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SUMhfARY 

During si.x years of insecticide application againsf Simulium damnosum s.l., fhe side effecfs on fhe non-fargef 
macroinverfebrafe fama have been monifored. Using fhe correspondence analysis (reciprocal averaging), fhe uufhors 
poinf ouf fhe evidence of a long ferm effect of fhe pesficide (femephos) and consider fhe validify of fhe mefhods nsed 
for inverfebrafe samplirrg. 

The correspondence analysis of fhe dafa from Surber samples shows a modification in fhe populnfion sfrrzcfure 
occrrrririg nfter femephos freafmenf as well us a seasonal paf fern. The subsfifufion of an nbundance quofafion (i.e. 
codification) for the original counfs does nof modify fhe esfablished fypology. 

The fnrgef species Simulium damnosum s.l. and fhe species Tricorythus sp. (Ephemeropfera) appenr fo be 
fhe rnosf sensifive orgniiisms, nnd fhe densify of Chironomidae und especially Tanyfarsini rise markedly affP1 
frcatmenf. The proporfions of Baefidne and Htydropsychidae are lighfly affecfed by fhe pesficide. 

Parullel sfudies carried ouf ai a specific level of identification have sl~o~~n fhaf cerfain phenomenrz are musked 
in fhe moniforing r~~~lts by fhe grorzping of several species wifhin fhe same faxon. The central position on graphs 
nnd thus the presumed insensifivify of Simuliid species ofher fhan S. damnosum is, in fucf, the resulf of a variation 
in xwcepfibilify nmongsf fhe species. S. adersi being sensitive, S. schoutedeni resisfanf and S. fridens apparently 
unaffecfed. 

The use of a calculafed index of pollution resulfing from the facforial mis of susceptihilify obfained mifh coded 
data in the correspondence analyses, is proposed. 

EiEY WORDS : Onchocerciasis Control Programm - Temephos - Non-t,arget fauna - Lotir, communities - 
Correspondençe analyses - Pollution index - Ivory Coast, - Africa. 

RÉsunfE 

IMPACT DU TÉMÉPHOS (ABATE~) SUR LES INVERTÉBRÉS NON-CIBLES. A - UTILISATION DE L'ANALYSE DES 

CORRESPONDANCES POUR ANALYSERLES DONNÉES DE SURVEILLANCE RÉCOLTÉES DANS LE PROGRhhlME L)E LUTTE 
CONTRE L'@NCHOCERCOSE DANS LE BASSIN DE LA VOLTA 

En CWr d’ivoire, aprks six années de surveillance des milieux lofiqrres fraifés au IlmPphos dans te cadre du 
programme de luffe confre I’Onchocercose dans le bassin de la Volta, les auteurs meffenf tw èvidence, à l’aide de l’analyse 
factorielle des correspondances, un impact à long ferme du pesficide et s’interrogent sur lu validitè du profocolr 
d’tkhanfillonnage choisi pour la récolte des inverfébrés. 

(1) This worli bas been parl.ly supporkl by lho WI-I0 Oncbocerciasis Control Progrûmmc. 
@) Enfomologisfe médical O.R.S.T.O.Ai. Laborufoire d’Hydrobiologie de Rorlalié, B.P. 1634 (Cdfe d’looire). 
-3) Labornfoire d’Écoloyie hydrobiologipe. ENSA4. 65, rue Saint-Brieuc, 350-i% Rennes Cedes, France. 

Rev. Hgdrobiol. irop. 15 (1): 23-31 (1982). 
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I:rw analyse factorielle des corr’rsporltlarlces effectrr6es sur des dotlrks rtwrrillit~s ci l’ècharlfillo?lllerlr de Surber 
rrrtmtre um nmlifirafiorr de la strucfure des peuplemwfs aprirs traifenwnf au ftkuiphos ainsi qu’une saiaormalifë 
ir~arqrrir. L’ufilisatiorl d’um cotation d’abondance rie perturbe pas la t:gpologie éfablie. L’O espèce v cible Simulium 
dartmosum s.l. rt 1171 lC?phCnlt!roptère, Tricoryt.hl.1 s sp. apparaissent Pfre les plus sensibles, par opposition aucT 
(:hirc~~lorrlidnc! et plus purticrllièremellf aux Tanitarsilli, dont la proporfiorl dans les échanfillnm arrgmnte notable- 
vierif trpr& frtriftvnrrii; Baetidae et ~~~ldropayehitlnt, réngissr~lt peu à l’irzsecticide. 

