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ABSTRACT

The metaphase configurations of 400 strains from 63 species of Hawaiian Drosophila were
determined from squash preparations of larval brain tissue or spermatogenic cells from
adult testes. These karyotypes include configurations from seven species not previously
described. Metaphases of 148 Hawaiian species have been recorded, including species of the
““picture-wing’’ group, the ‘’‘modified mouthpart’’ group, and the "“bristle-foot’’ group. A
comparison between Hawaiian species and non-endemic species was made on the basis of
chromosome numbers and configurations. Among the Hawaiian species, 85.8% have
retained the primitive haploid configuration of five rods and one dot compared with only
34.8% of species from the rest of the world. In only 4.7% of Hawaiian species is the
chromosome number reduced from the basic haploid number of six, whereas it is reduced in
47.6% of the species from other areas. Most of the changes in chromosome size and shape
among the Hawaiian species seem to be the result of added heterochromatin or
chromosome fusions; no evidence of pericentric inversions has been found in modified

karyotypes.

INTRODUCTION

Wheeler and Hamilton (1972) tabulated the valid species in the
genus Drosophila and reported that one-fourth of a total of 1,254
described species are from the islands of Hawaii. Hardy (1974)
estimated that the total fauna in the family Drosophilidae in Hawaii
may consist of 750 to 800 different species. Before 1963, almost no
information was available on the genetics or cytology of the Hawaiian
species of Drosophila. At that time, the University of Hawaii and the
University of Texas began sponsoring a research project which
involved several senior investigators studying various aspects of the
evolution and genetics of the Drosophilidae of Hawaii. A summary of
the major accomplishments through the first few years was given in a
review article by Carson et al. (1970). A symposium on the
“Evolution in the Hawaiian Drosophilidae,” presented at the XIVth
International Congress of Entomology in 1972 (see White 1974),
provided background information and described achievements in
such areas as cytology, mating behavior, morphology, reproductive
isolation, habitat selection, and competition. The present study
reports karyotype findings from 1972 to 1976, bringing the total
number of metaphases described from 141 to 148 different Hawaiian
species in the genus Drosophila. Prior to this report, metaphases
were described by Clayton (1966, 1968, 1969, 1971), Carson et al.
(1967), and Clayton et al. (1972).

MATERIALS AND METHODS

Metaphase configurations were determined from spermatogenic
cells of adult males or from cells of larval brains. Tissues were stained
in aceto-orcein and transferred to 50% acetic acid for squash
preparation. Adults were collected from localities on Oahu, Kauai,
Maui, Molokai, Lanai, and Hawaii and brought into the laboratory
where females were placed singly into vials of a special high-protein
medium (Wheeler and Clayton 1965) to establish “iso-female” lines.
Third instar larvae from these iso-females were used for the
cytological study. If larvae were not available, adult males of the
species were dissected; the testes were removed and stained for
examination of spermatogonia or primary spermatocytes. Species
collected in the wild as larvae were maintained in the laboratory until
mature enough for dissection and cytological study.

RESULTS AND DISCUSSION

Metaphase configurations were recorded from larvae of iso-female
lines, from larvae collected in the wild, and from spermatogenic

material of adult males. The results of the chromosome analyses are
given in Table I. Included in the tabulation are configurations of 400
strains from 63 species of Hawaiian Drosophila which were analyzed
during the period 1972-1976 and metaphases from seven species not
previously described. Among the latter are five species undescribed
at the time of the chromosome analyses, D. digressa, D.
gynmophallus, D. lasiopoda, D. psilotarsalis, and D. differens (Hardy
and Kaneshiro 1972a, b), and two species not previously analyzed
cytologically, D. anomalipes (Hardy 1965) from Kauai and D.
cilifemorata (Hardy 1965) from West Maui. Larval material of D.
anomalipes was made available for study by Dr. H.T. Spieth, who
developed a technique for raising this species in the laboratory. The
metaphase configuration of D. cilifemorata was analyzed from
primary spermatocyte cells of an adult male.

