mud, and bacteria in P04 cycling was 

determined by comparison of the P04 removed by each of these factors. 

Orthophosphate present in solution in each series of artificial mud- 

water systems at each time interval was expressed as the mean percent 

of the P04 added. No P04 was removed from unaerated controls by 

adsorption to the glass flasks. Throughout the experiment, the pH of 

the artificial systems ranged from 7.8 to 8.3, and the temperature was 

maintained in a range of 22-24 C. 

Aerated systems containing mud, bacteria, and plankton removed 

slightly less P04 (86%) than did control systems not containing plank- 



DECLINE IN THE WATER OF LABORATORY MUD-WATER SYSTEMS 441 

ton (93%). This difference was not statistically significant (p=0.05). 

Rates of P04 removal from these 2 systems were approximately equal, 

and the presence or absence of planktonic organisms had no apparent 

effect on P04 removal. 

Orthophosphate removal was greater in unaerated mud-bacterial 

and mud systems than in bacterial systems; and removal by mud was 

significantly greater (p=0.05) than bacterial removal (Fig. 1). Com¬ 

parison of total quantities of phosphate removed by the unaerated 

series provided a check on the effectiveness of the experimental pro¬ 

cedure (Fig. 2). The close relationship of the P04 removed by mud- 

bacteria systems and the sum of removal by series containing bacteria 

only and mud only indicates that isolation of these biotic and abiotic 

factors was successful. 

To determine if P04 was removed by aerobic precipitation of FeP04, 

a correlation of P04 removed and iron remaining after 14 days was 

attempted. If precipitation had contributed to P04 removal, it was 

expected that low iron concentrations would accompany high P04 

removal. No such correlation was found. Quantities of P04 removed 

after 14 days were equivalent in both aerated and unaerated mud- 

bacteria systems (Fig. 3). Increased rates of P04 removal in aerated 

systems indicated that P04 was removed primarily by its adsorption 

to surfaces of sediment particles. Although the presence of suspended 

sediment particles in aerated systems was only slightly detectable on 

visual inspection, we believe this increase in sediment surface area to 

account for the increased rate of P04 removal. 

DISCUSSION 

In a 32P study of phosphorus exchanges in artificial systems, Hayes 

and Phillips (1958) found that bacterial activity was decisive and 

suppressed phosphorus removal by abiotic factors. Our results indicate 

that although some P04 removal occurred by bacterial conversion, its 

removal by abiotic mechanisms was quantitatively more important. 

Loss of P04 by inorganic precipitation was expected to occur in 

aerobic mud-water systems. However, no correlation was found to 

indicate that any appreciable amount of P04 was removed by precipi¬ 

tation with iron. We believe that in turbid Texas reservoirs, such co¬ 

precipitation to be only secondarily important. 

Macpherson, et at. (1958) found that removal of 32P from aerobic 

alkaline water by mud adsorption was very slight. Our data suggest 

that the most important mechanism of P04 removal from the water 

of these systems is the adsorption of the anion to surfaces of sediment 
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Fig. 1. Percent orthophosphate remaining in water of unaerated mud-bacteria, mud, and 

bacterial artificial mud-water systems. 

particles. Comparison of aerated and unaerated systems indicates that 

increased sediment surface area available for adsorption increased the 

rate of P04 removal. 

The reversible removal of orthophosphate from aquatic systems by 

mud adsorption has been discussed by Hayes and Phillips (1958) and 
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Fig. 2. Percent orthophoshate removed from water of aerobic mud-water systems con¬ 

taining mud-bacteria, mud only, and bacteria only. The lower bar represents the sum of the 

orphophosphate removed by mud only and bacteria only systems. 

by Olsen (1958, 1964). The total pool of phosphorus in an aquatic 

system is distributed between soluble and solid-bound fractions in a 

dynamic equilibrium. As a result of this sediment-water equilibrium, 

a relatively constant amount of soluble orthosphosphate should be 

maintained in a well-mixed body of water. But without enrichment, 

this amount may be limiting to primary production (Ohle, 1953). 
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Fig. 3. Percent orthophosphate remaining in water of unaerated and aerated mud- 

bacteria systems under aerobic conditions. 
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An Enchodontid Mandible from the Eagle Ford Shale 

(Turonian), Dallas County, Texas 

by C. L. McNULTY, JR. and GERALDINE KIENZLEN 

Department of Geology, University of Texas at 

Arlington 76010 and Arcadia Park, Texas 

ABSTRACT 

An enchodontid mandible from the upper Eagle Ford Shale (Tur¬ 

onian) of Dallas County, Texas, displays some properties worthy of 

report. 

Consisting of most of the 2 dentaries preserved in undistorted sym- 

physial union, the specimen reveals that the large tubercles, character¬ 

istic of the symphysial margin of enchodontids, are actually distally- 

enlarging processes that arise from each dentary, cross over the sym¬ 

physial plane, and interlock with one another. 

Crowns of the laniary teeth are oblique to the dentary margin. A 

coronal plane through the anterior and posterior edge of a crown inter¬ 

sects the median-vertical plane of the mandible posteriorly at an angle 

of about 30°. 

Laniary teeth vary in cross sectional outline from very asymmetric 

anteriorly to almost symmetric at the 5th (from anterior) tooth. 

Systematically significant properties conform to Enchodus lewe- 

siensis (Mantell), for which this is the 1st North American report. 

INTRODUCTION 

Enchodontid fishes are an extinct group of essentially Cretaceous 

age. Their record of occurrence (Green, 1913, Pl. I) suggests that they 

were world wide, but they have not been reported from some sedi¬ 

mentary provinces from which one would expect them. 

As reconstructed by Woodward (1902a: 190), enchodontids were 

fishes of predaceous form, with widely spaced, conspicuously large 

teeth. Their remains are usually fragmentary, from which one might 

infer skeletal fragility. Because of this inference and because of their 

past assignments to taxa that are today bathypelagic, one might think 

that they were bathypelagic elements of the Cretaceous fauna. Goody 

(personal communication), an authority on enchodontids, has been 

impressed with the durability of enchodontid material and the number 
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of craniums in major museums. As a result, he believes inference of 

skeletal fragility erroneous. 

There is, however, much fragmentary material, and there are many 

taxa based upon various and isolated parts of the skeleton, particularly 

teeth, as the literature demonstrates. Thus the enchodontid skeleton is 

well known from the zoological point view (Woodward, 1902a, 1902b; 

Green, 1913; Goody, 1969) from museum material, but observations 

on other aspects of these fishes remain in order. Some properties of the 

mandible of this note appear to contribute such information. 

The specimen consists of most of the 2 dentary bones, joined in un¬ 

distorted union at the symphysis. It was found largely enveloped in a 

calcareous concretion at an exposure of the upper Britton Member of 

the Eagle Ford Shale (Turonian), on the south bank of the Trinity 

River, at a point about 100 yards east of the Loop 12 bridge in west- 

central Dallas County. The Britton is definitely marine in faunal 

aspect and its assemblage includes diverse and abundant nektonic 

forms, but there is disagreement about the kind of marine environ¬ 

ment in which it accumulated. 

We are indebted to Dr. Stanley H. Weitzman, Curator of Fishes, 

the U. S. National Museum, and to Dr. Bobb Schaeffer, Curator of 

Fossil Fishes, Department of Vertebrate Paleontology, the American 

Museum of Natural History, for ready, generous and extended reply 

to our inquiries upon puzzling properties of this specimen. Similarly, 

Dr. Peter C. Goody, Queens College, New York, has cordially and 

freely given time to help us. To Dr. Wann Langston, Texas Memorial 

Museum, we are thankful for the indispensable careful reading of the 

manuscript. 

The specimen will be housed in the Paleontological Collection 

(number 1650) of the University of Texas at Arlington. 

DESCRIPTION 

The general nature of the enchodontid skeleton has been established, j 

and we shall refer only to properties involved in our subsequent re- ; 

marks. 

Eroded bases of the small teeth, which occur along the labial margin j 

of the alveolar surface of some enchodontids, are present anterior to ( 

the 2nd tooth of both dentaries and beside the 5th (posterior-most) 

laniary tooth of the left dentary (Fig. la). Judging from their condi- ! 

tion at the latter location; these teeth were most fragile and their 

absence elsewhere on the specimen is due to faulty preparation. 

