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INTRODUGCTION

Dift hins received cansiderable atten
tion in Fecenl tiines as o methad o collect
chironomid pupal exuvias (Corrman,
[1973; Lavicis, 1979, 1981) for taxono-
mic pzowell sz water pollution siudies
{Wieson, 1277) On the other hand the
daily drilt pattern of chironomids i -
vers has been investipated in many oo
casions: (AMDERSON, 1966; ANverson &
LEHakU4L, 968; BMspor & 1IYHEes,
[968; Warens, 1972 Wantinnes, 1979)
hut data are scarce for the Moediterrancan
wWalerepnrses.,

In 1his paper we make a contribution
to the poorly known Spenish chirenomid
fauna by meaps of the study of hotiely
collections of drifting pupal cxuviae dur-
ing a 24-hour period. An alicmpt ie
umder sland the daily drifl paltern is also
presented,

SAMPLING SITE, MATERIAL
AND METHODS

The sampling site is located 488 kin
from the source of the Llobregal river

Corpunicacidn preésenfade s ol X Ssapesio aeternacions] Je euirondnridos celebeady e

(M. 1) A1 this site the river was 47 m
wide with a mean depth of 45 eme A weir
(2 m high) wos located upstresm of the
sumpling peint. Bubsirate was conposml
cf slomes and pebbles with abundant
Cledopliors and Poiamogetors among
areas with mud and sapd.

Samples were taken with o square drill
nelof 623 om’, 1t long and 500 microns
mesh size. The nel waz on the Hver
hottom with the upper part just emerging
[rom the waler, so the complele water
column was sampled. As the mean tiver
water velocily was 0,33 m/fs, the net
filtered 72,1 cubic melevs per hour, Every
Lt the hel was taken up Trom the river
and all the collected material was preser-
ved i lormalin unfil laboratory exami-
tration, This was done under 5 stercoscope
at 10x. In many cases ihe specics idon-
lilication was assured by means of the
collections and  preparation of malyre
male pupse found in fhe samples,

The Llobregal st this site is an alkaline
river (3,28 meq/1) with some organic pol-
lution although oxygen was  abundant
during the study: perivl. Waler was rich
i nulricnis thus explaining e abusdant
Cladaphorg and Potamogeion palches on
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Fra. 1, Locotion of the sampling site in the
Piabregal river, - Locolizseice de o zong de
ttneesireg on el eio Flobrogat.

stones and in the sandy and muddy aress
respectively, More dnls on Lthe river can
be found cspecially in 'rat et al. (19832,
1983, 1984) and in MiLeet ef al (in
press).

RESULTS
t"

TROMNOMID COMIMOSITION

Alter the sampling period 62 species
of chironomids were recorded in (he 21
samples e pupal exuvise or pupae (la-
ble 1), Adults and larvae were nod identi-
Fied. Only in one sase a pupae was found
withaut the record of any exuviae (Fu-
kieffericila lobijera). OF these 62 species
19 ate now For the Spanish favna (uarked
with an * in the table 1) aml 37 are first
recards for the Llobregat rver  despile
the fact that this was the bese known
river in Spain (Prat et al, 1983b).
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Toame 1. Lizt of chironemids collecied dur-
ing de sompling period. New fpecies o the
Epanish Tauna are poted (4, © Ouirondmidos
rocolectodos durente of pefiodo de muesteen,
Las especios noevas paen Espafa se fan sefio.
lodla won un asterison (*).
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Fiz, 2. Hourly Huetalions i the o) drifling orgamisma snd chisunomisd
the Llobiegal rver, in Avgust 5 o B, 1982 - Combins o s deriv
e fus excuvies pupolee de quirondeddog e o o Llobrogat,

Apesie de 19852,

These [ucts” indicale the pour knowledge
-al Spanish chironomid faung and Lhe
suitability of drift samples 1o investigate
chironomids in rivers,

DIEL PERIODICITY

The hourly drift patiern for August
0 PHE2 of all deilting animals (mainly
chironomid exuviac, ephemerapters exu-
viae and trichoptera larvae) and the chi-
romemid wxuviae s presented in fig. 2.
The major percentuge of the deifl was
accmmled  for the  elironomid pugal
exuviae except in the afternoon (& and 7
Pm.b when Haetis (hymphs and exuvine)
were more abundant (Rigpanevars, &
PrAT, in pressh, At 3 pan. ehirdnomid
larvas and Hydropsyohe exocelata Were
al=o abundant. From igeire 2 no defini-
2l elear paticri can be stated as in other
deilt studies, and peaks i (he alterimon,
mishiight amel in the carly miorming are
mare or less important, -

