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AN OSTEOLOGICAL ANALYSIS OF
SOCIAL ORGANIZATION AT THE

CARTER RANCH PUEBLO, ARIZONA

Marie Elaine Danforth

Department of Sociology and Anthropology

University of Southern Mississippi

Hattiesburg, Mississippi 39406-4306

and

Delia Collins Cook
Department of Anthropology

Indiana University

Bloomington, Indiana 47405

ABSTRACT: Patterns of social organization suggested by ceramic analysis for the Carter Ranch

Pueblo in east-central Arizona are tested using osteological indicators. Longacre (1970) suggested

that grave goods in the highly patterned cemetery at Carter Ranch Pueblo revealed the presence of

two matrilocal residence units and a possible religious sodality. Twenty-five individuals recovered

from the cemetery were evaluated for cranial discrete and metric traits to assess genetic relationships

among the proposed units. No statistically significant differences suggestive of genetic structuring

were present. Health patterns were also evaluated in one burial group with particularly elaborate

graves. This group was suggested to represent a religious sodality, which may have brought

privileged status to its members. Again, no consistent differences were found. Thus, the Carter

Ranch population appears to represent a homogeneous gene pool with all members belonging to

an essentially egalitarian society.

INTRODUCTION

Inspired by the "new archaeology" of the early 1960's, many studies turned

toward reconstruction of prehistoric social organization (e.g., Deetz, 1965; Hill, 1970;

Whallon, 1968). One of the most prominent of these investigations was the attempt to

address kinship and marital residence patterns at Carter Ranch Pueblo in east-central

Arizona (Fig. 1; Longacre, 1964, 1970). Although its conclusions have been rejected

by researchers for many reasons, including a failure to account for the effects of site

formation processes (Schiffer, 1989) and poor temporal control (Dumond, 1977),

Longacre' s work has become a classic study frequently discussed in introductory an-

thropology and archaeology courses.

In his investigation, Longacre (1964, 1970) used ceramic design patterns to

identify three "residence units" at Carter Ranch. The orientation of burials and grave

goods recovered in the cemetery were evaluated to provide additional data to test the

findings. Surprisingly, however, the human remains from the site have been analyzed

only once, that being in a craniologic study by Skomp (1965). In the present paper, the

biological information that this small skeletal series can provide concerning the pat-

terns of social organization proposed by Longacre (1970) will be outlined.

In his study, Longacre (1970) suggested that a major reorganization of settle-

ment patterns occurred about 1000 A.D. in the American Southwest in response to the
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Figure 1. Location of Carter Ranch Pueblo and other major prehistoric Southwestern

U.S. archaeological sites with analyzed skeletal series.

drier climatic conditions indicated by palynological remains (Schoenwetter, 1962). He
proposed that the agriculturally-based inhabitants of the region responded to their more

precarious existence with increased intercommunity cooperation. Several single resi-

dence units, which probably corresponded to extended kin groups, would coalesce to

form large communities. Although weak kinship ties may have been present among

the single residence units, religion likely served as the necessary integrative social

force, as evidenced by the appearance of the Great Kivas around this time. This new

settlement pattern survived for about 300 years (until approximately 1300 A.D.), when

it, along with the Great Kivas, suddenly disappeared from the area.

While Longacre's proposed social organization was regional in perspective,

he used intrasite data from the Carter Ranch Pueblo of eastern central Arizona to

elaborate several portions of his analysis. The site, located in the Little Colorado River

Valley (Fig. 1), consists of 39 rooms in a U-shaped block along with two kivas and one

Great Kiva (Martin, et al, 1964). Ceramic analysis suggests that Carter Ranch lies in

the Anasazi-Mogollon cultural transitional area proposed by Danson (1957). Dating of

the site has proven somewhat inconclusive, especially concerning length of occupation,

but the best estimate from dendrochronology is 1100 A.D. to 1225 A.D. (Longacre,

1970).

Longacre (1970) used ceramic design frequencies to infer social organization

at the site. Under the assumption that design patterns are passed exclusively from

mother to daughter, he suggested that the inhabitants at Carter Ranch represent at least

two, and possibly three, social units practicing matrilocal residence. Certain design

constellations were closely associated with specific room blocks at the site, which

probably represented residence areas. Each residence area was in turn associated with

a kiva.
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Figure 2. Map of Carter Ranch Pueblo, including burial clusters outlined by Longacre

( 1970; adapted from Martin, et al. ( 1964 )).
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Perhaps the most interesting portion of his analysis was the suggestion that at

least two of the residence units had separate disposal areas for their dead. Longacre

(1970) found the cemetery to be highly patterned into three spatially distinct clusters

that could be separated on the basis of orientation and affiliated grave goods. Those

individuals in the northernmost group (Cluster I) tend to lie north-south (Fig. 2), and

their burial pottery was associated with the ceramic design constellation of the northern

block of rooms. In contrast, those buried in the southernmost group (Cluster III) tend

to lie east-west (Fig. 2), and their burial pottery was associated with the ceramic design

constellation of the southern block of rooms. The middle cluster (Cluster II) contained

individuals oriented in both directions, and the designs on the ceramic grave goods

were associated with constellations in both sets of room blocks, although they were

more strongly affiliated with those of the northern block. A possible third residence

unit, which was likely a splinter group of the residence unit in the southern end of the

cemetery, may have buried its dead in the northeastern part of the site.

The middle cluster is also unique in that its burial accompaniments are far

more elaborate than those of the northern or southern burial groups. Its members are

generally interred with more vessels than are those of the other clusters, but more

importantly, nearly all of the ceremonial goods recovered at the site are contained

among the middle cluster's grave goods. Longacre (1970) also reported that most

members of this cluster were males, thereby suggesting that ritual activity was a male

domain. The mixed nature of burial orientation and ceramic design constellations led

him to further conclude that the middle group of burials may represent a religious

sodality that contained representatives from each of the two residence units.

Although Longacre (1970) relied upon ceramic evidence, comparison of bio-

logical indicators gained from skeletal analysis of the human remains in the cemetery

at Carter Ranch can potentially reveal information about social relationships among the

burial clusters, especially concerning intermarriage. If the clusters represent meaning-

ful genetic divisions, then we will expect to see structuring of the data in this regard.

Among the factors that might structure the data would be the presence of endogamous

moieties (Longacre, 1970) or intermarrying moieties in which individuals were re-

turned to the natal group for burial (Eggan, 1950). Other possible factors include

chronological variation and the presence of separate ethnic groups.

Questions involving comparison of gene frequencies have been successfully

investigated in small prehistoric populations using both osteometric and discrete trait

data (e.g., Corruccini, 1972; Jantz, 1970; Lane and Sublett, 1972; Mackey, 1980).

Since neither source of data is entirely free from environmental influences or from the

effects of age/sex variation (Corruccini, 1976), several researchers have suggested that

their combined use in studies provides the most reliable results (Corruccini, 1974;

Rightmire, 1972).

The skeletal remains at Carter Ranch also offer the opportunity to investigate

the social status of the middle cluster. Longacre (1970) suggested that those who
participated in ritual activities represented an achieved status elite. These individuals

may have enjoyed greater access to resources during adulthood and had lesser work

demands placed upon them. Such differences potentially could be reflected in skeletal

indicators.



Vol. 100 (1991) Indiana Academy of Science 105

MATERIALS AND METHODS

The 25 individuals recovered in the eastern trash area of the Carter Ranch site

provided the sample for the present study. Use of standard sex indicators (Stewart,

1979) revealed a nearly even sex distribution with ten females and eleven males among

the 21 adults (Table 1). Only four juveniles, all age two or under, were present.

Among adults, eight individuals died before age 35, whereas thirteen survived to at

least that age. There was no evidence for variation in sex or age distribution by burial

cluster.

In order to assess genetic relationships among those buried in the Carter

Ranch cemetery, craniometric and discrete traits were observed. Dental morphological

traits could not be included, since teeth in the series were generally too worn. Only

adults were evaluated to minimize the effects of age on trait distribution. Individuals

were placed in two separate sets of groupings for analysis. The first set maintained the

burial clusters outlined by Longacre (1970) with maximum sample sizes for the north-

ern, middle, and southern groups being eight, six, and seven, respectively. The second

set attempted to recreate the two residence units by assigning those in the middle

cluster to either the northern or southern unit on the basis of burial orientation. Those

lying east-west were included with the northern residence unit, whereas those lying

north-south were included with the southern unit. Maximum sample sizes for the

northern and southern residence units constituted in this way were eleven and ten,

respectively.

Fifteen cranial discrete traits (Table 2) were evaluated, and bilateral traits

were scored as present, if an individual had the trait on at least one side. Ossenberg

(1970) has suggested that cranial deformation can affect the presence/absence of cer-

tain discrete traits, but since all skulls in the series displayed some degree of lambdoidal

flattening, it can only be assumed that the effects of deformation will be unimportant.

The chi-square measure of association was used to analyze the cranial discrete data,

since sample sizes were very small. Frequencies for each discrete trait were compared

using the chi-square test of association. First, frequencies between the three clusters

were tested in a pair-wise fashion. Second, frequencies between the northern and

southern clusters (with the members of the middle cluster reassigned to them) were

tested. At least five individuals in each group had to be scorable for the trait for the

test to be run.

Genetic relationships in the Carter Ranch series were also analyzed using ten

craniometric observations (Table 3). Since the skulls were deformed, all observations

involved measurements taken only around the face and mandible in order to minimize

bias resulting from deformation. Sample sizes were maximized for each grouping by

combining male and female measurements for each dimension after they had been

standardized by sex. The craniometric data were statistically evaluated in the same

fashion as the discrete trait data except that the Mann-Whitney difference of means test

was used. Again, at least five individuals per group had to have the dimension measur-

able for the test to be run.

In order to investigate whether the middle cluster enjoyed better health as a

result of their special status within the community, several skeletal indicators reflect-

ing adult health status were evaluated in the Carter Ranch series. These included: 1)

arthritis, which is a degenerative condition of the joints; 2) dental lesions, which can



106 Anthropology: Danforth, Cook Vol. 100(1991)

Table 1. The Carter Ranch Series - sex, age, orientation, burial goods, and cluster

assignment (adapted from Longacre (1970); items in parenthesis are additional burial

goods discussed in Martin, et al. (1964)).

Burial

Number
Sex*

L C
Age

Orien-

tation
Associated Burial Goods

Burial Cluster I

10 -- M 20-34 disturbed (medicine cylinder?)

12 M F 21-34 E-W 2 vessels

13 M M 35-49 E-W 1 effigy handle

19 M F 21-34 E-W 3 vessels, mat, red loincloth

31 M F 35-49 E-W 6 vessels, sandstone slabs

32 F F 35-49 E-W no associated goods

33 M M 35-49 N-S 3 vessels

34 M M 35-49 N-S 5 vessels

Burial Cluster II

6 M M? 21-24 E-W 3 vessels, weaving tools, bra*

15 M F 50+ N-S 7 vessels, bracelet, necklace,

loincloth

17 M F 21-34 E-W 4 vessels, 2 bracelets, mats,

basketry, white cylindrical beads

18 M&F J&J infant E-W 2 vessels, bracelet on male

22 M F? 35-49 N-S 6 vessels

23 J

M

J

F

infant E-W 2 vessels, white cylindrical

beads, necklace with bone ring pendant

24

M M
35-49 N-S 4 vessels, mat

26 35-49 E-W 3 vessels, 2 grooved bone awls, 10

turquoise pendants, foot of

clawed animal

Burial Cluster III

3 M M 35-49 N-S 7 vessels, 1 notched sherd, 1 awl

5 F F 35-49 N-S no associated goods

9 M M 35-49 N-S 4 vessels (jar, pitcher, bowls),

bow guard, antler club,

turritella shell pendants, lump of

turquoise

11 F M? 21-34 N-S 1 vessel
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16 M F 21-34 N-S 4 vessels, 1 projectile point

21 F M 35-49 N-S hematite plug, chalcedony table

( possibly use as" tinkler" )

25 J J infant N-S 1 large sherd

27 J M? 21-34 N-S 3 vessels, 1 awl

107

* L = Assignments listed in Longacre ( 1970 ).

C = Assignments made by Cook after laboratory analysis.

include caries or abscesses in the surrounding bone; 3) porotic hyperostosis, which is

porosities on the cranial vault that indicate presence of anemia at some point during

life; 4) periosteal reactions, both cranial and postcranial, which can result from a

number of infectious agents, either localized or systemic; and 5) trauma. The Carter

Ranch remains were sufficiently complete for most individuals to be examined for all

indicators. Data were analyzed by sex and cluster.

RESULTS

As may be seen in Tables 2 and 3, neither form of analysis detected differences

among the various burial disposal areas. None of the discrete traits was significantly

different in the comparisons between the two residence units. Even those traits that are

less commonly seen in skeletal remains, such as double anterior condylar canal, acces-

sory infraorbital foramen, pharyngeal fossa, or third molar agenesis, failed to group so

as to suggest familial relationships. The craniometric observations did produce some

significant results, but the number did not exceed that expected to occur by chance

alone. Thus, the hypothesis that there was genetic structuring within the populations

represented by the burial clusters in the Carter Ranch cemetery was not supported.

Overall, the series shows moderate levels of most health indicators compared

to those seen in other Southwestern groups (Bennett, 1973; Hooton, 1930; Palkovich,

1980; Table 4). As would be expected, older individuals were more frequently affected

by arthritis, but the condition also showed a markedly higher rate in males, a finding

not so easily explained. When the health indicators are considered by cluster, no

distinctive pattern emerges. Cluster II does have somewhat lower rates of cranial

periosteal lesions and trauma, but otherwise it is quite similar to Clusters I and III for

the rest of the pathologies and conditions. Thus, the data only very mildly support that

the middle group enjoyed a more favorable health status.

DISCUSSION

While the small sample sizes involved in the present study obviously did not

provide the optimal testing conditions to evaluate genetic differences among popula-

tions, both the cranial discrete trait and craniometric analyses consistently failed to

support the hypothesis outlined by Longacre (1970) that at least two residence units are

present at Carter Ranch. Similarly, analysis of pathological and nutritional indicators
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Table 2. Frequencies of cranial discrete traits and the results of Mann-Whitney testinj

for heterogeneity between residence units by sex.

Trait

Highest nuchel line present

Ossicle at lambda present

Wormian bones present

Parietal foramen present

Tympanic dehiscence present

Mastoid foramen present

Mastoid foramen exsutural

Palatine torus present

Anterior condylar canal

double

Supraorbital foramen

complete

Assesssory infraorbital

foramen present

Frontal notch present

Infraorbital foramen sutural

Supraorbital nortch / foramen

multiple

Mandibular torus present

Statistical Differences

Populatiion by by Cluster

N Freq. Unit III II-III I-III

19 .368 ns ns ns ns

15 .133 ns ns ns ns

15 .600 ns ns ns ns

17 .765 ns ns ns ns

20 .300 ns ns ns ns

18 .944 ns ns ns ns

18 .667 ns ns ns ns

16 .437 ns ns ns ns

15 .467 ns ns ns ns

19

15

.474 ns

.200

19 .684

16 .625

19 .474

16 .250

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns = Nonsignificant at p < 0.10.

shows that they are not consistent in suggesting that members of the middle cluster

enjoyed better health as adults than other members of the population.

Other factors further call Longacre's analysis of the Carter Ranch cemetery

into question. First, although the site map suggests that the burials do form small

groupings, the three large clusters described by Longacre (1970) are not readily recog-

nizable (Fig. 2). For example, Burials 31 to 34 are assigned to Cluster I but appear to

be spatially closer to Cluster II (Fig. 2). Additionally, Burial 14, located amidst

individuals assigned to Cluster III, was not included by Longacre (1970) in his analy-

sis. This neonate raises additional questions, since the orientation of the individual was

E-W in a group otherwise oriented N-S.
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Table 3. Craniometric means and results of chi-square analysis for heterogeneity be-

tween residence unit by sex.

Trait

Minimum frontal

diameter

Orbital height

Orbital breadth

Interorbital

diameter

Condylar

symphyseal

length

Alveolar height

Biorbital

breadth

Minimal nasal

breadth

Ascending ramus

height

Ascending ramus

breadth

Statistical Differences

Males ]Females by by Cluster

N Mean N Mean Unit i-n i-m i-m

9 93.22 7 92.14 ns ns ns ns

(4.38) (3.34)

6 35.00 7 34.42 ns _ _

(2.61) (1.90)

6 41.33 7 39.57 ns - -

(1.51) (1.13)

6 16.67 7 17.5 ns - -

(1.37) (1.38)

6 106.67 7 100.00 ns ns ns ns

(3.56) (4.08)

7 29.86 6 29.00 ns

(2.61) (2.89)

8 94.29 6 92.00 ns * ns

(4.19) (4.24)

8 13.38 7 12.71 ns _ ns

(0.47) (0.66)

7 70.14 8 63.33 ns ns ns *

(4.22) (4.06)

8 34.1 10 32.60 ns ns ns ns

(2.67) (3.27)

*= p<0.10.

ns = Nonsignificant at p < 0.10.

- = Not statistically compared, because the sample size was less than 5.

Second, the suggestion of status differentiation by cluster, namely that mem-
bers of Cluster II represent a male religious sodality, may be challenged. Longacre

(1970) relied on two lines of support: the unusual sex distribution compared to the

other clusters as well as the richness and the near exclusivity of all ceremonial goods

with its members. When the laboratory sex assignments are used, however, the cluster

is seen to include two males, four females, and two infants.

Additionally, extremely elaborate burials are found in other clusters besides

the middle one. Burial 9, one of the two most impressive burials at the site, is grouped

with Cluster III. This individual was sufficiently noteworthy for the site report, which

otherwise had few references about specific burials, to state that "the objects that

accompany this individual ... seem to suggest he had been an important figure in the
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Table 4. Frequencies of pathologies by sex cluster.

By Sex

M F

by Cluster

I II III

Maximum N

Cranial periosteal lesions

Postcranial periosteal lesions

Cribra orbitalia

Dental lesions ( except caries )

Arthritis

Trauma

10 11 8 6 6

.600 .400 .286 .167 .429

.500 .600 .429 .400 .625

.000 .200 .000 .333 .000

.800 .778 1.000 .800 .833

.723 .375 .625 .400 .667

.300 .181 .375 .000 .333

pueblo" (Rinaldo, 1964: 95). Burial 21, also in Cluster III, was found with a small

cylindrical object of hematite as well as a highly polished colorful tablet of petrified

wood near the pelvis. Rinaldo (1964: 81) notes that while the artifacts do not appear

to have been a costume, they might have been "part of a fetish or charm kit".

Finally, all three individuals (Burials 19, 31, and 34) recovered with polychrome

pottery were found in Cluster I.

CONCLUSIONS

Although the skeletal sample from Carter Ranch is quite small, it nonetheless

provides an independent source of data to test many of the propositions of Longacre's

classic reconstruction of postmarital residence patterns at the site (Longacre, 1970).

Analysis of skeletal indicators in the remains failed to distinguish the presence of any

sort of genetic structuring among members of the cemetery, particularly concerning

the two residence units suggested by ceramic analysis. Similarly, the health patterns

of the various clusters outlined by Longacre (1970) were remarkably similar, thereby

failing to support the possibility that members of the middle cluster, who were

proposed to be representatives of a religious elite, enjoyed privileges that resulted in

better health. From the perspective of the human remains, Carter Ranch appears to

have been homogeneous in distribution and egalitarian in status.
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ABSTRACT: Very little research concerning wormian bones has been done with juvenile

cranial material. This study examines exactly how easy (or difficult) it is to detect the presence

of these ossicles in juvenile archaeological remains discovered at the Schild Mississippian

knolls in Illinois. Placement of these wormian bones was noted and tabulated. Fragmen-

tary and warped cranial material predominates among the youngest of the specimens, render-

ing them quite difficult to study. However, uncertainty in analyzing these remains may be

minimized, if an age group of 1 year to 20 years is selected. Hence, further research can and

should be directed towards studying wormian bones in juvenile skeletal populations.

INTRODUCTION

Wormian bones have long been a source for study and research by anthro-

pologist and biologist alike. Found along the cranial suture lines and fontanelles of

certain individuals, these bones are considered to represent one of the many discon-

tinuous morphological characteristics that may be observed on the skull (Bennett,

1965). They are isolated ossicles of varying size, and they have ossification centers

independent from the other cranial bones (El-Najjar and Dawson, 1977). Further-

more, these ossicles are outlined by their own encompassing suture lines and fit

like a "jigsaw puzzle piece" within the suture lines that separate the individual

bone segments of the cranium.

Although the structure, growth, and development of wormian bones have

been well-studied and researched, scholars are still uncertain as to what the underly-

ing factors are that predispose them to particular individuals. Among the first

reports that attempted to answer this question was Dorsey's study (1897, from

Bennett, 1965) of the Kwakiutl crania. Dorsey suggested that wormian bones

developed due to the stress on the cranium resulting from the practice of artificial

cranial deformation.

Bennett (1965) further developed the "stress-hypothesis" for wormian

bone formation. Bennett proposed that any stress around the cranial suture areas,

such as artificial cranial deformation or certain pathological conditions like

hydrocephaly, could result in the development of this discontinuous trait. In addi-

tion, he found that the particular growth and development of the basi-occiput may
produce stress around the lambdoid suture, which in turn results in the formation of

wormian bones. Bennett's study of Negro, White, and American Indian crania sup-
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ported his hypothesis that these bones represent "secondary sutural characteristics

which are brought about by stress' ' (Bennett, 1965).

Other studies have favored a different explanation; namely, that wormian

bones are a genetic predisposition and that external factors such as artificial cranial

deformation do not play a role in their formation. Among the proponents for this

hypothesis are El-Najjar and Dawson (1977), who studied skeletal samples of

Southwestern Pueblo Indians. According to their findings, wormian bones occur

in deformed and non-deformed skulls with approximately the same regularity.

Therefore, El-Najjar and Dawson concluded that wormian bones must be under

genetic control. These findings were supported by D. J. Finkel (1976) in his study

of wormian bone formation in the skeletal population from Lachish, Israel.

Other investigators advocate a less extreme position. In particular, wor-

mian bones are believed to originate due to genetic factors, but these factors may
be influenced or altered by some form of stress (such as artificial deformation) on

the cranium. Ossenberg's (1970) analysis of Hopewell crania and Gottlieb's (1978)

examination of Southwest Indian crania support this view, along with Pucciarelli's

(1974) experimentation with Wistar rat skulls.

Trinkhaus and LeMay (1982) have added yet another factor that may
cause stress on the cranium: that of the posterior growth of the brain. Their survey

of occipital bunning among Neanderthals and anatomically correct humans alike

led them to propose that this phenomenon is due to a posterior-wise increase in

brain size that occurs relatively late within the normal time period of juvenile brain

development.

The evidence of Trinkhaus and LeMay for the posterior growth of the

brain rests on several observations. The first is the sequence of suture closure. The
metopic suture is the first to close, followed by the coronal and sagittal sutures.

The most posterior suture, the lambdoid, is the last to close and does so well after

the others. Trinkhaus and LeMay believe this sequence implies a posterior brain

growth, for fusion of the sutures implies that additional space is no longer needed

for the development of the brain, as it has attained its maximum size.

The second observation made by Trinkhaus and LeMay dealt with the

distribution of wormian bones. Taking the position that wormian bones are formed

due to increased intercranial pressure, they noted that wormian bones are

predominantly found along the lambdoid suture. Posteriorly directed growth

might produce more stress along the posterior portion of the cranium, resulting in

the formation of wormian bones.

Trinkhaus and LeMay' s (1982) original study on occipital buns raises the

question of whether the incidence of wormian bones and the posterior rate of

growth in the brain are related. If so, then wormian bones would not be due solely

to a genetic predisposition but rather to an internal stress placed on the cranium.

The growth of the brain is a fairly rapid process. At birth, the brain is

already 25% to 33% of its adult size, and by the end of the first year, it increases to

70% of its adult size. By the fifth or sixth year, the brain is almost 95% of its adult

size (Boyd, 1962, from Trinkhaus and LeMay, 1982). If one wants to test the

above-mentioned hypothesis, one must examine juvenile skulls, preferably be-

tween the ages of birth and six years.

Unfortunately, very little work has been done with juvenile cranial

material. This is because, for the most part, juvenile archaeological cranial remains
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are not discovered as often as adult skeletal remains. When juvenile cranial re-

mains are found, they are usually found in fragmentary form or have become quite

warped and distorted. An abundance of juvenile archaeological material is simply

not available for study.

The following study examines exactly how easy (or difficult) it is to detect

the presence of wormian bones in juvenile archaeological remains. The incidence

of wormian bones among juvenile crania is calculated for the skeletal population

found at the Schild Mississippian site (Knolls A and B). Placement of these wor-

mian bones are noted and tabulated. Furthermore, a comparison is made between

the juvenile data and young adult skeletal material, aged 20 years to 35 years, to see

if any correlations are present.

MATERIALS AND METHODS

The cranial material used for this study was discovered at the Schild site,

located on the eastern bluffs of the Illinois River in Greene County, Illinois. Exca-

vated by Perino in 1962, the site yielded a total of 9 Late Woodland Mounds and a

Mississippian cemetery divided into Knolls A and B (Perino, 1971). The Mississip-

pian cemetery has an approximate radiocarbon date of 1069 AD. The skeletal re-

mains in this cemetery are very well preserved and provide a better-than-average

data base from which to study juvenile crania. The Schild Mississippian collections

(Knolls A and B) are currently housed in the Anthropology Department at Indiana

University in Bloomington, Indiana. This skeletal material was inventoried and

processed in 1973 and 1974. Therefore, aging and sexing information for the col-

lection were already available at the time of this study.

Cranial remains were classified as "juvenile,' ' if their age was between

birth and 20 years of age. The reasons for this were multifold. First, although the

brain has essentially completed its growth by age 6, the individual has not yet com-

pleted his/her growth in other areas. In addition, sutures generally do not begin to

fuse until after age 20. Finally, other factors besides brain growth may affect the

incidence of ossicles in the developing skull. For example, Lestrel and Brown

(1976) have shown that there is an adolescent growth spurt in the cranial bones.