In Table II, a comparison is made between the metaphase
configurations of species of Hawaiian Drosophila and those of
species from other parts of the world. Hardy (1965) placed all
Hawaiian Drosophila species into the subgenus Drosophila and the
comparison therefore is based on Hawaiian species and non-endemic
species belonging to this subgenus. The Hawaiian species which have
been studied cytologically have been placed into groups based upon
certain characteristics such as ‘picture-wing,” “modified
mouthpart,” and “bristle-foot” groups. The numbers in Table II are
derived from the listing of metaphase configurations by Clayton and
Wheeler (1975) and from Table I.

The basic, or primitive, metaphase configuration in Drosophila
consists of a haploid set of five rods and one dot. Speciation has been
accompanied by modifications of this primitive karyotype, involving
alteration of the number of chromosomes and/or change of
chromosome size and shape. Patterson and Stone (1952) summarized
the means by which such chromosome alterations could have
occurred. A pericentric inversion results in a change in the shape of a
metaphase chromosome if the position of the centromere is altered.
Translocations result in detectable changes if there is a mutual
exchange involving large segments of unequal length. A fusion results
when there are two simultaneous breaks adjacent to centromeres on
nonhomologous chromosomes and two long segments fuse. The
centromere of this “translocated” chromosome is contributed by one
of the long segments and the other centromeric fragment is either
retained as a supernumerary chromosome or lost. In addition, the
gain or loss of heterochromatic segments may account for changes in
the appearance of somatic metaphase chromosomes.

The metaphase configurations listed in Table II are those which
have been found among the Hawaiian species. For comparison the
number of non-endemic species with similar configurations is given.
Thirty-two percent of the non-endemic species have metaphase
configurations not found among those Hawaiian species that have
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been studied cytologically. The primitive configuration has been
retained in 85.8% of the Hawaiian species but in only 34.8% of the
species from other regions. In only 4.7% of the Hawaiian species is
the chromosome number reduced from the basic haploid number of
six, whereas it is reduced in 47.6% of the other species.

Among the Hawaiian species there has been no evidence of change
in metaphase configurations resulting from pericentric inversions or
translocations. The modifications may be explained by fusions,
resulting in reduced numbers and V-shaped chromosomes, or by
addition of heterochromatin. The latter type of change is the most
common, found in both the “picture-wing” and ‘“modified
mouthpart” groups, but absent from the metaphase figures of the 17
other species examined. It can be seen from Table 2 that, within the
“picture-wing” group, all species have retained the haploid number
of six and modified karyotypes may be explained on the basis of
heterochromatin added to dots or rods. One species, D. cyrtoloma,
apparently has heterochromatin added to every chromosome in the
set, which results in five V-shaped and one I-shaped chromosome.
This configuration has not been described previously for any other
Drosophila species. The karyotypes of six species within the
“modified mouthpart” group have been altered from the primitive by
fusions, the resultant configurations having one V-shaped
chromosome (3R, 1V, 1D) or two V-shaped chromosomes (1R, 2V,
1D).

As is apparent in Table II, most of the species examined
cytologically have been members of the “picture-wing” group. A
chromosome phylogeny based on inversion differences was
developed by Carson (Clayvton et al. 1972) for 96 species of this
species group. On the basis of this phylogeny, it appears that
metaphase chromosome modifications of the species were distinct
events rather than a type of speciation in which closely related
species share chromosomal changes through a common ancestor.
The situation seems to be different among the non-endemic
Drosophila species. Stone (1962) discussed metaphase relationships
among approximately 300 species that had been analyzed
cytologically. Considering groups in which related species may share
a common ancestral chromosome modification, he estimated that
there had been 32 pericentric inversions, three translocations, 58
fusions, and 38 cases of added heterochromatin. Therefore, the
percentages in Table II are probably too high for non-endemic
species because no attempt was made to consider common ancestral
configurations. A comparison of data on Hawaiian karyotypes with
Stone’s estimates reveals the conservative trend within the Hawaiian
species. According to Stone, heterochromatin addition had occurred
in approximately 12.5% of the species. Among the Hawaiian species
this addition has been observed in 9.5%. Chromosome fusions have
been found in 4.7% of the Hawaiian Drosophila compared with
19.3% of non-endemic species. These observations must be
considered preliminary because the number of species available for
cytological studies has been very limited except in the “picture-wing”
group. Analysis of chromosome relationships among the different
groups of the Hawaiian species can be expanded as additional species
are cultured and studied in the laboratories.