MIANT

pupal cinviae in
u et rodos oz orgaiisns v
a lo forgo de los diss 5 ol 6 de

If the drilt pattern of larvae, pupac and
adults of chironomids i drawn oul some
differences appear (fig. 3). For the pupae
and imagos & clear afternoan patiern
appears witl olher tninor peaks at 1 w.m,
and in the carly morning. But chironomid
larvae were more abundant in the drify
at 3, 7 ond 10 pam. oand in the early
marning (g, 31 These differences bel-
ween larvae and  pupneaddll palierns
appear fo be related to the different fae-
lors aflecting deift of the dilferemt 1ife
stages. Emergence scems (o be the expla-
tativa lor the adult-pupae pattern while
the Isrvae drift appears to be related 1o
distutbance events upstream as we will
discuze laloy,

The drilt patiern for the most abun-
dant chironomid species i presenied ay
the houtly percentuges of the iotal exuvine
catighl lor each species, in ligires 4 o 7.
When safficient number of pupac o a
riven species wore colected the ahavluie
diel pailern fe also shivarn {hg. 7%

Four differcnis paticrns can be dedy
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Fie. 3. Munilicrs of drfting larves, pupse snd aduliz of chironomilds during the daily ciche
im.:éslﬁ-gmr_-,:l. - Abundoncias de larvas, pupas ¥ adulios gueirondnsddus e o deripe durante ol

perindo estucdinda,

ged from these figures, Firsl a8 paliein
wilh two eguivalen! peaks in drifting
exuvine, oiie in the afternoon and armll:cr
in the early moming as in Nenocladivs
reelinerviy, Chivoomas spp.; Rireapelopia
armitia ond Ablubesmyia Tonpistyla, This
poltern is clearly relaled to fhe general
drifting pattern of all the chironomid
exiviae {fig. 2.

A second paticrn secms Lo enhance the
early morning dominance of cxuvize in
drilt with o minor percentsge in aficrmoon
as in Crivotopus bicinctus, Orthoctdin,
spon Twpen 1978, Phacaopsecirg flavi-
pies, Polypedilun convictumn and Sysor-
Hharleeding semivirens (fig, 3).

Ot sprcies seeme Lo conlonm ooa sin-
gle peak in drifling exuvisc in the aftes-
noen (T hicaemanmietle  obscura)  and
anether tooa constant drill rate {(Cricofo-
pus: lrifmscia) (ligure 6)

A comparisan bolwesn (he percendage
of heurly diifting gxuviae and the total

number of pupse caught of the five do-
minanl species shows some intercsting
lagts. This comparison is only possible
in these specles becanse only for these a
sullicient numhber of pupae were collee-
ted (fig, 7).

Firstly there are dilferences belween
the patierns of drilting cauvize and lhe
pupne us in Polypedilam quadrignliaium
and Tveteriia cefvescens. Tn both cases
the pupaz were more abundant in the
afternoon (although some pupae can he
colleeted at any Twur during the day);
specinlly in the casz of P, quadrigatiatun.
Tt the drilting pattern of pupal exuviae
of both species shows a high percentoge
al exuviae collected in the early morning
slen (specinlly in the case of T. calves-
cons) (compare in figs 7 the lefl and right
columns).

bt the case of Micropsectem alrofescinla
{lig. 73 although the exuyiac palier scems
ot supgest a majur drifl in fhe carly
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fra. 4. Patiernzs of drilling exuviae (o5 % of
the cxaviae collected. for oy species). Alter-
neancarly enerning patierns, Arrows indicale
stanshiine mnd suncize, < #ivmo de derive de las
irxnyiay (e oo tos exeiies recoleciadas cada
horg respecle ol fotal capturado deocada es-
proiel, Lspecles corr wiavines de deriva al alar-
docer ¥ ol gmenccer. Los [lechas indican 12
puesta v salida del =l

Froo b, Patlerns of dolting exuyise {as % of
exuving collecied for  wny apecics). Constant
drill rate (Cricetopus drifascio) amd alternom
paticrn (Thicnemoprniclie obscare). Arrows as
in Dz, 4. - Espeofes con ritnios. constontes oo
derive (Uricolopus trifasciz) o con paicinos ol
atardecer {Thicnemanniells obscura). Fleelas
oy ent Iy fig, 4.
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marning, the pupae arc equally abundant
during the day and the night but scarce
al the beginning of the night.

Finally, only in the cases of Tanylarsus
brundini and Rheocricotopus chalybedfus
does there seem to be a concordance bet-
ween the two drifting pallerns, the sxu-
vial and pupal ones. In the first case with
a night-early morning patiern and in the
second case with a constant drift rate
(lig. 7).