Il est ègtrlmwrt dtkoutr~ que certains ph~rm~nè.~w~ sont 7r~as~r~ck du fui1 du regrou~x~7rle7lt de plusieurs espèces 
dam 1111 fa.roll. .4iiisi, lu posifioii cerlirale dans les I~rl’rt~.~t~~ifatioils graphique s rf 11o11c l’insensibilifë prèswnée des 
Sirrirr1ie.v uufres que S. daIIIn0~wl1 rkrrlfe de la semibilifé oariable des espèces concernées, sachant que 1’01~ peut 
qmlifiw d. adrrsi de sensible, S. tridens d’idiffPrm1~~ rt S. schoutedeni de rtkistarlfe. 

Les auteurs prr~posenf l’ufilisaiio~~ d’rrrl itldice s;gnfhéiiqrre dc pollrtticm issrr de l’are factoriel de sensibilifé 
obttvlrl tllr(?C tks tJoilnPrs cotlies. 

bIC)TS-C:LÉS : Progr:~mme dr Lu t.t.e contre l’(.)r~oll«cerc~o~e - Temephw, q - Faune non cible - Communaut.és 
lot.iques - Arlalger drs c>orrespondanres - Indice de pollution - Gte d’T\.oirP -- Afrique. 

For t.he past sis years thr World Health Organiza- 
tion (\VHO) bas undert;~l~cn the conkol of human 
Onchoc.rrciasis in IYest, Africa. Beçause of logistic: 
ami rcononii~~ considerat-ions, an 0rffanophosphoroL~s 
lx\-ici&., temeph«s (Ahatr~), bas fieen usrd in thr 
cent-roi programme. SVrtt?lily treatment.s of ail 
potential brecdin, (p sites of Similiiiin d177v171c~S11171 s.l. 
within the coni.roI area are required bscause of t.he 
brievit-y of the larval clyc.le of thcse black fly vect-ors. 
The ins~tckicidr concentrat~ions range from O.05 t-o 
II. I p11m which are active apeinst; the vec.t.or show 
c-orne effect on t.he ol.her benthir invertebrate fauna. 

Si1r.h Systematic riverine pollution over se\-eral 
yearh poses :I t-hreat. to the loti<: rcosystem involved. 
In orcler t.o prrdiet and IJreVMIt, rventual wnlogic’i~l 
long terni c.nt,axt.rophy, ecologicai surveillance lias 

been ctrnductted during t,he past, iive years. 
FrcJnr nurnerous past. experiments bof,h in esperi- 

rnerJf.:il gutters and in sifu (tk~o~x, 1971a; DEJOUX, 

I!V%; hEJOUX et. ELOIJARD, 1977; ELOUAHD vt. 

FORGE, 107’7; C)E.JOIX, lcl’iria; ]T)EJOUS, 197811) wr 
alrencly knew that. tzemc~plios presented a c~ert.iiiri 
amount. of shork terni t.oAxicit-y for the non-ktrget 
insect. fauna. Therefore, il was important t.o know 
if tlJk non-cat.ast-rt:lI,Iiic antl limit.ed effect. wc)~Jlcl 

ha\-e serious long term reperwssions. The mat-hemil- 
t.ical t.rcet.ment. of sur?-eillance data should, thrrefore, 
answer the fnllwving qucsf ions: 

- h.~es t.rrnephos bave a long t.errn ciffeci-. on t-h? 
benfdiic faunn ‘? 

- \!‘as thr protocol for ecological surveillance 
of the riwrs adoptcd aftrr the beginning of thr 
prOgWIllIIl~, adequat.r for tlie ewluation of such 

an effect,? Becausc thr sampling techniques employed 
were, in fac+, chosen a priori at. the start. of Lhe 
programme, ancl it was net. evident. that these 
tec.hniques were sensitive enough t.o demonstrate 
evideme of a lnw magnitude change att.ribut.able 
10 Abate, especially if these could be rnasked Ly 
strong natural variations due t,o t,he effects of Seasonill 

abiotic fart-ors (EI.o~~hHn ei al., 1979). 
The large quantity of data collected bot11 on 