Of the large and widely spaced, laniary teeth there are 5 on the left 
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dentary and 6 on the right, but the 5th of the latter is apparently the 

replacement for the 6th (Fig. la). The dentaries are incomplete, and 

the total number of their laniary teeth is conjectural. 

On this specimen all of the large teeth are broken off just above or 

below the base of the crown. But there are traces on some, and indica¬ 

tions on the remainder, of the anterior and posterior edges. It appears 

from these that the vertical plane of the anterior and posterior edges 

intersects the medial-vertical plane of the mandible at a pronounced, 

and possibly constant, angle of about 30° (Fig. la). 

Cross sectional outline of these large teeth is uncertain in detail 

because of the poor preservation, but it is clearly more or less pyriform. 

The thinner edge, or apex, is anterior, and distortion of the general 

form is greatest in the foremost teeth, decreasing posteriorly to ap¬ 

proximately bilateral symmetry in the 5th teeth (Fig. 2). 

It appears that the portion of tooth exterior (labial) to the trace of 

the vertical plane (Fig. 2) tends to be more voluminous than the por¬ 

tion interior (lingual, but the existence of this condition is questionable 

because of chipping of the broken edges of the tooth bases. 

b 
Fig. 1. General outline of mandible; a, in occlusal view, b, in lateral view, I = length, 

b = breadth, d = depth. 
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The better preserved laniary teeth show fine denticulations on the 

postero-internal (lingual) aspect (Fig. 2), suggesting fine corrugations 

for this area of the crown. 

Ornamentation of tuberculate to plain ridges occurs along the lateral 

aspect of each dentary in a degree that is extreme for the genus. Four 

coarsely tuberculate ridges of the symphysial region diverge posterior¬ 

ly, losing their tuberculation and topographic relief, but they are joined 

by new ridges (Fig. 3), which combine with the old to number more 

than a dozen at the posterior margins of the specimen. 

The excellent preservation of the symphysial region reveals that the 

characteristic knobs of the anterior and antero-ventral margin of the 

enchodontid mandible are actually clavate processes that arise from 

each dentary, cross over the symphysial plane, and interlock with 

alternately placed, similar processes from the opposite dentary. The 

twisting, enrolled union may be likened to the interlock of fingers of 

hands clasped in supplication. 

Dimensions measured as indicated in Fig. 1 are- 

length = 46.4 mm.; breadth = 21.4 mm.; depth = 21.8 mm. 

REMARKS 

The presence of the small teeth on the external margin of the alveo- 

interior-f 
Fig. 2. General outline of laniary teeth in cross section near base of crown, 1—1 = fore¬ 

most tooth, 5—1 = fifth (from front) tooth, of left dentary. 
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Fig. 3. Enchodus lewewiensis (Mantell); U. T. Ar. Paleontological Collection number 

1650; approximately x 2; a, in left lateral view, b, in right lateral view, c in occlusal view, 

d, in ventral view, e, in anterior view. 

lar surface, the extremity of ornamentation, and the overall di¬ 

mensions of the mandible combine to resemble most Enchodus lewesi- 

ensis (Mantell), which has not been reported from North America. 

These properties are suggestive also of E. dolichus Cope and E. ami- 

crodus Stewart (as extended by Green, 1913), but the former is less 

ornamented and the latter lacks teeth of the small series. 

The club-shaped processes of the symphysial margin have been 

mentioned and illustrated many times, but in such a manner as to 

leave the impression that they are ornamental features, comparable to 

to the tubercules on the lateral aspect of the dentaries. The distal en¬ 

largement and twisting interlock suggest a strong and inflexible union, 

but there are illustrations (i.e., Green, 1913, PL III, fig. 9) of isolated 

dentaries with these processes intact. Evidently the dentaries can so 

turn and twist upon death and disintegration of the skeleton as to 
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separate them without breaking the processes. This implies a flexible 

union in life. 

Such an unusual union provokes speculation upon its function, and 

one cannot escape the thought that it would be appropriate for bathy- 

pelagic fishes with their extraordinarily predatorial mouths. However 

we have been unable to find a corresponding feature in bathypelagic 

fishes, past or present. 

Indeed there appears to be no counterpart of this feature in any 

fishes except blennies (Weitzman, personal communication) and 

characins (Schaeffer, Weitzman, personal communications). In the 

latter the interlock involves the entire symphysial contact and is in¬ 

tricate but retains some flexibility (Gregory and Conrad 1938). The 

literature gives no indication of functional value commensurate with 

the peculiarity of the union. If it served some purpose, a better mech¬ 

anism for the same advantage must be employed in other fishes. 

Our inquiries about the angular discordance between the vertical 

plane of laniary teeth and the medial plane of the mandible have led 

to no similar arrangement in other fishes. We have examined the few 

enchodontil dentaries available to us, which are from the Niobrara 

Chalk of Kansas, and found 2 in which a discordance exists and 4 in 

which its presence could not be determined. But these specimens lie 

flat upon the bedding planes, as is often the case with enchodontid 

dentaries, and the observation desired is difficult. 

Considering the apparent absence of this property in other fishes and 

previously reported enchodontids, one wonders how widespread it may 

be in enchodontids. 

Like the symphysial processes, the discordance suggests function. 

But there appears to be no acceptable explanation. About all we can 

do—and that reluctantly—is to point out that angled position on the 

jaw would produce currents into the mouth when the fish was moving 

and would exert some funneling action on solid food during engulf- 

ment. 

Agassiz noted long ago (1844, p. 64), and it has been our impression 

that the external (labial) aspect of the enchodontid tooth is flatter than 

the internal. The apparent contradiction in this specimen was unex¬ 

pected. But examination of the literature indicates that the question is 

open. It is true that palatine teeth are flattened on the external aspect. 

And, because of their greater physical durability, these are the most 

conspicuous, if not the most abundant teeth in collections. What little 

information there is upon cross sectional outline of enchodontid man¬ 

dibular teeth indicates (Arambourg, 1952; Dartevelle and Casier, 

1949) that most are appressed and approximately symmetrical. 
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Whether this means that most species have such mandibular teeth 

throughout or something else is beyond even speculation at present. 
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Comments on Enchodontid Paper by McNulty and Kienzlen 

by PETER C. GOODY 

The Royal Veterinary College, London, England 

Recently I had the pleasure of reading the manuscript on the encho¬ 

dontid mandible from the Eagle Ford Shale by McNulty and Kienzlen 

and was asked to comment on the contents. Although I have not 

examined the material, I was able to make certain comments on encho- 

dontids in general and some specific suggestions on points raised in 

the paper. 

First, the inference of skeletal fragility in the enchodontids is some¬ 

what in error (see Goody, 1968:210, for a comment on the stoutness 

of the bone in Enchodus faujasi from Holland). Most enchodontids 

that I have examined have quite well-formed bone, but, especially in 

the North American deposits, enchodontid remains are usually broken 

up and fragmentary as noticed. Material recovered from European 

deposits is far more complete especially in respect of the skull, and 

complete but flattened skeletons are recovered intact from Lebanese 

deposits. 

For a detailed consideration of the taxonomic status of the encho¬ 

dontids, the reader is referred to my monograph (Goody, 1969), but 

it can be mentioned here that the enchodontids are a small radiation 

of salmoniform fishes (sensu Greenwood, et al., 1966) confined to the 

Upper Cretaceous. There appear to be several such radiations within 

the salmoniforms, illustrating the “experimental” nature of the teleosts 

at that time. These early radiations presumably replaced the holosteans 

and subsequently made way for more advanced teleosts at the end of 

the Cretaceous. Thus the enchodontids do not seem to be more closely 

related to any one particular salmoniform group than to any other. 

The similar form of the enchondontids and some Recent bathypelagic 

forms would seem to be an example of parallelism (Goody, 1968:229) 

being groups arising from a similar basal stock and exhibiting similar 

tendencies. 

In all the species of Enchodus that I have examined the small teeth 

on the labial margin of the dentary form a continuous row. This is 

also true in the enchodontoids, Palaeolycus, Eurypholis, and Sauror- 

hamphus, the only other genera which I now include in the encho¬ 

dontid group. Thus I concur with the assumption of faulty preserva- 
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tion or preparation of the material accounting for the absence of small 

teeth on parts of the labial margin. 