Such a growth spurt may influence the development of wormian bones. For these

three reasons, it is best to study crania that span the entire time range of cranial

development. Furthermore, this 1 to 20 year age range provides a sufficiently large

data base with which to work.

A specimen was not considered "usable" unless a sufficient amount of

cranial material remained to be examined. Sufficient cranial remains include com-

plete skulls, some individual bones (such as the parietal, occipital, etc.) with

sutures still attached, and/or cranial fragments that can be at least partially pieced

together.

The juvenile material was analyzed and placed in one of five categories:

wormian bones present, wormian bones probably present, indistinguishable,

wormian bones probably not present, and no wormian bones present. The criteria

for placement were as follows:
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Wormian Bones Present:

1

.

Wormian bones were found along sutures of an articulated skull

or on a disarticulated cranial fragment; or

2. Individual wormian bones were found within the remains but

not necessarily connected with the remaining cranial material; or

3. Two or more disarticulated cranial bones could be fitted

together along the suture lines and an evident space for a

wormian bone could be detected.

Wormian Bones Probably Present:

1. Two or more disarticulated cranial bones could be fitted

together along the suture lines, revealing an opening where a

wormian bone might have been, but the evidence remains far

from conclusive.

Indistinguishable:

1. No wormian bones were present, yet less than approximately

80% of the sutures were recovered; or

2. The remains were too broken to be pieced together; or

3. The remains were too broken and could not be reconstructed; or

4. Simply too few cranial remains were recovered; or

5. In the case of very young children (who still retained fon-

tanelles), the formation of suture lines had not yet occurred

and one could not be sure, if a separate wormian bone was once

present but was simply not recovered in the archaeological

excavation.

Wormian Bones Probably Not Present:

1 . There was no evidence of wormian bones, yet the remains were

just fragmentary enough that one could not tell for sure if the

missing pieces perhaps housed some wormian bones (i.e., if

close to but less than 80% of the suture lines were present).

No Wormian Bones Present:

1. At least 80% of the suture lines were present, but there was no

evidence of wormian bones along these sutures.

Those specimens aged 20 to 35 years, an age range classified as "young

adult," were selected as a comparison sample to the juvenile data. The sutures of

these young adult crania have not completely fused yet, as they soon will in older

specimens. Once the sutures fuse, the detection of wormian bones becomes nearly

impossible.
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Table 1 . Statistics for specimens aged birth to 20 years from the Schild Mississippian site

(Knolls A and B). (Note that each number here represents one individual; e.g., 28

individuals were found to possess one or more wormian bones along their lamboid suture.

)

Total number of individuals: 223

Total number of specimens with recoverable cranial remains: 69

Breakdown: Ages birth to 1 year

Ages 1 year to 20 years

Ages birth to 6 years

Ages 6 years to 20 years

19

50

35

34

Total number of viable cases for study (i.e., those specimens with some

remnants of cranial remains): 154

Breakdown: Ages birth to 1 year 62

Ages 1 year to 20 years 92

Ages birth to 6 years

Ages 6 years to 20 years

118

36

(40.26%)

(59.74%)

(76.62%)

(23.38%)

Total viable cases breakdown

Wormian bones present

Wormian bones probably present

Indistinguishable

Wormian bones probably not present

No wormian bones present

30

4

90

1

20

(19.48%)

(2.60%)

(58.44%)

(6.49%)

(12.99%)

Areas where wormian bones were found; special wormian bones

Sagittal suture

Lambdoid suture

Parieto-mastoid suture

Occipito-mastoid suture

Coronal suture

2

28

3

5

1

Inca wormian bone

Apical wormian bones

Bregmatic wormian bones

Pterionic wormian bones

Only those adult specimens with at least 80% of their sutures present

among the cranial remains were studied. When analyzing this sample, only three of

the five above-mentioned categories were utilized: wormian bones present, indis-

tinguishable, and no wormian bones present.

In addition, this second sample was broken down into "male" and

"female" categories, to see if any general conclusions about wormian bones and

sex could be drawn. Such a breakdown could not be drawn for the juvenile speci-

mens, as it is virtually impossible to sex pre-pubescent skeletal material. The main

reason for this is that sexually dimorphic changes in the skeleton do not appear

until well after puberty.

Finally, the juvenile data were broken down into several different age
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Table 2. Specimens from the Schild Mississippian site (Knolls A and B) broken down by

age.

Case breakdown for ages birth to 1 year: 62

Wormian bones present 1 (1.61%)

Wormian bones probably present 1 (1.61%)

Indistinguishable 52 (83.87%)

Wormian bones probably not present 6 (9.68%)

No wormian bones present 2 (3.23%)

Case breakdown for ages 1 year to 20 years: 92

Wormian bones present 29 (31.52%)

Wormian bones probably present 3 (3.26%)

Indistinguishable 38 (41.30%)

Wormian bones probably not present 4 (4.35%)

No wormian bones present 18 (19.57%)

Case breakdown for ages birth to 6 years: 1 1

8

Wormian bones present 14 (11.86%)

Wormian bones probably present 3 (2.54%)

Indistinguishable 79 (66.95%)

Wormian bones probably not present 10 (8.48%)

No wormian bones present 12 (10.17%)

Case breakdown for ages 6 years to 20 years: 36

Wormian bones present 16 (44.44%)

Wormian bones probably present 1 (2.78%)

Indistinguishable 11 (30.56%)

Wormian bones probably not present (0.00%)

No wormian bones present 8 (22.22%)

groups. The incidence of wormian bones among the entire juvenile group (ages

birth to 20 years) was calculated first. The other two breakdowns were:

1. Birth to 1 year and 1 year to 20 years; and

2. Birth to 6 years and 6 years to 20 years.

The reasons for such breakdowns were to see if the uncertainty arising from deal-

ing with some of the very young fragmentary remains could be minimized, as well

as to see if any general patterns would arise as a result of these new breakdowns.

RESULTS

A surprisingly large number of juvenile specimens did not have any

recoverable cranial remains at all (Table 1). Furthermore, close to 60% of the

remaining usable juvenile specimens were classified as "indistinguishable.' ' As

mentioned earlier, cranial remains were often too few, too fragmentary, or too

warped for one to distinguish the presence or absence of ossicles with certainty.

From this Schild Mississippian sample, half of the remaining 40% of the juvenile
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Table 3. Specimens ofages 20 years to 35 years from the Schild Mississippian site (Knolls

A and B) compared by sex for the presence of wormian bones.

Total number of viable cases for study: 38

Female specimens

Male specimens

19

19

(50.00%)

(50.00%)

Breakdown of total viable cases

Wormian bones present

Indistinguishable

No wormian bones present

23

5

10

(60.53%)

(13.15%)

(26.32%)

Breakdown of the occurence of wormian bones by sex

Wormian bones present

Indistinguishable

No wormian present

Male

12 (63.16%)

3 (15.79%)

4 (21.05%)

Female

II (57.89%)

2 (10.53%)

6 (31.58%)

Areas where wormian bones were found; special wormian bones

Total

Population

Males

Only

Female

Only

Sagittal suture

Lambdoid suture

Parieto-mastoid suture

Occipito-mastiod suture

Coronal suture

15

8

13

3

8

4

7

1

7

4

6

2

Inca wormian bone

Apical wirmian bones

Bregmatic wormian bones

Pterionic wormian bones

1

3

1

2

1

2

1

1

1

1

specimens had some evidence of wormian bones. However, due to the high number

of 'indistinguishable" specimens, no generalizations about wormian bones among
the juvenile population as a whole could be made.

By far the most common site for wormian bones among juvenile crania

was along the lambdoid suture. There are 28 incidences of one or more wormian
bones along the lambdoid suture, compared to 1 1 incidences along the remaining 4

sutures. Furthermore, there were generally multiple bones along the lambdoid

suture, whereas the other sutures tended not to possess multiple ossicles.

The two separate breakdowns of the juvenile data provided other useful

information (Table 2). If one would like to see if brain growth and the presence of

wormian bones are somehow interdependent, the ideal sample population should

be aged from birth to 6 years. (Remember that brain growth is essentially complete

by age 6.) Although the sample size for the breakdown from birth to 6 years in this

study is rather large, the number of "indistinguishable" specimens is equally large

(Table 2). Hence, the same problem arises as was encountered with the juvenile
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specimens (see above); no generalizations could be made with so much uncertainty

in the sample.

The second age breakdown (i.e., birth to 1 year and 1 year to 20 years) was

set up to see if the uncertainty could be minimized. Upon analyzing the cranial

material, it soon became apparent that the very young specimens would be quite

difficult to classify. If suture lines have not yet formed (which is typical for most

children under 1 year of age), it is impossible to determine whether or not wormian

bones were once present, and simply had not been recovered. In addition, the

younger the specimen, the more fragile and tiny the cranial remains are. Hence,

even if cranial remains were recovered, they were in poor condition. As a result,

over 83% of the birth to 1 year material was classified as "indistinguishable.'

'

Those specimens aged 1 year to 20 years yielded more tangible results.

Although the * 'indistinguishable' ' percentage is still rather high (41.30%), this

figure has been minimized using this breakdown. Approximately 40% of the re-

maining 60% of the specimens could be classified as possessing wormian bones.

Upon analysis of the data, a third age breakdown was considered—that of

material aged 1 year to 6 years. Several problems made such a breakdown infeasi-

ble. First, the number of specimens classified as ' 'indistinguishable" would be

greater than that in the 1 year to 20 years sample. More importantly, the database

would be reduced greatly in size and would not yield a sufficiently large population

for statistical analysis.

The problem of having so many unusable and "indistinguishable"

specimens in a juvenile archaeological skeletal sample will almost always exist.

However, the 1 year to 20 years sample will produce the most efficient and statis-

tically reliable database, given these limitations.

The young adult comparison sample (Table 3) yielded more interesting and

more concrete results. There happened to be an equal number of males and females

in the sample. Unlike the juvenile sample, the number of "indistinguishable"

specimens was small (just over 13%). Because approximately 60% of the speci-

mens possessed wormian bones, this population appears to exhibit a tendency

towards developing ossicles. In addition, the presence and incidence of wormian

bones appear to be equally distributed among the males and females. This finding

agrees with that of Cosseddu, et al. (1979), who determined that sex differences in

wormian bones are minimal to irrelevant.

In the young adult sample, the posterior-most sutures (such as the lamb-

doid and the occipito-mastoid) had over twice the incidence of wormian bones than

the more anterior sutures (i.e., sagittal, parieto-mastoid, and coronal). This find-

ing correlates with the results of other surveys; i.e., that the majority of wormian

bones are found along the posterior-most sutures (Berry and Berry, 1967, from

Trinkhaus and LeMay, 1982).

CONCLUSIONS

The results presented here suggest that detecting wormian bones in juvenile

archaeological specimens is problematic at best. Fragmentary and warped cranial

material predominates among the youngest of the specimens, making it quite dif-

ficult to study them. However, uncertainty in analyzing these remains may be mini-

mized, if an age group of 1 year to 20 years is selected. Although this is not the
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ideal situation, because one must dismiss from consideration some specimens that

may have potential for yielding insight into cranial development, it is nevertheless

the "best-case scenario" with which the anthropologist has to work.

Among the Schild Mississippian population, wormian bones were appar-

ently a common occurrence among both juvenile and adult crania. The presence of

these ossicles can be established with certainty in over 30% of the 1 year to 20 years

sample and in over 60% of the young adult sample.

The presence and incidence of wormian bones were found to be distributed

equally among the male and female crania in the young adult sample. This obser-

vation would indicate wormian bones are not a sex-related trait. Similar data could

not be collected for the juvenile crania, as there are no reliable methods to sex pre-

pubescent skeletal remains.

For both age samples, ossicles are most commonly found and most abun-

dant among the posterior-most cranial sutures. Of those juvenile crania possessing

ossicles, over 75% had one or more of these bones along the lambdoid suture

alone. In the young adult sample, close to 80% of their wormian bones were found

along the lambdoid and occipito-mastoid sutures.

Further research needs to be done with the incidence of wormian bones

among juvenile crania. Such studies may yield insight into the formation and

predisposition of these ossicles. Although there are many problems that arise when
working with juvenile cranial material, this study has shown that these problems

are not insurmountable. Hopefully, this study will inspire others to perform

research in this long-neglected area.
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ABSTRACT: The roots of sporelings of Marsilea mucronata do not generally form root hairs

when grown in water, although they possess the genetic potential to do so. Rhizoid and root hair

production is at least partially controlled by auxin (indole acetic acid). Two experiments were run

to test the hypothesis that rapid leaching of auxin into the water prevents the accumulation of

enough auxin at the outer cell walls of the root epidermal cells to initiate hair formation. Sporelings

were grown suspended in 100% humid air to prevent leaching. Plants so grown produced typical

root hairs. In addition, sporelings were grown in solutions of auxin at the following concentrations:

1 x 10 4 g/ml, 1 x 10" 5 g/ml, 1 x 10~6 g/ml, and 1 x 10 7 g/ml. Plants grown in solutions containing

auxin at concentrations of 1 x 10~ 5 g/ml produced numerous root hairs.

INTRODUCTION

Root hairs are elongated, tube-like extensions which extend outward radially

from the external surface of the root. These cell extensions do not grow equally

throughout, but only in a relatively small zone at the root tip. The cell wall found at

the tip of the root hair consists primarily of loose fibrils. The cell protoplast exerts

pressure on the tip, pushing the newly-formed wall over to the sides. Further devel-

opment of the secondary wall along the sides prevents further growth in this area

(Muehlethaler, 1961).

For some years, the formation of rhizoids on the megagametophytes of

Marsilea spp. has been under investigation at Valparaiso University. These studies

strongly indicate that the initiation of rhizoid formation is influenced by indole acetic

acid (IAA) and that any outer cells under appropriate stimuli can form rhizoids

(Bloom and Nichols, 1972). The rhizoids typically form first on the ventral surface

as a gravitational response. The cells producing the rhizoids are actively-growing

cells that seem to manufacture their own auxin. If these plants are grown on a

vertical clinostat on agar plates, enough auxin appears to accumulate at the outer

margins of all the peripheral cells to cause rhizoid formation over the entire surface

of the megagametophyte (Bloom and Nichols, 1972).

Current theory suggests that auxin activates the hydrogen ion pump in the

plasma membrane. The efflux of hydrogen ions acidifies the cell wall, weakening the

bonds between the cellulose fibrils. Turgor pressure then causes cell expansion in the

weakened area. Auxin has longer term effects as well; it affects gene transcription

and the synthesis and secretion of new secondary cell wall material (Alberts, et al.,

1983).

The study of gametophyte development in Marsilea spp. also showed that

the megagametophytes produce numerous rhizoids in water. In contrast, the young

sporelings do not form root hairs in water, although they have the genetic potential to
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do so. One reason why the sporelings do not form root hairs in water might be that,

since IAA is a small, readily-diffusible molecule, the concentration of auxin in the

epidermal cells of the root remained too low to initiate root hair formation due to

leaching. Two experiments were designed to test this hypothesis.

A common laboratory procedure is to grow radish seedlings on moist filter

paper in petri dishes to demonstrate root hair formation in beginning biology classes.

Root hairs readily form in the humid atmosphere above the filter paper. Perhaps,

Marsilea sporelings could be induced to form root hairs using this same procedure.

Bloom and Nichols (1972) showed that by growing megagametophytes on

agar containing low concentrations of IAA, rhizoids could be induced to form on

their dorsal surfaces. If sporelings were grown in solutions containing low concentra-

tions of IAA, thus countering the leaching effect, perhaps the roots could be induced

to form root hairs.

MATERIALS AND METHODS

Sporocarps of Marsilea mucronata were scarified and placed in water to

hydrate. Microspores and megaspores were released and underwent rapid develop-

ment. Fertilization occurred in about eight hours, and within 72 hours, the first

juvenile leaves and roots emerged. The sporelings were grown at room temperature

(22° C) under constant illumination from a Westinghouse 40W cool white fluorescent

tube and a Norelco 40W Growlume fluorescent tube.

When the sporelings were 96 hours old, a number of plants were transferred

to a 125 ml jar in which a thin layer of plain agar had been poured and cooled. The

sporelings remained attached to the agar surface when the jar was inverted in a

shallow dish of water.

A 0. 1 g/L solution of IAA in tap water was prepared to which seven drops

per liter of Schultz-Instant Liquid Plant Food were added. Solutions having IAA
concentrations of 1 x 10 4 g/ml, 1 x 10 5 g/ml, 1 x 10~6 g/ml, and 1 x 10 7 g/ml were

prepared from this stock solution. Plants were grown in nutrient solution lacking IAA
as a control. Sporelings were transferred to separate jars containing 100 ml of the

various IAA solutions. After several days growth, the plants were examined for the

presence of root hairs.

RESULTS

Sporelings grown in the humid air possessed numerous long, straight root

hairs along the entire length of the root.

Of the plants grown in aqueous media containing IAA, only the plants grown

at a concentration of 1 x 10 5 g/ml IAA possessed numerous, long root hairs. Plants

grown at a concentration of 1 x 10 4 g/ml IAA had short root hairs. Most of the roots

grown at other concentrations of IAA had many short protuberances, such as form at

the beginning of root hair formation, as well as occasional root hairs, usually near the
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base of the root but not in the younger portions. These few root hairs may have

formed during the short period of time when the older parts of the root were not fully

immersed in the IAA solution. The controls grown in the nutrient solution without

IAA were similar to the experimental plants grown at the lower concentrations of

IAA.

CONCLUSIONS

These results suggest that leeching of IAA from the roots of sporelings

grown in water is the cause of their failure to form root hairs. A number of angio-

sperms, grown from both seedlings and cuttings, were also studied. Some angio-

sperms (lima beans (Phaseolus limensis), barley (Hordeum vulgare), and popcorn

(Zea mays)) responded as did the Marsilea sporelings, while others (tomato

(Lycopersicon esculentum) and wandering-Jew (Zebrina pendula)) produced numer-

ous root hairs in water.

A third way to explore the possibility that leaching causes the failure of root

hair formation in Marsilea sporelings would be to measure the accumulation of IAA
in a culture of sporelings. As yet, no method is generally available to measure such

small amounts of IAA.
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Abstract: Numerous diseases were influenced by environmental conditions during the 1990 growing

season. A radical drop in temperature in December 1989 resulted in extensive cold injury to

cambial tissues of woody plants and trees in 1990. Gusty spring winds and several late frosts

were responsible for damage to tender emerging tree leaves, while sand blasting damaged young

corn seedlings. The excessive rainfall which occurred during the spring and summer months of

1990 caused an increase in both disease incidence and disease severity. Foliar diseases and root

rot were prevalent problems. Anthracnose of shade trees, Cladosporium on peony, apple scab,

bacterial canker on tomato, Botrytis on flowers, corn and soybean seedling blights, Barley Yellow

Dwarf Virus in wheat and oats, Phytophthora and Rhizoctonia root rot of soybean, and Stewart's

leaf blight of corn were several of the commonly diagnosed infectious disease problems noted

during the growing season

INTRODUCTION

Accurate diagnosis of plant problems is both an art and a science. Differ-

ences in site location, environmental conditions, chemicals used and cultural prac-

tices as well as numerous other variables necessitate a unique diagnosis for each of

the plant samples submitted to the Plant and Pest Diagnostic Laboratory (P&PDL).

Diagnosis of plant problems in the P&PDL is offered as a service of the Cooperative

Extension Service, Purdue Agricultural Experiment Station. As of 1990, this diag-

nostic service is now of an interdisciplinary nature, incorporating the expertise of

Plant Pathologists, Entomologists, Horticulturalists, Agronomists, and Weed Scien-

tists. Plant disease diagnosis, as well as insect and plant identification, are gratuitous

services offered by the Lab. Samples are submitted by county extension agents,

farmers, commercial growers, homeowners, private consultants, and other interested

persons. This paper is a summary of the major plant diseases and disorders which

were diagnosed in the clinic and observed within the state in 1990.

METHODS

Plant specimens are submitted to the Plant and Pest Diagnostic Laboratory

by county extension agents, homeowners, growers, nursery operators, golf course

superintendents, consultants, and others. Specimens are diagnosed visually or by
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culturing the pathogen on selective media. Some viral diseases are diagnosed by the

leaf dip (negative stain) technique, utilizing the electron microscope. Serological

rapid assay detection is also utilized. After a disease or disorder is diagnosed,

appropriate control measures are suggested upon request. A summary of the samples

diagnosed from January 1 through November 19, 1990 is given in Table 1.

RESULTS

As of November 19, 1990, 2226 samples, including agronomic, ornamental,

fruit, turf, and vegetable crops, had been diagnosed for diseases and disorders (Table

1). Of these samples, approximately 50% were diagnosed as infectious disease

problems with causal agents such as fungi, bacteria, and viruses; 27% were diagnosed

as noninfectious problems caused by factors such as environmental/site and cultural

stresses; 7% were diagnosed as chemical injury; and 4% exhibited a nutritional

problem. The remaining 12% were either poor samples or lacked adequate informa-

tion for a proper diagnosis.

In general, there was an increase in the number of infectious disease prob-

lems noted this season over last year. This increase was attributed to unusually wet

conditions, which resulted in a proliferation of diseases on all types of crops. Due to

the interdisciplinary nature of the new lab, the number of specimens submitted to the

Plant and Pest Diagnostic Laboratory was the largest, since the inception of diagnos-

tic services in 1960 (Pecknold, 1974; Evans, et ai, 1980; Evans-Ruhl, et ai, 1981;

Ruhl, etal, 1982-1989).

SHADE AND ORNAMENTAL TREES

Diseases: Cool, wet spring weather was conducive to several woody plant

diseases. Anthracnose on hardwood tree species was especially severe this spring. In

particular, heavy to severe sycamore anthracnose (Gnomonia platani) occurred across

the State following the rainy weather in mid-May. The northern part of the state had

the greatest degree of damage. Sycamores were just expanding their leaves, when

infection occurred. In southern Indiana, leaf development was more advanced, and

the tissue was not as susceptible. However, twig dieback and cankering occurred in

all areas of the state.

Outbreaks of ash, maple, and oak anthracnose (Discula sp.) were periodi-

cally diagnosed. Oak wilt {Ceratocystis fagacearum), blister leaf (Taphrina

caerulscens), and Actinopelte leaf spot (Tubakia dryina) were common problems on

oak. Diplodia tip blight (Sphaeropsis sp.) on pine was noted as being especially

severe due to the predisposition of trees by environmental stress factors during the

last 4-7 years. Needlecasts on pine were primarily attributed to Dothistroma

septospora. Verticillium wilt {Verticillium albo-atrum) was diagnosed on several

maple specimens, Amur maple in particular. Arborvitae and junipers continued to be

plagued with tip diebacks caused by both Phomopsis and Kabatina spp. Cedar

quince rust {Gymnosporangium clavipes) on hawthorne was abundant. Phytophthora
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Table 1. Plant samples diagnosed in the Purdue Plant and Pest Diagnostic Laboratory,

January 1 through November 19, 1990*.

Plant specimen

Number of

samples
2

Diseases" Disorder Chem Nutr Other
6

AGRONOMIC

Corn 274 107 89 56 23 24

Soybeans 316 339 36 54 28 25

Wheat 50 60 8 1 1 5

Other ( Forage grasses

and legumes; specialty

field crops

84 51 6 3 5 7

ORNAMENTAL

Shade Tree 407 103 135 9 14 100

Oranamental Tree 291 62 109 7 5 58

Shrubs 169 36 81 3 6 24

Flowers 166 103 22 5 7 18

Interior plants 42 8 20 7

Specialty Hort 41 4 2 3 1 9

FRUIT

Tree Fruit 68 30 30 2 1 3

Small Fruit 60 38 29 5 9

VEGETABLE 142 80 19 9 36

TURF 116 78 16 1 3 15

TOTAL 2226 1110 602 158 94 340

1 The number of diagnosed problems add up to more than the number of

samples received since many samples have more than one problem.

2 Problem caused by an infectious disease causing agent, e.g. fungus,

bacterium, virius.

3 Problem caused by noninfectious stresses such as environmental, cultural,

mechanical and site-related problems e.g. wind, drought, heat, soil compaction, root

stress, etc.

4 Problem caused by herbicide/ pesticide misuse.

5 Problem caused by nutrient imbalance.

6 "Other" includes the causal agent categories, no disease, and inadequate sample for diagnosis.

* Does not include insect-related problems or plant identification.
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root rot on a fir sample was also confirmed.

Miscellaneous leaf spots were also found in greater numbers on woody
ornamentals across the State. Apple scab (Venturia inaequalis) on crabapple was

severe. Susceptible crabapples were partially defoliated by mid-June. Even many of

the reputed "resistant" crabapples showed heavy infection from scab. Many elms in

northern Indiana were killed during June and July by Dutch Elm Disease (Ophiostoma

ulmi). The disease was especially noticeable in northeastern Indiana. This degree of

damage to elm from DED has not been observed for several years.

Disorders: Early spring leaf scorch was the most frequently reported disor-

der on all trees throughout the state. High winds occurred just as new leaves were

emerging, resulting in extreme scorching of the new growth. Although moisture was

plentiful this year, the continued occurrence of dieback and decline in many woody

ornamentals was attributed to the lingering effects of the 1988 drought as well as to a

possible suffocating effect on feeder roots by saturated soils during the spring of

1990. Extremely cold temperatures in early December, 1989 also contributed to

decline problems. Dieback in Japanese barberry, needle drop/dieback on blue spruce,

and decline of white pines were common noninfectious problems.

FLOWERS

Diseases: Fusarium and Pythium spp. were responsible for root rots and

subsequent wilt problems in several different dried flower varieties, including baby's-

breath and statice. Bacterial leaf spot {Pseudomonas cichorii) was diagnosed on

chrysanthemum, as in years past. Bacterial wilt (Xanthomonas pelargonii) was con-

firmed on geraniums in several commercial establishments. Alternaria leafspot on

marigold was severe, as was Cladosporium on Peony. Phytophthora root rot was

confirmed on petunia. Poinsettia's were plagued with Pythium and Rhizoctonia root

and stem rots as well as root rots from excessive soluble salts.

