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le INTRODUCT [OM

Genetic studlas have made sevaral notable contribdtions fo
our undarstanding of black Fly probiems. The comparison of
banding patterns of polytene chromosomes from larval salivary
glands has resultsd in the description of sight new spsciss of
black fly from what used to be called simply Simul fum damnosum.
{1} Conseguently, a major problem has been to associate larval
stages (on which tha cyfofaxonomy [s based) with adults which
may be wectors of onchocerclasls. CyTotypes cannot usually be
daterminad In the adult stage. Harold Townson has axamined the
I sozyma patterns of flve members of the 5. damnosum comg | ax:
Simul ium sanctipaull, E. squamosum, S. sirbanum, E yahense and
E. damnosum (Sensu strictul. Townson found That [sozymes of
phospheg | ucomutase (Fgm) I'n 5. yahense ware diffarent from those
faund in the other cytatypes, Tnis information was used to llnk
adults biting man with larvae fhat could be fdentified cyto-
logically as 5. yahense. This was the first demonstrafion fhat
5. yahense adults were anthropophllilc. {2}

May and Nis co=workers studied three speclas of the
Simulium jennings| complex from Malne, USA, which are identiti-
abla In the larval and pupal stagas although the adults are
morpholoeglcal ly fndistinguishable.(3) The lack of dlagnastic
marphological markers prevented the [dentification of ‘the
spacles biting man along the Penobscot River watershed. Starch
gal electrophoresls was used to identity four key enzymas that
enabled May and his co-workers ftTo assoclate the principal
anthropophilic black fly with |[ts larval and pupal stages.
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Subseguently, this undescribed specias was named Simul ium
penobscotensis.(4)

Thres Central and South Amsrican black fly speciaes-
complexas are recognlzed: (1) 5. smazonlcum; {2} 5. sangulneum;
and (3} S. metalllcum. In May 15979, an informal workshop on the
faxcnm-ny_of medical ly Important South Amerlican Simullidaa was
hald in Brazil In part fo clear up confusion assoclated with
thase spacles, Tha fol lowling quastions waere posaed:(5)

"{a} Should *he question of possible specles—complaxas
existing In South Amerlcan Simullum pest and wvector
spoclas be Investigated Immadiately, and [f so, how
can this be done effectively?

tb) Should cytotaxonomic and enzymotaxenomlc technlgues
ba employed as socon as possible as adjuncts to
morphologlcal studles, or deferred until conventional
taxonomy Is further advanced?n

More recently the Guatemala-Japan Jolnt Conferance on
Onchocerclasis Ressarch and Control held in Guatemala Clty,
Guatemala, 12-16 January 1981 recognized the problem of the S.
matall lcum complex and recommended continued study by enzyme
olactrophorasls and cytotaxonomy, especlally In areas andemic
for human onchocerclasis.

ODur work at the Gorgas Memorlal Laboratory In Panama has
canterad on the Investigation of genetlic varlatlon In 5. metal-
| leum, We have obtained pralimlnary evidence from [sozyme stud-
las that S. metalllicum |5 made up of at Ieast two genetically
drstlngurﬁahre groups.

1. METHODS AWND MATERIALS

Slx black fly speclas collected In Chirlgul Province, West-
arn Panama (8% 38' N; BZ2® i4' W) were studled: Simullum chir-
lquiense, S. metallicum, 5. occhraceum, 5. panamense, 5. guad-
rivittatum and 5. rublcundulum. Larvae and pupas ware collected
from streams. Adults were collected by battery=-powaered, hand-
hald asplrators as they landed on elther humans or Cows,
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Collected black flies were immadiately placad on lce for frans-
port to Panama Clty whare they were stored in a deep freesza at
-85 unt| | neadad for alectrephorasis. Each species was scra=
anad by cellulose acetate electrophores|s (CAE), to datermine
which speclas were polymorphlc at the genetic locus coding for
phosphoglucomutase  (Pgm, Ea.Ca Z.7.5.1). Tha elactrophoratic
tachnlques have been pravisusly descrived. The relative mobll-
Itigas of the wvarious &Iecfromorph51 wara descriped as fol |ows:

F . distance of migration of alectromorph
Ralative mobi|ity =

dlstance of migration of referance electro-
mar ph

Tha referance electromoerph was daflined as The most common band
and was designated a value of |00

Ta study |ntraspec|fic varlatlon, samples of more than 100
individuals of the same species ware electrophorased and scored
for Pgm phenctype. The Pgm phenotypes obsarved in sach species
wara assumad to be allslic [sozymas and expected genotype fra-
quencies were calszulated directly from the observed phenoctypic
frequacles and tested for agreement with Hardy-Walnberg egull-
ibrium, 1f other assumptions are mat the observed ganotype fra-
guency distribution should flt the values expected according to
Hardy-Wainbary equllibrium. (7} Chi-square tests of significance
tor aquilibrium were made on four 5. metalllcum samples and ona
sample sach of the other five Spﬂc?as.

To tast the nypothesis that 5. metallicum I3 a mixture of
genetically distingulshable gruuﬁ;; morphological variation in
pupal, larval and adult stages were examined. To Interpret mor-
phologlical varlation as well as esnzyme freguencles the alasctro-
phoretic analysis was done without grinding up the antire speci-
man and destroylng the morphological characters. Procedures for
aach stage were as follows:

The term electromorph (=band) 15 used here because of a lack

of data from genetic crosses to demonstrate al lellsm.
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Pupaa: Individual black fly pupae ware firmiy crushed in 5
Jul of electraphoretic buffer. Crushing without grinding pro-

duoed tissue homogenate while preserving the pupal morphological
characters. The homogenate was used for enzyme electrophoresis
and the rest of the pupa was preserved in 70§ ethanocl (ETOH).
Later, sach pupa was clearsed, mountad on a micrescope sllde and
xapt as a wvoucher speacimen, Pupam ware dissectad to show the
cephal lc capsule, thorax, respiratory filamants and abdomen.

Larvae: Samplas af larvaa were taken from two pasture
streams 5 km apart ropresenting different watersheds. Larvae of
the last Instar (those with dark, woll-developed resplratory
histoblasts) were cut Into three parts: (|} anterlior part--head
capsule plus thorax; (2) middle part--abdomen; (3) posterior
part==tip of abdoman Includling gllls, anal sclerlite and circle
of hooklats. Anterior and posterior sections were preserved In
704 ETOH until they could be cleared in |0F KOH, rinsed in 0%
acetic acid, passed through an alcohol series to 100% ETOH, dis-
sected on a microscope slide to show morphologlcally important
charactars and mounted in Euparal (R), GB| Laboratories, Ltd.,
as permanant voucher specimens. The middle part was trifurated
and used for alactrophores|s.

Adults: Adults were traated in two ways. {1} Head and
thorax were saparated from the lags and abdomen, glued to paper
polnts, mounted on labsled entomologlcal plins and praserved as
voucher specimens. The laegs and abdomen were triturated and
usad for CAE alectrophoresis. (2) Th abdomen was separated from
the rest of the adult (which was electrophoresed) and placed In
704 ETOH. Later, each abdomen was cleared, dissected and mount-
ed on a mlcroscope stide to show the genltalla and the abdominal
sternl tes,

Rapresantative specimens of the black flles used in this
study hava beasn deposited In the U.5. National Museum [Matural
History), Washington, D.C., The British Museum (Natural
History), London and the Referemce Collectlion of the Gorgas
Memorlal Laboratory, Panama, Republic of Panama.
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Table |, Results of chi-square (x?) tests for Hardy-Weinbarg
egulllbrium of phosphoglucomutase alleles of various
Slmul lum spaclies,.