ACKNOWLEDGEMENT

This work has been supported in part by National Science
Foundation Grants 27586 and 29288 to the University of
Hawaii and by a grant to the author from the University of
Arkansas Graduate School.

LITERATURE CITED
CARSON, HL., F.E. CLAYTON and H.D. STALKER. 1967.

Karyotypic stability and speciation in Hawaiian Drosophila.
Proc. Natl. Acad. Sci. USA 57:1280-1285.

CARSON, H.L., D.E. HARDY, H.T. SPIETH and W.S. STONE.
1970. The evolutionary biology of the Hawaiian Drosophilidae.
Pages 437-543 in M.K. Hecht and W.C. Steere, eds. Essays in
Evolution and Genetics in Honor of Theodosius Dobzhansky. a
Supplement to Evolutionary Biology. Appleton-Century-Crofts,
New York.

CLAYTON, F.E. 1966. Preliminary report on the karyotypes of
Hawaiian Drosophilidae. Studies in Genetics III. Univ. Texas
Publ. 6615:397-404.

CLAYTON, F.E. 1968. Metaphase configurations in species of the
Hawaiian Drosophilidae. Studies in Genetics IV. Univ. Texas
Publ. 6818:263-278.

CLAYTON, F.E. 1969. Variations in the metaphase chromosomes of
Hawaiian Drosophilidae. Studies in Genetics V. Univ. Texas
Publ. 6918:95-110.

CLAYTON, F.E. 1971. Additional karyotypes of Hawaiian
Drosophilidae. Studies in Genetics VI. Univ. Texas Publ.
7103:171-181.

CLAYTON, F.E., HLL. CARSON and J.E. SATO. 1972. Polytene
chromosome relationships in Hawaiian species of Drosophila.
VI. Supplementary data on metaphases and gene sequences.
Studies in Genetics VII. Univ. Texas Publ. 7213:163-177.

CLAYTON, F.E. and M.R. WHEELER. 1975. A catalog of
Drosophila metaphase chromosome configurations. Pages 471-
512 in R.C. King, ed. Handbook of Genetics, vol. 3. Plenum
Press, New York.

HARDY, D.E. 1965. Insects of Hawaii, vol. 12. Diptera:
Cyclorrhapha II, Series Schizophora, Section Acalypterae I,
Family Drosophilidae. University of Hawaii Press, Honolulu.
814 pp. ’ T

HARDY, D.E. 1974. Evolution in the Hawaiian Drosophilidae. intro-
duction and background information. Pages 71-80 in M.J.D.
White, ed. Genetic Mechanisms of Speciation in Insects.
Australia and New Zealand Book Co., Sydney.

HARDY, D.E. and K.Y. KANESHIRO. 1975a. Studies in Hawaiian
Drosophila, modified mouthparts species no. 1: mitchelli
subgroup. Proc. Hawaiian Entomol. Soc. 22:51-55.

HARDY, D.E. and K.Y. KANESHIRO. 1975b. Studies in Hawaiian
Drosophila, miscellaneous new species, no. 1. Proc. Hawaiian
Entomol Soc. 22:57-64.

PATTERSON, J.T. and W.S. STONE. 1952. Evolution in the genus
Drosophila. The Macmillan Company, New York. 610 pp.

STONE, W.S. 1962. The dominance of natural selection and the
reality of super species (species groups) in the evolution of
Drosophila. Univ. Texas Publ. 6205:507-538.