TREE FRUITS

Diseases: The wet spring weather resulted in a high incidence of foliar and

fruit diseases in unsprayed orchards. Apple scab {Venturia inaequalis) was especially

severe; however, in sprayed orchards, it did not become a major problem. Fire

blight (Erwinia amylovora) was present, primarily in southern Indiana, but not in any

epidemic proportions. Phytophthora root rot was found with more than expected

frequency. Sooty blotch (Gloeodes pomigena) and flyspeck {Microthyriella rubi)

were very common, but they were really only severe in unsprayed orchards and home
gardens. Frogeye leafspot {Botryosphaeria obtusa) and branch die back {Botryosphaeria

sp.) were common problems on apples.

Disorders: The very cold temperatures of December 22, 1989, and repeated

late spring freezes resulted in extensive injury to peach, plum, apricot, and cherry

bud and wood tissue leading to a complete crop loss for most stone fruits in the State.

In addition, substantial winter damage to the trunks (severe cambium browning) of
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peaches and other stone fruits was very evident. The late spring freezes also resulted

in a heavy crop loss of apples in southern Indiana.

SMALL FRUITS

Diseases: Strawberry leaf spot diseases were common. Gooseberry anthrac-

nose (Pseudopeziza ribis) and raspberry anthracnose (Elsinoe veneta) were com-

monly diagnosed. Also diagnosed on raspberry were Septoria leaf spot (Septoria

rudbeckiae), spur blight (Didymella applanata), and Botrytis fruit rot.

Disorders: Wet feet/clay soil related root problems on strawberries were

the prominent disorders recorded. Cold injury to raspberries caused some cane

dieback and wilting.

VEGETABLES

Diseases and Disorders: In the area of vegetable problems, the cool wet

conditions that persisted through May and June significantly delayed vegetable plant-

ing in all parts of the State. As precipitation varied according to region, so did the

appearance of main-season foliage blights caused by fungi and bacteria. Warm wet

conditions over the entire Midwest during September contributed to the occurrence of

fungal fruit infections on many fresh market vegetables. In general, 1990 was a

moderately severe year for vegetable diseases.

The normal complement of infectious diseases occurred on cucurbits. Gummy
stem blight (Didymella bryoniae) was diagnosed on watermelon seedlings grown in

greenhouses in the southern part of the state. The heavy load of primary inoculum

combined with the wet conditions to sustain serious epidemics in many fields. Inci-

dence of gummy stem blight in the northern part of the state was low, but anthrac-

nose (Colletotrichum lagenarium) was responsible for major losses. A bacterial fruit

blotch problem (Pseudomonas pseudoalcaligenes subsp. citrulli) did not materialize

in commercial watermelon fields in 1990. A rapid and irreversible wilt of water-

melon vines occurred in several fields in southern Indiana. The fungus, Pythium

aphanidermatum, was consistently isolated from wilted vines. The disease is possi-

bly associated with cool wet weather, but management factors also may play a role in

its development. Bacterial wilt (Erwinia tracheiphila) and Alternaria leaf blight

(Alternaria cucumerind) were common problems on muskmelons. Powdery mildew

(Sphaerotheca fuliginea) was first diagnosed on muskmelons on July 6. For the first

time since the fungicide triadimefon (Bayleton) was registered for use on cucurbits in

1984, farmers were unable to achieve satisfactory control of powdery mildew in

some fields. Cottony leak caused by Pythium sp. was most often identified in fields

of cucumbers for fresh market. A higher than usual incidence of belly rot (Rhizocto-

nia solani) was observed in pickling cucumbers. Indiana pumpkin farmers achieved

very good control of powdery mildew; there were few reports of a crown and foot rot

of pumpkin caused by Fusarium spp. Late August and September rains contributed

to considerable fruit loss caused by Pythium spp.
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Insect pest problems overshadowed disease incidence in most of Indiana's

potato crops; however, early blight (Alternaha solani) epidemics were severe in

several fields. Early blight was also severe on many plantings of tomatoes for fresh

market. Main season and late season tomatoes sustained considerable losses caused

by fruit anthracnose {Colletotrichum coccodes). Early blight, anthracnose, bacterial

canker {Clavibacter michiganense subsp. michiganense), and Sclerotinia stem rot

{Sclerotinia sclerotiorum) were identified in processing tomato fields through the

State. The leaf scorch symptoms of bacterial canker were evident in almost all fields

sampled. Fruit spots associated with canker were rare. Incidence of tomato spotted

wilt virus (TSWV) in tomato fields was low.

Pepper crops throughout the state sustained severe epidemics of Phytophthora

blight {Phytophthora capsici). Many reports of the disease followed heavy rains

during mid-late August. On many farms where peppers were seriously affected by

Phytophthora blight, other vegetables also suffered damage. Phytophthora infections

also were evident on turban and acorn squash, eggplant, and melons. The outbreak of

this disease on many vegetable farms will present long term disease management

problems, because of the number of vegetables affected by the pathogen.

Stands of early planted green beans suffered from a Fusarium, Rhizoctonia,

and Pythium root rot complex. Bacterial blights of leaves were not observed in fields

sampled in 1990. White mold caused by Sclerotinia sclerotiorum was severe in

many fields.

TURFGRASSES

Diseases: Helminthosporium leaf spot/melting out {Drechslera poae) was com-

mon in numerous home lawns and other Kentucky bluegrass turf areas early in the

spring. Red thread (Laetisaria fuciformis) caused problems in scattered fescue and

ryegrass turf areas in late spring. Rust {Puccinia spp.) developed to epihytotic

proportions in some northern Indiana turfs in the fall. Dollar spot (Lanzia and

Moellerodiscus spp.) was the most widespread disease of bentgrasses, and the disease

was active throughout the entire growing season. This disease was also commonly

found, but less damaging, in bluegrass, ryegrass, and fescue turfs. Brown patch

{Rhizoctonia solani) was moderately severe in many bentgrass areas in mid-August,

but the disease occurred only for about one week. Take-All patch {Gaeumanomyces

graminis var. avenae) caused significant damage on fairways and greens of two

newly established golf courses in northern Indiana and moderate damage on a newly

reconstructed green in central Indiana.

AGRONOMIC CROPS

Diseases—Corn: Seedling blights caused by several pathogens were com-

mon, especially in fields that were planted immediately prior to the start of wet

weather in early May. Reduced stands necessitated replanting in some individual

fields. In addition, portions of some fields were replanted due to flooding. Crazy top

{Scleropthora macraspora) was prevalent in many fields planted prior to the the wet
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weather, but the disease was confined to relatively small spots in fields, and yield

losses were minimal.

The leaf blight phase of Stewart's Disease (Erwinia stewartii) was the most

prevalent foliar disease on corn throughout the State. The disease was present in

virtually every field due to the high populations of the corn flea beetle {Chaetocnema

pulicaria), vector of the pathogen. However, yield losses from this disease were

negligible to very light. In spite of the above normal rainfall during the growing

season, fungal leaf blight diseases did not become yield limiting, except in a few

individual fields planted to highly susceptible hybrids. Northern corn leaf blight

{Exserohilum turcicum), southern corn leaf blight {Bipolaris maydis), common rust

(Puccinia sorghi), and anthracnose {Colletotrichum graminicola) were the most com-

monly found foliar diseases scattered throughout the State. Grey leaf spot (Cercospora

zeae-maydis) appeared in scattered fields in the southern half of Indiana, and minor

amounts of eyespot {Kabatiella zeae) and holcus spot {Pseudomonas syringae) were

indentified in the northern portion. Common smut (Ustilago zeae) was also present

in fields over the State, but not in damaging amounts.

Stalk rots were prevalent throughout the State, and significant lodging oc-

curred in many fields. Due to the extensive corn borer damage in numerous fields, it

was frequently difficult to assess whether the lodging was due to stalk rots or corn

borer damage. Anthracnose stalk rot {Colletotrichum graminicola) was the most

prevalent stalk rot, and it was found in many fields over the State. Gibberella

(Gibberella zeae) and Fusarium (Fusarium moniliforme) stalk rots also occurred over

the State. Severe Diplodia stalk rot (Stenocarpella maydis) occurred in some south-

central Indiana fields, where corn followed corn with reduced tillage, especially no-

till. Charcoal stalk rot (Macrophomina phaseolina) was identified in southern Indi-

ana, but it was rare.

Ear rots were less prevalent in 1990 than in 1989, in spite of similar weather

conditions at and shortly after pollination. Fusarium ear rot (F. moniliforme) was

found in approximately 50% of the fields (compared to almost 90% in 1989), but

severity was generally less than 2% of the kernels affected. The mycotoxin fumonisin,

associated with this pathogen, was not detected above background levels in any of

the samples tested. Gibberella ear rot (G. zeae) was found in approximately 30% of

the fields (compared with 13% in 1989) with severity being less than 3% of an ear.

Deoxynivalenol (DON or vomitoxin) was the only mycotoxin found in association

with Gibberella ear rot. Except for a few rare cases, DON levels were below 3 ppm.

There were at least two high yielding hybrids planted in the State that were highly

susceptible to Gib ear rot and that were extensively damaged by this disease. Both

hybrids had upright ears with tight husks. There were relatively few fields in the

State planted to these hybrids. None of these fields were included in the ear rot

survey, and no mycotoxin determinations were made. Diplodia ear rot (Stenocarpella

maydis) occurred in less than 5% of the fields, all in southern Indiana. This disease

incidence was similar to 1989 and was severe in only a few fields. Diplodia ear rot

was almost always associated with corn following corn and with reduced tillage.

Diseases—Soybeans: Regardless of the facts that saturated soils delayed

planting or necessitated replanting and that soybean disease problems were wide-

spread, soybean yields for the State were exceptionally good. Seedling blights,

caused by species of Phytophthora, Rhizoctonia, Fusarium, and other pathogens,

were identified in many fields. Foliar diseases such as brown spot (Septoria glycines)
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and downy mildew (Peronospora manshurica) were prevalent in numerous fields, but

apparently did little damage. Bacterial blight {Pseudomonas syringae pv. glycinea)

and bacterial pustule (Xanthomonas campestris pv. glycines), however, were at much
lower levels that in recent years.

The most widespread, significant soybean problem occurred in mid-July

following 5 days of heavy rains, thick overcast skies, and exceptionally cool nights.

Two types of field symptoms were observed. In some fields, the problem appeared

as a sudden wilting of plants, followed by a grayish-green, tip or marginal leaf

desiccation. Severely affected plants died, while less severely affected plants sur-

vived with varying degrees of vigor. The second, more common, symptom appeared

as a slight yellowing and stunting of plants, which progressed, to varying degrees of

stunting and/or plant death. Regardless of which type of symptom developed first,

the root systems appeared near normal at first glance during the early stages of

symptom development. However, when the affected plants were dug and the root

systems carefully washed, light tan to dark brown lesions were observed on the

lateral roots, generally more towards the root tips. When the tap roots of affected

plants were cut longitudinally, tissues in the central portion were frequently, but not

always, a light tan to light gray. As the above ground symptoms progressed, in-

creased lateral root deterioration occurred, and the internal tap root discoloration

generally increased in intensity. Immunoassay tests for Phytophthora and Pythium

were performed using the Multiwell Immunoassay Kits for plant pathogenic fungi

produced by Agri-Diagnostics Associates, Cinnaminson, New Jersey. In addition,

samples were plated on P
10
VP medium and on acidified PDA for recovery of other

fungi. Cultures presumed to be Phytophthora spp. were transfered to frozen lima

bean agar, dilute V-8 juice agar, and PDA for confirmation.

A total of 198 samples were analyzed. Of these, 137 samples were positive

for Phytophthora spp. by immunoassay. Of the 137 samples which were positive by

immunoassay, 128 were cultured, and, of those, 50 appeared to be positive for

Phytophthora spp. There were 61 samples which were negative for Phytophthora

spp. in the immunoassasy, of which 5 yielded cultures of Phytophthora spp. In

addition, numerous cultures tentatively identified as Pythium, Rhizoctonia, Fusarium,

Macrophomina, Diaporthe/Phomopsis, Phialophora spp., and other fungi were iso-

lated.

Following the initial onset of symptoms, several days of excellent growing

conditions occurred. Surviving, but affected plants in many, but not all fields ap-

peared to recover. The degree of recovery was variable from field to field; some

appeared to completely recover, while others recovered to varying degrees. Recov-

ery of affected plants appeared to be improved in those fields that were cultivated

shortly after initial symptoms occurred. In a few fields, there was no apparent

recovery, and affected plants continued to decline.

During the week of September 3, 1990, premature yellowing and death of

plants was observed in the same areas of many fields that were initially affected but

had recovered to varying degrees. This premature yellowing and death is thought to

be directly related to root damage earlier in the season.

Sclerotinia stem rot (Sclerotinia sclerotiorum) was present in many northern

Indiana fields. While the disease occurred in damaging proportions in only a few

widely scattered fields, it was found in more numerous and widespread areas than in

any previous year. Brown stem rot {Phialophora gregata) was identified in several
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northern Indiana fields, although not as widespread and damaging as in 1989. Sud-

den death syndrome {Fusarium solani race A) occurred in scattered fields in south-

western Indiana, but symptoms were milder and less widespread than in 1989. Stem

canker (Diaporthe phaseolomm var. caulivora) was identified in a few fields, but

damage was relatively light. Charcoal root rot {Macrophomina phaseolina) was

found late in the season in several fields that were damaged earlier by the root

problem described above. The soybean cyst nematode (Heterodera glycines) was

identified in many western Indiana fields and continues to be a significant soybean

production problem.

Diseases—Small Grains: Foliar diseases of wheat were widespread through-

out the State and were particularly severe and damaging in southwestern Indiana.

Yield losses approached 50% in some fields. Septoria leaf blotch and glume blotch,

caused by Stagorospora nodorum, were the most prevalent and damaging diseases.

Septoria leaf blotch, caused by Septoria triticii, was present, but most varieties grown

in the state have good resistance to this pathogen. Powdery mildew (Erysiphe

graminis), leaf rust (Puccinia graminis), and scab (Gibberella zeae) were also com-

monly found in wheat fields, but damage from these diseases was relatively light,

except in fields planted to highly susceptible varieties. Wheat spindle streak mosaic

virus symptoms were prevalent throughout the State in the early spring, but this

disease causes only minor disease losses. Barley yellow dwarf virus was present to a

greater extent than in 1989, but yield losses were limited to relatively few fields.

CONCLUSION

The moist conditions of 1990 and the lingering effects of the drought of

1988 contributed to the diverse nature of plant problems diagnosed in the P&PDL.
Through proper understanding of the ways in which plant diseases develop and by

promoting and encouraging proper methods of prevention or control, losses due to

plant disease can be kept to a minimum.
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ABSTRACT: Allogeneic and xenogeneic tumor grafts are usually accepted by athymic nude

mice, and such grafts grow only at the site of inoculation. The spontaneously metastasizing rat

mammary tumor, TMT081, however, fails to grow in nude mice. The nonmetastasizing tumor,

MT100, grows progressively in nude mice, often accompanied by hematogenous spread in lung

and liver. To understand the basis for such changes in the biological behavior of these tumors,

the antigenic profiles of these tumors were investigated as they grew in rats and nude mice. The

nonmetastatic MT100 tumor of Wister Furth rats expressed two antigens during its propagation in

rats but expressed only one of these two antigens, when the tumor was passaged in nude mice.

This loss of the tumor-associated antigen was reversible, and the antigen could be detected again

after retransplantation of the tumor from the nude mice into rats. Furthermore, the unexpressed

antigen evoked an antibody response in nude mice, which probably masked or modulated the

expression of this antigen. Since no such antibody was induced in rats, the antigen reappeared,

when the tumor was grafted back into rats. Along with such changes, the MT100 tumor acquired

some features of metastatic tumors and spread to other organs. The rat metastatic tumor TMT08 1,

on the other hand, evoked no detectable humoral response in nude mice and was also rejected. In

contrast, the TMT081 tumor elicited a humoral response in rats detectable as soluble immune
complexes in the presence of a large excess of MTA, an organ-specific antigen. Thus, the host's

immune status appears to greatly influence the expression of the antigenic characteristics of the

tumors and to possibly influence the biological behavior of these tumors as well.

INTRODUCTION

The acquisition or loss of a tumor phenotype has been observed in many
laboratories (Ghosh and Bankert, 1984; Nicolson, 1984; Schirrmacher, 1980). This

often occurs during progression of the tumor in vivo (Chow and Greenberg, 1980;

Ghosh and Bankert, 1984). The host's response to the tumor has often been impli-

cated in the generation of tumor heterogeneity (Nicolson, 1984; Schirrmacher, 1980;

Chow and Greenberg, 1980; Ghosh, et al, 1987, 1990; Ghosh and Bankert, 1989).

The question of whether the phenotypic variations in tumor cells occur because of

inherent instability and/or due to interaction with host factors is not clear. However,

various immunologic mechanisms may effectively cause changes in tumor cell phe-

notype, thus allowing tumors to escape the host's immune recognition (Ghosh and

Bankert, 1989; Ghosh, et al, 1987, 1990; Jones, et al, 1986; Miller, et al, 1979).

Recently, the Thyl+Lytl+L3T4+Lyt2-lymphocytes specific for a tumor-associated

cell surface antigen have been shown to be responsible for the generation or selection

of antigen-loss variants of a B cell tumor during its natural progression in tumor-



138 Cell Biology: Ghosh Vol. 100 (1991)

bearing mice (Ghosh and Bankert, 1989; Ghosh, et al, 1987, 1990).

The influence of the host's immune system on the metastatic potential of a

tumor has been intriguing immunologists for some time (Nicolson, 1984; Kim, et al,

1982). Whether this is intrinsic to a tumor or could be acquired as a result of host-

tumor interactions is not currently understood.

The graft of metastatic TMT081 tumor in athymic nude mice is rejected

outright or accepted only for a short period of time with no sign of metastasis (Kim,

et al, 1982). On the other hand, the nonmetastasizing MT100 tumor is readily

accepted by nude mice and grows rapidly. The latter produces a large tumor and

often induces hematogenous metastasis in the lungs and liver.

In order to understand the biological basis for the reversal of metastatic

behavior in these tumors, the phenotypic changes that occur during the growth of

these tumors in syngeneic rats (Ghosh, et al, 1983a) as well as in immunocompromised

hosts such as nude mice were studied. The growth of MT100 in athymic nude mice

causes a reversible shift in the phenotypic expression of this tumor, but no detectable

changes occur in the phenotype of TMT081, which is eventually rejected by the nude

mouse host. The nonmetastatic mammary carcinoma, MT100, has been shown to

evoke humoral response in the nude host but apparently not in rats. The MT100
tumor also acquires a metastatic phenotype, when it grows in nude mice (Kim, et al,

1982). On the other hand, histologically matched TMT081 evokes no detectable

antibody response in the nude mice but does evoke a response in rats in which it is

highly metastatic (Ghosh and Roholt, 1984).

Thus, it appears that the antigenicity of a tumor may contribute significantly

to the metastatic phenotype of a tumor. Furthermore, the presence or absence of an

intact thymus seems to be of significance in the elicitation of specific antibody

response to these rat tumors.

MATERIALS AND METHODS

Tumors. Transplantable nonmetastatic rat mammary adenocarcinomas,

MT100 and spontaneously metastasizing TMT081, were originally induced by 3-

methylcholanthrene (Ghosh, et al, 1979; Kim, 1970). The tumors were maintained

by serial transplantation in intact male or female WF rats. A cultured cell line of

TMT081 designated as TMT081-MS and a cultured cell line of MT100 designated as

MT100-TC were also used (Ghosh, et al, 1983b). The biological and immunochemi-

cal characteristics of these tumors have been extensively studied (Ghosh, et al,

1979). Briefly, subcutaneous inoculations of metastatic TMT081 in the ingiunal

mammary fat pad of WF rats resulted in the growth of the tumor not only at the site

of transplantation but also in the lymph nodes, lungs, bone marrow, and kidneys. A
similar graft of MT100, the nonmetastatic rat tumor, into WF rats would grow expan-

sively only at the site of transplantation but never spread to other tissues (Kim, et al,

1982). However, both these transplantable tumors are highly malignant and eventu-

ally kill the rats (Kim, et al, 1982). The polyoma-virus-induced fibrosarcoma,

PW739, was used as a nonmammary control tumor (Ghosh, et. al., 1978).

Athymic nude mice. Two- to four-month old athymic nude mice of BALB/
c background and of both sexes were used. Finely minced tumors in tissue culture
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Table 1 . Level ofmammary tumors-associated antigen (MTA) in tumor cell homogenates

and in the sera of tumor-bearing animals.

* • 1 1 m 2 rr 3 i- 4

MTA
S

Animals Tumor Type Feature

Unit / g Tumor Unit / ml Sera

Rats MT100 Solid NM 490+75 <2

MT100-TC Cell line NM 900+100 <2

TMT081 Solid M 26000+1500 26+4

TMT081-MS Cell line M 12045+943 22+1.8

Nude mice MT100 Solid M 167+92 <2

MT100-TC Cell line M 121+25 <2

TMT081 Solid NM 15435+894 45±6.5

TMT081-MS Cell line NM 6000+540 15+3.3

1 Five rats and four nude mice were used for each tumor.

2 Transplantable mammary tumors ofWF rats were implanted with a 1 3 gauge trocar.

3 Refers to tumors that grew out as solid tumors in vivo as well as those that were derived from the solid

tumors and grew as cell lines in vitro (see Ghosh, et al., 1983b).

4 NM indicates nonmetastatic and M stands for metastatic tumors. Metastatic tumors spread and grow in the

lymph nodes, lung, liver, bone, spleen, and occasionally kidney. Nonmetastatic tumors grow lethally at the

site of inoculation.

5 One unit is the amount of antigen needed to produce 50% inhibition of the specific binding of radiolabeled

antigen by antibody (Kim, 1970). Sensitivity limit of the assay is about 2 units/ ml. Duplicate samples

from each animal were analyzed, and the values represent the means ± the standard deviation.

medium 199 containing 1% penicillin-streptomycin were injected subcutaneously

into the right flank of the nude mice and watched for growth (Kim, et al, 1982). The

metastatic rat tumor, TMT08 1 , grows only at the site of grafting in nude mice for a

few weeks. It does not metastasize in the nude hosts; that is, the TMT081 tumor does

not spread to other sites or organs (Kim, et al, 1982). The nonmetastatic MT100
tumor, on the other hand, grows to a very large size in the nude mice during the same

period and often spreads to the lungs and liver (Kim, et al, 1982).

Preparation of rabbit antisera against TMT081 and MT100 tumors. The

details of the production of rabbit antisera against rat tumors have been described

elsewhere (Ghosh, et al, 1979, 1983b). Briefly, finely chopped tumors were strained

and homogenized in pH 8.0 borate buffer, and the post-nuclear membrane fractions

were prepared by differential centrifugation. For each tumor, the membrane suspen-

sion (about 6 mg protein) emulsified in complete Freund's adjuvant was injected

indermally along the backs and into the hind footpads of six rabbits. Three similar

injections of the membrane fractions in Freund's complete adjuvant were given intra-
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Rabbit anti-MT-100
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Rabbit anti-MT-100

(Rat)

MT-100

(Rat)

Figure 1 . Immunodiffusion in agarose gel demonstrating antigenic modulation in the MT
100 tumor. It shows that rabbit antisera to MT100 (from nude mouse) recognize only one

of the two antigens in the original rat MT100 tumor homogenate.

Rab

Rabbifanti-PW739

teat)

MT100

Rabbitanti MT-100
Nude Mouse

Nor

MT-100
(Nude Mouse)

Rabb

RabbjfQi^MT-081
(Ntfce M^ise)

MT-081

Figure 2. Immunodiffusion experiment demonstrating that rabbit anti-MTlOO from both

rats and nude mice recognize specifically only one and same antigen in the homogenate

of MT100( nude mice).
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dermally at four-week intervals. Rabbits were bled once every week, beginning one

week after the second injection. The sera were heat inactivated for 30 minutes at 56°

C and kept frozen until used. The antisera used here were from rabbit number 7146

in the case of TMT081 and number 7066 in the case of MT100.

Rabbit antisera against nude mouse-derived rat mammary tumors were ob-

tained by immunization of New Zealand White rabbits with tumor membrane prepa-

rations. For each rat tumor, two rabbits were immunized. The procedure was

essentially the same as described above. Antisera from one rabbit for each tumor,

namely, No. 7444 for MT100 (nude mouse) and No. 7463 for TMT081 (nude mouse),

were used in these experiments.

These antisera were adequately absorbed with normal rat and nude mouse

tissues consisting of liver, spleen, and muscle. In immunodiffusion as well as in

radioimmunoassay (RIA), these antisera reagents did not show any reactivity to nor-

mal rat or nude mouse tissues. Before use, all these absorbed antisera were heat-

inactivated at 56° C for 30 minutes and mixed with normal rat serum (10:1).

Immunodiffusion. This was done on microscope slides coated with 1.2%

agarose (Fischer Scientific Co.) in veronal buffer pH 8.6 containing 0.3% polyethyl-

ene glycol. Diffusion was allowed to proceed for 24 hours at room temperature in a

moist chamber.

Radioimmunoassay (RIA) to determine common TMT081 -associated

mammary tissue-specific antigen (MTA). This procedure was described in a previ-

ous publication (Ghosh, et ai, 1983b). Briefly, rabbit antiserum raised against a

papain-solubilized TMT081 microsomal fraction was extensively absorbed with nor-

mal rat tissues until no precipitin line could be detected in immunodiffusion against

normal rat tissues or serum. The absorbed antiserum was then mixed with normal rat

serum (10:1) and used as a reagent for the detection and quantification of mammary
tumor, TMT081 -associated antigen (MTA). A specific amount of 125

I-labeled MTA
was incubated with a standardized amount of anti-MTA reagent (No. 7146) in the

presence of varying amounts of test solutions. One hour incubation at 37° C was

followed by treatment with goat anti-rabbit antiserum. Washed precipitate was counted

for radioactivity. One unit of antigen is defined as the amount that will cause a 50%
inhibition in the amount of radioactivity precipitated.