treatxd and unt.reat.ed rivers, during five years of 
monitoring enablr LIS t.0 answer t.hese two questions. 
However, up to now, antl becausr of the t.oo rnany 
factors involvetl in the nat-ural ecosystem variat,ions, 
we rannrk prove any long t.erme effect of the 
temephos on t.he non-target. fauna with the classical 
methods of data anal-@. For such data, we think 
we need mult.ifa(~t«rial anal;ysea which allow t,o 
point. out- and t-o gradtl easlly the main fac.tors 
irkerferring. Sueh analysis mat.ch very well the 
problems induced by the monitoring data. Indeed 
t-he heading wortl “rrrult.ifact.oriel analysis” covers 
several methods. Two of them have been tried: 
t.he principal romponent. analysis (PCA) tested by 
t hr Salford Itiat-liernatic:~l t,eam and t.he Factorial 
correspondence analysis (FG.4) test.4 by the Eouaké 
hyrlrologic:al t-earn. I-p to now, only t.his last method 
bas given valuable results as far as ternephos is 
concerned. 

Tt is not the purpose of this publication to detail 
the results obt.ained through t.he AFC met,hod, 
but t.he aim is to prove, with example, t.he usefulness 
iJnd reliability of such a met,hod in t-he int,erpret.ation 
of the data collect.c~tl in the African river monitoring 
programme. Wc shall expose t,he results of the 
temephos impact in a furt.her publication. 
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1. METHODS 

1.1. Choice off sampling station and data to be 
utilizecl 

The principal criterion in the cl1oic.e of stations 
was the exist.ence of pre- and post-treatment 
survei1lanc.e dat.a. Consequent.ly t$e data studied 
were selected from: 

- Danangoro site (DAN) (Maraouéj under sur- 
veillance since 1975. The dat.a considered for this 
st.udy are from 1976 to 1980, say 3 years before 
and one year after the treatment, whic.h began in 
Marc11 1979. 

- Entomokro site (ENT) (Maraoué) under sur- 
veillance since 1978 and under treatment sinçe 
March 1979. 

- Semien site (SEM) (Sassandra) under sur- 
veillance since lat,e 1977 and regularly treated 
sinc.e 1978. 

An empirical knowledge of the iield situation has 
permitted t-he select.ion of the most. appropriate 
mont& and sampling tec.hniques. Later, certain 
more objective criteria, based on sample counts 
and homogeneity of data, justifled our empirical 
choice of tec.hniques (DEJO~JX ef al., 1980). 

T~US, t,he mont.hs of January, February, March, 
November and December of each year were chosen 
for analysis. In Ivory Coast., they correspond to 
t,he period of decreasing stream level and the 
beginning of the dry season. At that time, the 
benthic fauna is at maximum density and species 
richness. TO illustrate the correspondence analysis 
method, we only c.onsider in this paper the data 
obtained from Surber samples. Only Ihe 18 taxa 
presented below occuring in sufYicient.ly high numbers 
were used in the analysis. 

EP~*EMEROPTER,~ DIPTERA 

Baetidae.. . . . . . . . . (BAEj s. datrzrlosum s. 1. (DAhf) 
Caenidae.. . . . . . (GAE) Simuliidae’. . . . . (SM) 
Tricorythidne.. . (TRI) Chironomini.. . . (CHI) 

Tanytarsini. . . . . (TAR) 
THICIIOPTERA Orthocladiinae.. (ORT) 

Hydropsychidae. . . (PSY) Tanypodinac.. . iPODj 

Ecnomidae.. . . . . . (ECN) Other Diptera.. . (OTH ) 

Hydroptilidae. . . . . (PTI) 
Leptoceridae. . . . . . (LEP) NEUROIJTERA 
Philopotamidae.. . . (PHI) Sisyridae (SIS) 
Polycentropodiùae. (POL) 

ACARINA 
LEPIDCIPTER~ Hydracarina.. . . (HYD) 

Pyralidae. . . . . . . . (PY R) 

* Other ihan S. damnosum 

1.2. Nature and quality of te data 

Within the surveillance prot.ocol adopted, the 
fauna collected wit.h the different, methods was 
identified to various taxonomie levels depending 
on the group considered. This level ranges from 
spec.ies (S. dattmoszztrz) to family (Baetidae) or even 
sub-class (Acarina). 