Concerning the mandibular ornamentation I have suggested (Goody, 

1968:224) that only the smaller Enchodus species have tubercular 

ornamentation on the dermal bones, e.g. Enchodus lewesiensis from the 

English Chalk and Enchodus marchesettii from the Lebanese Chalk. 

Larger species, e.g. Enchodus faujasi, simply have prominent ridges. 

The mandible from the Eagle Ford Shale has most closely been com¬ 

pared with Enchodus lewesiensis, and that of Enchodus dolichus, on its 

somewhat larger size, and lack of tubercular ornamentation, would 

seem to resemble more that of Enchodus faujasi. 

The finger-like processes of the ventral symphysial region are taken 

to imply that a flexible but strong union occurred in life. When the 

remainder of the jaw apparatus is considered, especially the pre- 

maxillae, a different interpretation might be arrived at. I have sug¬ 

gested (Goody, 1968:226) that the anteriormost laniary teeth of the 

dentaries are inserted through fenestrae in the premaxillary pedicels 

when the jaws are shut. It is possible that the ventral processes ensured 

that the symphysis was a rigid structure to facilitate accurate reinser¬ 

tion of the teeth into the fenestrae on jaw closure. However certain 

ba thy pelagic “alepisaurs”, e.g. Lestidium, Anotopterus, Alepisaurus 

and Omosudis, have similar associations between anterior dentary 

teeth and premaxillary fenestrae or grooves, but as McNulty and 

Kienzlen point out, there is no corresponding symphysial arrangement 

in these. It is indicated that certain characins have a somewhat flexible 

symphysial interlock and it is possible that there is a comparable 

action of reinsertion of teeth into ventral premaxillary concavities here. 

If indeed the symphysis in Enchodus was flexible it is possible that on 

jaw opening some slackening of the symphysis occurred to allow some 

degree of extra separation of the anterior dentary teeth, but any move¬ 

ment would undoubtedly have been slight. 

The angular discordance between the vertical plane of the teeth and 

the medial plane of the mandible is of widespread occurrence in the 

enchodontids, but its functional significance is difficult to understand. 

The idea put forward concerning the creation of water currents and 

the directing of food toward the center of the mouth is difficult to 

accept. Predatory species like Enchodus generally engulf their prey 

intact, and the large teeth serve to hold and direct the prey while it is 

being swallowed. Creation of water currents would not seem to serve 

any advantage in a situation like this. Also since the angular dis¬ 

cordance of teeth is not recorded in any other predatory fish, I feel that 

an alternative answer is required. One that comes to mind, possibly 
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just as difficult to accept, can be formulated as follows. I have indicated 

(Goody, 1968:226, fig. 9) that the anteriormost dentary tooth fits 

closely against the anterior edge of the palatine tooth when the jaws 

are closed. The palatine tooth also exhibits an angular discordance with 

the palatine bone to which it is attached. The angles of the cutting 

edges of these teeth (anteriormost dentary and palatine) are so ar¬ 

ranged as to enhance this aspect of fitting closely together. The mor¬ 

phogenetic mechanism inducing these modifications of the anterior- 

most teeth may operate over the whole field of tooth orientation both 

on the upper and lower jaws. In the anteriormost teeth the angular 

discordance is of adaptive significance in tooth functioning, whereas 

in the remainder of the mandibular teeth and the ectopterygoid teeth 

(also angled) the discordance would be of neutral adaptive signifi¬ 

cance, simply being expressed in them by the action of the same 

morphogenetic field. 

The conclusions reached in the paper seem to correspond to my own 

(Goody, 1968 and 1969) in that enchodonts although still basically 

predatory went in for an extreme in specialization of jaw structure 

and function. The statement concerning the symphysial interlock . . . 

“a better mechanism for the same advantage must be employed in all 

other fish except the enchodontids’ is indicative of the evolutionary 

“cul de sac” that the enchodontids had entered. 
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Geological Influence on Regional Health Problems 

by JEAN M. SPENCER 

Department of Geology, Baylor University, Waco 76703 

ABSTRACT 

Trace elements, derived from the rocks of each area, enter soil and 

water to become available for plant and animal uptake. The geology 

of each area, therefore, determines what elements are available and 

controls areas of pathological conditions associated with excesses or 

deficiencies of these elements. 

Well known are the soft and easily decaying teeth of children in 

fluoride deficient areas and goiters in iodine-deficient areas. Not so 

well known are the increased rates of osteoporosis and aortic calcifica¬ 

tion in low fluoride areas and the suspicious relationship between 

iodine-deficient areas and breast cancer. 

Zinc concentrates in areas of the body where there is increased cell 

growth. Zinc-deficient bodys do not attain normal growth or physical 

maturity unless zinc treatment is begun. 

A kidney disease in Yugoslavia has been attributed to environmental 

factors associated with the Sava and Drina rivers along which the 

condition occurs. To date the cause has not been discovered although 

genetic and biologic causes essentially have been ruled out. 

Other areas of regional diseases are known. Much more needs to be 

learned about the geochemistry of trace elements in various regions, 

especially those available in local water supplies, and about the bio¬ 

chemistry of these elements after they are ingested. 

INTRODUCTION 

Medical geology, regional pathology, and geographical disease all 

describe the relationship between health and geology. In the past, 

certain localities were regarded with suspicion as areas with high per¬ 

centages of particular types of disease. Current investigation into many 

of these suspicions demonstrates a decided link between various chronic 

diseases and particular geological environments. 

IODINE DEFICIENCY 

Perhaps the best known relationship between a disease and geology 
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is that of thyroid disease caused by an environmental iodine deficiency. 

Iodine is essential to normal function of the thyroid gland which is 

located at the base of the neck. Iodine is also present in tissue and blood. 

Its deficiency causes goiter or enlargement of the thyroid in many 

persons living in iodine-deficient areas. The term “Derbyshire neck” 

reflects the frequency of goiter cases in Derbyshire, England. 

If a pregnant woman has a severe iodine deficiency, her child may 

be born a cretin, as were common at one time in high goiter-rate areas 

of Switzerland and Mexico. A cretin is an idiotic dwarf, small in 

stature, who rarely reaches or exceeds a mental age of 10. 

Much of the northern United States, especially the Great Lakes 

region and the northwestern states, has iodine-deficient soils and 

water, reflected in the high goiter rate before the use of iodized salt. 

Similar relationships exist throughout the world as in Central Mexico, 

Great Britain, Nepal, and Switzerland. 

The National Nutrition Survey found goiter incidence increasing in 

the United States because iodized salt is not used as widely as before 

World War II. In some areas of the United States goiter is still endemic, 

particularly among the poor (Schaefer and Johnson, 1969). 

Iodine also appears to play an important role in the incidence of 

female breast cancer. In the United States breast cancer is the leading 

cause of death for women between 40 and 44, and the leading cause 

of death for women dying from all types of cancer between the ages 

of 35 and 55. The death rate from female breast cancer is higher in 

iodine-deficient areas than in other areas (Fig. 1). This relationship 

is observed in other countries as well as in the United States. Countries 

with high incidences of goiter and breast cancer include Thailand, 

Mexico, England, Wales, the Netherlands, and Switzerland. Countries 

with low incidences of goiter and breast cancer include Japan, Chile, 

and Iceland (Bogardus and Finley, 1961). 

FLOURINE DEFICIENCY 

Flourine, another environmental halogen, is the object of much 

investigation. This element is known to produce strong teeth mottled 

with brown in children raised where the natural fluorine concentra¬ 

tion in the water supply is well above that recommended by the U. S. 

Public Health Service. This condition is common to some areas of west 

Texas. Where fluorine is deficient in the water supply (considerably 

below one part per million) children develop soft teeth that decay 

easily. 

Not so well known perhaps, is the fact that the elderly also need 
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- 12 highest rates 

Fig, 7. Distribution ©f deoth rate in the United States for female breast cancer. After 

Bogardus and Finley, 1961——Breast cancer and thyroid disease. Surgery, 49 (4h 464. 

fluorine to maintain good bone density. Bone is composed of the protein 

collagen, which acts as reinforcing material, and the mineral apatite, 

which gives strength to the bone. Calcium found in bone is present in 

apatite crystals. 