RESULTS

Expression of marker antigen MTA in rat mammary tumors grown in nude

mice. The cell surface antigen, MTA, primarily associated with the metastatic rat

mammary tumor, TMT081, is present in lactating rat mammary tissues as well as in

nonmetastatic carcinoma cells. However, different tumors express different amounts

of this antigen. To determine whether the rat mammary tumors grown in nude mice

were still capable of expressing MTA, the levels of the antigen in TMT081 and

MT100 tumors from rats as well as nude mice were measured. The results (Table 1)

show that the metastatic tumor lines TMT081 and TMT081-MS, which did not grow

lethally in nude mice, retained their phenotype as defined by the occurrence and

shedding of MTA. In the case of nonmetastatic MT100 and the cell line MT100-TC,

the antigen MTA was detectable only on the tumor both in rats and nude mice and
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Figure 3. Immunodiffusion experiment demonstrating that MT100 antigens not shared

by TMT08 1 were recognized by the specific rabbit antisera.
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Fiqure 4. Immunodiffusion experiment demonstrating the presence of tumor-specific

antibody in the sera of nude mice bearing progressively growing rat mammary tumor,

MT100.



Vol. 100 (1991) Indiana Academy of Science 143

was never shed in detectable amounts (Ghosh, et ai, 1983b). It is apparent from

Table 1 that the original rat mammary tumor MT100 did not lose its ability to express

this MTA when transplanted into nude mice.

Antigenicity of rat tumors. In order to determine the phenotypic changes

that occur in these rat tumors during passage in nude mice, sera and tumors from

different groups of nude mice were tested against rabbit anti-TMT08 1 and rabbit anti-

MT100 reagents by double immunodiffusion. Thus, in these experiments, rabbits

were used as the indicators of phenotypic changes in the rat tumors as they grew in

different hosts. As shown in Figure 1, absorbed rabbit anti-MTlOO (rat) recognized

more than one antigen in the homogenate of MT100 (rat) tumors. On the other hand,

rabbit antisera produced against nude mice-derived MT100 yielded a single precipitin

line that showed identity with one of the two precipitin lines observed using rabbit

anti-MTlOO (rat). Thus, MT100 from nude mice did not have detectable levels of the

two antigens exhibited by the same tumor obtained from rats. To confirm this, the

absorbed rabbit anti-MTlOO (rat) and rabbit anti-MTlOO (nude mice) were tested

against the homogenate of MT100 (nude mouse) by immunodiffusion. The results

(Figure 2) clearly indicate that both anti-MTlOO (rat) and anti-MTlOO (nude mouse)

detect a single and identical antigen from the nude mouse-derived MT100.

To determine whether the antigenic determinants as revealed in Figures 1

and 2 were tumor-associated, homogenates of normal rat tissues as well as those of

tumors and nonmammary tumor PW739 were tested for their reactivity with rabbit

anti-MTlOO reagents. Figures 2 and 3 show no discernible precipitin line against any

other tumor or normal tissue tested except MT100 tumor homogenates.

In separate experiments, the presence of MT100 antigens in sera of rats and

nude mice could not be demonstrated. This result indicates that the antigens recog-

nized in MT100 tumor homogenates by specific rabbit antisera reagents were not

shed in detectable amounts in the sera of tumor-bearing animals.

Immunodiffusion experiments were also performed using rabbit anti-TMT08

1

reagents against the tumor homogenates of TMT08 1 from both rats and nude mice.

Single precipitin lines showing complete antigenic identity between TMT081 (rat)

and TMT081 (nude mice) tumors were obtained. Furthermore, these precipitin lines

also showed complete identity with those produced by MTA, the common TMT081-
associated antigen characteristic of rat metastatic mammary tumor (Ghosh, et ai,

1978). Thus, TMT081 tumor, whether from rats or from nude mice, induced identi-

cal antibody response in rabbits.

Presence of circulating antibody in nude mice bearing MT100 tumors.

When homogenates of MT100 tumors from rats were tested by immunodiffusion

against the sera of MT100 tumor-bearing nude mice, the presence of circulating

antibody was clearly detected (Figure 4). No such precipitin line, however, was

observed when the same sera were tested against rat tissue preparation. Furthermore,

no precipitin line was obtained against the sera of MT100 tumor-bearing mice, if the

MT100 tumor preparation was pretreated or absorbed with the rabbit anti-MTlOO

(rat). However, pretreatment with the rabbit anti-MTlOO (nude mouse) did not

eliminate the precipitin line. Therefore, serum from MTlOO-bearing mice contains

antibody to only the MT100 antigen, which is present in rats but not mice. The

absence of one antigen in nude mice-derived MT100 with concomitant appearance of

circulating antibody suggests that the latter prevents or blocks the expression of the

reacting antigen, thus causing immunomodulation of tumor phenotype. Furthermore,
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since no such antibody response occurred in rats, transplantation back into rats of

nude mouse-derived MT100 allows reexpression of the blocked or unexpressed anti-

gen.

The specific immune complex containing shed MTA could, however, be

detected in TMT08 1 -bearing rat sera (Ghosh and Roholt, 1984). Since TMT081,

unlike MT100, sheds large amounts of tumor-associated antigen, MTA (Ghosh, et aL,

1978, 1979), no free antibody was, however, detectable in the circulation of tumor-

bearing rats (Ghosh and Roholt, 1984). When homogenates of TMT081 tumor from

rats were tested in the same way against the sera of MT100 and TMT08 1 -bearing

nude mice, no antibody could be detected by immunodiffusion. Thus, only the sera

of MT100 tumor-bearing nude mice reacted specifically to MT100 but not TMT081
tumors.

CONCLUSIONS

This paper describes the changes in some of the phenotypic characteristics of

rat mammary tumors during their progression in athymic nude mice as well as in

syngeneic rats. The phenotypic profiles of these tumors as they manifest under

different microenvironments in different hosts may be important in our understanding

of tumorigenic and metastatic processes.

The results of the present study indicate that the properties of the metastatic

and nonmetastatic rat adenocarcinoma cells exhibit considerably different biologic

and antigenic properties when propagated in athymic nude mice. Whether the ab-

sence of a functional thymus in these hosts causes the reversal of the metastatic

behaviors of these rat adenocarcinoma cells is not understood. Athymic nude mice

are often used in propagating heterologous tumors, including those of human origin.

In most cases, such heterologous tumors grow only at the site of transplantation but

apparently maintain their biologic and histologic characteristics (Kim, et ai, 1982).

However, in the case of rat mammary tumor MT100, hematogenous spread to differ-

ent organs was observed (Kim, et aL, 1982). The spontaneously metastatic line,

TMT081, grows in athymic nude mice only for a few days (Kim, et aL, 1982), but the

nonmetastatic mammary tumor, TM100, grows and kills the nude mice hosts and at

the same time undergoes a distinct but reversible change in its ability to adapt to this

particular host. In this study, TMT081, the metastatic line, during the brief period of

its growth in nude mice does not undergo any detectable phenotypic change as

determined by the expression of its characteristic marker antigen, MTA. On the other

hand, the nonmetastatic MT100 tumor, which expresses two cellular antigens during

passage in WF rats, fails to express one of the two antigens as it grows in nude mice.

Furthermore, concomitant with the lack of expression of the antigen, there is a

discernible humoral response in the nude mice bearing MT100 tumors. In addition,

the unexpressed antigen in the nude mice produced the antibody response in those

mice. This response is considered to be the result of immunomodulation, because the

production of serum antibody would have a blocking effect on the expression of the

reacting antigen. This conclusion is supported by the fact that transplantation back

into rats of the nude mouse-derived MT100 causes reexpression of this antigen,

probably because there is no detectable antibody response in rats (Ghosh, et aL,
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1983a). Interestingly, such changes are often accompanied by the acquisition of

metastatic characteristics by MT100, which though invariably nonmetastatic in rats,

localizes to the liver and lungs of nude mice besides growing at the site of implanta-

tion (Kim, et aL, 1982). However, these MT100 tumors from nude mice revert to

nonmetastatic form after transplantation in the syngeneic hosts. The rat metastatic

mammary tumor, TMT081, on the other hand, has been shown to induce humoral

response in the syngeneic hosts (Ghosh and Roholt, 1984). Thus, it appears that the

antigenicity of a tumor may be important in the expression of its metastatic pheno-

type.

Immunomodulation of tumor phenotype has been described before (Nicolson,

1984). However, the author is not aware of any previous studies addressing the

relationship between pathogenicity and antigenicity of tumors. The experiments

reported here have shown that the acquisition of a metastatic behavior could be

influenced by the host's humoral immune response to the tumor. However, whether

the lack of mature T cells in nude mice and the consequent lack of T-cell-derived

factors contribute differently to the growth and progression of MT100 and TMT081
tumors is not understood at present and will be pursued in the future.
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ABSTRACT: A simple and sensitive test for cyanide ions based on the use of an ion exchange

resin is described. The reagent for cyanide is appropriately attached to the ion exchange resin,

and then several beads are used to perform the test. The test is quick, economical, requires only

small samples of solution, and is relatively insensitive to the presence of certain other anions.

INTRODUCTION

Qualitative analysis was, and still is, a very important part of analytical

chemistry; it is still important to know what is present in a sample as well as how
much! Qualitative analysis is taught less frequently than perhaps it ought to be, but it

still finds a place in some general chemistry courses as a way to teach clear observa-

tion and description and to demonstrate many common chemical techniques. Indus-

try, however, frequently finds a use for clear, qualitative and semi-quanitative tests

for certain inorganic chemical species, cyanide being one of them.

A review of the chemical literature shows that relatively few new qualitative

chemical tests are being published, although many old ones are still being investi-

gated and refined (Kjonaas, 1990). Qualitative inorganic tests are still valuable,

being used in the food industry, for field geological testing, and for forensic work, to

mention only three important fields. Occasionally, it is important to be able to detect

extremely small quantities of materials, which could prove to be harmful: e.g., lead

(drinking water limit 10 ppb) and cyanide, which might be present in tapioca pud-

ding. A qualitative test was applied to Tylenol, when it was contaminated with

cyanide several years ago (Beck, et ai, 1982).

Several tests exist for the detection of cyanides. Heating the sample with

concentrated sulfuric acid evolves hydrogen cyanide gas, which possesses the odor of

almonds. This test is not recommended! The use of silver nitrate solution is another

test which could be used, but this test is fraught with difficulties for the inexperi-

enced. An excellent review of methods for the detection and determination of cya-

nide exists which gives many useful references (Singh, et ai, 1986). None of the

tests recommended in this review use ion exchange resins for improving the detection

limits for any test for cyanide.

Ion exchange resins may be used to concentrate an analyte during both

quantitative and qualitative analysis procedures. During a qualitative procedure,

since the resin beads are generally small (< 1 mm in diameter), they may be used to

work with small volumes of solutions. For example, only two or three beads of resin

are normally required for about 0.05 mL of solution. The tests are frequently carried
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out with the use of a hand lens or low power microscope. Commonly, the resin beads

are immersed in a drop of sample, agitated with a fine glass rod to assist in achieving

equilibrium with the solution, and then exposed to a selective reagent for the analyte

of interest. Appropriate choice of resin allows the investigation of both cations and

anions, with concentration factors of over one thousand occasionally being achieved.

This paper discusses the development and use of an ion exchange resin bead test for

the cyanide anion.

EXPERIMENTAL PROCEDURE

Chemicals. All chemicals used for the experimental work were of analytical

grade or better, and all solutions required were prepared using distilled of deionized

water as the solvent. The resins used were commercially obtainable. They were

washed carefully in deionized water, filtered, and stored, slightly damp, for use.

Equipment. The apparatus used was very simple, consisting of black and

white porcelain spot plates, Pasteur pipettes, glass spatulas, and dropping bottles. All

resin samples, prepared or otherwise, were stored in brown glass screw-capped bottles

ready for use.

Preparation of the resin. The resin selected was Amberlite IRA-400, manu-

factured by Mallinkrodt, which is a strongly basic resin supplied in the chloride form.

Strongly basic resins from other manufacturers would certainly work, but in choosing

a resin, attention must be paid to its color and the contrast with the color of the test.

A sample of this resin was soaked in a stirred solution of sodium chloride (-2.5 M)
for about an hour to assure that it was totally converted to the chloride form. It was

then rinsed carefully with deionized water until a sample of the washings showed

only a slight haze when treated with acidified silver nitrate solution.

1. Palladium reagent. Dissolve 80 mg of palladium (II) chloride (Aldrich) in

100 mL of deonized water and add 0.5 to 0.6 mL of concentrated hydrochloric

acid. Store the final solution in a brown glass bottle. The solution is stable for

at least three months.

2. 4-(2-pyridylazo)-resorcinol reagent (Aldrich). Weigh out 25 mg of the sol-

id powder and dissolve it in lOOmL of deionized water. Store the solution in

a brwn glass bottle. This solution is stable for three months.

3. Buffer solution. Dissolve 10.6 g of anhydrous sodium carbonate and 8.4 g of

sodium bicarbonate in lOOmLof deionized water. This solution should be

prepared fresh once every two weeks. Store the buffer solution in a polymeth-

ylpentene bottle.

4. Final impregnating solution. Mix together 1 mL of the palladium reagent,

10 mL of the carbonate/bicarbonate buffer solution, and 12 mL of the 4-(2-

pyridylazo) - resorcinol solution. Store this solution in a brown glass bottle.

This solution should be remade every three days. In neutral or weakly acidic

solution, 4-(2-pyridylazo) - resorcinol has a yellow color and reacts to form

red chelates with a number af cations. Most of these chelates are destroyed

by EDTA, and some are destroyed by cyanide. The use of the palladium

complex provides the best and most sensitive test for cyanide, however.
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Table 1. Color responses of treated resin to solutions containing no cyanide but

concentrations of other anions.

Ion Ion Concentration ( ppm ) Resin color

Hydroxide

Iodide

Permanganate

5000

600

600

Bromide

Perchlorate (as an acid )

Thiocyanate

Nitrate (as an acid )

Chloride

Sulfate ( as an acid )

400

500

350

300

350

<50

Dark rose / violet

Dark rose / violet

Dark rose / violet

( after removal

of the test

solution )

Dark rose / violet

Green

Dark rose / violet

Green

Dark rose / violet

Lemon yellow

5. Conversion of the resin. Two grams of resin (this will be found to be

enough for many tests) are placed in a 50mL beaker equipped with a mag-

netic stirring bar and stirred for thirty minutes. Then, this solution is

filtered, and the resin is air-dried and stored in a small brown glass bottle.

The color of the treated resin should be dark rose/violet. Reaction of a resin

sample with a cyanide-containing solution releases the 4-(2-pyridylazo)-res-

orcinol by producing a cyanide complex with the palladium, causing a coir

change from rose/violet to yellow.

RESULTS

Mineral acids have the effect of changing the resin bead color from dark

rose/violet to green. Since this has an adverse effect on the test, the pH of the test

solution should be adjusted to between 6 and 8. Under these conditions, solutions

containing 30 ppm of cyanide and varying concentrations of other ions were investi-

gated to determine which ions would interfere with the test. Bromide, chloride,

thiocyanate, sulfate, nitrate, and nitrite interfered with the test at concentrations over

approximately 350 ppm. Sulfide caused the worst interference at a concentration

over about 20 ppm. Under ideal conditions, the lowest concentration of cyanide to

give a clear positive test was approximately 2 ppm. The response of the treated resin

alone to various ions was also investigated. The results of this investigation are

shown in Table 1.
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Abstract: A method of marking turtles is proposed that offers significant advantages over

traditional techniques of carapace notching for short-term studies. Self-locking nylon ties are

used as tags and are marked in a binary code. The tags are easily attached through a small hole

drilled in the posterior margin of the carapace of both hard and softshell turtles. Reading tags

from a template at the time of attachment or recapture is fast and accurate. Basking turtles can be

surveyed from a distance for tags using binoculars or spotting scopes. Tag loss among hard-shell

turtle is rare within the first field season but frequent within one year. Tag loss was not observed

in softshell turtles.

INTODUCTION

There are many established techniques for marking freshwater and terrestrial

turtles (Ernst, 1974; Kaplan, 1958; Pough, 1970). Cagle (1939) described a widely

used technique of notching marginal carapace scutes. Marginal carapace scutes on

the right and left sides are assigned numbers. A notch is filed into a scute, and the

scute number then recorded. If it becomes necessary to use more than one notch for

identification, scute numbers on the same side are separated by a comma, and num-

bers on the right and left sides are separated by a hyphen. Making multiple notches

on large numbers of turtles is time consuming, and recording data in this system is

cumbersome.

Ernst's (1974) numerical coding system provides for the consecutive num-

bering of individuals, making it superior to other systems for data storage and re-

trieval. Ernst proposed that marginal scutes be assigned numerical values. Different

combinations of scutes are then notched, and the recorded number is simply the sum
of the notched scutes. Again, making multiple notches on each turtle is time consum-

ing, particularly when samples are large. Distinguishing a notch made by the investi-

gator from one accidentally incurred by the turtle may be difficult, and notching

large, ill-tempered turtles can be an exciting event for the investigator and turtle

alike.
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Figure 1. A coded tag and template. The tag is inserted through a hole drilled in the

posterior margin of the carapace and locked.

MATERIALS AND METHODS

While conducting studies of multispecies turtle habitat use in 1988 and 1989,

a more effective system of marking hard-shelled and spiny softshell turtles (Trionyx

spiniferus) was developed. This system is an improvement over Ernst's (1974)

system primarily in reducing the handling time for marking. Over 500 turtles were

marked with coded tags attached through a small hole drilled in the posterior margin

of the carapace (Figure 1). Tags consisted of 10 cm long, self-locking nylon cable

ties, which are inexpensive to purchase in bulk at any department or hardware store.

Each tag was divided into ten sections, which are marked and read using a template.

Each section of a tag was assigned a binary value; e.g., sections 1, 2, 3, 4, and 5

represented numbers 1, 2, 4, 8, and 16 respectively. The tenth section was designated

512. An individual tag number was simply the sum of the marked sections. Using

ten sections, 1023 turtles can be marked. If fewer turtles are marked, fewer tag

sections (and a shorter tag) are required.

The time required to mark turtles was reduced by coding tags in the labora-

tory in advance of capture sessions. Tags were coded by melting a notch into one

margin with a soldering iron. A cordless drill and a 0.48 cm (3/16 in) bit were used

to punch a hole in the posterior margin of the carapace. A tag was then slipped

through the hole and locked. Tags could be attached in a few seconds. When
attached, tags extended approximately 7 cm behind the turtle and were often ob-

served folded up over the carapace. The length of the tag did not appear to hinder

even small turtles. Turtles as small as 6.4 cm in carapace length were tagged using

this technique with no apparent loss of mobility and with no behavioral change.

Another advantage of this technique was that basking turtles could be visu-

ally surveyed for tags. The tags were often visible through 7-8X binoculars at up to

100 m and were easily seen with a spotting scope. Gross approximations of the

percentage of the turtle population marked could be obtained without recapture ses-

sions.
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RESULTS

One significant drawback of this marking system is that many hard-shelled

turtles lost their tags after the first field season, making this technique impractical for

long-term studies of these species. While less than 1% tag loss occurred during the

first field season, over 50% of the hard-shelled turtles marked in 1988 and recaptured

in 1989 had lost their tags due to a deterioration of the bone between the drilled hole

and the edge of the carapace. There was no evidence of bone breakage. By 1991, tag

loss appeared to be 100% in these species. There was no apparent difference in tag

loss as a function of turtle species, sex, or age. It may be possible to reduce this tag

loss by drilling the hole farther from the edge of the carapace, widening the bridge of

bone to which the tag is attached. No softshell turtle was observed to have lost its tag

up to three years after application.

CONCLUSION

While apparently suitable for long-term studies of only softshell turtles, this

technique holds several advantages over carapace notching of hard-shelled species.

All coding work can be done in the laboratory, and the time required to mark each

turtle is radically decreased. Large numbers of tags can be coded at one time and

read with a template at time of attachment or recapture. Tags are extremely durable

and do not support the algal growth often seen on the carapace. Even the largest

snapping turtle (Chelydra serpentina) can be tagged safely and easily.
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ABSTRACT: Three hypotheses have been proposed to explain the burying response of darters in

the genus Ammocrypta: 1) elusive escape response to predators, 2) ambush of prey, and 3)

conservation of energy. These three hypotheses were tested using Ammocrypta pellucida by

varying current velocity, food resources, and the actions of a model predator in an aquarium.

Darters, when buried, remained so for an average of 8.6 hours and did not emerge either to feed

or when partially uncovered by increasing current velocities. Rapid current velocities caused

fewer darters to bury. The startle response of sand darters was characterized by a rapid ascent to

the water surface, by fluttering across the atmosphere-water interface, and by using the pectoral

fins to wedge themselves partially out of the water. This form of startle behavior would be

advantageous for confusing predators and for breaking visual contact between the predator and

prey. A response in the energy conservation experiments represented resting behavior. The

number of darters resting while buried decreased with increased habitat complexity.

INTRODUCTION

The burying behavior of the sand darters (genus Ammocrypta) has been

speculated to be a direct result of elicited stimuli. Jordan and Copeland (1877)

thought burying in Ammocrypta was an escape response to avoid predators. Trautman

(1981) argued that Ammocrypta buried themselves to ambush potential prey. Wil-

liams (1975) proposed that burying was to conserve energy.

Daniels (1989) studied the mechanics behind burying behavior in a series of

experiments run to test these three hypotheses. He concluded that burying behavior is

used to maintain the darters' position on the relatively homogeneous sand beds on

which it lives. Daniels also found that burying behavior could be exhibited at any

time and during any season. He was unable to validate any of the three hypotheses

during any of his trials, and he suggested that these factors might not be the only ones

operating.

The current study was conducted to check the observations of Daniels (1989),

to determine what stimuli elicit the burying response, and to propose a hypothesis

that explains the relationship between these stimuli and the burying response in A.

pellucida.
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METHODS AND MATERIALS

This study grew out of a larger study on the reproduction and early life

history of A. pellucida in the Tippecanoe River near Winamec in Pulaski County,

Indiana. Specimens were collected using a 4.5 m seine and transferred to a 44 L
aquarium for observation. Only ten fish were utilized for these experiments. Tem-

perature was not controlled in the aquarium and varied between 19° C and 22° C
during the summer trials and between 8° C and 10° C during the winter trials.

Photoperiod was regulated to simulate natural conditions: 16 hours of light/ 8 hours

of darkness in the summer trials and 10 hours of light/ 14 hours of darkness in the

winter trials.

Circular water velocity was varied through the use of different aquarium

pumps. Slow flows were attained using a Whisper power filter C (125 gallon/hour),

moderate flows were attained using a Supreme Superking power filter (400 gallon/

hour), and rapid flows were attained by using a small Tecumseh Products Little Giant

submersible pump Model 2MDSC (510 gallons/hour). During the trials, the fish were

allowed to acclimate for 4 hours, at which time the fish were observed during dawn,

day, dusk, and night trial periods. The duration of observation depended on the trial.

Fish were maintained in captivity from June 1986 to April 1987.

Two experiments were conducted to test whether A. pellucida utilized bury-

ing behavior to conserve energy in flowing water. Darters were exposed to three

different current velocities using power filters. If the relative number of exposed

darters did not change significantly with different current velocities, current velocity

could be rejected as a stimulus for burying behavior. Current velocity and the

number of exposed darters were noted at the beginning of each trial. Visible darters

were counted after ten minutes of exposure.

To test whether burying is a form of resting behavior, the relative position of

darters under the lowest current velocity was recorded under dawn, day, dusk, and

night conditions. The position of buried fish was recorded at 0.25, 0.5, 1, 2, 4, 6, 12,

and 24 hours after burial. Burial for longer periods of time would indicate that a

darter was resting. The exact position of each buried fish was marked with a grease

pencil on top of the glass hood. The darter's position was verified by viewing the

fish through the glass bottom of the aquarium.

Another test was run to determine if a sudden movement or switching a light

source on and off could elicit burying behavior. If the exposed darters suddenly

buried themselves due either to my presence or to a sudden change from dark to light,

burial behavior could be attributed to a startle response. At night, a flashlight was

used to ascertain the position and number of exposed fish before the lights were

turned on. Under daylight conditions, the fish were observed from behind a screen.

Then, either the vibration of the screen or my sudden appearance were used to

determine if exposed fish buried. A daylight test involved three quick movements

from behind the screen, followed immediately by recording the position of each fish.

In order to test the hypothesis that darters buried to avoid predators, a 200

mm long, wooden model of a largemouth bass {Micropterus salmoides) was con-

structed and attached to a wooden dowel rod. The model was manipulated to test the

darters' response to a predatory form and aggressive approach. If the darters did not

bury, when confronted by a predatory form, the hypothesis that burial behavior
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lessened predation could be rejected. The test was conducted from behind a screen

pierced by a small hole through which the fish were observed. The model was placed

in the aquarium near the water surface and moved around the tank. Then, a single

darter was selected, and the model was moved rapidly towards it. The test was

repeated until the selected fish either buried or swam away twice.

The hypothesis that A. pellucida is an ambush predator and buries to await

its prey was also tested. Two types of prey were introduced into the power filter jet

to disperse them into the aquarium. The prey items were a tubificid black worm and

thawed adult brine shrimp. To accept this hypothesis, exposed fish would have to be

observed burying themselves before attacking the prey items, or buried fish would

have to be observed ambushing the prey items. The number of exposed darters was

counted prior to the addition of food items, and observations were made at two-

minute intervals during both the day and night trials. The thrust of the power filter

pushed the food items down toward the surface of the substrate, where they drifted

along the bottom. However, once the tubificid worms settled out, they attached in the

sediment, allowing the darters' response to a stationary, sedentary prey to be tested.

Tests were also conducted after various lengths of food deprivation. Food was

withheld from the test fish for 24, 48, or 96 hours. The experiments were repeated to

determine if food deprivation either enhanced or negated the original observations.

RESULTS

Once the darters acclimated to each of the three current speeds, there was

usually little or no change in the number of darters above the substrate within treat-

ment (paired t-test, p < 0.05). At slow current velocities, 45% of the darters remained

above the substrate, while at moderate and rapid current velocities, 37% and 75% of

the darters did not exhibit burying behavior, respectively. The response to high

current velocities was significantly different from the response to slow and moderate

current velocities (paired t-test, p < 0.05).