WHEELER, M.R. and F.E. CLAYTON. 1965. A new Drosophila
culture technique. Drosophila Information Service 40:98.

WHEELER, M.R. and N. HAMILTON. 1972. Catalog of Drosophila
species names, 1959-1971. Studies in Genetics VII. Univ. Texas
Publ. 7213:257-268.

WHITE, M.1.D. 1974. Genetic mechanisms of speciation in insects.
Symposia held at XIVth International Congress of Entomology,
Canberra, Australia. Australia and New Zealand Book Co.,
Sydney. 170 pp.

Arkansas Academy of Science Proceedings, Vol. XXX, 1976 33



Metaphase Configurations in Drosophila

(LIS 9IS ‘F1S '€1S "11S 65 '9S 'SS '#S '€S "ISPLO LS "VIW "IN TIN ‘LI
S CPINCTIN 01D 6D '8 LD €D T "ID1LD 16D 8D 9D ¥O €O
70950 1TIN TSI SINUPINUCIUTTIN PO bd 'ed Td T14SSO LD 19D $D
$0 €09090 ‘01N "6 '8N "LIN "SI PN "EN 'TINL'01D 8D LD 9D ‘SO
PO €0 'TO 'Ld vd ‘€A6rO 67D 8TOCYO) NemeH '2A1953Yy 153104 BRIO
(10880 :74890) temeH *'pH 2[PPES ‘p] eyndiy

(20990 014

‘g L€ 99 'SH ‘vd ‘cHyY TN ‘€4 "TH 19p90) NemEH “BayERINUBOIN
(9N PN EN T TIAL TO0LO (CIN TIN " TINSSO) emeH *op 11 e eyndiy
(#O "TO "19£Y) Ueme ‘eutemed,

(bS '€S 'TSTY) lemey ‘1yened,

(1996Y) temeH *,0077 "nuenajey

(1INLSO) temeH *2oysoyedne]

(£DS10) emeH *"pY SIppeEs ‘6 eYndIy

(SO 'TOSOId) HemeH "2a19s9Y 152104 BRIQ

(LT-1) 0 4.£0) e ‘den odney ‘yaqng enyenyey

(CESY) HEMBH 'BYBINUBO JBIN

(96 'S€ 'ALLO) teney ey "IN

(£476Y) N " m “B[NBURH
(ZAE9Y) IneW oweiepm

(€-1) ¢ 99,0 :(T-1) 0 49L0) teneY *A3[jeA nuewey
(L19'919'S14 "'¥14d 'C1d0TY) BN "M "Ineuey
(DS 'LD '9D ($DS01d) HemBH ‘2A1359Y 152104 BEIO

(€-1) 3 00T D) 1eUET ‘YI[N O BUIOYORY

(+Q 7 'S4 'vd '198Y) INEW "Wemny

(SO ‘+O ‘7O '10570) INEW "9A1359Y 15910, BUEH 'Yo[ng) edediemey
-1 EDA (T 1) p OILY) MEW “L3IeA OylEm

(cd '7d8LO) e ‘MyEy IN
(S)pE'(9-6)p O
'€S°€D 7O 1D 68 '8 "LH 'pH "1GIC0) INEW "M “Y2IND IMUIBMEUEN

(PN 'O TINOTYH S1D "91d "STd 'p14880) NemeH Py 2Ippes 'p1 eyndiy
(14690

HZ-DD 4990 €O 7O 19980 17OS10) emeY *'pY 2[PPeS ‘6 BANdLY
(1OCTY) emeH "9AI9s9Yy 159104 eUNG

(€9 ' 1d€S0) emel ‘15310 BRIY

(Z4150) e “ejeyeajey 'nyled

(1)p OETO) nyeQ "A3|eA BURBYEY

(68960) nyeQ "elERY IN

(e1)p O110 t8[-110) hyeQ ‘Yead Inuenyeuoy

(p4960) MYEQ "e[ERY N

(LCW "9CIN6LO) INB * M "BInBURH

(4160) Ine]y “e[eyeajey ‘nyied

(1IN9LO) teney] ‘A3[|eA nuewaley

*ON uUond3jjo) pue A)1jedo]