The data used for the present. analysis were 
grouped in a faunistic, t.able representing the relative 
abundance of the 18 taxa. The physical variables 
used only served for the identification of the samples 
(stations, dates of collection and eventual treatment 
with t,emephos). The row of the table represents 
the different observations or sample collections 
while the columns represent, the taxa. 

The quality of these data is influenced by the 
level of identification c.hosen for each taxon and 
depends upon the sampling techniques. Surber 
samples, for example, permitted an estimation of 
the density of invert,ebrates on the roc.ky substrates 
but the precision of this estimation depends on the 
size of the sample (number of replic,ates) and on the 
distribution of t,he organisms collect.ed (regular, 
random or aggregated distribution). In lot.ic environ- 
ments aggregated distributions predominate and 
in this case 5 replicate samples, such as we used, 
only provide low precision. 

In addition to t,he direct toxic action of temephos 
on certain taxonomie groups there may also be an 
indirect action of t,emephos caused by modificat.ion 
of the food web or by territorial competit,ion. The 
pesticide cari favor or disadvantage certain groups, 
thereby, profoundly changing the structure of commu- 
nities. It appears to us to be more suitable to study 
the structure of invert.ebrate communities rather 
than the change in density of isoIated taxa ; t,hese 
studies are based on the variations of the relative 
abundance. Papers on similar studies have already 
been present.ed (VERNAUX et TUFFERY, 1967; 
CHUTTER, 1971) establishing a c.lassification of 
wat,er quality by means of synthetic indices. 

Fac.tor analysis are well adapted to this category 
of stat.istic.al material bec.ause they permit the 
description of multiclimensional reality. 

Under the heading fac.tor analysis there are several 
t.echniques presenting a common group l.heory. 
Among these we have preferred the correspondence 
analysis (FCA) which applies well to cont.ingency 
t,able (or crossed t.ables) (BRNZECRI R- coll., 1973; 
HILL, 1974). The algorithms and the logical pro- 
grammes used are those desrribed for t.he AFC in 
LEBART et cd., 1977. 

Rev. Hydrobiol. hop. 15 (1): 23-31 (18S2). 
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FIG. 1 

DAM 

FIG. 1. - Samplc collect.ions of Entomoltro. Factorial 
plane 1 x 2 

2. RESLJLTS 

‘2.1. Analysis on raw data 

The group consisted of 155 Surber samples, in 
which the numbers of the 18 aelected t,axa bave been 
recorded. constituks a matrix of 185x 18. The first. 
analysis (FCA 1) was rarried out on t.hese non- 
transformed data. The projection of the points on 
t.he factorial plane 1 x2 is represented in fig. 1. 
In order t.o assure the hest. legibility, the sanipletl 
points were split. accaording to t.he st.atinns. Thr 
darkened symbols correspond t.o samples collected 
during t.he treatmrnt. The samples of the threc 
stations L~anan,-oro, Entomolrro and Semien cont,ri- 
bute to the rexults in the FCA 1 but, only thr 
Entomokro site is represented in the graph. 

III t,he FCA 1, the first. two factors building t,he 
first t.wo axes acrount. for 40.3 0;; of t..he total 
variante. Let us emphasize, however, that this 
percrnt.iiFe @es a pessimistic idea of the part of 
in format-Ion -supplied by Oie factors. On the first. 
axis, lAere is a strong opposition between t.hr 
variables TRI and SIM t.o PSY. The other variables 
occur to a lessr:r entent. in the axis. The second 
>>Sis is positke for variables Bael.idae and Hydro- 
p~y~hiciat~ nnd negai ive for Tanit-arsini. 

On thr nlhrr hanrl. ihe samples RI’P clearlp 
s~~p;Iratetl as a funct-ion of the t.reatment.. The pnints 
clcjrresl.londirlhr t.0 the periods under trea tment appear 

DAM 
I 

TRI n n 13 D 

FIG. 2.. - Snmple collccti«ns of Entomoliro. The variable 
Tricoïythidae (TRI), and t,he sample collrctions of Semien ns 

snpplcmentary ekment. Factorial plant 1 x 2 

more often negative on the second axis. However, 
we must, also consider the infiuenc.e of t.radit,ional 
fishing using botanic.al poisons which talces place 
each year at. the same time on the Maraoue. The 
larvicidal effect of fish poisoning is similar to the 
marginal effect of Abak, and this explains tbe 
similar positions of samples collec.t,ed in February 
befora antl after t,he beginning of temephos applica- 
tien . 

