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EVIDENCE OF UPSTREAM MIGRATION BY FEMALE ADULTS 
OF BAETIS ALP INUS PICT. (EPHEMEROPTERA) 

AT HIGH ALTITUDE IN THE PYRENEES 

by P. LAVANDIER 1 

In a h igh m o u n t a i n s t r e a m , Baetis alpinus at é m e r g e n c e is s ignif icantly smal l er 
d o w n s t r e a m than u p s t r e a m . Thèse s ize dif férences are u s e d to d e m o n s t r a t e 
migra t ion of adults u p s t r e a m : d o w n s t r e a m , the size of adul t f emale s caught 
after ov ipos i t i on corresponds w i t h the s ize of s u b i m a g i n e s w h i c h have e m e r g e d 
there ; u p s t r e a m , the size of adul t f emales c o r r e s p o n d s w i t h the size of subima­
g ines w h i c h have e m e r g e d b o t h u p and d o w n s t r e a m . The migra t ion is clearly an 
u p s t r e a m m o v e m e n t . 

Migration vers l'amont 
des imagos femelles de Bae t i s a lp inus Pic t (Ephemeroptera) 

dans un vallon pyrénéen de haute montagne. 

Dans u n torrent d e haute m o n t a g n e , la taille de Baetis alpinus à l ' émergence 
es t s igni f icat ivement p lus pet i te en aval qu'en a m o n t . Ces différences de tail le 
p e r m e t t e n t d e met tre en év idence u n e migra t ion vers l 'amont des adul tes : e n 
aval, la tai l le des adul tes f emel l e s capturées après leur ponte c o r r e s p o n d à ce l le 
des s u b i m a g o s qui on t é m e r g é sur p lace ; en a m o n t , la tail le deS adul tes corres­
p o n d à cel le des s u b i m a g o s i s sus de l ' ensemble d u cours . La migrat ion e s t ne t te ­
m e n t or ientée vers l 'amont. 

Introduction 

Since the hypothesis put forward by Muller (1954) of a colonization 
cycle where adult females fly ups t r eam to lay their eggs and the larvae 
drift gradually downs t ream, many field observat ions and labora tory 
exper iments have a t t empted to demons t ra t e the phenomenon by cla-
rifying aerial movements (Roos 1957, Lehmann 1970, Elliott 1971, 
Muller 1973, Russev 1973, Madsen et al. 1973, Svensson 1974). In this 
study, variat ions in size shown by imagines and subimagines at diffé­
ren t sites a re used to demons t ra t e ups t r eam movements of female 
adul ts of Baetis alpinus, a common species of Ephemerop te r a in high 
moun ta in s t reams . 
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Study area and methods 

A detailed descr ipt ion of the s t r eam System, Es taragne , has been 
given efsewhere (Lavandier 1974). The main s t r eam rises as a spring 
at 2 380 m and flows for 2,75 km before enter ing lake Oredon (1 850 m). 
Two zones can be separa ted on e i ther side of a glacial r ise (2 100-
1 950 m) . In the upper pa r t the drainage bas in is rocky, ba r r en of 
m u c h végétation and enclosed by peaks . In the lower pa r t the basin 
is more open towards the eas tern side and is part ial ly wooded. The 
s t r eam is covered wi th snow for 4-8 mon ths of the year according to 
a l t i tude. Under the snow, t empéra tu res are closed to 0 °C ; they can 
reach 13 °C a t the lower end of the s t r eam in summer . 

Five sites were s tudied (fig. 1) : s ta t ion 1, nea r the m o u t h at 1 850 m 
and s ta t ion 2, jus t below the glacial r ise at 1 920 m, represen t the 
lower zone ; s tat ion 3, j u s t above the glacial r ise at 2 150 m, s ta t ion 4 
a t 2 190 m and stat ion 5 near the source at 2 370 m, represent the 
uppe r zone. 

FIG. 1. — Map a n d profile of the river Estaragne . Loca t ion of the s ta t ions . 

The fauna was s tudied from 1971 to 1973 dur ing the per iods when 
the s t r eam was accessible ( june-november below 1 950 m ; july-novem-
be r above 2 100 m) . 

More than 2 000 imagines and subimagines were caught using nets , 
émergence t raps and drift ne ts . Thèse lat ter , used weekly, allowed a 
large n u m b e r of emerging subimagines and adul t females carried 
down by the cu r ren t after oviposition to be collected. 
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Results 

Many subimagines were collected in the whole of the s t r eam S y s t e m 
except near the source where o n l y 1 o r 2 individuals were caught every 
year. The size of the subimagines, which dépends on the character is-
tics of development (Lavandier 1979) increases from m o u t h to source 
(fig. 2). The différences between mean sizes a re very highly significant 
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FIG 2. — Size f requency d i s tr ibut ion of f emale imag ines (white) and sub­
imag ines (grey) caught at the five s i tes s tud ied a long the s t r e a m . S ize = forewing 
length in m m . 
Mean s ize (X) s tandard déviat ion (S) and n u m b e r of indiv iduals (N) are s h o w n 
for each h i s t o g r a m . 



58 P. LAVANDIER (4) 

(t-test) and, more specially, two groups of emerging subimagines can 
be dist inguish on ei ther side of the glacial r ise : subimagines a re 
smaller below 1 950 m than above 2 100 m. 

The size of adul t females, collected in a drift net after oviposition, 
shows the same changes according to a l t i tude. Adult females a re 
small in the lower pa r t of the s t ream ; mean size is larger in the uppe r 
par t , where size range is larger. The variances of the popula t ions col­
lected u p s t r e a m and downs t ream are significantly différent (F-test, 
P = 0,01). 

Aerial movements may be deduced by compar ing the size of subima­
gines at the localities where they émerge (s tar t ing place of the migra­
tion) with the size of imagines at the localities where they lay their 
eggs (end of the migrat ion) (fig. 2). At the lower sites, below 1 950 m, 
the size of adul t females cor responds wi th the size of subimagines 
which have emerged there . Above 2 100 m, the size range of adul ts 
cor responds wi th the size of the subimagines which have emerged 
bo th up- and downs t ream. This demons t ra t e s an aerial movement 
ups t r eam which seems impor tan t in the Es ta ragne S y s t e m . The migra­
tion is clearly u p s t r e a m : • the small adul ts which corne from the 
lower pa r t of the S y s t e m a re the most numerous at ail the al t i tudes ; 
thus , at every stat ion, the mean size of the imagines is signifi­
cantly smaller (P — 0,001) than tha t of the emerging subimagines ; 
• a l though few subimagines have emerged nea r the source, many 
adul t s have been caught ; a l though many subimagines have emerged 
near lake Oredon, few adul ts only have been caught ; • again, no 
large adult emerging above 2 100 m, has been caught in the lower par t 
of the river. 

Conclusion 

Adult females of Baetis alpinus clearly show an aerial movement 
ups t ream, followed by oviposition. Such a behaviour , developed to a 
considérable extent in the Es ta ragne System, explains the présence of 
adul t s and nymphs in hab i ta t s where no or only few individuals a re 
able to complète their life cycle. This cont r ibutes fur ther évidence to 
the impor tance somet imes a t t r ibu ted to adul t migra t ion in the ecology 
of certain s t r eams and mounta in to r ren t s (Roos 1957, Dorris et Cope-
land 1962, Ulfstrand 1968, Hynes 1970, Schwarz 1970, Pearson and 
K r a m e r 1972, Madsen e t ail. 1973, Thomas 1975, Lavandier 1979) and 
suppor t s the colonization-cycle hypothesis of Muller (1954). 
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