Apatite, with a composition of Ca5(OH, F, Cl) (P04)3, accepts either 

fluorine or the hydroxyl radical into its crystal lattice in bone. When 

fluorine is present, apatite crystals are larger, more perfect, and the 

bone is more resistant to degeneration. More calcium remains in the 

bone, and density is maintained. When the hydroxyl radical substi¬ 

tutes for the fluoride ion, degeneration occurs more readily, and various 

types of bone fractures become more common. 

Gradual loss of bone density in men and women over 40 can result 

in loss of as much as half the total skeletal mass by age 70. This loss of 

bone density leads to the condition known as osteoporosis. The bent- 

over little old ladies of the 6th decade and beyond, many with what 

is called a “dowager’s hump,” are suffering from collapse of the spinal 

vertebrae due to osteoporosis and subsequent breaking. The incidence 

of collapse and fracture doubles during each 5-year period after age 

40 among women and after 50 among men. 
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Two regional studies comparing high and low fluoride areas show 

osteoporosis higher in the low fluoride areas and rare in high fluoride 

areas (Bernstein, et al., 1966). However, the amount of fluoride in 

drinking water needed to avoid osteoporosis in the elderly is high 

enough to cause some mottling of teeth in children. 

While osteoporosis is more common among elderly women, the cal¬ 

cium released by loss of bone density frequently deposits in and lines 

the aortas of men, producing aortic calcification and subsequent nar¬ 

rowing of the aorta, the major artery leading from the heart. Adult 

men, in every age group, living in low fluoride areas have 2 to 3 times 

more aortic calcification than those living in high fluoride areas (Anon., 

1967). Aortic calcification in turn, often produces aneurysms or dila¬ 

tion of the calcified blood vessels causing other cardiovascular problems. 

CALCIUM DEFICIENCY 

A disease produced by an environmental calcium deficiency is the 

Urov disease of the Eastern Transbaikal of the Soviet Union and 

northern China (Fig. 2). In these areas people and domestic animals 

gradually develop enlarged and stiffened joints early in life. Bone 

growth is arrested. In one village in the Amur province 44% of the 

population was afflicted. Most of these were children 11 to 15 years of 

age (Khobot’ev, 1960). 

While various other elements (lead, cadmium, gold, iron, radium), 

organic matter, and iodine deficiency have been blamed for the disease, 

these causes have not been proved. The “sick” water, however, “is 

deficient in dissolved solids, especially calcium, while ‘healthy5 water 

contains more dissolved solids and is richer in calcium” (Khobot’ev, 

1960). Where the disease is endemic, waters are not only calcium 

deficient but strontium and barium enriched. 

The disease does not occur where there are limestone outcrops but 

is endemic to marine Jurassic deposits (sandstones and shales) and 

zones of igneous rocks including a granite unusually low in calcium 

(Khobot’ev, 1960). 

OTHER FACTORS 

In west Devonshire, England an uneven distribution of cancer deaths 

prompted a study in which cancer deaths for a 20-year period were 

plotted on a geologic map of the area. This study demonstrated an 

extraordinary distribution of cancer deaths for those persons living on 

certain geologic formations (notably Devonian sandstones). These 
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Fig. 2. Distribution of Urov endemic areas in the Far East. From Khobot’ev, 1960—Bio¬ 

geochemical provinces with calcium deficiency. Geochemistry, 8: 831. 
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death rates were not matched for persons living on adjacent areas 

(Alien-Price, 1960). 

Many soils in the high cancer areas proved to have high concentra¬ 

tions of lead—100 ppm, with some samples containing more than 1000 

ppm lead. Vegetables grown on these soils have high lead contents, none 

less than 10 ppm in the ash (Warren, 1963). 

The development of highly sophisticated analytical techniques, such 

as the atomic absorption spectrophotometer, permits rapid microchemi¬ 

cal studies of cells, soil, and water. This analytical progress facilitates 

investigation into the sources of trace elements and their actual role in 

physiological function. 

To function properly, the body requires a number trace elements 

in addition to the so-called bulk elements (those found in the body in 

high concentrations). Trace elements are usually, though not always, 

present in the body in parts per million. The amounts of trace elements 

required are small and pathological conditions can be produced either 

by a slight deficiency or a slight excess of a particular element, as in 

the case of selenium and fluorine. 

Of the trace elements, manganese, iron, cobalt, copper, zinc, and 

molybdinum are most commonly associated with enzyme activity. 

Enzymes act as catalysts in biochemical reactions, and the poisoning 

effects of such elements as silver, mercury (+2), and lead may stem 

from the fact that they are enzyme-inhibitors when present in an 

enzyme in place of the desired element. 

Diseaeses caused by trace elements were first known among miners. 

Symptoms were caused by constant contact with large amounts of a 

particular element over a long period of time. Pitchblende miners in 

Austria acquired a condition called “Bergkrankheit’’—mountain dis¬ 

ease—from inhalation of the radio-active gas radon, which emits alpha 

particles. Mortality rate from lung cancer among these miners was 50 

times that of the rest of the population (Alexander, 1959). 

Elements can be inhaled, as in the case of the miners suffering from 

“Bergkrankheit,” but normally they are ingested with food and water. 

The geology of an area, in the form of its rocks and sediments, is the 

source of the elements that enter soil and water and are made available 

to man and the plants and animals of his food supply. 

However, the fact that an element is present in soil or rocks does not 

mean that it is necessarily available to plants or that it will dissolve in 

water. Its physical state and whether it is tightly bound in a mineral 

lattice or held to clay particles will determine its availability. 

Deficiencies and poisonings in plants and domestic animals have 

been known and treated for many years. Many areas of the world 
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SOIL MANAGEMENT AND' CROP QUALITY 

P« Co 

Co, Cu 

, Co, Cu 

j. Known areas in the United States where mineral-nutritional diseases of animals occur. The dots indicate 
approximate locations where troubles occur. The lines not terminating in dots indicate a generalized area or 
areas where specific locations have not been reported. 

Co Cobalt Deficiency 
Cu Copper Deficiency 
Mo Molybdenum Toxicity 
P Phosphorus Deficiency 

Se Selenium Toxicity 
•X Unknown Causes 
E3 “Goiter Belt” 

Co, Cu, Mo 

Fig. 3. Mineral nutritional diseases in animals. From Beeson, 1957-—-Soil management 

and crop quality, in Soil, The 1957 Yearbook of Agriculture. U.5. Dept, of Agriculture, 259. 

with excesses or deficiencies of various trace elements are known. 

Figure 3 shows areas of animal diseases due to mineral deficiencies and 

poisonings in the United States. 

Because in the United States our food supplies come from many 

sources rather than local kitchen gardens, water is probably the major 

source of inorganic ions that reaches almost 100% of a resident popu¬ 

lation. It is therefore important to know what elements are present or 

lacking in a given water supply, the source of these elements, and 

their geochemistry and biochemistry. Normal municipal water treat¬ 

ment hardly alters the percentages of the various trace elements In 

the water distributed to consumers. 

Studies into the physiological effects of hard and soft municipal 

water demonstrate a relationship between soft water and high cardio¬ 

vascular death rate for those of middle and old age. None of the water 

supplies studied contained any elements considered toxic or in danger¬ 

ous concentrations, and no element was found to be particularly sig¬ 

nificant as the cause of cardiovascular disease (Crawford, 1968). Craw¬ 

ford, working in England and Wales, found concentrations of manga¬ 

nese and aluminum higher in soft water-high cardiovascular areas and 
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concentrations of boron, iodine, fluorine, and silica higher in hard 

water-low cardiovascular areas. In the United States similar studies 

also demonstrate that the softer the water the higher the death rate 

from cardiovascular disease (Schroeder, 1966). 

In certain areas of Japan the high silica content of drinking water 

is thought to contribute to brain damage and arteriosclerosis in these 

areas (Henschen, 1966). 

A chronic, slowly progressive kidney disease related to river areas 

is under investigation in Yugoslavia. Chronic endemic nephropathy, 

or Balkan nephritis, gradually reduces kidney function of people living 

along the Sava, Drina, and Kalabara rivers of Yugoslavia and in very 

localized areas of Bulgaria and Romania (Fig. 4). It has not been found 

in any other areas of these countries. Hereditary and organic causes 

essentially have been ruled out. The disease is most common among 

those who live in the river valleys but not among those who live in 

nearby foothills. The farther a person lives from the river, the less 

severe the disease. Medical studies are attempting to implicate lead, 

Fig. 4. Outline map of Yugoslavia and surrounding countries. Dotted lines indicate areas 

of chronic endemic nephropathy. From Griggs and Hall—Investigation of chronic endemic 

nephropathy in Yugoslavia, in 1 5th Annual Conference on the Kidney Proc. National Kidney 

Foundation, 31 3. 
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uranium, cadmium, and nickel, but with no success (Griggs and Hall, 

——). The cause of this ultimately fatal disease is still unknown. 

