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Ab stract
A new un usual morphotype of Acroperus harpae (Baird, 1834) was found in Lake Mývatn and its neigh bour ing Lake
Budlungaflói in Ice land. This form, A. harpae f. multidentata is char ac ter ized by a very large head keel and by 5–9
denticles on the posterovental an gle of the valves in stead of 1–3 com mon for A. harpae. The new form did not dif fer
from typ i cal A. harpae in the mor phol ogy of the postabdomen, head pores or any ap pend ages. A study of Lake Mývatn 
sed i ments rev eled that this form ex isted in the lake for at least two thou sand years.
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IN TRO DUC TION

Cladocera of the ge nus Acroperus Baird, are a com mon
com po nent of the lit to ral fauna of fresh wa ter lakes, be ing es -
pe cially nu mer ous in the Holarctic re gion. Re mains of these
an i mals fre quently ap pear in lake sed i ments and are use ful
for palaeolimnological stud ies (Szeroczyñska, Sarmaja-Kor- 
jonen 2007). For all the 20th cen tury, the tax on omy of the ge -
nus was in a poor state, four taxa were listed for Eu rope
(Smirnov 1971), but only one spe cies, A. harpae (Baird
1834), was re corded in most eco log i cal works (Sinev 2009).
Trop i cal pop u la tions of Acroperus usu ally were in dis crim i -
nately iden ti fied as A. harpae (Sinev 2009; Sinev, Elmoor-
Loureiro 2010).

Palaearctic spe cies of Acroperus were re cently re vised
by Sinev (2009), who found that only two valid spe cies of the
ge nus are pres ent in the re gion, A. harpae and A. angustatus
Sars 1863, two other taxa listed for Eu rope, A. alonoides
Hudendorff 1876 and A. neglectus Lilljeborg 1900 are syn -
onyms of the lat ter. A. angustatus, while rarely men tioned in
eco log i cal works, was found to be as com mon as A. harpae,
and these two spe cies fre quently co ex ist. These two spe cies
can be clearly dis tin guished by the mor phol ogy of the an -
tenna, denticles of the valves, and de tails of tho racic limb
mor phol ogy, as well as by male mor phol ogy (Sinev 2009).

The main rea son for such long-term con fu sion was the
high de gree of vari abil ity in body shape, the de vel op ment of
head keel and the shape of ros trum in both spe cies. Such vari -
abil ity is com mon for pe lagic gen era of Cladocera like Daph -

nia or Bosmina, but is unique among sub strate-as so ci ated
Chydoridae. Sinev (2009) spec u lated that the head and body
keel of Acroperus are de fen sive struc tures, like head keel and 
fornices of Daph nia, and their de vel op ment de pends on in -
ver te brate pre da tion level.

A study of South Amer i can pop u la tions of Acroperus
(Sinev, Elmoor-Loureiro 2010) re vealed that in stead of A.
harpae this re gion is in hab ited by an en demic spe cies, A. tu-
pinamba (Sinev, Elmoor-Loureiro 2010). The tax o nomic
sta tus of Nearc tic and Palaeotropical pop u la tions of Acrope-
rus is still un clear (Sinev 2009; Sinev, Elmoor-Loureiro
2010).

Subfossil valves and head shields of Acroperus with un -
usual mor phol ogy were found dur ing the stud ies of sed i -
ments in Lake Mývatn (Ice land). The main fea ture of the
form was nu mer ous (5–9) denticles on the posteroventral
cor ner of the valves, a higher num ber of denticles than ever
re corded for any Acroperus spe cies. Stud ies of the sed i ments
rev eled that this form ex isted in the lake for at least two thou -
sand years. A col lec tion ef fort in Lake Mývatn en abled us to
find and de scribe the mor phol ogy of an ex tant pop u la tion of
the form.

STUDY SITE

Lake Mývatn (65°35’ N, 17°00’ W, al ti tude 277 m a.s.l.)
in north ern Ice land is a shal low spring-fed, nat u rally eutro-
phic lake. It is 37 km2 in area and di vided into two main bas -
ins. The South Ba sin is the larger of the two; it is mostly be -