DISCUSSION

The daily drift pattern of macroinver-
tebrates has been investigated in many
vivers and a general trend has been pro-
pased by different authors, especially Wa-
TERs (1967) and MiLLer (1963}, Three
main types of drift car be distinguished
accatding to WATERS (19653): the calas
trophic drill, the constant drift and the
lsehavioral drift, Many causes can be res-
ponsible for these drift patlerns, such as
dispersal mechanisms (Kerocer, 1973),
CoweLh & CArew, 1976; WARTINBEE,
1979), subsirale recolonization (MivLes,
1954}, Now foods and changes in water
velogity (Eritor, 1967 UursTranm,
1968: Awnpepson & LENMEUHL, 1968),
oxygen consumplion (Kovakax, 1978},
or disturhance evenls as children playing
{WaTERS, 1962), pollution or insecticides
(Frost & Smmian, 1982 Back el al.,
1983%) or others,

The emergence of aquatic issects in
many cases shows a clearly daily pattern
(Tanara, 1960; WaTERS, 1962; MULLER,
195%) with peaks of adulls, pupac and
cxuviae close to the afterncon and or
eatly morning (Waters, 19721, In other
cases the emergence seems Lo take place
in the dark period but not in hours of
Hght (MiULLER, 1966). This patlern seems
ta he wriginated in the exizstence of & bia-
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logical cleck with-a 24 hour period (zbe-
havioral drift»). The azzitgebers of this
biglogical clock would be the changing
light-dark conditions (Hovt & WATERS,
1967; Peanson & FrankLin, 1968
CuasTon, 1969; MUcier, 1974). Labo-
ratory studies of the emergency in Chiro-
noms riparios have shown the importan-
ce of light a5 & szeitgebers (KuRRCE,
19800, However very low temperalures or
steep Huctuations of these can change the
emergence peitern snd the temperature
can act as o wreitgebers (Kureck loc.
ait,).

For this reason, although we suppose
that the daily pattern of drift in pupae or
exuviae in river chironomids is related
firstly with the emergence pattern, other
factors can be responsible es il seems lo
ccour in the Llobregat in August 56
1982,

It figs. 2 and 3 & daily peak is clear at
3 pom. of which chitonomid larvae and
Hydropsyche exocellata larvas (RIERADE-
vaLL & Pnrat, in press) are the major
components. This can be related lo a dis-
turbance effect caused by a car being
washed  upstrearn but close to the
sampling point. This was a case of catas-
trophic drift in the zense of WATERS
(1963).

Adult and pupal driflt were, in gencral
terms {fig. 3}, related 1o the alternoon with
minor peaks at 1 s.m. and in the early
marning. For the bulk of chironomids the
cmorgence seems Lo lake place in the
changing light-dark conditions at & p.m.
of August 5. Bul while Palypedilum qua-
driguttaivm and Taaytarsus brunding had
g high percentage of pupas collected in
the afternoon, the most riverine specics
(Rireocricrolopus chalybeatus, Micropsec
tra atrofasciafa) had a nearly constant
pupal drift rate throughout the dey-night
period (fig, 7).

Changes in low, disturbapce events,

Fic. 7. Palterns of drifting cxuvine (as % of collecled exuviae [or any specics) and number
of pupae for the same specics ot each hour, (Left and right column respectively) Arrows af
in fig. 4, - Ritmos de desiva de o exuvias fer %o de lns exuvigs recolecladas cada horo s
peetg al total capiurado de cadn especie) ¥ abundecios de pupas parg lap fuspies especies. Fle

chas coqm en fa figo 4,
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high watler temperalure (24 °C pearly
constant), high contents in nutrients (and
therefore  high biological productivity)
seem o produce a framework of condi-
tiotis in which many species are able to
emiergz continuously from the river.

In the case of P. quadrignitafuws
{which accounls for more than 50 % of
the pupae colfected in the afternoon) the
emergence synchronism for the bulk of
the population scems to be releted o the
habital occupied by the larvae. These,
although present under diver stones, were
more abundamt in the zhallow muddy
standing waters situated upstream to the
sampling poinl. We believe thal this could
be the reason of the more definite daily
patlern.

The interpretation of the daily patterns
of pupal exuviae of chironomids [rom
figures 47 is more complicated, especially
because great differences exist in exuvial
and pupal patlerns of some sbundant
species (fig. 7), as in M, atrofusciea, P.
gudrigutictum, T. celvescens, Are these
exuvial patterns showing real emergence
patterns? We do not believe that is the
case.