Biological data are being gathered on the effects of many other trace 

elements in the human body. Little, if any, is known about the sources 

of many of these elements and the regional aspects of disease with 

respect to their abundance or deficiency in the environment. 

Zinc is an important constituent of many enzymes. It appears to 

concentrate in parts of the body where there is an increase in cell 

growth, such as in healing wounds and burns. Given in large' amounts, 

it speeds wound healing (Tories, 1967). 

Zinc-deficient diets in pregnant rats produce such birth defects as 

cleft lip, missing digits, and clubbed feet. These congenital malform¬ 

ations are also found in human infants, although no relationship to 

zinc has been established (Hurley, 1968). Figure 5 shows the skele¬ 

tons of zinc-deprived rat fetuses (right) and the fetus of a zinc-supple¬ 

mented rat mother (left). Note the absence of a lower jaw, fused and 

missing ribs, missing tail, and domed skull on the zinc-deprived fetuses. 

Zinc-deprived humans have retarded longitudinal growth and 

physical maturing. In a group of zinc-deprived Egyptian boys who 

were also heavily infected with parasites and suffered from general 

malnutrition, only the institution of zinc therapy produced growth 

and physical maturing (Sandstead, el al. 1968). 

Fig. 5. Full-term rot fetuses showing control on extreme left and fetuses from zinc- 

deficient females on right. Note missing vertebrae, fused ribs, scoliosis, fused and missing 

digits, short limbs, and absent tail in zinc-deficient fetuses. From Hurley and Swenerton, 

1966—Congenital malformations resulting from zinc deficiency in rats. S©c. for Experimental 

Biology and Meditine Proc,, 123s 694. 
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The presence of zinc in thermal springs in Germany has been im¬ 

plicated as an important factor in the sexual rejuvenation properties 

attributed to many of these springs. 

Cadmium is apparently an antimetabolite for zinc. An elevated 

renal cadmium-to-zinc ratio often appears in persons dying of hyper¬ 

tensive disease. Cadmium is not present in the body at birth but in¬ 

creases in concentration with age. An increase in cadmium parallels 

an increase in hypertension (Schroeder, 1965). Coffee and tea are 

sources of cadmium, but what about its natural sources in soil and 

water? 

These are only a few of the relationships, understood and unclear, 

between geology and health. Medical personnel are aware of many 

deviations from “normal” metabolism by excesses or deficiencies of 

trace elements. They are not, however, trained to recognize sources 

and geologic relationships of these elements. It is, thereforce, the 

responsibility of those who are trained in the study of the earth to 

contribute their knowledge to this field that is important to all of us— 

health. 
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Nitrof2.2}paracyclophanes 
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ABSTRACT 

Intramolecular electron transfer rates in the anion radicals of 4,12- 

dinitro[2.2]paracyclopane and 4-nitro [2.2] paracyclophane were 

studied by electron spin resonance (esr) techniques. Polarographic 

data were used to select reduction potentials for electrolytically gener¬ 

ating the anion radicals. The radicals were investigated in the solvents 

N,N-dimethylformamide (DMF), dimethylsulfoxide (DMSO) and 

acetonitrile at several temperatures. Hyperfine interactions and line- 

widths of esr spectra of the radicals are consistent with fast exchange 

in the dinitro-species and slow exchange in the mononitro. 

INTRODUCTION 

A number of esr studies have been reported on the anion radicals of 

substituted biphenyls (Degtyarev, et al1965), bridged diphenyls 

(Shapiro, et al., 1965; Harriman and Maki, 1963) and paracyclo- 

phanes (Weissman, 1958; Ishitani and Nagakura, 1967). These sys¬ 

tems are suitable for the study of intramolecular electron transfer be¬ 

tween aromatic rings. The paracyclophanes with short methylene 

bridges require the phenyl rings to be rigidly held in a parallel con¬ 

figuration. The separation of approximately 3 A in [2.2] paracyclo¬ 

phane requires a strong interaction to exist between the 7r-systems 

since the distance is less than that required for the efficient formation 

of 7r->7rcharge transfer complexes. 

Weissman (1954) has studied inter-ring electron exchange in the 

anions of [8.1], [2.2], [4.3], [4.4] and [6.6] paracyclophane produced 

by reaction with alkali metals. Electron exchange was less frequent 

than 3 X 106 sec-1 in the anions of the [4.4] and [6.6] paracyclophanes 

and more frequent than 1.5 X 107 sec-1 in the anions of [8.1] and [2.2] 

1 Present address: Department of Chemistry, Midwestern University, Wichita 

Falls, Texas. 
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paracyclophane. Effects of solvent perturbations and ion-pairing were 

not studied. 

We would like to report the esr spectra of the electrochemically 

generated anion radicals of 4,12-dinitro [2.2] paracyclophane (I) and 

4-nitro [2.2] paracyclophane (II). We have studied these radicals in 

DMF, DMSO and CH3CN and as a function of temperature. A dis¬ 

cussion is given concerning the effect of the electron withdrawing 

nitro-substitutent and solvent perturbations on inter-ring tt-tt inter¬ 

actions as reflected in the esr spectra of the radicals. 

EXPERIMENTAL 

Both 4-nitro [2.2] paracyclophane and 4,12-dinitro [2.2] paracyclo¬ 

phane were prepared by nitration of [2.2] paracyclophane following 

the procedure developed by Cram and Allinger (1965) and Cram, 

et al., (1959). The mononitro compound was purified by elution chro¬ 

matography and successive recrystallizations from ethanol, m. p. 

156°C. The infrared spectrum was identical to that reported by Cram 

(1965), and the NMR spectrum obtained with a Varian HA-100 

spectrometer was consistent with the proposed structure. Two dinitro 

isomers, 4,12-dinitro [2.2] paracyclophane and 4,16-dinitro [2.2] para¬ 

cyclophane, were obtained, but the latter isomer was obtained in too 

small a yield to be used in our studies. The quantity of 4,12-dinitro- 

[2.2] paracyclophane permitted only the melting point, 192°C, to be 

used for identification. 

The spectroquality solvents N,N-dimethylformamide and aceto¬ 

nitrile, W. H. Curtin and Company, were used without further puri¬ 

fication. The N,N-dimethylformamide was stored over calcium hy¬ 

dride to ensure dryness. Dimethylsulfoxide, obtained from W. H. 

Curtin and Company, was purified by vacuum distillation from calci¬ 

um hydride. 

The anion radicals were produced by constant potential electrolysis 

using the in-situ technique described by Geske and Maki (1960). The 
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supporting electrolyte was tetra-M-propylammonium perchlorate pre¬ 

pared by the addition of an aqueous solution of the hydroxide to an 

equivalent amount of perchloric acid. The precipitate was recrystal¬ 

lized from aqueous acetonitrile, washed with a large quantity of water 

and dried over phosphorous pentoxide. 

The esr spectra were recorded on an X-band spectrometer which 

used a Yarian 9-inch magnet with Fieldial control and 6 kc modula¬ 

tion. The magnetic field sweep was calibrated with an aqueous solu¬ 

tion of potassium peroxylaminedisulphonate. The accuracies of the 

hyperfine constant are estimated to be about ±0.05 gauss. 

All polarographic data were obtained with a Sargent Model XV 

Recording Polarograph using a saturated calomel reference electrode. 

The test solutions were 10-3 M in nitro compound and 0.1 M in sup¬ 

porting electrolyte. Polarographic E% values were used only to select 

appropriate reduction potentials for production of the desired anion 

radical. A complete electrochemical characterization of the compounds 

was not undertaken. 

4,12-dinitro [2.2] pakacyclophane 

This compound exhibits three polarographic reduction plateaus be¬ 

tween 0 and — 2.8 v in the solvent DMF (Table 1). The first wave 

exhibits an E%—E^4 of 59 mv. This behavior suggests a reversible 

one-electron reduction process by the criterion of Tomes. 