Experiments designed to test whether burying behavior was a resting re-

sponse to conserve energy were carried out only at slow current velocities. Darter

position was recorded during dawn, day, dusk, and night trial periods. No significant

differences (chi
2 = 0.01, p < 0.05, df = 3) were observed in the number of fish buried

during the four time periods. Darters usually remained buried for an average of 8.6

hours. The fish remained buried 100% of the time in test durations of 2 hours or less,

68% for 4 hours, 32.1% for 6 hours, 25.8% for 12 hours, and 17.2% for 24 hours.

Since the majority of buried darters remained so for at least 4 hours, this suggests that

burying is a resting response (paired t-test, p < 0.05).

In the experiments designed to test darter response to predators, burial be-

havior could not be forced. In all but three of thirty trials, the darters swam away,

when approached by the model. In three of the encounters, the darters remained

motionless until the model touched them. After contact, the fish responded by

darting away. No instances of burial were observed in fish confronted by the model

bass.

Startle response experiments did not elicit the expected results. In 20 tests,

no burying was induced. During night tests, 95% of the individuals did nothing,
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when the lights were turned on. Eighty percent remained motionless, when sudden

movements were made outside the aquarium. In day tests, sudden movements caused

each fish to swim obliquely towards the surface, to flutter across the water surface,

and to wedge itself in the corner of the aquarium with its large pectoral fins. Fish

remained partially (anterior portion of body to mid-torso) out of the water for up to 5

seconds before falling back into the water and sinking to the bottom. The darters

were never injured and appeared to have complete control over this response.

When prey were introduced into the aquarium, no significant difference

between the number of exposed and buried darters (chi
2 = 0.01, p < 0.05, df = 1)

before and after their introduction was noted. Each darter usually faced into the

current, and when a prey organism drifted near enough, the darter arched its back and

struck the prey with its head pointed downward at approximately a 30° angle. In

treatments utilizing live, sedentary prey, each darter usually foraged by creeping up

to the organism, arching its back, and then plunging its snout into the gravel sub-

strate. When successful (63.5% of the time), the darter quickly drew the worm into

its mouth and pumped its operculum to force negative pressure into its branchial

region. Under no circumstances (40 treatments) did the darters bury themselves to

ambush drifting or sedentary prey. Current velocity and time of day did not affect the

mode of feeding.

Food deprivation did not change foraging behavior. Darters that were com-

pletely buried did not emerge to forage even after 96 hours of deprivation. Partially

exposed (i.e., snout and head) darters usually emerged from the substrate to feed,

when prey was observed. Individuals that were not aware of the presence of food did

not emerge.

DISCUSSION

The three hypotheses proposed to explain burying behavior in Ammocrypta

pellucida (Jordan and Copeland, 1877; Williams, 1975; Trautman, 1981) suggest that

the behavior is elicited by a stimulus. Daniels (1989) carried out the first tests of

these hypotheses, and he suggested that sand darters bury at any time, during any

season, and may remain buried for up to 24 hours. He was unable to elicit the

burying response on a consistent basis in any of the tests he conducted.

On the basis of my tests, predator avoidance can be rejected as a stimulus for

burial. Neither a visual cue from the model bass nor an alarm reaction from light or

vibration caused burial. The model bass did not elicit a burying response in 30 trials.

The model caused the darter to swim away when approached, verifying Daniels'

(1989) observations. At night, fish on the substrate were not disturbed by visual and

vibrational stimuli. During the day, each darter responded using an escape response

similar to that of other known prey species (Aronson, 1951; Barlow, 1972; Goodyear,

1973; Baylis, 1982). Multiple prey individuals swimming obliquely up the water

column, fluttering across the surface, and leaving the water would confuse the preda-

tor and break visual contact between the predator and prey (Keenleyside, 1979).

These results suggest that A. pellucida is not nocturnal and is not easily disturbed

while resting.

The prey ambush hypothesis was also rejected as a stimulus for burial.
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Spreitzer (1979) and Hendricks (1985) noted that eastern sand darters lie buried with

only their eyes exposed. Based on this observation, they hypothesized that darters

ambush their prey. Diet studies (Forbes and Richardson, 1920; Spreitzer, 1979)

showed that eastern sand darters feed on components of the benthic macroinvertebrate

community. Daniels (1989) demonstrated that sand darters did not ambush drifting

prey. This study supports Daniels' conclusion. However, benthic tubificid worms

were not ambushed by buried darters, as Daniels had speculated. Food deprivation

did not cause buried individuals to emerge from the sediment to feed.

The use of increasing filter pump flows to simulate greater stream velocities

also confirmed Daniels' (1989) work. After acclimatization, little difference in darter

position was observed. Increasing the rate of flow caused the darters to remain above

the substrate rather than to bury. This observation was not unreasonable, because the

scouring or deposition of sediment at extremes of flow rate would lessen the chance

that a buried A. pellucida would survive during environmentally harsh conditions.

Predicted fish response would be to seek nearshore margins or obstructions to block

the sheer stress exerted on them.

Burying behavior appears to be a resting response used during occupation of

homogeneous sand habitats. This conclusion is supported by two of the experiments.

First, startle response experiments during night conditions did not elicit any response.

Instead, the darters maintained their position and were unaffected while resting.

Second, the length of time the darters remained buried in the same physical location

was not related to feeding strategy or predator avoidance.

Burial for average periods of 8.6 hours apparently conserves energy while

the darter is resting. Burial behavior as a resting response serves to explain the

randomness of the behavior. Observations of complete burial and situations in which

the head and snout were exposed correspond to long and short resting periods.

Spreitzer (1979) and Hendricks (1985) observed sand darters with the ante-

rior portion of their heads exposed, but Daniels (1989) did not. During these tests,

darters were observed with the main portion of their bodies buried but with different

amounts of their heads exposed. In 40 cases where a portion of the head was

exposed, the entire head, including the opercle, was exposed 59% of the time; just the

eyes and top of the head were exposed 23% of the time; and only the snout was

exposed 18% of the time. In none of the observations were the dorsum of the body,

caudal peduncle, or caudal fin exposed. Darters, which remained in the sediment for

longer than 1 hour, were usually completely buried. Partial burial was usually

temporary (less than 1 hour). However, on two occasions, darters with the tip of their

snouts exposed remained buried for 2 hours. Short term burial may be an ectothermal

temperature-regulating mechanism (Daniels, 1989). Temperatures below the sub-

strate surface would be cooler during the summer and warmer during the winter.
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ABSTRACT: The diet of the slough darter ( Etheostoma gracile ) was studied in Cypress Slough,

a lacustrine ecosystem adjacent to the Ohio River in extreme southwestern Indiana. Ninety- three

darters were collected and their stomach contents analyzed. During the spring, the major components

of the diet were isopod, copepod, and amphipod crustecea. A shift in the diet to chironimid larvae

and copepoda occurred by summer, and a second shift to cladocera, copepoda, and amphipoda

was noted in autumn. There was no evidence of dietary competition with the mud darter (E.

asprigene ), which was sympatric with the slough darter during spring.

INTRODUCTION

A few populations of the slough darter, Etheostoma gracile, are known to

occur in the southwestern corner of Indiana (Grannan and Lodato, 1986), where its

habitats include the sloughs, swamps, and slow-moving streams of the Ohio and

Wabash drainages. The distribution of this darter is largely limited to the Mississippi

Coastal Plain, and populations in central Illinois and Indiana represent the northern-

most limit of the species' range (Page, 1983).

Few studies have dealt with the ecology of the fish of southwestern Indiana;

most of the papers published to date are faunistic surveys of the area (Kozel, et ai,

1981; Schultheis, et ai, 1987; Yeager, et ai, 1987; Cervonne, et ai, 1989) or deal

with populations occurring in adjacent states (but see Bandoli, et ai, 1991). This is

true for the slough darter, as little information other than a life history study (Braasch

and Smith, 1967) conducted in Illinois is available concerning its ecology. Because

southwestern Indiana is increasingly under the threat of habitat modification and loss,

there is a need to establish baseline data on the distribution and natural history of

species occurring in the area. As many darters are intolerant of siltation and other

environmental disturbances, a number of species have been extirpated from Indiana

or have experienced extensive range reductions (Whitaker and Gammon, 1988). Habi-

tat loss due to the drainage of swamps and sloughs adjacent to large rivers has

decreased the range of the slough darter (Smith, 1971). The purpose of this study is

to report the food habits of the slough darter in Cypress Slough, Posey County,

Indiana.
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MATERIALS AND METHODS

This study was conducted in Cypress Slough, a swamp 6.5 km southeast of

Mt. Vernon, Indiana. The swamp covers 26.3 hectares and is dominated by bald

cypress (Taxodium distichum) and an extensive growth of buttonbush (Cephalanthus

occidentalis). The substrate is mostly soft mud covered with fallen leaves, twigs, and

other debris. The basin drains an area of approximately 67 km2 of agricultural land

interspersed with small wood lots.

Darters were collected during three seasons in 1990: 20 March to 20 April

(spring); 3 July to 3 September (summer); and 6 November to 20 November (au-

tumn). Shallow areas of the swamp (20 to 30 cm) were sampled with a 1.1 X 1.7 m
seine (4 mm mesh). All darters captured, including the sympatric mud darter

(Etheostoma asprigene), were preserved immediately in 10% formalin and brought to

the lab for stomach contents analysis.

Fish were measured (standard length), and the foregut dissected. Stomach

contents were identified to genus or lowest practical taxon. Diet composition was

calculated from the number of individuals of the various prey types. Percent occur-

rence (percent of stomachs containing a particular taxon) and percent frequency were

used to describe diet components.

Quantitative sampling of the benthos in order to determine the forage baseline

was impossible due to the nature of the slough's substrate. Therefore, selectivity

indices for prey items could not be determined.

RESULTS

A total of 93 slough darters were collected and examined; 21 during the

spring, 40 through the summer, and 32 in autumn. All darters examined had at least

one food item in their stomach (Table 1). Standard lengths ranged from 31 to 38 mm
in spring (x = 35.73 mm), 24 to 32 mm in summer (x = 30.2 mm), and 34 to 43 mm
in autumn (x = 38.81 mm). Changes in both the range and average standard lengths

of darters collected represent normal seasonal growth characteristics for this species

(Braasch and Smith, 1967).

Isopods were the major food item during the spring (56.5% of the total diet).

Amphipods and copepods were also important at this time (15.7% and 18.5%, re-

spectfully), while decapods as well as tabanid and chironimid larvae made smaller

contributions to the diet. Isopods, amphipods, and copepods each occurred in more

than 50% of the stomachs of spring collected slough darters.

Summer diets consisted largely of chironimid larvae (49.6%) and copepoda

(43.6%). Darters ate nearly equal numbers of copepods and chironimid larvae, but

percent occurrence indicated that only half of the examined darters had selected

copepods, while over 90% had selected chironimid larvae (Table 1). Amphipoda

were somewhat less important during the summer than in the spring. Heleidae,

Libellaidae, and Gerridae made up an almost incidental part of the diet.

Major components of the autumn diet were microcrustacea. Cladocera (44.6%)

were the major food item during this period, while copepods (23.6%) contributed
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Table 1. Stomach contents of slough darters by season of collection. Percent frequency

of food items is followed parenthetically by percentage of stomachs in which the food

organism occurred.

Taxa
Spring

(N=21)
Summer

( N=40 )

Autumn

( N=32 )

Crustacea

Ispoda, Asellus sp.

Amphipoda, Gammarus sp.

Decapoda, Palaemonetes sp.

Copepoda

Cladocera

Ostracoda

Insecta

Diptera, Chironimdae

Cerotopognidae

Tabanidae

Simuliidae

Hemiptera, Gerridae

Odonata, Libellulidae

Coenagriidae

Mollusca

56.5 (66.7)

15.7 (66.7)

2.8 ( 13.3)

18.5 (53.3)

not consumed

not consumed

5.6 (26.6)

not consumed

0.9 ( 6.6 )

not consumed

not consumed

not consumed

not consumed

not consumed

4.5 (16.6)

not consumed

43.6 ( 50.0 )

not consumed

not consumed

49.6 (91.7)

0.8 ( 8.3 )

not consumed

not consumed

0.75 (8.3)

0.75 (8.3 )

not consumed

2.0 ( 9.0 )

18.2(44.0)

not consumed

23.6 (25.0 )

44.6 (50.0)

0.7 (3.1 )

5.4(16.0)

0.7 (3.1 )

not consumed

0.7 (3.1 )

not consumed

not consumed

3.4 ( 6.2 )

Gastropoda, Physa not consumed not consumed 0.7 (3.1 )

somewhat less to the diet than in the summer. Chironimid larvae declined in impor-

tance, while Coenariinidae, Isopoda, Simuliidae, Ceratopogonidae, Ostracoda, and

Gastropoda were occasionally taken. A greater variety of items were consumed by

the slough darter in the autumn than in the previous two seasons.

Ten mud darters were collected in March and April (standard length = 41 to

46 mm, x = 43.3 mm), and their stomach contents were analyzed. During this period,

the diet of the mud darter consisted of isopods (53.5%), decopods (25.1%), gastro-

pods (14.3%), and amphipods (7.1%). No other mud darters were collected over the

course of the study.

DISCUSSION

The diet reported here is generally consistent with other studies of the food

habits of darters (Page, 1983), although there are some differences from the diet

previously reported for the slough darter (Braasch and Smith, 1967). In the Illinois

study, chironimid larvae were found to be the most important component of the diet

throughout the year, except in May, when ephemeroptera naiads increased in impor-

tance. In Indiana, Crustacea were the major food item in the spring and autumn,

while chironimid larvae were important only during the summer. Also, feeding was
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heavy during the spring but became very light from July through September in

Illinois, a trend not evident from my data. However, these comparisons should not be

overemphasized, since the habitats studied in Indiana and Illinois are different (stream

versus slough). The differences may attest to the opportunistic nature of the slough

darter or to the presence of a different food base.

Two temporal trends were evident in the diet of E. gracile. Between the

spring and summer, chironimid larvae and copepoda replaced the isopoda and

amphipoda as the major food items. Similar dietary shifts have been reported in other

darters (e.g., Etheostoma asprigene in Cummings, et al. (1984)). This may be a

function of abundance, as chironimids may be more plentiful in the summer than in

the spring. Unfortunately, this hypothesis could not be tested, as the nature of the

slough's substrate made quantitative sampling of the benthos impossible.

The second trend was apparent from summer to autumn, as chironimid lar-

vae were replaced by cladocera as the major component of the diet. The majority of

cladocera consumed in the autumn were large and gravid, supporting Braasch and

Smith's (1967) comment that food selection is based on size and availability.

Common darter associates of the slough darter are the mud darter {Etheostoma

asprigene), the johnny darter (E. nigrum), and the buntnose darter (E. chlorosomum)

(Braasch and Smith, 1967; Page, 1983; Cummings, et al, 1984). Other studies have

shown that competitive interactions between sympatric darters can affect the diet of

these fishes (Hlohowskij and White, 1983; Martin, 1984). The mud darter is a

potential competitor of the slough darter in Cypress Slough. However, the selection

of larger prey taxa by the mud darter would seem to reduce the potential for competi-

tion. No mud darters were captured during the summer or autumn, suggesting that

the two species may be temporarily disjunct in Cypress Slough. Since both slough

darters and mud darters spawn in the spring and deposit their eggs on submergent

plants or debris (Cummings, et al, 1984), the temporary sympatry of the two species

may be due to immigration of the mud darter into the study site for spawning.

Therefore, competition with mud darters may not be important to the food habits of

the slough darter in Cypress Slough.
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Abstract: The potato leafhopper (Empoasca fabae Harris) is the most serious insect pest on

alfalfa (Medicago sativa L.) during late spring and early summer in Indiana. Since the potato

leafhopper is a sucking insect, its damage often goes unnoticed resulting in reduced forage quality

and yield. A CLIPS (C Language Integrated Production System) expert system has been developed

for use by alfalfa producers, extension specialists, and other agricultural advisors to detect early

damage and to help them manage the potato leafhopper. Management considerations of the potato

leafhopper and the sequence in which they were built into the CLIPS expert system were time of

year, identification of nymphs and adults, damage symptoms, losses caused by the potato leafhopper,

detecting a potato leafhopper problem, economic thresholds for spraying, and insecticides.

INTRODUCTION

An expert system for selecting alfalfa (Medicago sativa L.) varieties was

developed in 1988 (Rhykerd, et ai, 1988a). As this expert system was being devel-

oped, it readily became apparent that the expert system could be expanded to include

other management decisions that must be made at the time of seeding including lime

requirement, phosphorus and potassium fertilization, weed control, and method and

rate of seeding (Rhykerd, et ai, 1988b, 1989a-b). This expert system worked well in

making management decisions at the time of seeding alfalfa, but the costs associated

with the purchase of commercial software and runtime fees prohibited its use by

agricultural consultants, extension specialists, and alfalfa producers.

The recent development of CLIPS (C Language Integrated Production Sys-

tem) by the Artificial Intelligence Section at NASA/Johnson Space Center has elimi-

nated most of the costs associated with commercial shells, since CLIPS is neither

copyrighted nor licensed (Giarratano and Riley, 1989). The alfalfa establishment ex-

pert system built on the PC Plus™ expert system shell from Texas Instruments (Rhykerd,

et ah, 1989b) has been successfully converted to CLIPS (Engel, et ai, 1990; Rhykerd,

et ai, 1990). The conversion to CLIPS not only eliminates costs associated with

commercial expert systems but also permits mathematical calculations which are diffi-

cult to make in the commercial expert system shell. The CLIPS alfalfa establishment

expert system is able to recommend a seeding rate based on pure live seed, provided

the alfalfa producer knows the percent germination and purity of the alfalfa seed to be

sown.

The management considerations for Indiana and the sequence in which they

were built into the CLIPS alfalfa establishment expert system were as follows (Rhykerd,

etal, 1990):
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1. Soil drainage {Phytophthora resistance);

2. Soil pH;

3. Soil P test;

4. Soil K test;

5. Use of crop;

6. Weed control;

7. Expected longevity of stand {Anthracnose resistance);

8. Variety recommendation;

9. Method and rate of seeding;

10. Pure live seed (% germination and purity provided by user).

Insect pests were not considered in the development of this expert system.

However, the value of the alfalfa establishment expert system for alfalfa producers in

Indiana would be increased considerably, if the CLIPS expert system could be expanded

to include the major alfalfa insect pests in Indiana. The two major insect pests of alfalfa

in Indiana are the potato leafhopper and the alfalfa weevil. Consequently, the following

study was initiated to develop a CLIPS expert system for detecting and managing the

potato leafhopper {Empoasca fabae Harris), Indiana's most destructive insect pest of

alfalfa. This potato leafhopper CLIPS expert system will later be incorporated into the

CLIPS alfalfa establishment expert system. Hopefully, an alfalfa weevil (Hypera postica

Gyllenhal) CLIPS expert system can be developed and added at a later date.

DEVELOPING AND REFINING THE POTATO LEAFHOPPER EXPERT SYSTEM

The decision tree used as the knowledge base in building the potato leafhop-

per expert system is presented in Figure 1 . The domain experts for this potato leafhop-

per expert system were M.C. Wilson and C.L. Rhykerd, and the knowledge engineers

were L.M. Rhykerd, B.A. Engel, R.L. Rhykerd, and C.L. Rhykerd, Jr..

Time of Year: The first question posed to the alfalfa producer is "time of

year". The potato leafhopper does not overwinter in Indiana. It is brought into Indiana

by warm southerly winds in early- to mid-May. Generally, potato leafhoppers are not a

problem on the first cutting of alfalfa in Indiana, providing the first cutting is harvested

by mid-May. Most of the damage to alfalfa occurs on the second and third cutting.

Therefore, the alfalfa producer is asked whether the insect damage occurs in early

spring, late spring or summer, or fall (September 21 or later). The expert system

proceeds only if the alfalfa producer selects late spring or summer as the time of year

that the damage occurs.

Type of Damage: Insects are broadly grouped in this program as chewing or

sucking insects. The potato leafhopper is a sucking insect. Therefore, the alfalfa

producer must select "sucking" as the type of damage, if the expert system is to

continue.

Identification of the Potato Leafhopper: Additional information is pro-

vided to the alfalfa producer so that the sucking insect can be positively identified as a

potato leafhopper. The alfalfa producer can ask to see a drawing of the potato leafhop-

per, information on the chlorosis caused by the potato leafhopper, or the losses caused

by the potato leafhopper.
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Figure 1 . Potato leafhopper (PLH) decision tree used for building the knowledge

base.

TIME OF YEAR
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Potato Leafhopper Population: The economic threshold for potato leafhoppers

is dependent upon the height of the alfalfa and the population of potato leafhoppers

(Wilson, et aL, 1980). Information is provided on the proper method for sampling an

alfalfa field for potato leafhoppers. In addition, information is provided for purchasing

a sweep net, if the alfalfa producer does not have access to one.

If-Then rules concerning alfalfa height and potato leafhopper population are

posed to the alfalfa producer. If the potato leafhopper population exceeds the eco-

nomic threshold for the height of the alfalfa producer's alfalfa plants, spraying with an

insecticide is recommended. A table listing suggested insecticides is included in the

expert system, so that the alfalfa producers can study the insecticides suggested for

controlling potato leafhoppers.

A typical example of a CLIPS rule in the potato leafhopper expert system is

time_of_year_l. This rule informs the user that there is no potato leafhopper problem

in early spring and displays an appropriate message:

(defrule time_of_year_l.

(time early_spring)

=>

(assert (message show "The potato leafhopper does not overwinter in Indi-

ana but is brought into Indiana in early-to mid-May by warm southerly winds.")))

CLIPS uses rules and facts. Facts can be used to describe parameter values

and properties. Parameter information is used to interact with the program user. The

following is an example for the declaration of the parameter time:

(time

prompt "What time of year is it?"

expect early_spring late_spring_or_summer fall-Sept21_or_later

help "Choose the current time of year. Select the appropriate time of year,

then press the return key."

why "The population of potato leafhoppers on alfalfa in Indiana is dependent

on the time of year. The potato leafhopper migrates north during May.

Therefore, it is only a problem during the late spring and summer months."

value

value-type singlevalued

default

range

certainty-range

unknown

gprompt ghelp gwhy)

The development of the potato leafhopper expert system is now in its final stage,

the testing stage. The expert system will be revised, if necessary, until the expert

system provides consistent and correct expert-level solutions. It will then be incorpo-

rated into the CLIPS alfalfa establishment expert system to assist the Indiana alfalfa

producers in coping with their most serious insect pest.
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ABSTRACT: During the 1920's, Dr. George C. Hale, a native of Indiana, developed and published

a procedure for the preparation of a powerful new explosive which he named cyclonite,

subsequently known as RDX. Although his research was carried out and published just after

World War I, practical industrial processes for the manufacture of this explosive, as well as

necessary experience with its use, did not follow until many years later. During World War II,

intensive collaborative research efforts in several countries made possible large-scale and efficient

production in the United States in time to have an important influence on the outcome of World

War II.

An important achievement in World War II was the development of pro-

cesses for the manufacture of large quantities of the explosive, RDX (also known as

cyclonite or hexogen; Fig. 1 A), from hexamethylenetetramine (also known as hexamine;

Fig. IB) by nitrolysis with 98% nitric acid. The story of this achievement revolves

about the scientific activity of a Hoosier chemist, George Clyde Hale (Urbanski,

1967; Edward, 1990).

NO?

ChL XH2

NCH2

Figure 1. A. RDX or cyclonite. B. Hexamine.

George Clyde Hale was born September 29, 1891, in Cass, Sullivan County,

Indiana, to Charles and Rosettie Bledsoe Hale. Charles Hale was a coal miner who
ran a grocery store. At the age of 18 or 19, George taught school before entering

Indiana University in 191 1. As a chemistry major, George was active in the chemis-

try fraternity, Alpha Chi Sigma, and the Boosters' Club, and served as an Assistant

Instructor. His grades rose from average to nearly straight A's, and he earned both

the A.B. and M.S. degrees in 1915. George continued as a graduate student until

1917, when he took a job at the U.S. Army Ordinance Picatinny Arsenal in Dover,
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New Jersey. Since before the Revolutionary War, Picatinny has been a center for

ordnance production and research.

George Hale moved up the ranks of civilian scientists at Picatinny, serving

finally as Chief of the Chemical Department or Branch of the Technical Division. He
spent the year 1920-21 in Germany with the Army of Occupation studying German

ordnance methods.

During his early years at Picatinny Arsenal, Hale developed a process for the

nitrolysis of hexamine to produce a compound, which he named cyclonite (Fig. 1A;

Hale, 1925). Cyclonite is now generally known by its World War II name, RDX,
given by British workers at the Woolwich Research Department to their compound,

X. The Germans' name for cyclonite was hexogen.

Cyclonite was recognized as a much more powerful explosive than the long

favored 2,4,6-trinitrotoluene, TNT. Cyclonite was said to be in "perfect oxygen

balance," meaning that its chemical composition is such that during an explosion it is

completely converted into gaseous carbon monoxide, nitrogen, and water, with no

left-over residue of carbon. Moreover, cyclonite has a very fast rate of detonation

and is therefore extremely "brisant." In demonstrations of the capability of cyclonite

in comparison with that of TNT, a small cone of cyclonite will punch a clean

segment completely through quarter-inch-thick steel armor plate, while a similar cone

of TNT will produce a gently rounded concavity.

In spite of its favorable characteristics, ordnance experts of the World War I

era and the 1920's judged cyclonite to be too sensitive and dangerous for military

use. It was also considered too costly to manufacture. It must be remembered that

the chemical industry in the United States up to and immediately after World War I

was not large and sophisticated.

The first procedures for making cyclonite involved use of an enormous

excess of 96% to 98% nitric acid for the nitrolysis of hexamine. Less than half of the

carbon from the starting hexamine could be recovered as useful, pure explosive. Vast

quantities of nitrogen oxides had to be recycled to resynthesize the nearly anhydrous

nitric acid for reuse. Accordingly, Hale's process was not put into use in the United

States for nearly two decades of the post-World War I period.