Sample Mumbear of

Spacias siza Elactromorphs wZ {dufal ]
5+ chirlguliense 137 3 (] (3] =5
5. metal | lcum 11 5 43.5 (10)  <.001
5. matal |lcum 209 5 41.96 (19 <,.001
5. matallicum 162 & 96.0 (I5) <.00l
Se metal|lcum 2i6 5 T2:23 {10} <.000
5. ochraceum 16l 5 18463 (10 <.05
5. panamense 232 5 3.4 (1D} <5
S« guadrivittatum | 36 3 4,7 (31 =al
S« rublcundulum | 04 i Q06 (1) >7

p = Probabillty
defe = Dagress of freadom

I1la RESLULTS

Simul lum metalllcum was the anl|ly species to show highly
slignificant deviations from Hardy-Weinberg equilibrium (Tablaes |
and 2}. Flve Pgm electromorphs were detected in 5. metalllcum
{(Flgura 1}. |If we assume Thesa elsctromorphs are alleles at a
single genetic locus then Tthe patterns shown In Fligure |
raprasent all possible combinations of these five al lales taken
two at a Time, Stated another way, five alleles are expacted to
show [5 d1ffarent genotypes. In reality, only |1 genotypes wera
observed, with the homozygous classes  Pgm 67/67  and
‘IF:?% ?5*”5. and the hatarozyjous classes Pgm

F15 and Eg_m_ L15/67 nat reprasantad in
the samples. Calculation of a Hardy-Wainberg XZ showed the
pooled sample to be |acking equillblrum (X2 = 72,23, duf. =
13, p < 0.001).

In addition to [sozyme wariation, morphological wariatlon
was ohbserved In 5. metalllicum: pupal thoracic and cephalic
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Tablae 2. Observed and expacted ganotype frequencies of phospho-
glucomutasa In Simulium matallicum pupase with bifid
and multiple branched frichomes.

BIFID MULTIFLE

Ganotype Observed Expectead dbserved Expectsd

m”lj“lli|5 0 .03 I Je 56
Egﬂllymﬂ 2 126 |4 | 53.94
jﬁmf'sfaﬁ ! 1.19 2 2494
jﬁl+||5f?5 i i . .
Eg_I | 5/67 f 3,40 _ ~
FPgm i 18 1170 94 86.35
il L 14 22.15 21 36439
Eg_l Ot 2 2.5l - -
Egﬂl Qa/a’? i 3,82 ~ ~
Eﬂiﬁﬁfﬂﬁ 12 10.48 |2 3. 94
_PEEBEI”E 2 .37 ~ B
Pgm Gk 12 Tl 2 - -
_Dg_ 1575 9 0,13 5 =
fg_?ﬁfﬁ? 5 Py B B
EE_{} 1767 0 .70 s ~
o 59 69, 00 | 44 | 44,00

X2 = (4,88 (dofs = 10) %2 = 25,18 (duf. = 3)
gl p < Q.000
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{(tfep)  Olagram of the relative mobility of phospho-
Jlucomitase electromorphs Tn Simulium metalllcum
showling all combinatlons theoretically possinle, The
origln {3y I|s the application point of the tissue
homoganata, The numbers on the |eft represent the
relative mobllIties of the electromorphs.

(below)  Simullum metal | lcum pupa: Dorsal and ventral
viows showing thoracic and cephalic trichomes,
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trichomes were bifid, trifid or multiple-branched (Figure 2},
doth isozymé and morphological data wers recorded for one sample
of 5. matalllcum conslsting of 216 pupae (Tables 2 and 3). This
sample was partitionad into tws groups: one characterized by
multiple-branchad trichomes (three or more branches) and the
other by LIfld ftrichomes {at least some trichomes two branched).
Thesa new groups ware tested separately for Hardy-Weinberg equi-
Il1brfume  The group characterized by bifid frichomes did not
differ signiflcantly from the expected wvalues {p > 0.1} and
showad flve alleles (Table 2}, but the multiple-branched +rl-
chome group showed signlflecant deviation from the axpactad
Hardy-Welnbarg walues (p < 0.000, Tabla 2). The allelas
Egﬂ?ﬁ and_EaEF? wara absent from this latter group.