Reduction at voltages slightly more negative than the first polaro¬ 

graphic wave produced an unstable papamagnetic species. The species 

yielded a weak esr spectrum in DMSO and DMF of 31 hyperfine com¬ 

ponents, and the narrowest linewidths are approximately 0.3 gauss, 

Figure 1. The species was too unstable in CFRON to obtain a resolved 

spectrum. The spectra in DMSO and DMF could be interpreted as 

arising from a quintet and two smaller triplet splittings (Table 1). 

This behavior is indicative of coupling of the odd electron to nuclei in 

both rings. The quintet is associated with two equivalent N14 nuclei 

and the triplets with two sets of two equivalent protons. These are as¬ 

signed to the protons ortho and para to the nitro groups by analogy to 

assignments of coupling constants in nonbridged nitrobenzene com¬ 

pounds (Rieger and Fraenkel, 1963). Coupling to the methylene 

hydrogens and to the meta protons could not be resolved. 

The hyperfine interactions are consistent with delocalization or fast 

electron exchange between the 2 nitrophenyl fragments. If the elec¬ 

tron jumps between 2 rings, the transfer rate is fast compared to the 

N14 hyperfine interaction frequency. The contribution of the meta 
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Fig. 1. Esr spectrum of 4,1 2-dinitrol [2.21 paraeyclophane anion radical in DMF solvent. 

Table 1 

Hyperfine coupling constants (gauss) and Polographic E1/^ (colts)c: 

Compound Solvent Voltage 
A 

N A1 
A 

2 
A 

3 
Wave 1 

El 
2 

Wave 2 Wave 3' 

4,12-Dinitro[2.2]paracyclophane DMF -1.0 4.72a 1 - 60(p)b 0.81(o)b - -0.8 -1.3 -2.1 

DMSO -1.0 4.92 1.61 0.81 - - - - 

4-Nitro[2.2]paracyclophane DMF -1.0 8.80 6.55(p) 4.36(o) 2.22(m) -1.2 -1.9 - 

DMSO -1.0 8.87 6.58 4.38 2.29 -1.2 -2.1 - 

ch3cn -1.0 9.53 6.43 4.23 2.28 -1.1 -2.0 - 

a Quintet splitting due to 2 equivalent N14 nuclei. 
b Triplet splitting due to 2 equivalent nuclei. 
c Voltages given versus saturated calomel electrode. 

protons to the linewidths cannot be accurately determined, and only a 

lower limit can be assigned to the transfer rate. The exchange rate was 

estimated to be faster than 108 sec-1 from the equation, 

* ~ (A-)2 
00)- 

0)6 

where Ao) is the N14 hyperfine frequency, is the spectral line width, 

in frequency units, and <oe is the rate of exchange (Carrington and 

McLachlan, 1967). 

A red solution is obtained upon constant potential electrolysis above 

the 2nd polarographic plateau. No paramagnetic species could be ob- 
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served. A diamagnetic dianion or a product of an irreversible chemical 

reaction following an electron transfer must be responsible for the red 

color. 

4-NITRO [2.2] PARACYCLOPHANE 

Two polarographic reduction waves are observed between 0 and 

— 2.8 v in the solvents DMF, DMSO and CH3CN (Table 1). By the 

criterion of Tomes the first wave in DMSO and DMF appears to result 

from a reversible one-electron reduction. In acetonitrile the wave is 

distorted and no speculation as to reversibility can be made. 

Reduction in all solvents at potentials between the first two polaro¬ 

graphic waves produced a purple solution containing a paramagnetic 

species. This species gave an esr spectrum composed of 15 broad hyper- 

fine components (Figure 2). The narrowest linewidths were approxi¬ 

mately 0.8 gauss. The spectra were interpreted as arising from one 

large triplet and 3 successively smaller doublet hyperfine splittings. 

The large triplet is assigned to hyperfine interaction with the N14 

nucleus while the doublets are assigned to interactions with ring pro¬ 

tons (Table 1). The interpretation is consistent with hyperfine coup¬ 

ling of the odd electron to the substitutents of the nitro-substituted 

ring only. 

The hyperfine coupling pattern indicates the unpaired electron is 

localized in the nitro-substituted ring the majority of the time. The 

broadened hyperfine components probably arise from unresolved meta 

and methylene proton hyperfine splitting rather than electron transfer 

between the substituted and unsubstituted rings. If transfer does exist 

the transfer time and resident time on the unsubstituted ring is small 

compared to the resident time on the substituted ring. 

The N14 coupling constants of the two nitro [2.2] paracyclophane 

compounds (Table 1) changed with solvent in the usual manner 

(Rieger and Fraenkel, 1963), but the linewidths were independent of 

both solvent and temperature. 

DISCUSSION 

The odd electron in the anion radical of 4,12-dinitro [2.2] paracyclo¬ 

phane is delocalized and spends equal time in both phenyl rings. No 

coupling to methylene hydrogens is observed, and it is inferred that 

electron transfer occurs directly between the interacting ?r-systems. 

The esr spectrum of the anion radical of [2.2] paracyclophane shows 

hyperfine interactions with the methylene hydrogens (0.63 G) and 

the ring protons (2.52 G) (Ishitani and Magakura, 1967). This has 



476 THE TEXAS JOURNAL OF SCIENCE 

Fig. 2. Esr spectra of 4-nitro [2.2] paracyclophane anion radical (a) in DMF solvent with 

reconstructed spectrum and (b) in CH0CN. 

been contrasted with p-xylene where coupling to the methyl protons is 

small (0.10 G) compared with coupling to the ring protons (5.34 G) 

(Bolton and Carrington, 1961; Bolton, et al.} 1962). 

The 7r-electron structure of the paracyclophane anion has been 
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treated by considering a configuration interaction using the lower 

energy configurations produced by combining the molecular orbitals 

of benzene (Ishitani and Nagakura, 1967). The differences in magni¬ 

tudes of the coupling constants of the methylene hydrogens of [2.2] 

paracyclophane versus the methyl hydrogens in p-xylene can be related 

to the lowest antibonding orbitals of benezene used in forming the 2 

ground states. In nitro substituted paracyclophanes the nitro group is 

ortho to one bridgehead carbon and meta to the other. The 2 bridges 

are non-equivalent, and coupling to methylene hydrogens at the ortho 

bridge might be expected. No coupling to methylene hydrogens was 

observed in 4,12-dinitro [2.2] paracyclophane, but coupling to the ortho 

ring hydrogens was only 0.81 G. This would imply that coupling to 

the methylene hydrogens should be much smaller. Broad lines were 

observed in 4-nitre 12,2] paracyclophane, and it is likely that unresolved 

couplings to the ortho methylene hydrogens was present since a coup¬ 

ling constant of 4.4 G was observed for the ortho rings hydrogens. Line 

broadening may result from unresolved hyperfine interactions and 

from electron transfer rates comparable to the hyperfine frequency. It 

is difficult to estimate the relative contributions of these effects. Line 

broadening effects from intermolecular exchange are at a minimum 

due to exhaustive electrolysis of the nitro compound in the area of the 

in-situ cathode. 

Solvent is not expected to alter electron transfer rates in substituted 

[2.2] paracyclophanes since transfer occurs between the interacting 

7T-systems and solvent is excluded from this region. Some electrostatic 

perturbations undoubtedly occur, but their influence is too small to be 

observed by our experimental procedures. 
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Notes Section 

NOTES ON THE ECOLOGY OF THE BURROWING OWL, SPEOTYTO CTJ- 

NICULARIA, IN THE TEXAS HIGH PLAINS. The Texas High Plains still sup¬ 

ports scattered blacktail prairie dog, Cynomys ludoviciana, colonies, and the bur¬ 

rowing owls, Speotyto cunicularia, are frequent associates. From January through 

September 1968, we collected ecological data on a burrowing owl colony located on 

the Stovall farm In southwestern Swisher County, Texas (Lat. 34° 20'N, Long. 101° 

50'W). Owls were trapped periodically in Potter 5 -celled traps baited with a variety 

of small rodents, living and dead, as well as house sparrows, Passer domesticus, and 

artificial arthropods. Some traps were not baited. Captured owls were leg banded 

with metal and colored plastic bands. Owls above ground were counted with the aid 

of binoculars 1 to 4 times per month, and the average number of owls, sighted per 

month was plotted against appropriate temperature data in order to determine 

whether any correlation existed between the number of owls sighted and the tem¬ 

perature. Owl pellets were collected periodically and analyzed for food content. 