If the interpretation of thie analysis is satisfactory, 
one cari examine the stabilky of est,ablished typology. 
Tn fact. the investiyation of t,he absolute c.ont.rlbutions 
of yariables on t.he axis show t-bat the variable 
Tric.orythidae (TH 1) with an absolute cont,ribution 
of 62 y& t,o the primary axis is an element which 
t.hreatens t.he st.abi1it.y of t,he analysis (ESCOFFIER 
& LEROUX, 1976). This variable which is strongly 
associatetl with the mont% of Lkcember (cf. fig. 1) 
is an important. seasonalit.7 factor. Thus, for axis 1, 
where t.he influence of Trlc,orytbidae is a deciding 
fact.or, the ef’fec.t of t.reat.nient. and of the season 
interfere with one anot,her. 

In order t.o bave a very solid base of interpretation 
it is usual to suppress suc.h e1ement.s. They no 
longer art- in t.he construct-ion of the factorial axis, 
but, cari l)e prc)jec.tecl on the new axes. They are 
then considerrd as supplt3tient~ary rlements. 

One (*an thus expert. clarific.at,ion by intzoducing 
the variable Tricorythidae as a supplementary 
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element. Likewise, in t‘his second analysis (FCA II), 
the samples of the Semien st,ation were introduced 
as supplernentary. elements. The variables Simu- 
liidae, Tanytarsmi, Hydropsyc.hidae and Haetidae 
provide a balanced cont.ribution on the flrst axis 
(fig. 2). The contra& is clear : one finds the species 
which are indifferent, to the action of Abat,e negat.i- 
vely represented thereby holding Lhe populations 
relatively constant, before and after treatment; 
in contrast the sensitive t,axe, TanyLarsini, Simu- 
liidae, are positively represented. Their presence 
means Lhat t,hey may be favoured or disadvantaged 
by t.he treat.menls. Srrnulirzrn. tlam~oszzm, Chironomini 
and CMhorladiinae, react, in the same way, although 
they represent. a smaller contribution to this axis. 

In this second analysis, the flrst axis therefore 
expresses a c.onst.ant fartor of stability. The second 
asis discriminntes between the favored taxa (essen- 
tially Tanyt,arsini and Chironomini) and the ot.her 
sensitive t.axa (S. clarn?~osrtm and Simuliidae) which 
disappear afler t,he action of t.emephos. We are 
hence in the presence of a veritable “axis of treatr 
ment” wit.11 the samples corresponding to the 
treated period appearin g in the lower part of the 
figure. Again the situaCon is more confused for 
the mont11 of Februnry. The effects of traditional 
fishing and pollution due to Abatse are hard t.o 
separate. 

2.2. Codecl data (FCA III) 

Coding is often pract.ised by dat.a analysts. 
Though -it. involves a loss of information, results 
nisy be obtained which are very c.lose to those 
provided wit-li raw data (FRONTIER & ~BANEZ, 

1974; FRONTIER & VIALE, 1977). The established 
t.vpology is tire same, but the percentages of inertia 
of factors are weaker. This confirms t-he pessimistic 
charact.er of tbis measurement as already discussed. 

-4 step of Lhis nature is well sdapted t.o our 
problem. In facto we have underlined tbe lack of 
confidence which must agree with the absolute 
values obtained so far as estimations of populat,ion 
levels. It. u-as therefore at,t.empted to subs1itut.e 
computations with ii code corresponding to the 
usually adopt.ed semi-quanLit,ative scale: 0 for 
absence, 1 for I-9 individuals, 2 for 10-99, 3 for 100 
or more. Thus the transformed table was analysed 
maintaining a11 of the individuals and variables 
(no supplement.ary elemen t,s). 

Figure 3 where the samples are only referenced 
to hy the absence or the presence of Lrei~tmenl. is 
signiAc.ant.. Xxis 1 constitutes an axis of t,reatment.. 
The almoat. central position of Lhe point. Sirnrzlirzv~ 

olher thnn S. ~~IIIIZO~ZZIIL appears 1.0 im1icat.e that 
the treatment has no effect on t.his t,axon. SampIe 

Ren. IIplrobiol. frop. 1.: (1): 25-31 (1.982). 