Research on new ordnance materials was not strongly supported by the U.S.

Congress during the 1920's and 1930's. The U.S. Military had tested cyclonite and

decided against its use in 1923. Hale published his procedure for cyclonite in 1925 in

the Journal of the American Chemical Society (Hale, 1925) and submitted an ex-

tended version to Indiana University as his Dissertation for the Ph.D. degree (Hale,

1926). The University granted George Clyde Hale his doctorate in chemistry in 1926

— the sixth such degree in chemistry awarded by that institution.

The potential advantages of cyclonite over TNT were recognized by scien-

tists/industrialists in a number of the European countries. Several groups attempted,

with varying degrees of success, to manufacture the explosive by variants of Hale's

1925 published procedure. In Hale's direct nitrolysis, there was no apparent way to

utilize the small one-carbon by-products representing more than half of the starting

hexamine. The unstable fragments were destroyed by the induction of a controlled

"fume-off." The diluted nitric acid oxidized the organic by-products, thereby produc-

ing a vigorous evolution of gases including copious quantities of carbon dioxide and

nitrogen oxides. Making this procedure economically feasible required recovery of

the nitrogen oxides and spent acid and their reconversion to nearly anhydrous nitric
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acid. Hale showed that, for unknown reasons, very large excesses of 97% to 98%
nitric acid were essential for forming cyclonite. Post-war research on mechanisms of

nitration reactions have shown that nitronium ion, the essential nitrating intermediate,

has its maximum concentration in nitric acid containing only 2% to 3% water. Be-

cause water is a by-product of the nitration, the large excess of the concentrated acid

is necessary to minimize dilution of the nitric acid which results in a rapid decline of

the equilibrium concentration of nitronium ion.

As the war clouds gathered over Europe and Hitler's military strength grew

during the 1930's, the British saw the advantages of RDX (their name for cyclonite)

as outweighing the engineering problems associated with its manufacture. At their

Woolwich research center, they developed a process that embodied the essentials of

the Hale procedure, with the controlled fume-off and recovery of acid. Some produc-

tion on a relatively small scale was begun.

Meanwhile, in the United States, in June 1940, the National Defense Re-

search Committee (NDRC) was organized by the Government to undertake urgent

research of military problems. The NDRC was later merged with the Committee on

Medical Research into the Office of Scientific Research and Development (OSRD;

Baxter, 1946).

In September 1940, a scientific mission of high-level British scientists headed

by Sir Henry Tizard arrived in Washington from London, bringing with them a

"black box" containing highly classified information on British defense preparations.

Contained in the information of the black box were details of the Woolwich RDX
project.

The Tizard mission was the forerunner of many missions and exchanges of

high-level scientific personnel and information. The new agencies created in Wash-

ington mobilized scientists and engineers in government, academia, and industry.

Missions were established by Canada, Britain, and the United States to facilitate the

exchanges of scientific results. This rapid mobilization proved highly successful, and

unprecedented progress was made in the solution of extremely complex problems for

the military operations.

On the urgent request of the British for help in making RDX available,

Franklin D. Roosevelt agreed, as part of the Lend-Lease Act, signed into law on

March 11, 1941, to build a plant in the United States to manufacture RDX by the

Woolwich Process. From May until December of 1941, the U.S. Government negoti-

ated an agreement with the DuPont Company to build the plant. Because RDX had

never been produced in quantity in the United States, a mission from DuPont spent

several months in England during the summer and fall of 1941 studying the Woolwich

Process and concluded that an investment of 41.57 million dollars would be necessary

for construction of a plant designed to produce RDX compositions at the rate of

100,000 pounds/day (Baxter, 1946).

The U.S. Government took title to a large tract of rich farmland in Vermillion

County in western Indiana between the towns of Dana and Newport. Plant construc-

tion began on January 12, 1942. By mid- 1942, a peak construction force of nearly

7,500 workers had completed 50% of the plant. Including a number of modifications

and extensions, the plant was essentially completed by early December 1943 (Hagley

Museum Archives).

The problem of the oxidation of by-products necessitating the recycling of

enormous quantities of nitrogen oxides back into nearly anhydrous nitric acid was
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solved by elegant engineering. A long line of huge stainless steel towers was neces-

sary to achieve this recovery. The resulting complex centered about the largest nitric

acid plant in the world at that time. Production began in late October 1942. Between

November 1942 and August 1945, the Wabash River Ordnance Plant produce a total

of approximately 200,000,000 pounds of four different compositions containing RDX.
The cost of the plant was well under original estimates and its capacity to produce

RDX considerably exceeded original designs (Hagley Museum Archives).

Canadian scientists had been aware of the Woolwich work on RDX earlier

than U.S. chemists and had made great progress on new processes that would more

completely utilize the carbon units in the starting hexamine, and correspondingly

greatly reduce the costly recycling of nitrogen oxides and dilute nitric acid. They had

developed the Ross-Schiessler process that started with paraformaldehyde, ammo-
nium nitrate, and acetic anhydride. This process had reached pilot stages of develop-

ment, and several academic as well as government laboratories were deeply involved

in further research on RDX and other explosives.

Soon after formation of the NDRC, U.S. academic scientists were recruited

to take up research aimed at improving the efficiency of munitions manufacture

under contract with the NDRC. Even before much information concerning previous

research on explosives had become available, a network of collaborating academic

research teams had been organized. These included Professors Werner E. Bachmann

at Michigan, John R. Johnson at Cornell, and Frank C. Whitmore at Penn State.

Between November 1940 and April 1941, the team of Bachmann and associated

workers at Michigan had found an optimal combination of the best features of the

older processes for manufacturing RDX. Starting with hexamine, ammonium nitrate,

nearly anhydrous nitric acid, and acetic anhydride, they achieved greater than 80%
yields of RDX utilizing all of the carbon content of the starting hexamine, and were

able to obviate the complex and costly recycling of nitrogen oxides (Jenner, 1990;

Sheehan, 1990).

Three companies carried out pilot studies of the Bachmann Process under

contract with the U.S. Government. One of these moved so rapidly and successfully

that plans for a full-scale plant were drawn up before the pilot studies were com-

pleted. The Tennessee Eastman Corporation on the Holston River in eastern Tennes-

see enjoyed an advantage with respect to the Bachmann Process, because for years

the plant had been the site of acetic anhydride production. In an amazingly short

time for such a totally new and complex engineering development, Tennessee Eastman

had in operation a large plant with production lines at the Holston Ordnance Plant.

Originally designed to produce 170 tons/day, the plant's operating efficiency and

ingenious modifications enabled production to be increased by June 1943 to 340 tons/

day. The combined capacities of Wabash River and Holston Plants had the potential

of producing approximately 500 tons of RDX compositions daily, which was more

than enough to satisfy the military demands for the duration of the war. The cost of

the research programs at the three universities — Michigan, Cornell, and Penn State

— came to only $45,000, yet saved an estimated $200,000,000 in construction costs

had the same production at the Holston Plant been based on the inefficient Woolwich

Process.

The rapid achievement of the means to produce large quantities of RDX was

a significant factor in the Allies' winning of the Battle of the Atlantic. Early in

World War II, defenses against German submarines depended upon the use of depth
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charges loaded with the classic TNT compositions, but the new German submarines

had been designed to withstand them without rupturing. Allied ships were being

destroyed at an intolerable rate. When new depth charges loaded with RDX composi-

tions became available, however, the German submarines became vulnerable, and the

tide of the Battle of the Atlantic turned about in favor of the Allies.

CH2-NHN02

CH2-NHN02

Figure 2. EDNA or haleite.

In his approximately thirty years service at Picatinny Arsenal, George Hale

developed many new materials and devices and held many patents. In addition to the

cyclonite process, he received a patent in 1935 for a new explosive, ethylene-

dinitramine (EDNA or haleite; Fig. 2). Named in honor of Dr. Hale, haleite received

considerable research attention during World War II in the NDRC, and the DuPont

Company engineered and built a plant to make it. Haleite is somewhat less sensitive

than RDX and can, for example, be press-loaded into small shells.

Dr. Hale was able to visit the Wabash River Ordnance Plant in late 1943 and

see the realization of his research of nearly two decades earlier and know that it had,

at long last, become an important contribution to the war effort.

Dr. Hale (Fig. 3) was honored by the U.S. Army Ordnance in 1946. He died

on November 3, 1948, and was buried in the Dugger (Sullivan County, Indiana)

Cemetery. In May 1962, a modern new laboratory for explosives research was

dedicated at Picatinny Arsenal and named the George C. Hale Building. In the

presence of Mrs. Hale and numerous high officials, a bronze plaque was unveiled

with this inscription:

GEORGE C. HALE
1891 - 1948

THE EFFORTS WHICH ARE
UNDERTAKEN HERE PERPETUATE
THE IDEALS AND ASPIRATIONS
TO WHICH DR. GEORGE C. HALE

DEVOTED HIS LIFE. THIS
BUILDING IS A MEMORIAL
TO HIS LEADERSHIP AND HIS
CONTRIBUTION TO THE FIELD
OF EXPLOSIVE RESEARCH
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Figure 3. Dr. George Clyde Hale: Left: As a senior at Indiana University in 1915 (from

the Arbutus Senior Yearbook at Indiana University). Right: Dr. Hale as a senior scientist

at Picatinny Arsenal in the 1940's.
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ABSTRACT: A microcomputer software package was developed for use at a workstation in

undergraduate science labs. The software provides for basic word processing, simple spreadsheet

functions, graphing, real-time data acquisition from laboratory instruments, and file management.

The primary program in the package provides three screen windows: one for graphing and data

acquisition, one for text editing (lab notes), and one for an on-screen calculator and scratch pad.

Since the user may move freely between any of the windows, data plotting, data analysis, and lab

notes are all simultaneously available. The program may be used with inexpensive, direct-

interfacing transducers or with any laboratory device, if an analog to digital converter is used. In

the labs at Franklin College, all physiology students (including allied health students) use the

workstations for muscle physiology, cardiac physiology, electrocardiogram recordings,

electroencephalogram recordings, and spirometry. In addition, the advanced students use the

program for plotting graphs, regression analysis, and preparation of lab reports.

INTRODUCTION

During the past decade, microcomputers have played an increasingly more

significant role in science education. Computers are used frequently for data analy-

sis, data acquisition, statistics, graphing, and word processing (DeSieno, 1986). For

the scientist, the personal computer is a tool that allows the user to quickly analyze

data or prepare graphs. This means that less time is spent transforming "raw data"

and more time is freed for interpretation and extrapolation of results. As more and

more information is accumulated by scientists and as the methods of data acquisition

become more and more sophisticated, the computer is becoming an integral compo-

nent in the methodology of science.

For many undergraduate science students, data analysis can be a frustrating

experience. Using only a calculator, a student may spend one or two hours trans-

forming a long list of lab data into "real world" units. Next, a statistical test may be

required in order to help draw a conclusion about the significance of the data. Al-

though these steps are an important part of modern science, the time and energy

required to perform the tasks manually may often be overwhelming and serve to

dampen enthusiasm. Conversely, a student with a computer may transform, analyze,

and graph a set of lab data in a fraction of the time and still be left with the curiosity

and enthusiasm to interpret and think about the meaning of his/her results. The

student with a computer has more opportunities to ask "why" or "what if." These are

the very questions, which most science educators seek to develop in their students.

Computers are also being used increasingly as data acquisition devices in the

undergraduate science laboratory. The Vernier Software Co. (2920 S.W. 89th Street,

Portland, Oregon 97225) provides a number of easy to use interfacing devices for
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physics and chemistry. Project SERAPHIM (an NSF-supported program based at

Eastern Michigan University) also provides chemistry programs and instructions for

interfacing projects using Commodore, Apple, and IBM computers. In biology, a

series of hardware-software packages is available from HRM Software (Cambridge,

Massachusetts) and from Intelitool (Batavia, Illinois). For each of these hardware-

software packages, the computer becomes a dedicated lab instrument used for collect-

ing and graphing data from specific transducers. The range of measurements from

various hardware configurations is impressive: temperature, millivolts, pH, audio

frequencies, light intensity, electrocardiograms, respiratory volumes, mechanical move-

ments, force, and precise timing number among the more common.

However, there are some short comings of commercially prepared packages.

First of all, the software provided with each package tends to be very specific and

frequently lacks the flexibility necessary for use in a variety of different experiments.

Consequently, for each new experiment, the student needs to become familiar with a

new software environment and the college must have an extensive software library on

hand to support the use of each computer. Second, although many hardware devices

utilize the same "on board" circuits in the computer, there is rarely software compat-

ibility when one attempts to use other hardware with a specific software package.

During the past six years, I have designed a hardware-software package

which attempts to meet the needs of the "typical" undergraduate, natural science

student. The software was designed around a microcomputer workstation consisting

of a Commodore 128 computer with disk drive, monitor, and printer. The computer

may be interfaced with any lab instrument by means of an analog to digital converter

and is also equipt with a universal game port transducer, which was described previ-

ously (Rhodes, 1986). The software and interfacing hardware were also designed to

be compatible with sensors and transducers from a variety of commercial manufac-

turers. A complete workstation may be assembled for less than $900.00 (1989

dollars). In my laboratory, five workstations are available for student use, and they

service lab sections of about fifteen students.

THE PHYSIOGRAPHICS SOFTWARE

The software package consists of three principle programs, which are ac-

cessed through a menu program. The first program provides simple disk management

utilities, such as disk formatting and file deletion.

The second program is a generic calibration program which allows the user

to calibrate any analog input device which is interfaced with the computer "game

port." Methods for game port interfacing may be found elsewhere (Barker, et ah,

1989). The calibration program uses a matrix inversion method of fitting a quadratic

equation to data sampled from the game port and paired with keyboard entries. The

program was developed using suggestions by Spain (1981). The function of the

calibration program is to convert the digitized resistance values obtained from the

game port into meaningful units which may be graphed, saved to disk, or analyzed.

For example, if a thermistor is interfaced with the computer, an increase in tempera-

ture at the thermistor will cause the digitized resistance reading at the computer to

decrease (in the range of to 255). These arbitrary units may be transformed into
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degrees centigrade by providing data samples at specific temperatures. Four beakers

of water at four different, known temperatures could be used to calibrate the ther-

mistor. Once the computer has determined the relationship between temperature and

the digitized resistance values, all output to the screen is in "real world" units. Data

acquisition and transformation may proceed at a rate of about 120 samples per

second. After calibration is complete, the transformation equation is saved to disk

and may be accessed by the user or by other programs in the Physiographies package.

Since the calibration program is generic, it may be used to calibrate virtually any type

of input device and therefore may be used with commercially sold transducers as well

as "home made" devices.

A second valuable feature of the calibration program may not be obvious. It

allows the student to collect data in "real" units, which means he/she will not have to

manipulate the data in some way before interpreting it. This feature represents a

significant improvement over chart recorder systems. For example, due to the large

enrollment in one physiology lab, some students use the computer work stations, and

some use chart recorder systems. In both cases, force transducers have to be cali-

brated, and the procedure actually takes less time with the computer. During the

actual experiment, the computer user sees his/her data graphed in meaningful units,

while the chart recorder user must manually transform the data, after the experiment

is complete.

The heart of the Physiographies package is the Physiographies program.

This program provides an integrated science desktop with immediate access to a

calculator, graph making routines (both bar graphs and X-Y plots), "real-time" plot-

ting of data from lab instruments, a note pad, statistics, and simple "spreadsheet"

functions. The program was written so that the basic functions could be learned

quickly (usually in 1 to 2 hours using the tutorials). The more advanced features are

learned with more frequent use. Care was taken in the design of the program to make

students, who were already familiar with word processors and spreadsheet programs,

feel comfortable with the user interface. Pull-down menus and "HELP windows" are

available at the touch of a key. Use of the cursor keys and data entry formats are

similar to what one would find in commercial software. For the novice, every effort

was made to provide a "user friendly" environment with very few commands to

remember. A summary of commands is available by pressing the HELP key.

When the program is accessed from the menu, a screen containing three

"windows" appears (Figure 1A). The menu window allows the user to select an

activity, such as data acquisition, typing, or graph making, and is the control point of

the program. The graph window may be used manually for constructing graphs or

may be used for direct plotting of data from transducers (see below). In addition,

data from the text window may be plotted directly to the graph window. The text

(notes) window provides a full page for typing and note taking. The page will scroll

up and down in the window and may be printed out separately, using whatever fonts

are available on the printer. The text may be saved to disk for future retrieval or for

loading by a word processor. The text window is also used for "spread sheet"

functions, such as "sums and averages" of rows or columns of data, and for entering

data for graphical analysis. Since the text and "spread sheet" functions are inte-

grated, notes and tables of data may be stored or printed on the same document. The

document may be loaded into the computer later, and the data may then be used to

prepare a graph. The user may move freely between the three windows, leaving all

data in view.
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Figure 1 A-C. The physiographies screen has three window areas for menus, text, and

graphs. A. Data from transducers is graphed on the screen in "real time." B. A full page

of text may be scrolled in the text window. C. Labels and text may be added directly to

the graph area, and the graph area may also be enhanced with titles and additional labels

before printing, a single command. B. Statistical analyses and additional labels

APPLICATIONS OF THE PHYSIOGRAPHICS SYSTEM

One application of the Physiographies system would be for data acquisition

and analysis during a laboratory period. Figures 1A, IB, and 1C illustrate an ex-

ample. Figure 1A shows the force of contraction of a frog gastrocnemius muscle in

response to increasing stimulus voltage. The recordings were made using an inexpen-

sive force transducer interfaced via the game port. These data are plotted on the

screen in "real time" during the lab (x-axis = seconds; y-axis = grams). In Figure IB,

the student has moved to the text window and "jotted down" some notes concerning

this initial recording. Labels were also added to the graph window. Figure 1C shows

a printout of the same data with axes, a title, and labels added. The "C" part of

Figure 1 could be completed at a later time, using data saved to disk during the lab.

Although many other applications are possible, these two examples give the reader

some insight into the possibilities for use of the program.

A second application would be to help the student prepare a lab report using

data obtained from an earlier lab. An example is given in Figures 2A and 2B. In this

example, the student uses the pre-formatted data sheet (which may be loaded into the

text window) to enter data on heart rate in a frog as a function of environmental

temperature. Next, data are plotted (requires a single command), and the regression

line is determined (also a single command). The student adds a label and statistical

information to the graph. The next step is to clear the notes window and begin typing

the lab report, while looking at the graph. A pull-down calculator is available should

calculations be necessary. When typing is complete, the text buffer may be printed.

Finally, the axes on the graph and additional labeling may be added before the graph

is printed (for an example of a printed graph, see Figure 1C). The advantage for the

student is the speed of graphing and statistical calculations. Moreover, the student

may edit, change, or regraph data without fear of ruining the graph. Students are

much more willing to "redo" a graph or a whole report, if they make an error.

Computer graphing also encourages "what if' thinking, because different variables

may be plotted rapidly, and the results visually analyzed.
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EVALUATION OF THE PHYSIOGRAPHICS PACKAGE

The physiographies package has evolved greatly over the past five years.

Initially, the program was designed solely as a data acquisition instrument (Rhodes,

1986). The earlier versions of the program have been used extensively in Anatomy

and Physiology classes with excellent results. The complete computer workstation

had a cost of less than $900.00 and is capable of replacing transducers, amplifiers,

and chart recorders costing at least three times this amount. Since the computer

offers word processing, high resolution drafting, and data processing capabilities, its

value is greatly enhanced. In addition, the computer system is easier to calibrate and

not prone to mechanical problems (especially with regard to ink pens!). Another

advantage is the ability to collect data automatically over long periods of time, so that

phenomena such as photoperiods or plant growth could be recorded remotely.

On the negative side, the computer has a limited memory and a limited

viewing screen. You cannot examine "yards" of chart paper recordings with a

computer screen. This can be a problem, if you are studying a phenomenon which

develops over the course of several minutes. In order to condense several minutes

of recording into one "screen" of data, a good deal of resolution is lost. Another

problem is with "time resolution." As mentioned earlier, the computer can collect,

transform, and plot data at a rate of about 120 points per second. This rate is

sufficient for most biological processes but is not adequate for phenomena such as

action potentials or clear resolution of an electrocardiogram (EKG). If data are

collected first and plotted later, the time resolution increases to about 222 points per

second which is acceptable for the EKG. However, this means that the student

cannot watch the data develop on the screen in "real time."

The enhanced version of Physiographies has been used for two years in an

Animal Physiology class of fifteen Juniors and Seniors. In this class, weekly lab

reports with statistical analyses (generally T-tests) and two formal lab reports per

semester were required. At the beginning of the course, each student was given a

copy of the Physiographies package and two printed tutorials on the use of the

program. The students have free access to the computers during regular working

hours. Their first lab report required that they prepare graphs using the program, but

for subsequent lab reports, they were free to choose the computer or manual methods

of graphing and statistics. As the semester progressed, the program was used for data

acquisition during five different lab periods (muscle physiology, EEG's, cardiac physi-

ology, respirometry, and metabolism).

Initially, there was some reluctance to learn and use the program. About

half of the students entered the class with "computer phobia" despite a campus-wide

requirement for word processing proficiency. Several students tried to use the pro-

gram without completing both tutorials. The result was frustration and confusion

with the program. I tried to intervene as little as possible; when questioned, I referred

the students to the tutorials. By mid-semester, all students preferred the computer

system for graphing and statistical analysis and about one third used the program for

preparing their complete reports (text, graphs, and statistics). Four or five students

were starting to use the program for their other courses. Since we have a limited

number of computer systems, in two labs, some students used the computers, while

others used chart recorders. Without exception, the computer system was preferred.
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However, given that I wrote the program and teach the course, I have to discount this

observation.

In retrospect, the key to maximal student use of the program is to require

early completion of the tutorials. The tutorials also need to be more specifically

designed around preparing the lab report. Once the students fully appreciate the

benefit of using the program, they learn to like it.

CONCLUSIONS

An integrated workstation for undergraduate students in the natural sciences

has been developed and installed in the Franklin College physiology lab. The pro-

gram provides for data acquisition, simple word processing, graphing, and statistical

analysis, using a graphics, "desktop" user interface. The program was specifically

designed to facilitate preparation of lab reports and to reduce the time required for the

analysis of laboratory data. Hopefully, the students would be less frustrated by the

mechanical aspects of preparing a report and have more time and energy for interpre-

tation of their results. In addition, the workstation would introduce students to a

practical application of spreadsheet and graphing programs which are prevalent in the

science workplace. Although further analysis and adjustments will continue to be

made, the "workstation" approach to undergraduate lab science seems promising and

beneficial. Computer workstations are a cost-effective approach to instrumentation in

the lab and provide for efficient means of data processing. User friendly programs,

which can be learned rapidly, are important keys to implementation of a workstation

in a lab course. Maximum benefit from such an approach would be achieved, if a

consistent, campus-wide microcomputer system was in place. In this way, data

collected during lab could be analyzed at any remote computer site.
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ABSTRACT: Scientists have accumulated much information about the soils of Indiana, but

most of it is in a form that is not useful to people who make recommendations about managing

specific tracts of land. A method is needed to bridge the gap between those who produce scien-

tific information and those who use it for managing our soil resources. Developing that system

is the over-all objective of the Indiana Soil Information System. This paper reports on one

phase of this system. The objective of this report is to summarize the relationship between

some soil morphological characteristics, that are known for many soils, and some soil physical

variables, that have been determined for only a few soils. This information can then be used to

predict soil physical properties from morphological information. Soil bulk density and the

water held at 33 kPa (0.33 bar) matric potential (field capacity) are related to the natural fabric

of the soil and can be predicted best from morphological information. At 1 ,500 kPa (15 bars)

matric potential (wilting point), water is held mainly on the surface of soil particles, and water

content can be predicted from the clay content. The difference between the water contents at 33

kPa and 1 ,500 kPa is an estimate of the amount of water available to plants. The information

in this paper can be used with a soil pedon (profile) description to estimate the available water

holding capacity of that soil.

INTRODUCTION

We face a dilemma in applying research information to managing specific

tracts of land. On the one hand, much scientific information about soils has been

collected. Research results are published in scientific journals and other reports.

Also, many pedons have been analyzed in soil characterization laboratories. Some
of these results are published in journals and other reports, but much of this infor-

mation has not been published and is available only in filing cabinets or in computer

files. On the other hand, practitioners who need this information for predicting how
a soil or land area will respond to various treatments do not have the wherewithal to

locate the information, to integrate and digest it, and to apply it to the problem at

hand.

The Indiana Soil Information System is being developed to help bridge the

gap between production of scientific information and its use. In this system, the goal

is to develop a data base for each kind of soil that contains all the information need-
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ed to help people make any kind of land use decision. The "kind" of soil for which

data will be accumulated is a phase of a soil series—that for which a Soil Interpreta-

tion Record (SIR or SOIL-5 form) has been developed by the National Cooperative

Soil Survey. Data will be summarized or estimated for each soil horizon of all SIRs

used in Indiana.

Some information for this data base can be derived from data averages for

a particular SIR (Franzmeier, 1990). However, not all the necessary determinations

have been made for each pedon, and for many SIRs, there are no data of any kind

available. For these soils, the needed parameters must be estimated using the best

information available. The estimates can be made by extrapolating from data for

a similar soil or by referring to relationships between the missing parameter and

other data that are known for the soil in question. This paper deals with the rela-

tionships between some soil physical properties that have been determined for

relatively few pedons, and soil properties, genetic information, and morphological

descriptions that are known for many soils.

The bulk density of soils and their water contents at certain matric poten-

tials, the variables to be estimated, are very important soil physical properties.