(A1 "YS) wniuawisoras
(1 *¥S) suo4fisoras
(1 gs) ppponoas

(Q1 *gs) sypsaviopisd,
(A1 *Ygs) pravwind

(a1 '¥S) viguiunid
(@1 ygs) swa0on1d
Q1 "dS) stpadiynomad
(Q1 ‘ys) proundionod

(£H0CO) NEW * M 'MAy0Y 6ng 01 B L(Q1 *US) v4afrupyauand

(A1 “dS) vraspfoyrio
(Q1 "¥S) pzadouyd.io

(g1 '¥¢g) pipuao

(ZIW " TTNRY) NI ‘WEemny (A1 "YS) snjjpydoruopo

{1 *¥S) s150q04y20

(1 '¥4s) paovayo0
(g1 *¥s) sadunasqo

(Q1 " ¥S) s1suanyvo

(Q1 " yS) sispqudiu

(1 “¥S) proidoau
(Qq1 " ys) oyrydosnw

(aseydelapy) sa1dadg

(SINLSO) IBMEH *aA1asay 152104 soyaoyedne]
(10SL0D) lemey JWwing eemeemnnd

(1090) temel 'youey eemeemnng

(19¥01d) HemeH *941959Y 159104 BRIy

(10761 nyeQ "Ad1IBA BYI[BEW

(@1 "¥G) srsuanpmoy

(+OPTd) NYeQ ‘durd nnd (Q1 *YS) sniyoydowuds,
(1) g '9198Y) INBW ‘IYemny | (I "YS) Sispqouwd3

(EN9LO) lenrY 'A3[[eA DUBWIEH

019 '69 'SOLED) INBW "Y2[NO enyenyey

89 °LD ‘SO 'vD "€OSCO) 1N "M “UIIND e1yeyod
(#4080

HTO 07O ‘819D ‘L1D '8OrED 19D 'TSTCO) INEW "M "YIIND Inulemeuey

(WY (A (g 0020 20 "100T0) teue] "ydny euajoyrey]
(€19 °219 116 '014¢8Y ‘9O¥80) 1eAOION “OflofieueH Jo 'S
(SOT8O) IBAOJOW "Y2[N D BameY 1IN

(1€9 '0€D ‘679 '§TOI80 'S10 'vIOLO) 1BAOIOW "UD[ND BlomEY

(1)» OZ1Q) nyeQ ‘eney] nnd
(1#-LLd) vyeQ *"PY da3f eB[0YON

(£7SSH) HEMBH ‘BIUEINUEO JEON
(219D 'Sd 'pdL10) TEMEH ‘BUOY ‘ljened

#0 ‘cOrZO) tyrQ ‘Yoo adnjiem
(9IN6Y) INE ‘loWweYIEmM
(ZIN ‘SW6Y) INB 'Toweyiepm

(1o 965 v O6PQ)) emeH 2A13s3Y 152104 BRI
(#FTO6+0 "+~ DS01d) HEMBH '9A1353Y 15310 2RO

(69¥80) 1EAOIOW “OljOijEUERH JO 'S

(ZZN6Y (0019750 INEW 1OWEYIEM

(24920) NYEQ 'IN0Y00] l[ed 18N

(79 '1D56d) BYRQ 1 BUIEY O ‘DY BIANYOW

(1D1Y) temeH 101 vedY
(L0990 :014690) liemeH "eIYRINUBOIN JEIN

(01SLSD) HEmBH *2a1950Y 159104 d0oysoyedne]
(80G01d) HemeH '9a1asaY 152404 eB]O

(,.90CO) MBI "M "INY0Y Ond

(70980) 1eYCIOW ‘U2INO eydndepy
(P 1EE]Y) IIOIOW "Ofljofi[eURH JO 'S

(6d€8¥) 1BYO[ON ‘O[OlljeUEH JO 'S
(919 “1gPCO) MBI "M ‘YN INUIEMBUBIA

(¢1€ ‘€16 "119pY) NemEH EARINUEOIN
($4S90) NEmEH "edRIMUEOI JEIN

(g8p.1) reney ‘3340 y
($OTLd) nyeQ "eney nnd

(1977Y) 2N ‘£3][2A 1OUlEM
168 '8 "LH SHIRY J0LNOTY) MBI * M "RInEUEH,
(¥S 'CSECO) INE "toweyiem
(690€0) INEN " M ‘TN nnd