DAM 

0 
<.a ” 

rfishing with Tephrosia 

TAR 

l untreated 

o treated 

FIG. 3. - Samplc collections of Danangoro, Ent.omokro and 

Semitln. hnalysis with coded data. Faotorial plane 1x2 

analysis carried out at. a species level, will allow 
a better understanding of this strange situation. 
The variables Trichoryihidae and Orthocladiinae 
only appear in the second axis probably connected 
with the seasonality and t.he differences between 
st.ations. 

2.3. Pollution index 

The discriminant ability of the first axis translating 
the suscept,ibilit.y allows t,he construction of a 
variable, which is a linear combination of t.he 
analysed unit.s, and cari be considered as an indicator 
of Abate pollution. 

This function has the same discriminant power as 
the discriminant, linear function of Fisher (BENZECRI, 

1976). From a description of a sample according 
t,o a semi-quantiktive scale, one cari then reveal, 
in calculating this symhetic index, the impact 
of Abat.e. 

Suc11 an index based on the results of a fac.torial 
analysis was used wit.11 samples of Algae by DESCY 
(1976). The result is very close to the “Saprobk 
index” but. based on objective and prec.ise criLeria. 

The qualiGes of such an instrument, of analysis 
described by LEBART et al. (1977) are: precision, 
stability, easy utilization and large susceptibility. 

This linear combination corresponds for one 
replicate to its projection on axis 1 and the coefficients 
affec.ted to eac.h variable are the c.omponent, score 
on axis 1. If ;l,j is Lhe coeflicient. eorresponding to 
Lhe variable j, I<i,1 is the ahundance of species j in 
the sample i and TNIJ (i) is the index for sample i: 

IND (i) = Ej aj kij Y I/ki 
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The krru I/Bi cm-rrsponds to the weighting by 
thf: tf:)f al count of thr sample. Based on l.he analysef:l 
data il is possible to calrulate the c>oefficient of 
eirf:h taxa as following : 

B.\E = - 0.3 PI-II = 0.2 

f.:-\E = - - 0.1 CT-1 1 = 0.2 
EC:N = - 1.2 TAR = 0.8 
PST _ - 0.1 POD = 0.2 
PT1 = - 0.2 SIS ZZZ 1.:> 

I.EP = -- (1.4 IITD = 0.3 
r).\hI = .-- 1.1 

Beceuse of the t.oo cenLra1 position of the fi\.tt 
other taxa. t.lleir coeRkienl. value arr eclual to zero 

and are nfd t,aken int,o arfwunt.. 

Of course this index nrede furtber confirmation 
whif:h w-il1 be dono by analysis of samples coller.ted 
at ot lier sites. The result ii; more reliable when t.he 
ralculateti \-alue dit’fers from zero. This appears 
fllearly in fig. 3 where sonle pfGnt.5 related t.0 an 
untreatd periocl cari bave ;I positive value on this 
asis. Thus, these saniples are net corrfdly rnnkrd 
but t.he vaiiir of the indf% i$ near Xero. 

Cheun~nlopsyche fulciferu. . , 
Che7zmafcrpsyche tligifafu. . 
~4mphipsyche sp. . . . 
Orthofrichia sp. . . . . . . . . . . 
Chimarru peiri. . . . . . . . . 
Prolornc~cro7~e~ntr sp. . . . 

. (TO1) 
(TIO) 
(TOC!) 
(‘I-14) 
!T16) 
(l-29) 

The counts are t,ransforrned according t,o the 
semi-quantitat-ivts scale described above. The factorial 
plane 1x2 of t.he analysis is present,ed in fig. 4 and 
in this rase Lao, the primary axis is the Lreatment 
axis. Thr annlysis of variables which contribute 
1.0 it. Will permit the poskion of certain taxa to 
become rlearer in analyses 1, II and III. If the 
~eneral positions of principal t,asa are not modified 
on t.he treatnien t axis, it. appears t-bat the central 
posiiion nf SIM (Simuliidae other t,han S. clnrnno- 