From the bulk density, one can calculate the amount of pore space in the soil,

which is important because that is where water moves and roots grow. Water con-

tents at certain matric potentials, or suctions, represent the soil moisture condi-

tions at several key states. The water content at saturation (zero matric potential)

represents the amount of water in the soil, when all the pore space is occupied by

water. After a saturated or nearly saturated soil drains for a few days, water is

removed from the large pores but remains in the smaller ones. This condition, field

capacity, is estimated from the water content at 10 kPa or 33 kPa matric potential

in the laboratory. In some cases, 10 kPa has been used to estimate field capacity

for sandy soils and 33 kPa has been used to estimate it for finer textured soils. In

other cases, the two potentials have been used to allow for the influence of a high

water table on available water. For example, Dale, et al. (1982) used the water con-

tent at 10 kPa for poorly drained soils and that at 33 kPa for well drained soils as

the field capacity for calculating the soil moisture budget for different drainage

conditions. When a plant has removed all the water it can from a soil, the soil is at

the wilting point, which corresponds to 1,500 kPa matric potential. The difference

between the water contents at field capacity and at wilting point, the water reten-

tion differences or WRD, represents the water available for plant growth; it is

estimated by the difference between the laboratory-measured water contents at 10

kPa or 33 kPa and that at 1,500 kPa. The objective of this paper is to determine

how soil bulk density and water contents at certain matric potentials are related to

other soil properties and to soil genetic and morphological information.

MATERIALS AND METHODS

The report summarizes some soil physical properties measured in the Pur-

due University laboratories and the National Soil Survey Laboratory (NSSL). In

the field, both natural-fabric samples and bulk samples were collected. The

natural-fabric samples retained the natural structure of the soil during laboratory

analyses, but the bulk samples were crushed and sieved prior to analysis. The

natural fabric samples were core samples at the Purdue laboratory (Franzmeier, et

al., 1977) and natural clod samples at the NSSL (Soil Conservation Service, 1984).
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The bulk density of a soil sample is its mass, when the soil is oven dry, divided by

its volume. Most soils swell upon wetting and shrink upon drying, so the volume of

a given mass of soil can change with its water content. For both core and clod

samples, the mass of the sample brought to the laboratory is fixed. In the core

method, the volume of the sample is fixed by the volume of the cylinder used to

collect it, but in the natural-fabric (clod) method, the volume of the sample can

change with a change in its matric potential and water content.

Total porosity was calculated from bulk density using this relationship:

Porosity = 1 - BD/2.65,

where BD is the bulk density and 2.65 is the assumed average density of soil par-

ticles.

In the laboratory, clod samples were saturated and then desorbed at a suc-

tion (negative of matric potential) of 33 kPa, or 10 kPa for sandy soils, and the

water content was then measured. Core samples were desorbed at both 10 kPa and

33 kPa. The volume of the irregularly shaped clod was measured by displacement

in water. Water content at 1,500 kPa was measured on crushed and sieved samples

in both laboratories. Water contents were measured as weight percentages in the

laboratory and converted to volume percentages by multiplying by bulk density.

Most of the Purdue physical property data were published in a report by

Wiersma (1984). Other data are in Harlan and Franzmeier (1974) and McGhee
(1986). The NSSL data are mainly in unpublished reports; the data currently stored

on the NSSL computer were used in this paper.

Clay content was determined by the pipette method in both the Purdue

Soil Characterization Laboratory (PSCL) and the NSSL. Organic C was deter-

mined by the Walkley-Black method in the NSSL and by the Mebius method in the

PSCL; these methods gave similar results. Methods used by the PSCL and the

NSSL are described in articles by Franzmeier, et al. (1977) and the Soil Conserva-

tion Service (1984), respectively.

The data were entered into a data base management system (Knowl-

edgeman version 2.01, Micro Data Base Systems, Inc., Lafayette, IN 47902). Each

sample was assigned an index number based on the kind of genetic horizon (which

includes soil structure information), kind of parent material, and soil texture, and

this index number was used to sort the data. Averages and standard deviations

were calculated by the data base management system, and all regression analyses

were determined using the Statistical Analysis System (SAS Institute, 1985).

RESULTS AND DISCUSSION

Some soil properties are inherited from their parent materials. For exam-

ple, soil horizons formed in dense glacial till still have a higher bulk density than

horizons formed in loess. To reflect this influence, we established classes of soil

horizons based, in part, on their parent materials. Soil horizons formed in

Wisconsin-age loess and in Wisconsin-age glacial till are summarized in Table 1

.

South of the Wisconsin till boundary, loess is thick near the major source areas,

the Wabash and White River valleys, and it thins eastward. It covers paleosols

—
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Table 1 . Physical properties of soil horizons formed in loess and glacial till in northern

Indiana (Soil Regions 7, 8, and 9).

Bulk Total

Lab n Density Porosity Water Content WRD

lOkPa 33kPa 1,500 kPa

SD x x SD x SD x SD

g/cm 3 cm3/cm 3
soil

Loess parent material

AP horizons (light color, ochric; Miami, Corsby, Blount, Oakley) [1]
**

P 23 1.35 0.15 0.49 0.34 0.04 0.30 0.05 0.09 0.02 0.21

N 17 1.55 0.11 0.42 0.35 0.14 0.14* 0.02* 0.21

AP horizons (dark color, nollic; Dana, Raub, Elliott) [16]

P 12 1.37 0.13 0.48 0.35 0.04 0.31 0.04 0.14 0.03 0.17

E or BE horizons (Miami, Crosby, Blount, Ockley) [2]

P 29 1.45 0.14 0.45 0.33 0.03 0.29 0.04 0.11 0.03 0.18

N 8 1 .46 0.14 0.45 0.33 0.02 0.10* 0.02* 0.23

Bt horizons (Miami. Crosby, Toronto, Raub) [3]

P 55 1.48 0.09 0.44 0.36 0.05 0.34 0.05 0.20 0.05 0.14

N 11 1.53 0.06 0.42 0.36 0.03 0.19 0.02* 0.17

Loam till parent material

2Bt or Bt horizons (Miami, Fincastle, Crosby, Parr) [6]

P 20 1.55 0.06 0.42 0.35 0.04 0.33 0.04 0.19 0.04 0.14

N 50 1.57 0.06 0.41 0.32 0.03 0.19* 0.03* 0.13

2BC or BC horizons (Miami, Fincastle, Crosby, Parr) [7]

P 14 1.54 0.09 0.42 0.30 0.06 0.26 0.07 0.12 0.05 0.14

N 9 1.68 0.17 0.36 0.28 0.05 0.18* 0.05* 0.10

2C or C horizons (non-compact till; Miami, Fincastle) [8]

P 9 1.63 0.08 0.38 0.31 0.07 0.28 0.06 0.13 0.04 0.15

2C or C horizons (compact till; Miami, Fincastle, Crosby, Parr) [5]

p 19 1.86 0.07 0.30 0.28 0.05 0.25 0.04 0.17 0.07 0.08

N 46 1.89 0.08 0.29 0.24 0.03 0.13* 0.03* 0.11

Silty clay loam or clay loam till parent material

Bt or 2Bt horizons (Blount, Morley, Glynwood) [10]

p 20 1.42 0.07 0.46 0.37 0.02 0.35 0.02 0.23 0.04 0.12

N 20 1.52 0.10 0.43 0.41
#
0.00#

0.38 0.04 0.24 0.04 0.14
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BC or 2BC horizons (Blount, Morley, Glynwood) [11]

N 12 1.69 0.13 0.36 0.37
#
0.00

#

0.33 0.03 0.24 0.03 0.09

C or 2C horizons (Blount, Morley, Glynwood) [ 1 2]

P 5 1.62 0.11 0.39 0.35 0.05 0.32 0.06 0.20 0.04 0.12

N 17 1.80 0.07 0.32 0.37
#
0.02

#
0.31 0.03 0.24 0.04 0.07

n = Sample size

x = Arithmetic mean

SD = Standard deviation

WRD = Water retention difference (W33 to W 1,500)

P = Purdue Laboratory

N = National Soil Survey Laboratory

# = 1 to 4 observations

* = 5 or more observations but less than n

** = Numbers in brackets, [ ], refer to the index number in the data base

old eroded soils that developed in pre-Wisconsin glacial drift or various sedimen-

tary rocks. Table 2 includes data averages for soils south of the Wisconsin glacial

boundary that formed in deep loess and in loess over paleosols in other parent

materials.

Poorly drained soils that usually occur in landscape depressions (Aquolls)

were excluded from Tables 1 and 2, because their parent materials were deposited

largely by fluvial processes. Horizons from these soils, and all the rest of the

horizons not included in Tables 1 and 2, are included in Table 3. Most of the parent

materials of these horizons were water deposits, such as outwash, lacustrine, and

recent alluvial deposits, but other parent materials, such as dune sand, pre-Wiscon-

sin till, and weathered bedrock, are also included.

Summary by genetic horizon, parent material, and texture. The results are

presented in Tables 1, 2, and 3, which have a similar format. The map of the soil

regions listed in the Table captions is in several bulletins, such as Franzmeier, et al.

(1989). The water content at saturation is approximately equal to total porosity.

Within the Tables, horizons are listed by parent material and kind of horizon in

Tables 1 and 2, and by texture and major horizon (A, B, or C) in Table 3. A list of

examples of soil series represented in each group is also provided. The index

number (in brackets) could help relate this summary to others derived from the

same data base.

Some trends are apparent between the results obtained using the core

method (Purdue laboratories) and the natural clod method (NSSL). The clod

method gave higher values for bulk density in 17 of 22 cases, where comparisons
could be made (Tables 1, 2, and 3). Harlan and Franzmeier (1974) found similar

relationships. Volumetric water contents at 33 kPa and at 1,500 kPa were cal-

culated by multiplying gravimetric water contents by bulk density, so a higher bulk

density results in higher calculated volumetric water contents at both suctions.
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Table 2.Physical properties of soil horizons formed in loess, mostly in southern Indiana.

(Refer to Table 1 for the meaning of the abbreviations and superscripts).

Total Total

Density Porosity
Water Content WRD

lOkPa 33kPa 1,500 kPa

x SD x x SD x SD X SD

rr/pttV cmVcm 3
soilyi~iu

Ap horizons (Bartle, Zanesville, Switzerland, Tilsit, Iva) [17]**

P 27 1.40 0.12 0.47 0.35 0.04 0.30 0.03 0.11 0.03 0.19

N 20 1.48 0.10 0.44 0.33 0.03 0.12 0.03 0.21

E or BE horizons (Clermont, Bartle, Bedford, Zanesville) [18]

P 25 1.39 0.13 0.48 0.36 0.04 0.32 0.03 0.13 0.03 0.19

N 20 1.46 0.06 0.45 0.34 0.22 0.13 0.03 0.21

Bt (silt loam) horizons (Zanesville, Clermont, Steff, Elkinsville) [13]

P 19 1.47 0.13 0.44 0.34 0.04 0.30 0.05 0.12 0.03 0.18

N 12 1.54 0.06 0.42 0.34 0.02 0.15 0.02 0.19

Bt (silty clay loam) horizons (Vigo, Iva, Bartle, Switzerland, Crider) [19]

P 25 1.43 0.08 0.46 0.39 0.03 0.36 0.03 0.19 0.02 0.17

N 24 1.49 0.07 0.44 0.36 0.02 0.19 0.02 0.17

Bx horizons (Zanesville, Bartle, Clermont, Bedford) [15]

P 25 1.53 0.07 0.42 0.36 0.04 0.34 0.04 0.18 0.05 0.16

N 25 1.63 0.09 0.38 0.33 0.03 0.18 0.04 0.15

Be horizons (Clermont, Iva) [9]

P 4 1.54 0.11 0.42 0.38 0.03 0.36 0.02 0.18 0.02 0.18

C horizons (Clermont, Stendal) [14]

P 19 1.47 0.13 0.44 0.34 0.04 0.30 0.05 0.12 0.03 0.18

Water retention difference (WRD) is the difference between the water contents at

33 kPa and at 1 ,500 kPa, so shifts of both values in the same direction tend to off-

set each other and result in similar WRDs for the two methods.

Table 4 lists three sets of soil horizons that have the same texture and

horizon designations but differ in the kind of parent material. Silt loam Ap
horizons formed in loess over Wisconsin till have about the same WRD as those

formed in loess over pre-Wisconsin till, but this WRD is somewhat greater than

that for horizons formed in fluvial materials. The same relationship holds for silty

clay loam Bt horizons. For the loam C horizons, however, the nature of the parent

material is more important. Horizons formed in fluvial materials have much higher

WRD than those formed in compact till. Those formed in non-compact till have

intermediate WRD.
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Table 3. Physical properties of soil horizons formed in parent materials other than loess

or Wisconsin till in regions 7, 8, and 9. (Refer to Table 1 for the meaning of the

abbreviations and superscripts).

Lab
Bulk

Density

Total

Porosity
Water Content

WRD

SD

lOkPa

x SD

33kPa 1,500 kPa

SD SD

cmVcm3g/cm 3—
Fine sand or sand B horizons (Morocco, Plainfield, Tracy, Oshtemo) [31 and 32] **

P 13 1.52 0.07 0.43 0.10 0.04 0.07 0.03 0.02 0.01 0.05

Fine sand or sand C horizons (Plainfield, Brems, Coloma, Newton, Maumee) [41 and 42]

P 73 1.55 0.08 0.42 0.14 0.07 0.10 0.06 0.03 0.02 0.07

Loamy sand or loamy fine sand A horizons, light color (Morocco, Oaktown) [21]

P 8 1.39 0.08 0.48 0.20 0.09 0.16 0.07 0.06 0.02 0.10

Loamy sand of loamy fine sand A horizons, dark color (Maumee, Newton) [23]

P 20 1.31 0.23 0.51 0.32 0.08 0.27 0.07 0.12 0.03 0.15

Loamy sand or loamy fine sand B horizons (Oaktown, Morocco, Coloma, Hanna) [33]

P 35 1.46 0.07 0.45 0.14 0.07 0.11 0.06 0.04 0.02 0.07

Loamy sand or loamy fine sand C horizons ( Maumee, Warsaw, Door) [43]

P 8 1.52 0.13 0.43 0.20 0.03 0.17 0.03 0.09 0.03 0.08

Sandy loam or fine sandy loam A horizons (Maumee, Gilford, Tracy) [24]

P 31 1.48 0.13 0.44 0.24 0.06 0.19 0.05 0.07 0.03 0.12

Sandy loam or fine sandy loam B horizons ( Tracy, Hanna, Fox, Rensselaer) [34]

p 52 1.53 0.07 0.42 0.20 0.05 0.16 0.05 0.07 0.02 0.09

N 6 1.43 0.06 0.46 0.28 0.04 0.13 0.02 0.15

Sandy loam or fine sandy loam C horizons (Maumee, Door, Tracy) [44]

P 4 1.54 0.09 0.42 0.21 0.02 0.17 0.02 0.08

Sandy clay loam B horizons (Fox, Tracy, Door, Warsaw) [4]

0.02 0.09

P

N

14 1.48 0.09 0.44 0.28 0.04 0.25 0.05 0.13

16 1.39 0.15 0.48 0.34 0.04 0.16

0.03

0.02

0.12

0.18

Loam A horizons (Newton, Rensselaer, Hanna, Door, Strawn, Fox) [25]

P

N

P

N

27 1.42 0.13 0.46 0.30 0.05 0.26 0.05 0.11 0.03 0.15

8 1.61 0.08 0.39 0.29 0.02 0.14 0.02 0.15

ms (Brookston, Chalmers, Wawasee,Tracy) [35]

20 1.66 0.13 0.37 0.31 0.04 0.27 0.05 0.13 0.03 0.14

7 1.57 0.07 0.41 0.30 0.03 0.16 0.02 0.14
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Bulk Total
Lab

Density Porosity
Water Content

wrq

lOkPa 33kPa 1,500 kPa

SD x x SD x SD x SD

g/cm 3— cmVcm 3

Loam C horizons (Brookston, Elkinsville) [45]

P 3 1.59 0.10 0.40 0.37 0.03 0.34 0.05 0.14 0.02 0.20

Silt loam A horizons, not Ap (Miami, Fox, Morley) [20]

p 7 1.17 0.26 0.56 0.34 0.03 0.30 0.02 0.10 0.03 0.20

N 6 1.26 0.17 0.53 0.37 0.05 0.13 0.03 0.24

Silt loam Ap horizons (Vincennes, Genessee, Wea, Chalmers, Tracy) [26]

P 26 1.40 0.14 0.47 0.35 0.03 0.31 0.05 0.14 0.03 0.17

Silt loam B horizons (Genessee, Pekin, Wheeling, Vincennes) [36]

P 19 1.47 0.12 0.44 0.32 0.03 0.28 0.03 0.14 0.03 0.14

Silt loam C horizons (Genessee, Wheeling) [46]

P 7 1.42 0.05 0.46 0.31 0.03 0.26 0.06 0.11 0.04 0.15

Silty clay loam A horizons (Brookston, Chalmers, Pewamo, Vincennes, Zipp) [27]

P 38 1.42 0.12 0.46 0.36 0.03 0.34 0.03 0.20 0.04 0.14

Silty clay loam B horizons (Brookston, Eel, Vincennes, Zipp) [37]

P 51 1.44 0.11 0.46 0.36 0.03 0.34 0.03 0.20 0.04 0.14

N 6 1.53 0.12 0.42 0.39
#
0.00

#
0.38 0.04 0.25 0.03 0.13

Silty clay loam C horizons (Eel, Vincennes, Pewamo, Pate) [47]

P 7 1.47 0.03 0.44 0.38 0.02 0.36 0.02 0.18 0.02 0.18

Clay loam or sandy clay A horizons (Lewisburg, Bono, Fox) [28]

N 8 1.55 0.22 0.41 0.37
#
0.00

#
0.32 0.06 0.19 0.03 0.13

Clay loam or sandy clay B horizons (Vincennes, Warsaw, Treaty, Crider) [38]

P 29 1.45 0.11 0.45 0.36 0.05 0.34 0.05 0.20 0.04 0.14

N 16 1.51 0.12 0.43 0.36 0.04 0.22 0.04 0.14

Silty clay or clay A horizons (Bono, Eden, Montgomery, Zipp) [29]

p 4 1.37 0.13 0.48 0.38 0.02 0.37 0.02 0.23 0.04 0.14

N 4 1.31 0.16 0..51 0.40* 0.00
#

0.44 0.05 0.27 0.03 0.17

Silty clay or clay B horizons (Bono, Eden, Crider Pate, Pewamo, Frederick) [39]

p 6 1.48 0.04 0.44 0.39 0.03 0.38 0.02 0.25 0.02 0.13

N 45 1.44 0.14 0.45 0.38
#
0.00

#
0.41 0.05 0.29 0.04 0.12

Silty clay or clay C horizons (Switzerland, Carmel, Eden, Pate, Bono) [49]

N 8 1.61 0.13 0.39 0.36 0.05 0.27 0.03 0.09
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Table 4. Bulk density and water contents at 33 kPa and 1,500 kPa metric potentials for

soil samples that have similar textures and horizon designations. (Refer to Table 1 for the

meaning of the abbreviations and superscripts.)

Parent material Lab Bulk

Density

Water Content Index

Number

33 kPa 1,500 kPa WRD

—g/cm 3— o xw Vpm- cni 1

Silt loam Ap horizons
1,111 /till M'll

Loess over Wisconsin P 1.35 0.30 0.09 0.21 1

age materials N 1.55 0.35 0.14 0.21 1

Loess over pre-Wisconsin P 1.40 0.30 0.11 0.19 17

age materials N 1.48 0.33 0.12 0.21 17

Fluvial and other P 1.40 0.31 0.14 0.17 26

materials

Silty clay loam Bt horizons

Loess over Wisconsin P 1.48 0.34 0.20 0.14 3

age materials N 1.53 0.36 0.19 0.17 3

Loess over pre-Winsconsin P 1.43 0.36 0.19 0.17 19

age materials N 1.49 0.36 0.19 0.17 19

Fluvial and other P 1.44 0.34 0.20 0.14 37

materials N 1.53 0.38 0.25 0.13 37

Loam C horizons

Compact glacial till P 1.86 0.25 0.17 0.08 5

N 1.89 0.24 0.13 0.11 5

Non-compact glacial till P 1.63 0.28 0.13 0.15 8

Fluvial and other P 1.59 0.34 0.14 0.20 45

materials

Correlation of horizon properties. Many more data are available for clay

and organic C contents than for water contents at various matric potentials. In ad-

dition, clay and organic C contents can be estimated with reasonable accuracy in

the field. Thus, a statistical correlation between these variables will make it possi-

ble to make an accurate estimate of water contents from laboratory and field infor-

mation. The following relationships were calculated:

Wl,500g = 0.367 x Clay + 1.84; n = 1563, r
2 = 0.90, and

Wl,500g = 0.369 x Clay + 0.947 x OC + 1.23; n = 1408, r
2 = 0.92,

where Wl,500g is the gravimetric water content at 1,500 kPa suction, Clay is the

clay content, and OC is the organic carbon content, all in weight percent. At 1,500

kPa suction, water is held mainly on the surface of the soil particles. Clay and

organic matter provide most of the surface area of a soil, hence the good correla-

tion between these two variables and 1,500 kPa water.
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Step-wise regression analyses were also done for gravimetric 33 kPa water

content (W33g) and for the difference between gravimetric 33 kPa and 1,500 kPa

water contents (WRDg) as dependent variables, and several other soil properties

such as sand, silt, clay, and organic C contents as independent variables. The coef-

ficient of multiple determination, R2
, was 0.60 for W33g as a function of percent

clay (K), silt (S), and organic carbon (C). When various interactions of these

variables were included, R 2 improved to 0.71. The resulting equation was

W33g = 7.21 + 0.771 K - 0.003 K2 - 0.301 S - 0.005 KS
+ 0.006 S 2 + 13.45 C - 0.244 KC - 0.175 SC + 0.003 KSC
+ 0.556 C 2

; n = 325.

The highest correlation coefficient for WRDg was only 0.09.

Because the correlation coefficients are so low, we conclude that W33 and

WRD (the volumetric equivalents of W33g and WRDg) can be estimated better

from Tables 1, 2, and 3 than from the regression equations. Apparently, the water

content at lower suctions depends more on soil structure and packing of soil grains

(as reflected by the kind of parent material) than on bulk soil properties such as

clay, silt, and organic carbon contents. The values in the tables can be used with

the horizon depths from specific soil descriptions to determine the water holding

capacity of that soil.
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ABSTRACT: Lead toxicity from ingestion of lead shotgun pellets is a potentially serious mortality

factor in certain game birds, including mourning doves (Zenaida macroura). To evaluate exposure

rates, gizzards were examined by radiography from 3,386 mourning doves collected during the

1987 hunting season in Indiana. Of the 153 ingested shotgun pellets found, 11% were steel,

coming from 8% of the gizzards containing shot. The overall ingestion rate was 2.5%, and doves

from areas specifically managed for doves had similar ingestion rates compared to those taken

from unmanaged areas. Ingestion rates among sex and age classes ranged from 1.0% to 3.1%

and were not significantly different, except for a greater incidence (4.6%) in younger, immature

doves. Although mourning doves have been legally hunted in Indiana only since 1984, ingestion

rates were greater than those reported from 3 of 4 studies in states where dove hunting has a long

history.

INTRODUCTION

Lead toxicity from ingestion of spent shot is well documented in waterfowl

(see Sanderson and Bellrose, 1986). Ingestion of lead shot also had deleterious

effects in captive mourning doves (Locke and Bagley, 1967; McConnell, 1968; Buerger,

et al, 1986), but impacts on wild populations are unknown. Ingestion rates of lead

shot by mourning doves have been the focus of few studies, primarily in the south-

eastern United States: Maryland (Locke and Bagley, 1967), Alabama (Buerger, et al,

1983), Tennessee (Lewis and Legler, 1968), and Maryland, Virginia, North Carolina,

and South Carolina (Kendall and Scanlon, 1979). The rate at which lead shot is

ingested by mourning doves needs to be established throughout their range. The

purpose of this study was to determine shot ingestion rates of doves in Indiana and to

examine factors that influence ingestion rates.

METHODS

Mourning dove gizzards were solicited from natural resources personnel

throughout Indiana. Area managers collected the gizzard and 1 wing of each dove

from hunters. The location, date, and sex (determined by inspection of the gonads)

were noted for each dove. Age (adult, immature, or unknown) was determined by

examination of the pattern of molt of primaries and primary coverts (Reeves, et al.,

1968).

Doves were collected from the beginning of the 1987 hunting season (1

September) through 29 October. Gizzards were obtained from 26 areas throughout
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Table 1 . Ingestion rates of spent shot on managed and unmanaged areas of Indiana, fall

1987. Only those areas from which > 50 gizzards were examined are listed individually.

Area n Ingestion rate ( % )

Managed 2,752 2.5

Atterbury 125 1.6

Crosley 119 3.4

Forest Wildlife 281 1.8

Glendale 272 1.1

HoveyLake 163 3.7

Jasper-Pulaski 298 2.3

Kingsbury 139 2.2

LaSalle 223 1.8

Minnehaha 170 3.5

Pigeon River 161 3.1

Tri-County 64 1.6

Wilbur Wright 199 2.0

Willow Slough 156 1.3

Winamac 275 3.6

Other(4) a 107 5.6

Unmanaged 634 2.4

Daviess Co. 252 3.2

Lawrence Co. 67 1.5

Merom 74 1.4

Orange Co. 139 0.7

Other (4 )
a 102 3.9

a Number of areas combined.

Indiana, 18 classified as managed and 8 as unmanaged. Managed areas were planted

to specific crops and mowed or disced with the intention of luring doves. Crops most

often planted included sunflower, millet, and corn. Densities of spent shot in the soil

of 14 fields (not necessarily the same fields from which doves were collected) before

the start of the hunting season averaged 3,200 shot/ha and ranged from shot/ha to

8,600 shot/ha (Castrale, 1989). Mean shot densities in these same fields increased to

27,800 shot/ha (range = 2,200 shot/ha to 84,000 shot/ha) after the hunting season.

Unmanaged areas were primarily pastures or crop fields (corn, sunflower) that were

commercially harvested for grain or silage. Gizzards or gizzard contents were X-

rayed with a Faxitron X-ray machine at 65 kvp and 15 sec to 30 sec exposure.

Gizzards suspected of containing shot pellets were examined by dissection to deter-

mine if shot was present, and, if so, whether it was ingested. When shot was found in

gizzard contents, gizzards were examined for holes that would indicate that the

pellets had been shot in rather than being ingested. Magnetic and softness properties

of shot were used to determine if pellets were steel or lead.