"ON uol9j0)) pue L31jes0]

(Al “US) moyswd
(1 “ys) viopoad

LQ._ “dS) Djpuof
(a1 gg) sadixa)f
(A1 *¥S) avrasynoiosof-..

(A1 gS) Dra4osip

(1 “¥S) vssa48ip,
(a1 “ys) swasaffip,
([1 ' A§) Dwiojorf2

(A1 *yS) 4281142
(1 “ys) pnodsuoo

Q1 "ys) avuoisnp2
(Al "ys) prosowafipo,

(Q1 *ys) py>das09
(Q1 *¥S) p4ardoyng

AQ1 *YS) viisso
(Q1 " ¥S) sadipuioun,

(q1 *ys) vrojdo

(@1 *ys) pjoisvipo
pjrydososq
(eseydeopy) se1oadg

§L61-7L61 ‘2epHydosoi(q ueneme jo sadfiokiey [ 3Jqe],

Arkansas Academy of Science Proceedings, Vol. XXX, 1976

<
(2]



Frances E. Clayton

‘(uoneotqnd siyl) uolhe]) pue (G.6[) 19[23U AL PUe uolAe]D) ul sa1oads jo uonejnqel wWoj usaye) siaquiny,

444 Lid! Sl [4 0t 101 g0}
0ce 8L 00 0 0 0 0 0 Rigtie]
v'0 I Lo i 0 0 1 0 at ‘1 -gy
¥'0 I Lo l 0 0 1 0 ait ‘r1 "4y
£ €l L0 I 0 0 0 I al ‘A1'gy
00 0 Lo I 0 0 0 I f1°AS
91 14 Lo 1 0 0 0 I Al "dS
4 01 L9 0l 0 0 4 9 -

{UBWOJYD0IR)9Y PIPPY
' LT L't 14 I 0 € 0 al ‘ATl
Lol 9T (U4 € 0 0 € 0 ail ‘Al d¢
. 1uolIsnyg
8¢ S8 8°68 LTl vi C 6l (44 ail ‘ds
AN g
% ‘ON % "ON 12PY10 .JooJ Jedyinow Juim sadfjodiey
1e10], ansugq,, payipow,, -aamoid | projdey

LSa10adg o1rwapus-uoN

lleme} O1 OTWApUY soroadg

opydosoa(g snuadqng ay) 01 Futduojag soroadg srwopug-uoN pue vpiydosos(] ueliemeH Jo suonesndiyuo)) aseydelsy jo uosuedwo)) "[1 2[qe L

'S)Op [jews AJoA ,

‘sjop 981e]

‘q18uaj-Jley spoiom] ,
“Y13us[-9[qnop Jou '193UO| SPOIOM ¢
‘y18usj-spqnop jou ‘138uo| poa 3uQ ,
“198u0] 10 ‘Y8udl-sjquop poi suQ ,
*9jeW JNPE WOIJ YO BUIULI)AP aseydeldpy, ,
*auIy 541y JoJ 213y pajiodal saroads styy Joj aseydeys |y,