mm s.l. reaults from fiifferences in susceptibilities 
of the species which represent. t.his taxonomie 
group. For example S. schorrfede~li is largely favoured 
by Abat,e whereas 5;. adersi, a sensitive species, 
dlsappears. Only 5’. tridens is effectively unaffected. 
The sarne phenomenon cari be desrribed for t,he 
variable Bâetidae, which is slight.ly negative on 
axix 1 in t.he FCA IIT. This point.is t-he tenter of mass 
of three species; two of t.hPm (E31 and E29) are very 
susceptible and disappear -aft.er treatment and 
»ne jE21) is unafrected with a very similar reaction 
t.o those of Hydropsychiclae (PSY). One cari note, 
on t.he other hand, tbat a11 the species of this tason 
occupy central positions. 

?.4. Comparison with codea data classified to a 
specific level 

Thr t hirtl analysis of da1.a Rives a stable typology 
011 thts fa&ori;rl plane 1 7 2 (fig. 3) whkh demon- 
dratrs t tip action of A1)at.e on the stmrixre of the 
henthic invert.ebrate populat.ifxls. A control c.an 
br clone tiv t-he sanie analvsis carried out on t,hr 
sarnc C1ilt.a identifird to a specific level. As an 
Wil~l~JlP. w-e bave analysrd 111 replicates froni 
Uanangf.~ro nncl Ent.omol<ro siLes (1978 to 1 WC)). 
The 21 followinp taxa bave been stalracted. 

The adopt.ion of a rough lrvel identification 
c*onr:eals t herefore certain variaCons of the faunistic 

Sinlrzliun~ dun~nosrrm s.l.. . 
Sirnr2liurn trdfrsi. . . 
Simlzlium iriffms. . 
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. . 
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composition. However it does net. irnply aberra tiens 
in Il~e typology. The substitut.ion of one species 
for another, phenonienon from whic.h Lhe central 
position oE simulidae results, cari be considered 
minor in the gl6bal balance-sheet ; a11 depends 
on the nature 0T the “ecological ecluilihrium” that 
one experts to safeguard. 

:3. »IdCu8SION 

The correspom1enc.e analysis demonstrat~es slable 
t,ypology allowing t.he desc.ription of variations 
in stru&ure of the benthic communit.ies from rocky 
substrates. In t.he case of raw data, the first axis 
translates the stability of the ecosystem and axis 2, 
the suçceptibility to temephos. When cocled data 
are used, the factorial plane of axis 1 and 2. remains 
identical wherees the suscept.ibility axis does not 
occupy the same range. The third axis corresponds 
to sensonal variations in populat,ion structure. 

The correspondeme analysis made on t,he data 
classified ac.cording t.o the specific taxonomie level 
supplied a similar type of information, although 
of a more precise nature. Axis 1 corresponds in this 
case to the axis of pollution by temephos. The 
projection of the different spec.ies on this axis 
leads to a classific.ation relat.ed to the susceptibility 
of the species to the insecticide. 

Thus S. dnrrmoszzm s.l. (DAM) and Trichoryfrrs sp. 

(,EOl) are present. at one of the extremities of t,he 
axis whereas S. sch»rztede~zi (SCH) and Tarzytarsrz.s 
.sp. (CTl) are at the other. The extreme position 
of S. datmosum s.l. on this susceptibi1it.y axis 
explains t,he suc.cess of t,he Onchocerciasis Control 
Programme. Amongst the abundant organisms 
we cari define three groups in regard to t.heir susçepti- 
bility to Abate treatments under the conditions 
of t,he programme. (It means the position of their 
projection on t,he axis of susceptibility). 

SUSCEPTIBILTTY GROUP 

Simulium damnosum s.l. . . . . . . (DMI) 
Tricoryfhus sp.. . . . . . . . . . . . (EOI) 
Sim~zliwn adrrsi. . . . . . . . . . (hDE) 

LESS SURCEPTIBILITY GRoUP 

Cheumatops@e falcifern..... . . . (TOl) 
Chcnmatopsyche diyifattz. . . . . . . . . (TII)) 
Paeudoclo&m berfrandi . . . . (E21) 

UN~<FFE~TED G~oup 013 TASA WITII Dow SUSCEPTIRILITY 

Siricfochironon~rr8 sp. . . . . . . . (CC5) 
Cricofopus quudrffasciafus. . . . . . (CO2j 

Reo. Hydrobiol. trop. 35 (1): 23-31 (1982). 