Rates of ingestion among doves differing in age, sex, time period within the

hunting season, and managed or unmanaged areas were tested using Chi-square analy-

sis. Categorical data analysis with a log-linear model (3X3X2X2 factorial) was

performed with the CATMOD procedure (SAS Institute, Inc., 1988), which tested for
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Figure 1 . Temporal distribution ofmourning dove gizzards collected for analysis of spent

shot on managed and unmanaged areas in Indiana in 1987.

significant differences among main effects and their interactions. All 36 combina-

tions of levels had some observations, but those in which the expected values were

zero were given an ingestion rate equivalent to 0.1%.

RESULTS

Of 3,386 gizzards examined, 83 (2.5%) contained 153 ingested shot pellets,

of which 89% were made of lead. Lead pellets were present in 92% of the gizzards

with pellets. Gizzards containing both lead and steel shot were not encountered.

Numbers of pellets in gizzards with ingested shot ranged from 1 to 16 and averaged

1.8 pellets. Single pellets were found in 72% of these gizzards, while 6% had more

than 5 pellets.

Only 1 area (Hovey Lake) required steel shot for dove hunting. Three of 6

gizzards with shot collected here contained steel shot (13 pellets total), and 3 con-

tained single pieces of lead. Single steel pellets were encounter in gizzards from 4

other areas.

X-raying gizzards prior to examination of contents was superior to direct

examination of gizzard contents, as it required less time and was more accurate.

Probable lead or steel pellets could be distinguished from grit and seeds by X-ray.

There were few significant differences (P > 0.05) in ingestion rates among
factors as discussed below.
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Area differences. The overall ingestion rate was 2.5% in doves from man-

aged areas (n = 2,752) and ranged from 1.1% to 3.7% (Table 1). Unmanaged areas (n

= 634) had an overall ingestion rate of 2.4% with individual areas ranging from 0.7%

to 3.2%. Differences in ingestion rates between managed and unmanaged areas were

not significant (chi
2 = 0.02, 1 df, P = 0.88). Gizzards from unmanaged areas were

collected later in the hunting season than those from managed areas (Fig. 1).

Sex and age differences. Ingestion rates did not differ among age and sex

classes (chi
2 = 6.41, 3 df, P = 0.09). Rates were 3.1% (n = 921) for immature males,

2.1% (n = 703) for immature females, 1.9% (n = 572) for adult males, and 1.0% (n =

397) for adult females. Overall, males exhibited an ingestion rate of 2.8% (n =

1,600), not significantly different (chi
2 = 2.59, 1 df, P = 0.11) from that for females

(1.8%, n = 1,208). Adults had an ingestion rate of 1.8% (n = 1,191) compared to

2.7% (n = 1,942) for immatures (chi
2 = 2.46, 1 df, P = 0.12). Among immatures,

younger doves (primary feather being replaced number < 4) had a significantly

greater (chi
2 = 11.87, 1 df, P < 0.001) ingestion rate (4.6%, n = 637) than older

immatures (1.8%, n = 1,305).

Temporal differences. Ingestion rates increased on managed areas during

the latter part of the hunting season (Fig. 2). Before 8 September, the ingestion rate

was 2.2% (n = 2,365) and increased significantly (chi
2 = 5.17, 1 df, P = 0.02) to 4.1%

(n = 387) afterwards. This increased prevalence of shot likely resulted from greater

availability of shot later in the year. However, this trend was not evident for unmanaged

areas, which had relatively constant ingestion rates during both time periods (Fig. 2;

chi2 = 1.41, 1 df, P = 0.23). During 1-7 September, the ingestion rate was 3.8% (n =

133), while later it was 3.0% (n = 501). However, sample sizes were hardly adequate

to establish accurate ingestion rates in unmanaged fields during earlier time periods.

DISCUSSION

Although mourning doves were collected during the fourth year of legal

hunting in Indiana, the ingestion rate of 2.5% is similar to or greater than (with 1

exception) rates (1.0% to 6.5%) estimated for areas with long histories of dove

hunting and field management (Locke and Bagley, 1967; Lewis and Legler, 1968;

Kendall and Scanlon, 1979; Buerger, et ah, 1983). Part of this difference may be due

to greater detection rates using radiography compared to visual methods. Buerger, et

al. (1983) reported an ingestion rate of 1% in a sample of 521 doves harvested from a

national wildlife refuge in Alabama that was hunted 3 times annually. Lewis and

Legler (1968) examined 1,969 gizzards collected from 6 fields in Tennessee. The

rate of ingested shot was 1.1% and ranged from 0.0% to 3.0% for individual fields.

Kendall and Scanlon (1979) examined 412 doves from 6 game management areas in

Maryland, Virginia, North Carolina, and South Carolina. Gizzard and crop examina-

tion revealed lead in 2.4% of the doves. Locke and Bagley (1967) found shot in 4 of

62 (6.5%) mourning doves from Maryland.

Previous studies have not reported ingestion of steel shot by mourning doves.

Steel shot is more widely used now than when previous studies were conducted.

Although the overall probability of ingesting shot would be greater in man-

aged fields than unmanaged due to greater hunting pressure, the failure to detect these
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Figure 2. Temporal distribution of spent shot ingestion rates by mourning doves on

managed and unmanaged areas in Indiana in 1987.

differences is likely due to two factors. First, doves from unmanaged areas were

collected later in the season, when more shot is available. Thus, ingestion rates are

greater. Second, doves range widely during autumn, and collecting doves from a

particular field does not reveal where they fed previously.

Except for Buerger, et al. (1983), factors influencing shot ingestion have not

been examined previously. No differences in ingestion rates in 521 doves from

Alabama were found between sexes, between ages, or among dates by Buerger, et al.

(1983). In the present study, age and sex differences were not present, except in

young immatures. Lead levels in blood, which indicate recent exposure to environ-

mental lead, was greater in immature mourning doves than in adults (Semel, et al.,

1987; Castrale, unpubl. data).

Presence of shot in the gizzard underestimates ingestion of shot by an un-

known amount (Friend, 1985). Shot may not be found, because it may be elsewhere

in the gastrointestinal tract or because it was overlooked by observers. Shot erosion

by the gizzard reduces pellet size and compounds this problem. Doves also void

uneroded or partially eroded shot during unknown and variable time periods. Shot

was absent in gizzards of dosed doves two to four weeks after ingestion (McConnell,

1968; Castrale, unpubl. data). Thus, ingestion rates based on gizzard analysis are

minimum values. George (1987) speculated that ingestion rates may be as high as

16%, based on the level of a blood enzyme (ALAD). ALAD levels remain depressed

for several weeks after lead shot can be detected in the gizzard. In spite of these

limitations, examination for lead in gizzards is important in that it establishes that

spent shotgun pellets may be a significant source of lead that may result in toxicity to

mourning doves.
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MANAGEMENT IMPLICATIONS

This study demonstrated that a long history of dove hunting and field man-

agement was not necessary before ingested shot is frequently detected in mourning

doves. Although the impacts of shot ingestion on mourning dove population dynam-

ics are not known, prudent management dictates efforts to minimize, where practical,

the probability of doves ingesting shot. A variety of strategies can be pursued,

including reducing surface lead through agricultural tillage, altering design of fields

to reduce lead deposition in feeding areas, and requiring steel shot (Castrale, 1989)
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Abstract: Adult Physella gyrina (Say, 1821) were sampled from Sugar Creek in west-central

Indiana between October and December, 1987. Baseline analysis, in August, showed that tissue

dry weight (TDW) related to shell dry weight (SDW) as TDW = 0.23-SDW+0.373 mg. This

relationship was used as a predictor of TDW, and differences between actual and predicted

TDWs, from October to December, were used as estimates of tissue metabolism. Significant

levels of tissue degrowth were found in autumnal natural populations of Physella. Tissue losses

during this period averaged 27.6% of predicted tissue biomass

INTRODUCTION

Several laboratory and field studies have demonstrated that gastropod mol-

luscs experience tissue loss overwinter (Russell-Hunter and Eversole, 1976; Russell-

Hunter, et al., 1984; Russell-Hunter, 1985). One of the first reports of direct field

evidence for such tissue "degrowth" (Russell-Hunter, 1985) in molluscs was for

natural populations of Helisoma trivolvis and Lymnaea palustris in central New York

(Russell-Hunter, et al., 1984). Tissue degrowth in molluscs had also been studied

using nearly concurrent assessments of oxygen consumption and of nitrogen excre-

tion (Russell-Hunter, et al., 1983). These bioenergetic analyses showed a clearly

controlled differential catabolism of protein resources overwinter.

The present investigation quantified tissue losses for a field population of

Physella gyrina in west-central Indiana. This study provides new information on

molluscan tissue degrowth: first, by quantifying patterns of tissue metabolism during

the approach to winter rather than in early spring; and second, by assessing these

patterns across a range of adult and juvenile sizes. It is this differential degrowth

among size cohorts which should ultimately be considered in any analysis of the

growth and demography of natural populations of freshwater gastropod mollusca.

MATERIALS AND METHODS

Physella gyrina is one of the more common pulmonate snails of central

Indiana. This euryoecic gastropod is found mostly in eutrophic environments, includ-

ing ponds and streams. Animals used in the present study were taken from Sugar

Creek in Montgomery County (86°56.78'W, 40°2.46
,

N).

In August 1987, approximately 350 individuals were collected. Maximum
shell lengths (SL, ±0.1 mm) were determined and individuals were divided into four
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size classes (< 3.0, 3.0-4.9, 5.0-6.9 and > 7.0 mm). Note that size classes here differ

from those used for data analysis. To better interpret size-dependent patterns of

metabolism, it was necessary to (1) divide the smallest class (< 3.0 mm) into two

classes (< 2.0 and 2.0-2.9 mm), to (2) divide the second class (3.0-4.9 mm) into two

classes (3.0-3.9 and 4.0-4.9 mm), and to (3) combine the last two classes (5.0-6.9 and

> 7.0 mm) into one (SL > 5.0 mm).

Sixty snails from each of four size classes were placed in tared aluminum-

foil boats, dried to constant weight (60°C), weighed (± 0.1 mg), and then placed in a

muffle furnace for 6 hours at 500°C. Tissue dry weight (TDW, including shell

periostracum) was obtained by subtracting ash dry weight (SDW, as CaC0
3
) from

initial dry weight. Regression analysis was used to associate TDW with SDW.
Weekly sampling to quantify natural patterns of tissue metabolism began in

early October and ended in mid-December, 1987. Each collection consisted of 60

animals (55 for week 9). Snails were placed in tared aluminum-foil boats, dried to

constant weight, weighed, and then placed in a muffle furnace as above. Tissue dry

weights were determined, and the difference between these and expected values

(determined by regression) were used as a measures of tissue metabolism (positive

values indicating growth, and negative values indicating degrowth). Note that while

all tissue degrowth should be quantifiable by actual and expected tissue weights, not

all tissue growth need be since concurrent shell growth may accompany at least part

of the tissue growth process. Therefore, estimates of tissue growth reported here are

minimum values.

RESULTS

Regressions showed that tissue dry weights related to shell dry weights, in

August, as TDW = 0.234-SDW+0.373 mg (r = 0.97, N = 160, P < 0.001). Snails in

each of the 10 weekly samples (beginning in October) of Physella showed tissue

losses based on this regression (Figure 1). During the first week, 70% of individuals

showed tissue gains averaging +21.8% of predicted tissue dry weight (TDWp, range

of 0.01% to 53.4%). During the same period, 30% of individuals showed biomass

losses averaging -34.9% (range of -1.3 to -72.8%). These averages correspond to raw

values of 0.41 ± 0.065 mg for the gains, and -0.19 ± 0.021 mg for the losses. During

week 5, 18% of individuals showed biomass increases averaging +21.8% of TDWp
(range of 0.5 to 75.9%). During the same period, 82% of individuals experienced

biomass losses averaging -39.8% (range of -2.0 to -64.5%). These averages corre-

spond to raw values of 0.41 ± 0.164 mg for the gains, and -0.23 ± 0.010 mg for the

losses. Finally, during week 10, 93% of individuals sampled showed tissue losses

averaging -54.7% (range of -1 1.1 to -84.6%), and only 7% of individuals experienced

any weight gain, averaging +17.3% of TDWp (range of 1.2 to 33.3%). These values

correspond to -0.33 ± 0.009 mg tissue for the losses, and 0.29 ± 0.119 mg tissue for

the gains.

Individual size was an excellent indicator of individual tissue loss. Smaller

individuals always experienced greater losses than did larger ones. For example,

during week one, the smallest individuals (SL < 2 mm) experienced tissue losses

averaging -63.9% (N = 4), while their larger counterparts (SL > 5 mm) exceeded
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Figure 1 . Patterns of tissue condition in a natural population of Physella gyrina. Plot A
shows pattern of tissue loss for individuals belonging to five size classes of Physella.

Values are means and standard errors. TDWp is tissue dry weigh predicted from

regression analysis. Plot B shows the pattern of tissue metabolism across size classes.

Values ( m ) represent slopes of least-squares regressions.
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Table 1 . Patterns oftissue metabolism in Physella gyrina. Analysis is atwo-wayANOVA
of tissue degrowth as (TDW-TDWp)/TDWp across time and size. Note that all P < 0.00 1

.

Source*

Model SS d.f. MS F

Time 25368.10 9 1426.13 17.79

Size 299811.97 4 633.84 473.01

Time x size 16054.40 33 5229.16 3.07

Error 86835.67 548 158.46

* Analysis was performed on data subject to arcsine transformation.

TDWp by an average of 28.5% (N = 21). This pattern continued and the gap between

size classes widened during week 6. Here, small individuals experienced degrowth

averaging -67.8% of TDWp (N = 2), while the largest individuals exceeded TDWp
by 26.0% (N = 6). Finally, during week 10 the small individuals showed tissue losses

averaging -78.0% (N = 4), and large ones exceeded TDWp by 19.0% (N = 3).

Regression analysis at week 2 showed the relationship between shell length

and tissue condition (as % TDWp) to be TDWp = 26.403-SL-105.732 (r = 0.943, N =

60). At week 6, the relationship was Y = 23.356-X-106.894 (r = 0.904, N = 60), and

at week 10, it was Y = 19.336-X-103.636 (r = 0.905, N = 60). From inspection of

Figure IB and from analysis of Table 1, it is clear that two concurrent phenomena

occurred in these demographically-representative samples. First, as the season pro-

ceeded, an increasing fraction of the population accumulated negative metabolic

equity; and second, smaller individuals comprised an increasing proportion of this

losing population with time. Results from two-way ANOVA (Table 1) showed

significant size and time effects and, more importantly, a significant interaction

between these variables. While smaller individuals made up an increasing proportion

of the losing population, mid-sized animals (4.0-4.9 mm) were the most dramatic

losers, going from positive growth (14.5% TDWp in week 1) to degrowth in week 10

(-20.3% TDWp). In contrast, animals from other classes showed average declines of

just 19.2% over this same period.

DISCUSSION

Several studies have demonstrated that seasonal changes in the patterns of

metabolism in natural populations of freshwater mollusca may be reflected in modifi-

cations of tissue C:N ratios (Russell-Hunter and Eversole, 1976). Both field and

laboratory investigations have shown, specifically, that freshwater snails undergo a

decline in mass of structural protein while overwintering. This study demonstrates

that snails sampled from natural populations of Physella gyrina experience autumnal

tissue degrowth. Although no data showing reductions in algal biomass during the
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approach to winter have been presented here, qualitative observations plainly re-

vealed declines in the availability of pasturage for these animals.

Previous accounts of molluscan degrowth have quantified tissue losses "after

the fact" in early spring (Russell-Hunter, et al., 1984; Smith and Russell-Hunter,

1990). The present study not only demonstrates that degrowth accelerates with

declining water temperatures but also that small to mid-sized individuals are more

severely influenced by these declines. The latter observation is of significance to

studies of life-cycle patterns and bioenergetics. Indiana populations of Physella

gyrina studied here show a bivoltine life cycle similar to that discussed by Brown

(1979) for Iowa P. gyrina. The largest individuals collected here are part of a spring

generation (Gl) which mature in late summer and oviposit members of a G2 genera-

tion in the fall. G2 individuals overwinter to oviposit the next spring generation.

Such an annual life-cycle pattern is very common among pulmonates living in tem-

perate fresh waters (Russell-Hunter, 1961, 1978; Calow, 1978, 1983) and is clearly

correlated with the large temperature and trophic changes occurring seasonally in

such habitats. However, many molluscan populations do not reproduce throughout

the summer (Russell-Hunter, 1961; Calow, 1978) but limit egg-laying to late spring

(or early summer). As winter conditions begin, size-related mortality brings about an

increase in the average size of survivors. The present investigation demonstrates that

such differential mortality is paralleled in smaller individuals by proportionately

greater tissue degrowth. For snails like Physella, being born in late summer may not

enhance fitness
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ACADEMY BUSINESS

INDIANAACADEMY OF SCIENCE
EXECUTIVE COMMITTEE MINUTES

APRIL 19, 1991

President Pettinga called the meeting to order at 2: 10 p.m. in room 203 of the Library

at the University of Evansville on April 19, 1991.

APPROVAL OF MINUTES

The minutes of the previous meeting were approved after the deletion of the word

"booklet" (after the word "constitution" on page 1).

Treasurer's Comment (Frazier). The Treasurer confirmed that the 1991 budget was

previously approved by mail ballot by the Executive Committee.

Proceedings Editor. It was confirmed that Gary Dolph had accepted the appointment

of Proceedings Editor.

OLD BUSINESS

1. Winona Welch Grants (Winslow). There was much debate as to whether the

Research Grants Committee or the Biological Survey Committee (or both) should

administer the grants provided by monies generated by the Winona Welch fund.

W. McBurney reminded us that the issue was settled at last fall's Executive

Committee meeting and that those minutes were previously accepted. A standard

deadline of September 15 of each year was set for all grants up for review in the

fall and the responsibility for review would lie with the Research Grants

Committee.

2. Local Program Committee. According to E. Frazier, who handled spring meeting

registrations, 55 people had preregistered with an additional 5 registering "on

site."

3. Publications Committee (McKnight). There was $2, 100.00 in income generated

from the sale of publications in the October 1, 1990 to March 30, 1991 period.

The status of the Proceedings was discussed:

Volume 98: No budget or money in account had been set aside yet for

this volume.
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Volume 99: No. 1 published; Nos. 2, 3, and 4 are in press.

Volume 100: $8,900.00 is available (from State funds) for this volume unless

State funds are frozen.

4. Science and Society (Squirers). E. Squirers briefly discussed the upcoming Exotic

Species Symposium (scheduled for September 20 and 21, 1991) in Indianapolis.

Sixty-four (64) percent ofthe funding for needs has already been secured. Squirers

asked for an authorization to proceed as well as for financial support.

A motion was made and seconded to grant authorization to proceed and to

contribute up to a maximum of $10,000.00 to help defray expenses. Motion

approved.

5. External Audit. It was reported that our annual external audit of the Academy
funds was conducted by Blue & Co. and that everything was fine. The Audit

included the period up to December 31,1 990, which was the last day of D. Jones'

term as Treasurer.

New Business,

1

.

Treasurer's Report (Frazier). Our balance on hand is approximately $83,000.00.

2. Membership Report (Jones). We currently have 853 paid memberships with 40

1

yet due, ifwe are to reach last year's level. Memberships are paid up a little ahead

this year compared to the same period in 1990.

3. Report of Public Relations Officer (Kritsky). G. Kritsky summarized the AAAS
meeting that he attended this year on behalf of the IAS. Major dialogue at the

national meeting concerned who actually runs the AAAS— the National staff or

the State Academies (unresolved). Next year's meeting will be held in Chicago.

A symposium on the metric system looms in the future.

The IAS Newsletter will be mailed 1 st class from now on. Members should receive

it in a more timely fashion.

4. Resolutions Committee (Davies). J. Haddock read a resolution that thanked the

Administration of the University of Evansville for serving as host of the spring

meeting. The Academy, in particular, wishes to thank Wayne Mueller and the rest

of the Local Arrangements Committee for their outstanding effort in preparation

for this meeting.

5. Nominations Committee (Melhorn). The following offices need to be filled by

the elective process this fall. The term of duty for each will commence on January

1, 1992:
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Secretary J. Haddock*

Director of Public Relations G. Kritsky*

Academy Foundation M. Marsh*

Research Grants Committee (2 candidates needed)

President-Elect (2 candidates needed)

* Incumbents

There was considerable debate relative to the exact responsibility of the Nomina-

tions Committee, when a petition for nomination is received.

The following statements represent a ruling from the chair to clarify the

situation:

The Nomination's Committee is charged and will submit to the Membership

a maximum of 2 names that have been nominated for each contested office.

Incumbents may appear unopposed.

Furthermore, the Nomination's Committee will consider names proposed

through petition of the membership. In short, a petition to the Nomination's

Committee has the strength of a recommendation only.

6. Editor's Report (Dolph). The first disc will be ready by the end ofMay for Volume

100, Issues 1 & 2 (a two issue year).

7. Executive Officer's Report (Winslow). A request for printing services has been

submitted to the State administration for Volume 100.

Special thanks to D. Lyng (Program) and B. Davies (Resolutions) for their work

on behalf of the Academy.

The 1991 yearbook is being typed in W. McBurney's office.

8. Foundations Committee (Melhorn). F. Guthrie has formally requested of Senator

Peace (via letter dated November 23, 1990) that new legislation be introduced to

increase the level of funding above the annual level of $8,900.00 for publication

of the Proceedings.

9. Other New Business.

A. W. McBurney noted that D. Winslow' s term as Executive Officer ends

on December 31,1991. We will need a replacement for Don, as he plans

to retire in the State of Maine.

B. M. Carmack mentioned that Hale's 100th birthday is this year and that

the Academy needs to publicize it.

C. The Secretary was informally asked if the 1991 Section Chairs could

be included in the minutes:
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Anthropology - C. Michael Anslinger

Botany - James A. Brenneman

Cell Biology - Kathryn Wilson

Chemistry - Lawrence L. Garber

Ecology - William R. DeMott

Engineering - Nils I. Johansen

Entomology - Bruce Edinger

Environmental Quality - Paul M. Stewart

Geology and Geography - Alan C. Samuelson

History of Science - Charles D. Wise

Microbiology and Molecular Biology - Kara W. Eberly

Physics and Astronomy - Kyle Forinash

Plant Taxonomy - Damian Schmelz

Psychology - Walter Wagor
Science Education - Mary French

Soil and Atmospheric Sciences - Donald P. Franzmeier

Zoology - James Bandoli

Adjournment

A motion to adjourn was made at approximately 4:45 p.m. Motion accepted.

INDIANAACADEMY OF SCIENCE
COUNCIL MINUTES

APRIL 19, 1991

President Pettinga called the Council meeting to order at 5:00 p.m. in room 203 of the

Library at the University of Evansville on April 19, 1991.

Approval of the Minutes

Copies of the Council Minutes of Fall 1990 were distributed and approved.

1. Treasurer's Report (Frazier). E. Frazier gave a brief Treasurer' s Report and

stated that the 1991 budget was finally approved by the Executive Committee.

2. Proceedings. Gary Dolph was confirmed as Proceedings Editor.

3

.

Amendments Committee (Campaigne). E. Campaigne submitted the following

two By-Laws to the Council for their consideration and action:

A. By-Law Article VII (Youth Activities). Motion for approval made and

accepted.

B. By-Law VI Section 3 (22) (Science Advisory Committee). A motion
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to amend by D. Jones was defeated. Original motion approved.

4. Science and Society Committee (Squirers). E. Squirers reminded the Council of

the upcoming Exotic Species Symposium scheduled for September 20 and 21,

1991 in Indianapolis. Squirers anticipates that there will be 300 to 350 people in

attendance.

New Business/Announcements/Concerns

1

.

Role of Chairs at the Fall Meeting. A question from the floor was raised as to the

need to set aside time at the Fall and/or Spring Meeting to enable the Section

Chairs to meet and to learn what their responsibilities are.

2. Timing of the Spring Meeting. A suggestion was made from the floor to avoid, if

possible, having the Spring Meeting scheduled at the same time as the Under-

graduate Paper Symposium held at Butler University.

3. Paper presented at a Fall Meeting need not be submitted for publication by

December 1 st of that year since publication will be continuous throughout the year

(2 to 4 issues typically).

4. Status of Volume 98. The Volume is in press.

5. A resolution was read thanking the Administration of the University ofEvansville

and Wayne Mueller, in particular, for all their worthwhile efforts in hosting the

Spring Meeting.

Adjournment

A motion to adjourn was made at 5:45 p.m. and approved.
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Indiana Academy of Science Account Summary for 1991

Beginning Balance

Balance Revenues Expenses On Hand
1-1-91 YTD YTD 12-31-91

Operating Fund $22,910.74 $33,626.57 $40,024.33 $16,512.98

Restricted Funds

Proceedings Funds $.00 $29,616.40 $29,292.40 $324.00

Reprint Fund $158.58 $1,773.50 $.00 $1,932.08

Publication Fund $9,704.30 $6,694.64 $2,114.00 $14,284.94

Research Grant Fund $1,615.66 $40,765.96 $40,325.00 $2,056.62

Talent Search Fund $5,853.77 $3,540.00 $3,921.80 $5,471.97

Lilly Library Fund $6,750.40 $.00 $35.95 $6,714.45

Welch Fund $5,385.00 $500.00 $.00 $5,885.00

Exotic Species Fund $.00 $33,550.00 $33,627.83 -$77.83

Total Restricted Funds $29,467.71 $116,440.50 $109,316.98 $36,591.23

TOTAL FUNDS $52,378.45 $150,067.07 $149,341.31 $53,104.21

Deposits Withdrawals

Checking Account $3,000.00 $162,743.20 $156,336.98 $9,406.22

Money Market Savings $.00 $115,697.99 $103,000.00 $12,697.99

Certificates of Deposit $49,378.45 $62,050.39 $80,428.84 $31,000.00

TOTAL FUNDS ON DEPOSIT $52,378.45 $340,491.58 $339,765.82 $53,104.21
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