The number of trap nights per months ranged from 48 to 960 and trap success was 

2.3%. Forty-eight owls were captured and 11 of these were recaptured one or 

more times. Two owls were recaptured 5 and 6 times respectively. Nine of the 

last 10 owls captured during the period from July 31 through September 12 were 

juveniles. The time between initial capture and final recovery ranged from 1 to 

75 days and averaged 33 days. In addition, one owl initially captured by us on 

14 February 1968, had been captured previously by National Communicable Disease 

Center (NCDC) personnel (unpublished data) 178 days before at the same study 

site. NCDC personnel had wing-banded 14 owls at this site during August 1967. The 

bird referred to above was the only one of these recaptured by us. In general, there 

was a good correlation between the average number of owls sighted above' ground 

and the average monthly temperature. 

Owl pellets collected during the period from January through March were made 

up largely of rodent remains, particularly house mouse, Mus rnusculus, and deer 

mouse, Peromyscus maniculatus. Samples collected during May, June, and Septem¬ 

ber (no pellet collections were made during April, July and August), were made 

up largely of insect remains (Coleoptera and Orthoptera) and lesser quantities of 

rodent remains. In addition to the rodent species mentioned above, these’ pellets con¬ 

tained identifiable fragments of the cotton rat, Sigmodon hispidus, and the plains 

harvest mouse, Reithrodontomys montanus. 

The recapture of an owl during February which had been banded at the same site 

during the previous August suggests that some of the birds are relative sedentary. 

However, the recovery of one owl by J. H. Snipes at El Paso, Texas, during March, 

1969 (363 days after original banding during March 1968) indicates a migratory 

drift. In addition, the average time between initial capture and final recovery of 11 

owls was only 33 days; therefore, these owls presumably left the area, died, or be¬ 

came trap shy. As observed previously by Ligon (1961, New Mexico Birds and Where 

to Find Them, U. New Mex. Press, p. 147) we found more owls above ground as the 

temperature increased. Ligon (op. cit.) suggested this might be an indication that 

most owls remain underground during severe weather thus accounting for their 

apparent scarcity during the winter months. However, our data do not preclude the 

The Texas Journal of Science, Vol. XXI, No. 4, June, 1970. 
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possibility that the increase in the number of owls observed during the warmer 

months was due partially to the arrival of migratory birds. 

Bent (1938, Bull. U.S. Natl. Mus., 170, p. 388) indicated that burrowing owls are 

beneficial since they subsist largely on insects and injurious rodents. An analysis of 

the pellets collected at the Stovall site revealed a predominance of rodent remains 

during the winter and early spring and a predominance of insect remains during 

the late spring and summer. We could not be certain that pellets were deposited 

during the months in which they were collected; however, heavy rainfall during 

April and May and associated pellet deterioration makes our assumption regarding 

seasonal classification of the pellets reasonably safe. At the Stovall site M. musculus 

and P. maniculatus were important dietary components, which may be a reflection 

of the availability of prey rather than a preference on the part of the burrowing owls. 

We are grateful to Dr. Carl J. Mitchell for advice and for criticism of this 

manuscript. 

P. Vaughn Ross, Box 177, Hart, Texas 79043, and Donnie J. Smith, 2413 7th Avenue, 

Canyon, Texas 79015. 

A METHOD FOR THE SOLUTION OF NON-LINEAR LEAST SQUARES 

PROBLEMS WHEN SOME OF THE PARAMETERS ARE LINEAR. This paper 

presents a simple method which implements many of the advantageous properties of 

some previously published methods for the fitting of non-linear functions by means 

of least squares. The paper is directly related to both Hartley’s (1961, Technometrics, 

3(2): 269-280) modified Gauss-Newton method and Walling’s (1968, Tex. Jour. 

Sci., 20(2): 119-124) iteration method. 

The problem consists in fitting given data to a mathematical model which is 

expressed nonlinearly in terms of some, but not all, of its parameters. We assume 

that the mathematical model is 

yj:=f(xj;6>), (1) 

where j = 1, . . . , n, the Xj’s and y^’s are data and 8 = (8±, 02, ... , 0m)T is the 

vector of parameters. We assume further that r of the parameters, say 0±, ... , 6r, 

are linear in f and the remaining m-r are nonlinear. 

In the proposed method, we choose a starting parameter vector 0O and apply 

Walling’s process to obtain the m-r differences -j^, /?r_|_2, • • • > Pm- We now 

proceed as in Hartley’s method to find the number V, 0 < V < 1, which minimizes 

Q(x;*0 + vP)= 2 [yj — f (xj; 0O -|- V/?)]2, (2) 
j=i 

where 0O = (0O1, . . . , 0Qr, 0O(r + :L), . . . , #0m)T consists of m-r initial guesses for 

the non-linear parameters and r subsequent least squares choices for the linear para¬ 

meters, and where J3 ■— (0, ... , 0, Pr,v . . . , /?m)T. Once V has been found, setting 

dn — ®oi 4* V/?i? i = r+l,...,m (3) 
we have m-r new values for the non-linear parameters, and may again use these to 

obtain better least squares choices for the linear parameters. In this way, we have 

a systematic method for obtaining values for all of the parameters beyond the 

initial choice of only those parameters which are non-linear. 

Several examples showed the proposed method converging at least as fast, and 

many cycles, faster than both the Hartley and Walling methods. It is not known, 

however, how the various methods compare in sensitivity to a change in mathe¬ 

matical models or in initial guesses, David L. Nelson and Truman O. Lewis, Depart¬ 

ment of Mathematics, Texas Technological College, Lubbock 79406. 
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EXTENSIONS OF THE KNOWN RANGES OF TWO SPECIES OF TEXAS 

MAMMALS. The vertebrate research collection at Angelo State University contains 

specimens of the Merriam kangaroo rat (Dipodomys merriami), and the white-tailed 

antelope squirrel (Citellus leucurus), collected in Reagan County, Texas, These taxa 

have not previously been recorded from this county and their presence represents 

an eastern extension of their known ranges. Seven specimens of the Merriam kan¬ 

garoo rat {D. merriami) were trapped on April 4 and 8, 1968, in the vicinity of 

Big Lake, Reagan County, Texas. Four animals were collected approximately 15 

miles west, and 3 were trapped approximately 9 miles north of the city. Dominant 

plants on the thin, sandy, hard pan soils found in the trapping areas consisted of 

creosote bush, mesquite, and black brush. These records extend the known range of 

this species in Texas eastward approximately 10 miles from the Pecos River Valley. 

Previous records include Trans-Pecos Texas extending eastward at least to Ward 

and Val Verde Counties bordering the Pecos River (Hall and Kelson, 1959, The 

Mammals of North America, Vol.l, p. 531, The Ronald Press). More recently the 

taxon has been recorded from Winkler County along the edge of the southern high 

plains (Judd and Schmidly, 1969, Tex. Jour. Sci20: 383). 

One specimen of the white-tailed antelope squirrel (Citellus leucurus), was col¬ 

lected by the authors and R. E. Trimble within a limestone quarry on September 26, 

1968. The adult female was taken approximately 8 miles west of Big Lake, Reagan 

County, Texas. This record extends the known range of the taxon eastward approxi¬ 

mately 40 miles from rocky escarpments along the Pecos River. The previously 

known species range includes Trans-Pecos Texas eastward to areas adjacent to the 

Pecos River in Upton, Crockett, and Val Verde Counties (Davis, 1966, Tex. Parks 

and Wildlife, Bull., ^41). One of the authors, Creel, made recent observations of 

the white-tailed antelope squirrel along the Dry Devil’s River in the vicinity of 

Juno, Val Verde County, Texas. In addition to the catalogued specimen, 2 immature 

white-tailed antelope squirrels were collected from a rocky hillside in Reagan County 

on March 22, 1969 and have been kept alive in laboratory cages. The collecting site 

was approximately 3 miles west of the original site in the limestone quarry. Both 

the quarry area and the rocky hillside form part of a limestone ridge (supporting 

cedar and basket grass as dominant plants,) which separates the Concho and Pecos 

River watersheds in this area of western Reagan County. 