I’nnylarsus reducfus. ............ \CTl) 
Simzzlirzm .schorzledf~ni ............ (SIX) 

NO~, il; lins been confirmed thl this classification 
of taxa obtained by FCA is vikry similar to the scale 
of relative susceptibility obt,ained in sifrz with 
@ter tests. We had obtained in fact, at the time 
of an experiment in sifu with temephos (Abate 
200 CE): 

Tricnrylhus s[~. . . . . . . . Pi.3 y& of delnchi~~~ 
Clbxmatopsyche fiilcifera. . . . 11.9 s - 
Cheumafopsyche digifuia. . . . 51.6 y; - 
Sticfochironomus sp. . . . . . . . 35.3 y; -- 
Simnlium schoufedeni. . . . . 3.4 94 - 
Cricofoprrs quadrifuscinfus.. 18.1 :1 - 
Tanyfarsus x.p.. . . . . . . . . . 3.1 y(, - 
Simulium ndersi. . . . . . Not tcsted 

The axis of susceptibi1it.y to t.emephos obtained 
by the factor analysis corresponds therefore to the 
real sensitivity of the organisms. Lets us recall here 
Lhat the correspondence annlysis cornes to this resulfz 
by taking account net. of the numbers but of the 
relat.ive freyuenc.ies, that is to say Lhe structures 
of the communities. 

In t.he case of coarser taxonomie identification 
realized in the surveillance programme, we obtained 
a relative scale of susceptibility similar to that 
obt,ained for the species. Only the disappearance 
of S. adersi and the appearance of S. schontedrrzi 
are unnoticed because they compensate each other. 
We note likewise that, the disappearance of species 
of Baetidae is evident. 

In these conditions, the analysis performed (FCA) 
on the surveillance data expresses a tangible reality 
and the adjustment to an index of pollution (based 
on coded data) established from the most represen- 
tative taxa appears to be necessary and suit.able. 
This index would permit a rapid estimation of river 
pollution by t.emephos and allow one t.o control 3s 
evolution, effhziently and in a simple way. 

4. CONCLUSION 

The statistical treatment of the surveillance dat.a 
by correspondence analysis demonstrates evidence 
of long terni effects of temephos on t,he rocky substrat 
invertebrates. 

The well known short term effeet on populations 
as it was antic.ipated, has repercussions on the 
structure of communities after repeated weekly 
t,reatments. 

This proof of the long Lerm impact. of temephos 
responds implicity then to the second question 
formulated at the bepinning of this paper. The 



rnwt-wol for ~urvt~illance of benthic fauna on rocky 
substratrs provides ;I su IGcient,ly prfxisp methorl 
fur poini.ing out. the tosic ef’l’ect. of t-he insectic6dr 
ernpIoy14 in the Onchocerciasis Gont.rol Programlne 
during the month~ of decreasing sLre;lm level and 
at, thP ht?ginning of the dry season. 

If t,he identification level adopted in the moni- 
toring prut~ocol effeetively permits the estimation 
of a certain artion of Ahat.e, t.he specific ident.ification 
is necwsnry to point. out. substitution of species. 

TOP (>alrulat,ion of t.he index of pollut.ion based 
on cotled dat.a simplifies and lightens t.he computa- 
Gona. 1 t. allows the reduction of the number of 
taxa etudies, savinp time for fundarnental research. 
I-\s a matt,er of fa&., Lhe interpretation of rnonitoring 
resu1t.s cannot. be done wit~hout first knowing the 
wolnyy, susçeptihi1it.y. voltinism and seasonnbility 
of spwies. 

WP heve in the present work only txeated a part, 
of t.he surveillance c1at.a in order t,o demonstrate: 

-- t,he long t,erm erfACLs of AlJiItl?; 
- the oper:itic.,nal value of sarnpling methods uti- 

liard; 
- t he possibili t.y of dernonst.rat in% the effet t s of 

t.eniephos by fact.or analy&. 

The t.reatment. of a11 t.he dh.dd d3t.a in the 
whole area under surveillance should provide other 
information on thr impact of trmqhos on non- 
target, fauna. 

nfnnzzscrif reçu tzzz .%wire drs &dili»ns de l’O.R.S.T.O.ill., 
le 16 noverrzbre 1981. 
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