Results from larvae are glven In Table 3, columns 4 and 5.
Results of chi-square tests of significance for Hardy-Welnberg
equllibrium were not significant (p > D.|) for either sample.
Al lzle freguencies of the |arval samples from the two watersheds
ware compared by contingency chi-sguare tests of significance
using the original count data in the test cells.2 The allale
frequancies were not signlflcantly different from sach other
(x2 = 5.09, def. = 4, p > .5},  Mext, allales frequencles of
the Two larval samples were comparaed with the allele frequencias
of pupae with bifld trichomss In a 3x5 contingency table (Tabla
3, columns 3, 4 and 5). The samples were not significantly dif-
tarent from each other (X2 = 9.6,, duf. = 8, p < Oull. Mo
larval diagnostic nmrphflog1ca| characters have bean found so
far which correlate with the lsozyme data,

Im the samples of adults collectad on cow bait and human
bait +the alleles fHE?ﬁ and EHEF? ware not  observed
(Table 3, columns & and 7) and the allels freguencias were s|g-
nificantly different from sach other when tested by contingency
chi-square (X2 = 10.78, dafe = 2, p < 0.005). Adult black
flles collected on human balt also showsd allele frequencies
significantly different from pupae with multiple-branched tri-
chomas (Table 3, column 23 (%2 = 39,25, dof. = 2, p <0.0007.

foriginal count data can be obtained from Table 3 by doubl I ng

The sample size (each Individual carries two allelaes) and mul-

tTiplyling by the approprlata allsale fraquancy.
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Table 3. Phosphoglucomatase allele fragquancies of Simul fum metallicum by stage.

1

Pupaa Larvas Adults
Al Multiple Aifid Sample | Sample 2 Cow Human
trichomas tr | chomes Balt Bait
aliala hzum_m#m =l 44) (n=64) (n=94} {n=8l11 (n=34) (n=109
115
Fgm 049 363 «021 «53 086 L4835 284
1 00
Pgm +650 o774 A12 431 . 395 471 L9932
BE
Fagm 238 ol 63 « 3590 « 340 7 Ja .44 o124
7
Pgm 2 041 Q 44 059 L0080 a 0
&7
Pgm .49 0 o132 17 087 0 4]
5
H=" T2.2010) £5.2(35) | 4,8010) [0.6010) [1a301m 4,303) laB{3)
p o< 000 po< 0u00! p > 0.1 p o> 0.1 p > 0.l p > 0.1 p=> 0.3

lpypas In cofumn | were partitioned into fwo subgroups {eclumns 2 and 3) basad on frlchome
branching patterns,

Zincludad in this group were three pupae with trichoms pattarns that could not be read.

34-w = Results of chi-sguare tests for Hardy-Walnbaerg aqul I Tbrium (degrees of freadom in
parenthesis).
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I¥e DISCUSSION

A number of assumptions underlile the Hardy=Welnberg equa=-
tlon. Since observed ganotype freguencles did not agres with
tha expactad frequencies In soma samplas {l,2, they wers not in
Hardy=Welnbarg aqulllbrlium), this Implles that soma of thess
assumptions may not have been mat. Flrst, we assumed that the
alectromorphs detected in each specles wera alleles at a single
locus, This assumption Is necassary because none of thess
specles has aver been colonized and inherlitance data are |ack-
inge Howaver, this first assemption seems reasonable In view of
the phenotypic patterns observed in all six Simulium spacles
axamlned.,