The pupal skins of emerged individuals
could be eetained belween the river ve-
gelalion or close to the river banks. Chan-
ges in rviver flow or other disturbances
could wash {he exuviae out of this places
downstream. Thus a large amount of pu-
pal exuviae would be present in deift dur-
ing these disturbance events, and agooun-
ted for as an increase in drift raie. We
beliove that our morming peak of exuviae
between 6 and 8 a.m. of August 6 could
have been produced by some [low dis
lurbanee and does nol reflect a real emer-
rence g would seem 10 be beravse of the
differences in pupac and pupal exuvize
drifting rales (figs. 2, 3 and 7). Although
no divest evidence of Mow changes can be
mresented we believe that it is the reason
of the big peak in pupal exuviae in nearly
all the collected species (figs. 4 to 7.
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Finally, in the general drifi rate (fg. 2,
az well oz in the adult chironomid drift
(fig. 3) and the exuvial pattern of many
species (hgs. 4 1o 7) a slight increase can
bz pbserved at 1 o, As it was a [ull
moon night, the depressive elffect of the
moon should also be considered. So the
disappearance of the moon behind moun-
tains or clouds would increase the drift
although controversial opinions cxist a5 lo
avaluation of the true effect of monlight
on emergence (ANDERSON, 1966; CHAS-
Ton, 1969; Kroger, 1974).

In summary the high lemperature and
river productivity of this reach of the Lio-
bregal river Wogether with some disturban-
ce effects seem to explain the differences
in number of drifting organisms at esch
her, Mowever care must be taken in in-
terpreting patterns of drifting exuvise as
result of emergence, because in many ca-
ses. the differences with the number of
pupac in drift are very high. On the othar
hand the most abundant specics in the
river bed, Riteotanylarsus chalvbeatus and
Micropsectra afrofasciaie, had a neartly
conslant drift rate (specially it pupes are
considered) o pattern which could be sus-
pected from a productive and high tempe-
rature river. In Mediterraneony rivers this
silualicn is frequent during some months
of the year. Qur opinion s that in these
cases ploneer species, like chironomids,
do nal follow a clear pattern of diel emer-
pence. We believe that the application of
the hypothesis of diel periodicity in Me-
diterrainean rivers is, therclore, of limited
value and more Nexible and dynamic me-
delz are needed 1o understand these rivers
a5 cootogical unifs.
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RESUMEN

BITMUS DIARIOS DR DERIVA DO Lus quinondsi-
bos EM EL RI0 Liosrecat (ME, Esrafia). Desde
lag 10 a.m. del diz 5 hasta los @ aan. del dia 6
de egosic de 1982; en el tramo medio del vio
Liu!:mgql. =2 tonuron mucatras e deriva eon
periodicided de vna hors. En las 21 horas de
muesiren. s recogieron 25.719 individuos, de
los cunles el 65% fucran quirondmidos, v
de éstos, 13900 (el 53 % de lp deeiva 1anal)
fueron cxuviales pupoles. Se identificaron 62
wipecies de quirondimidos, de las gue 19 son
nueves cilas pare 18 fawna cspafols, Bl 41 %
fugron Orihecladiinae, ol 40,7 % Chironominil
vool 153 %% Tanyiarsinii.

Las [recuencies de deriva, horn o hora, de
las exuvlas pupalos de los quirandmidoz de di-
ferenles especies perecen mostear cuatro ritmes
o modelos) de derive dislinios. Unas capecies
presentan midxinios de derive de exuvias al atar.
decer, olres &l anvinecer, otras en ombos ino.
mentos ¥ finalmende mparceen etpecies con un
ritmo constente de deriva.

Al comparer las abundancios de pupas en Ta
deriva porn cads periodo de tiempo (1 hor)
con fas Trecuenciaz de [os exuvias pupales de

oz 5 especies mids abundantes (fig. 7) se ob-
serva que log miximos de derive de exuvins gl
amanceer fo concucrdan en el tiempo con los
incremenlos de deriva de adullos ¥ pupas. Por
clla In deriva cn las primeras horos de la ms-
fiana nod parcce estar exclusivamente relaciong.
da con In emergencia de adullos, sino con algin
faclor ecatestréficos, como por ejempla serip
un. cambio en el caudal del ro,

En el rio Llobregat e pairdn de deriva de los
quirondmides no perece venic definide énica-
mente por un ritmo acoplado a los cambios de
luz, come ex norma en muchos cstudios de este
lipo. Aungue la cmetgencia o imporisnie cn
eElos momientos, los mdximos de deriva situe-
dos oo olraz horas del die o la presencia de
pupas a lo largo de todo el dis, parecen indicor
un modelo. mas completa, dificil de dilucidar
con. un sl cicle diacko, Lo temperatirs v pro-
ductividad  bioligics elevadas, [z helerape nei-
dad del susirato ¥ las perturbaciones yue =uire
el medio pur cambios en el fluje o Tinervencio
nes h”'":,"",“' parccen genetar un pairdn on of
iim: = dificii reconocer cuil o8 b mportencis
de cada uno de ellos,
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