The white-tailed antelope squirrel and the Merriam kangaroo rat are chiefly 

inhabitants of the Chihuahuan biotic province characteristic of Trans-Pecos Texas 

(Blair, 1950, Tex. Jour. Sci. 2(1): 107.) Their presence provides additional evidence 

for the eastern extension of this province into western Reagan County. Gordon C. 

Creel, and W. A. Thornton, Angelo State University, San Angelo, Texas 76901. 

PARTIAL ALBINISM IN BROWN SHRIMP, Penaeus aztecus IVES. Two brown 

shrimp, Penaeus aztecus Ives, with unusual pigment patterns were taken off the 

Texas coast during commercial fishing in 1966 and 1967. The albinistic patterns are 

similar in both shrimp. The cephalothorax and posterior portion of the tail contain 

pigment, but most of the abdomen and appendages lack pigmentation. Microscopic 

examination revealed no chromatophores in the nonpigmented areas. Both specimens 

are part of the collection of the Bureau of Commercial Fisheries Biological Labora¬ 

tory, Galveston, Texas. 

Albinism has been recorded in crustaceans by Rathbun {Bull. U.S. Nat. Mus., 

152: 1-609, 1930), Newcombe {Va. Fish Lab. Educ. Ser. 4: 1-39, 1945). Lopez 

{Invest. Zool. Chilenas, 5: 41-42, 1959), Bocquet {Bull. Soc. Linn. Normandie, 
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10e Ser., 1: 210-212, 1 pi., 1961), and Sims and Joyce {Quart. J. Fla. Acad. Sci., 

28(4): 373-374, 1965). Provenzano {Nature (London), 187(4736): 521, 1960) re¬ 

ported an entire population of albino shore crabs, Carcinus maenas (Linnaeus), near 

Woods Hole, Massachusetts. There is no reference in the literature to albinism in 

the family Penaeidae. 

The first specimen, a male, taken September 17, 1966, southeast of Matagorda, 

Texas, from a depth of 31 m., is 136 mm. total length (tip of rostrum to tip of 

telson). Coloration appears normal in the cephalothorax, but is restricted in the first 

abdominal segment to several brown spots on the dorsal surface. No pigment exists 

in the second and third abdominal somites. The fourth somite is partially pigmented, 

and the fifth and sixth are normal. Only three appendages—the second maxillipeds 

and third left pleopod—are fully pigmented; the rest are partially or totally devoid 

of color. 

The second specimen, a female, taken on July 7, 1967, north-northeast of Port 

Isabel, Texas, in 24 m. of water, is 137 mm. total length. In general appearance 

this specimen differs little from the first specimen. Absence of color in the abdomen 

extends from the first somite through the anterior half of the fifth somite. All appen¬ 

dages are colorless with the exception of the first right and fifth left periopods. 

James M. Lyon, Bureau of Commercial Fisheries, Galveston, Texas, 77550. Con¬ 

tribution No. 265, Bureau of Commercial Fisheries Biological Laboratory, Galveston, 

T exas. 



Dialectic 

Were the First Americans Caucasoid? 

by BOB SLAUGHTER 

Shuler Museum of Paleontology, 

Southern Methodist University, Dallas 75222 

The editor of the Texas Journal of Science has assured me (personal 

communication) that contributions to this section of the journal need 

not be reports of scholarly research, but may be mere reflections on 

recent literature and/or fodder for speculation . . . “the more contro¬ 

versial the better.” Holding him to this I should like to pose to those 

better read on the subject the question, WERE THE FIRST AMERI¬ 

CANS CAUCASOID? 

Although positive evidence is rather elusive, more and more arche¬ 

ologists seem to be accepting the probability of man entering the New 

World via the Bering Land-Briidge in excess of 18,000 B.P. (years 

before present). Wendorf (1966) places the event merely “in excess 

of 18,000 B.P. and Meuller-Beck (1966) suggests 28,000 B.P. for the 

initial migration. Both of these workers base their dates on the belief 

that the artifact industry of the earliest known Americans could not 

have been derived from the industry present in Siberia after 18,000 

B.P. They stress that these Clovis-Folsom industries could easily have 

taken origin from the Asiatic industries present up until that datum. 

Cro-Magnon man is often considered by the casual student as proto- 

typic “modern” man (Homo sapiens). Actually, the remains studied 

and usually cited are from Europe and have decided causasoid charsac- 

ters. Therefore they may be considered prototypic caucasoids but prob¬ 

ably post-date the divergence of modern races. These peoples entered 

Europe some 35,000 years ago, presumably from Siberia. To be sure, 

the divergence of the basic modern races (caucasoid, mongoloid, and 

negroid) had taken place prior to this time. 

Early in the 20th century most of the Kuril Islands of northern 

Japan were inhabited by a group of people known today as the Ainu. 

They now have been reduced in numbers to perhaps 100 and even 

these are largely diluted by contact wiih Japanese people with mon¬ 

goloid affinities. (Shin’ichiro Takakura, 1967). The Ainu are light 

skinned, very hairy, lack the epicanthic or mongoloid eye-fold, and 

often have blue eyes. When they are mentioned in the semi-popular 

The Texas Journal of Science, Vol. XXI, No. 4, June, 1970. 
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literature they are often compared with the Australian aborigines by 

pointing out that both are hairy, unlike mongoloids, both lack the eye 

fold, etc. One gets a very poor idea of what the Ainu are like from such 

comparisons. Clean shaven and properly dressed, a more-or-less pure 

Ainu would go unnoticed on any central European street (Fig. 1). The 

ainu are clearly closely related to the Caucasoids of Europe and the 

Mediterranean Basin. I find it inconceivable that a group of caucasoids 

could have found their way across Asia through land inhabited by 

mongoloids only to wind up on these obscure islands while maintaining 

their racial integrity. They must have been there first! The last outpost 

of previous peoples when being displaced by invaders is usually the 

farthest islands or peninsulas. Perhaps then, these early Siberians, 

Fig. 1. Young Ainu Man. (Photo by, and with the permission of, Ruiko Yoshida Ante) 
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which are caucasoid or at least proto-caucasoid, made their way east 

into America at the same time or not too much later than their cousins 

migrated to the Middle East and Europe. It must have been after this 

that the mongoloids entered Siberia proper, presumably from the 

northeast. The 2 reasons for suggesting a northeastern point of origin 

for the mongoloids are (1) The only selective advantage I can imagine 

for the epicanthic fold would be for protection from cold or sand 

charged wind and these conditions were doubtless present in the pro¬ 

posed area (2) Even more suggestive is the distribution of the mon- 

golian characters (broad, flat face, and the fold). These traits are most 

extreme in the northeastern Siberia and less prominant to the east, 

south, and west. 

Some 40,000 years ago there were but 2 basic races in most of Asia; 

caucasoids to the north and people not unlike the Australian aborigines 

in the south. There were of course all gradients in between. Some 

35,000 years ago segments of the northern group migrated west, event¬ 

ually inhibiting the northern shores of the Mediterranean Sea and all 

of Europe. About the same time or slightly later some of the same 

northern Siberians came to America across the Bering Land-Bridge. 

Sometime later, perhaps 18,000 B.P. the mongoloids moved in on the 

Siberian caucasoids, probably from the Arctic. They more-or-less com¬ 

pletely absorbed the earlier peoples in northeastern Asia but were 

diluted to varying degrees toward the south and even more so across 

the seas to the East Indies and Polynesia. Mongoloids also found their 

way into America in some numbers, mixing with the less numerous 

caucasoids to varying degrees related to distance from the mainstream 

of the migration. The admixing of the same 2 basic stocks, caucasoid 

and mongoloid could then account for the closer physical similarities 

of certain American Indians to peoples in other mongolian peripheral 

areas (£.£., western and southcentral Siberia. 

As this paper is designed to stimulate discussion, I shall now arrange 

the targets in such a way as to allow would-be participants to draw a 

bead on a specific thesis. 

(1) The Ainu may be a relict population, essentially Cro-Magnon. 

(2) Essentially Cro-Magnon stock may also have given rise to early 

American cultures (Llano, etc.). 

(3) Mongolians are the last of the basic races to appear, at least on 

our screen of knowledge. 

My sincere appreciation is due Mrs. Buiko Ante for her kind per¬ 

mission to reproduce the photograph of the young Ainu man. 
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