A second major assumptlion was that we sampled single, ran-
domly mating populations. The results obtalnad by partitloning
and ratestling thae 5, matalllcum data suggested that soma samplas
conslsted of two or more genetical ly isolated groups. Leoking
back at the four original samples of 5. metallicum (Table |}
this seems very plausable. In order to test samples of greater
than 100 black flles we comblned samplas from several different
breeding sites, The data in Table 3, columns 2 and 3, show that
allale frequancies of pupas with multipla-branched trichomas ara
difterant from allale freguenciles of pupas with bifld trichomss.
Ona way to exprass this statistically 1s to ask the quastlon:
What Is the |ikellhood of sampling 144 pupae and getting none
carrylng tTha allala Eﬂﬂ?ﬁ which occurs at a frequency of
0,067 It p = 0.06,” tha |ikelihood of getting O in |44 trials
s 1.35 x I-:}""‘; wa rajact the null hypothesls that thesa two
groups of pupae could be characterized by the same allela fre-
gquancy. Likewlse, what [s the {lkellhood of sampling 144 pupae
and getting nona carrying tTha fg_nf‘? which occurs at a

EFT--.;!T;I& freguenclas fgﬂ-‘rﬁ = (.08 -and Egﬂﬁ-" = Qell
wora obtained by combinlng the orlginal count data from pupae
with bBlEld Trichomas and both larval samplas {Table 3, columns
%, 4 and 5)}. The best estimate of the parametric allaele fre-
quency Is the sum of all appropriate observations taken as a
whale divided by the total sample slze of 244,
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frequangy of 0117 It p 3 0«1, tha |ikallhood of getting @ in
|44 trials is 5.15 = |08, Wa come To the same concliuslon:
Thesae two groups of pupas are genetically Isolated. Pool Ing
samples from genetlcally Isclated populations character|zed by
differant allale frequencliaes and, in the casa, two noval allales
tﬂglﬁ and Egﬂmj, raesults  in a deficiency of hetero-
zygotes when compared fo those axpectad under Hardy-Weinberg
aqui | Thrium. This has been classically called a "Wahlund
Effect",

& third assumption of Hardy=-Weinberg aquilibrium [s tThat
allela frequencies of the sampled population remain constant
trom generation to generation, l.e. thare is no galn from lmmi-
gration from flies putside tha study area and no loss by emigra-
tion., The data from cow=balt and human-bait collections showed
allala freaquancias statistically different from those of aelther
|larvaa or pupas, Slnea adult black flies may fly considerable
distancas from thelr breeding sites wa may have sampled ona pop-
ulation as larvas and another as adults, The data presanted
show that adult black files collected on cow and human balt are
genatically distinguishable from larvae collected In pasture
breeding sites (samples | and 2}. At present we do not know the
location ot breeding sites that produce adult flles with allsle
frequencies |lka those In Table 3%, columns 6 and 7.

The larval collections (Table 3, columns 4 and 5) represant
samplas from single breading sitas [In two different pasture
streams 5 km apart. The allsle frequencies of the larval
samples were not statistically dlifferent alither from each other
or from those of pupaa with bifld frichomas (Tabla 3, column 3).
In addition, pupae with bifld trichomes have been collected pri-
marily from pasture streams.

The results presented in Table 3 show that a subgroup of 5.
matallicum can be characterized by the presence of bifid tri-
chomss In the pupal stage, the presenca of the alleles Eﬂ".ﬁ
and _Pﬁiﬂ_ﬁ?- and breeding in pastures. Another subgroup of
this spaclas 1s characterized by multiple-branched trichomas In
the pupal stage and absence of the alleles EE."‘.TE and
fﬂﬁ?4 Praliminary avldence Indicates this subgroup breeds
in rocky streams, but this needs to be confirmed.
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These concluslfons are most strongly supported by tha sta-
tistical fests of independance (contingency tablas) employing
the original count data for .each allaele., The chi-squars tests
of significance for Hardy-Wainberg equilibrium are not as msan-
ingful because of the large number of cells with expected values
lass than 5. Results of Hardy-Weinberg tests of equllibrium are
prasentad here for completeness, but our major conclusions ara
based on the results of tests of independence of the data pre-
sented in Table 3.