(LD180) 10O ‘Y2IND eamey

(01-1) § 72O () (8T) (e1) D FZTO) NYRQ ‘Yd[No BlEUNEY
(90¥70) nyeQ "Yono adnjrem

(.+bLd) NYEQ 'drURIEA "CYENEN

(NO0LY) emeH *0p ¥ 1e eyndry
(ZdOY) lemeH '9Al1asaY 15910, neuneuoHy

(TINOTY) INEN "M ‘ejneuey

(OLLO) INeW 'yoIno enyenyey
(€0 'TOT8D :L1OLD) 1BYOIOW "UIING ejomey

(€ 0 OCTO) nyeQ "A3]|eA BUEYRY
(£9501d) emeH *9A1959) 152104 BR]Q

(10 450 1ch OPPO

‘Thvrd T4 OWO Jd So g 1V ghrO A g26d 0 9L6d 17 dL6d
‘dd66d " J OL6d VOLEd 0DL6d '..8L6d 'Y HL6d) NemeH ‘eownyy
(1££10) nemey "euo)] ‘lyened

(59 'cd '7d '19,4) vemeH ‘eojeded

(114019 ‘64 ‘89 'L 'CHS90) HemeH "BIYRINUBO JEON

(80 *LO010) memey ‘endey ‘edeq

(€9 °6D "19701d) emeH "peoy 2[ppes efnnwny

(SO '€ 198 O) HemeH '941959Y 15310, eanelry

Q1 "YS) vrguia

s (d1 “dS) vrogany
(A1 *YS) v4a1douaisqns

(Q1 "Y¥S) 1vosds
(A1 " dS) sguirads

(41 *¥s) 2vwopos
(@1 "¥s) vupgos
(A1 *¥G) susaajis

A1 "YS) snuaavajs

(§5D09Y) temeH ‘youey noyeay

(9 ) TemeH '2A1959Y 15210,] neuneuoy

(S€'S45Y '114S90) HemEH "ESYRINUEON JeaN

(SEY90) Neme ‘eayeInuEON

(€O LI9 919 °¢19 'TIGTA (11D '01D 60 '84,10) NemeH 'euoy ‘yeneq
(6D501d) HemBH *9a1359Y 15310 BEQ

(89 °,9 'S0 'O '107Ld) "YeQ "eneYy nng

(a1 "¥s) Mydanw

(49) Madwoduow

(DTTY) e “A2[[EA 0YIEM (AL “YS) DIDYdas0UD2M

()0 DGSY) HemeH '9AIISIY 153104 BR[O

(€' odeeo
"S- €0 CHD TID 6D 'CAYCO) INEW "M "UINO InuiemeuBy
(TOLO) 1eAOIOW "yYoInn eomey

(196L0) BN "M "BNEURH

(€€ '7d080) BN "M "YOINO Inutemeuey
(Z19d7SO) iIney ‘toweYiepm

(SUA'CILTIL 011 "6f "8I '€l 'THTSO) INBW "ToweYiepm
(ZCWO6LO 'CL LTI "9TINZSO '9SCE0) INBN ‘ouresies

(1D1L9 9L "SLD "05D09Y) HemeH "yduey noyesy
(SO 'vD 196, 'TOLIQ) HemeH "vuoy| ‘Iyened

(n» DEO1d) emeH "ied 'iS eojnyeyod
(To 0101d) Htemey ‘ojoynng teau exndiy
AE Yy €Y €79 '19L6d) NemeH “eouinyy

(1S7L0) nemeH ‘nnend exndry

(v 0S60) HemeH ‘Ied omeayolod

(€-1)p O160) temey 'ty eyndry

(L9LY) wemey “eojeded

(SIS 'TIS '0IS "LS 'SS'PS 'SH 'pAOY) HEMEH '2A1953) 1§10, NBUNBUOH
(SIS 'TIS '0IS "LS 'SS 'pSSA ' 1HS590) lemeH ‘eoyemueo|y JeaN

(AgYYO .. 8"

(1 "¥S) xuy10400w

(Q1 " gs) snjroydoy

(Q1 "¥s) 2viasoaul}

(49) vronu]
,(49) opodoisv;,
{1 “¥S) sndppduary

ST U ) anouvad1Yy

W 49) 1p22y

35

Arkansas Academy of Science Proceedings, Vol. XXX, 1976