Jur results show that there is a broad pattern to the wvari-
atlon found in 5. metallicum, Genatic, morphological and eco-
logical patterns are associated indicating separate subgroups
Within the speclas. Important questions are: Do these subgroups
play different roles In the epidemiclogy of human oncho-
carclasis? S metalllcum Is reported from Mexlco through
Central Amerfca to northern South  America  (Colombla  and
Yenoezuela)., Do these subgroups explain thae different epidemio-
logical patterns attrlibuted to 5. metallicum in Venezuala where
It Is the primary wector of onchocerclasis and Guatemala whera
It is a poor wvector? Thesa are quastions that can only be
answorad by additional study In the endemlc areas.

A recent paper by black fly taxonomists working in Guatae-
mala descrlbes 5. horaclel, a new specles of Simulium which Is
morphological ly similar to 5. metalllcum.(8) Tha two speclas
occur In the same area and human-bait col lactions may contaln
both. We have obtained specimens of 5. horaciol from Guatemala
and are comparing them with ocur material to determine [f tha new
species ex|sts in Panama. 5. horaclol |s characterized by bifid
trichomas In the pupa. Arrangements are baing made to do [so-
zyme eloctrophoresis on Guatemalan S. metallicum and 5. hor-
aciol.

The prasent state of confusion in the faxanomy of Central
and South American black files axists because of lack of good
refarence collesctions. This nesd amphasizes the Importance of
depasliting voucher specimens from surveys and scological studies
In national museums. |t also emphasizes the need for associa-
tion and synthesis aof the varlous types of data collected:
morphologleal, physislogical, genetlc, ecologlcal, etc, An
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example hare is appropriate, When black files suspected as vec-
tors of onchocerclasis are dissected for examination for devel-
oping Onchocerca volvulus larvas the corpse of the dead fly can
be used for two additional studies: (|} the genltalia can be
praserved in athano| for microscopic study and can later ba per=
manant |y presarved on a microscope s|lide as a voucher specimen;
and (2} the remaining homogoenate can ba friturated for enzyma
alactrophoresls. Slnce the CAE technique parmits gamatic analy-
sis of part of a black fly larva, |sozyme studies could also be
done In conjunction with cytotaxonomy.{3) Larval salivary
glands could be dissected, stained and squashed, whlle the rest
af the larva 1s electrophoresed. Such assoclated data might be
a great help In resoclving taxonomic as well as epldemlalaglical
PUZZles,.

Callulosa acatate elactrophoresis was used to characterize
slx Slmul lum specles collected in Chirigul Province, Panama (5.
chirigquiense, 5. metallicum, 5. ochraceum, S. panamanse, E:
quadr [vittatum and 5. rublcundulum). Ch[-;auare tasts for
Hardy-Welnberg equllibrium of phosphoglucomutase (Pgm) alleles
were made of four 5. metalllicum samples and one sample sach of
the other specles. Only S. metallicum showed highly signlficant
deviation from equllfbrium. 5. metallicum alsc showed morpho-—
logical wariation: pupal thoracic trichomes were bifid, trifid
or meltiples In order to examine morphologlical and enzyme vari-
ation from the same pupa, specimens wora crushed without grind-
ing to produce tissue homogenats for electrophoresis while pra=
sarving the pupal morphologlcal characters. Whan enzyme data
ware partitioned based on pupal trichome branching patterns, two
FPgm alleles occcurred only In specimens with bifld trichomes.
Data for pupae with bifld frichomes did not differ significantly
trom axpected Hardy-Wainberg equllibrium. This result [s con-
slstent with the hypothesis that a subgroup of 5. metalllicum can

be characterlzed by the prasence of bifld trichomes; another
subgroup or other subgroups are characterized by multiple-
branched frichomes. Ecocloglcal data support thls hypothesis,
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