tween 2 and 3.2 m deep and re ceives most of its wa ter from
cold-wa ter springs along its east shore. The South Ba sin also
re ceives wa ter from the North Ba sin which in turn is fed by
both cold and tepid springs. The North Ba sin is 1–2 m deep
ex cept for a part, 2–6 m deep, where the sed i ment has been
dredged. Lake tem per a ture is usu ally above 8°C in sum mer
(May–Sep tem ber) with a max i mum of about 18°C. The lake
is mostly ice-cov ered from Oc to ber to May. The wa ter col -
umn is thor oughly mixed dur ing the sum mer months, but
ther mal strat i fi ca tion de vel ops lo cally in mid win ter (Ólaf-
sson 1979a). Ex ter nal load ing of phos pho rus and ni tro gen
has been es ti mated to be 1.5 g m–2 year–1 and 1.4 g m–2 year–1,
re spec tively (Ólafsson 1979b), but ni tro gen fix a tion by Cya-
nobacteria and in ter nal load ing from sed i ments are im por tant 
in the to tal nu tri ent bud get. Pri mary pro duc tion has been es ti -
mated to be 3800 kcal m–2 year–1 (Jónasson 1979), of which
600 kcal m–2 year–1 come from phytoplankton. Most of the
pri mary pro duc tion there fore takes place on the bot tom of the 
lake, mainly by di a toms, but also by fil a men tous green al gae
(Cladophora glomerata (L.) Kütz. and Aegagropila linnaei
Kütz.), which cover a large part of the floor of the South Ba -
sin. Cyanobacterial blooms, formed by Anabaena flos-aquae
(Lyngb.) Bréb., oc cur reg u larly, but fail to de velop in some
years.

The ben thic cladocerans have been stud ied by Adalstein- 
sson (1979), Örnólfsdóttir and Einarsson (2004) and Einar-
sson and Örnólfsdóttir (2004). A palaeolimnological re cord
of the Cladocera has been pre sented by Einarsson and Hafli-
dason (1988) and Hauptfleisch et al. (2010; see also Einar-
sson et al. 2004). The main pred a tors on Cladocera in Lake
Mývatn are three-spined stickle back (Gasterosteus aculea-
tus L.), Arc tic charr (Salvelinus alpinus L.), div ing ducks,
Hy dra sp. and pre da ceous oli go chaetes (Chaetogaster spp.)
and chi rono mids (mainly Procladius islandicus (Goetghe-
buer)) (cf. Einarsson et al. 2004).

Lake Mývatn was formed about 2300 years ago fol low -
ing a ma jor vol ca nic erup tion (Thorarinsson 1951, Einarsson 
1982, S³mundsson 1991). The South Ba sin of the lake lies in 
a shal low de pres sion in an ex ten sive lava feld pro duced by
the erup tion. An other lake ex isted at the same site be fore the
erup tion, but it ap pears to have been wiped out by the lava.
The ge ol ogy of the area is de scribed by Thorarinsson (1979)
and S³mundsson (1991).

MA TE RI ALS AND METH ODS

In the Au gust 2010 sed i ment core from the Lake Mývatn
was drilled by means of Rus sian corer. Dur ing palaeolimno-
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Fig. 1. Photo of Acroperus harpae f. multidentata, a whole an i mal sam pled from the lit to ral zone and re mains from the sed i ments of Lake
Mývatn, Ice land. A – whole an i mal (par the no ge netic fe male) (mag ni fi ca tion ×40), B – headshield and shell (mag. ×100), C – shell (mag.
×100), D – a de tail of shell, denticles (mag. ×200).



log i cal stud ies un usual re mains of Acroperus were noted
(Fig. 1). These re mains were com mon in the stud ied sed i -
ment core and as well in the his tor i cal sed i ment sam ples kept
in the In sti tute of Bi ol ogy, Uni ver sity of Ice land in Reyk ja -
vik, Ice land.

The re sults of palaeolimnological stud ies in spired the
au thors to col lect zoo plank ton sam ples from the cur rent wa -
ters of Lake Mývatn. The sam ples were col lected at the be -
gin ning of Sep tem ber 2010 by means of plank ton net (50
mi crons) from the lit to ral zone of the lake. Sam pling was
done from the lake shore in sev eral sites in the both bas ins
North and South of Lake Mývatn and also from the sur round -
ing small lakes. Im me di ately af ter sam pling, zoo plank ton
sam ples were put into plas tic jar and were pre served in the
pure al co hol. Af ter field work (the same day) sam ples were
moved to lab o ra tory and kept in the fridge in the tem per a ture
of +5°C. Over 60 par the no ge netic fe males of Acroperus
were found and stud ied.

An i mals were se lected from the sam ple un der a bin oc u -
lar ste reo scopic mi cro scope, placed on slides (in a drop of
glyc erol-eth a nol mix ture) and stud ied un der an op ti cal mi -
cro scope. Sev eral spec i mens from each sam ple were dis -
sected for the anal y sis of ap pend ages. For SEM ex am i na tion
spec i mens were dried us ing crit i cal point dry ing tech nol ogy
(An der son 1951), mounted on the alu mi num stub, coated
with gold-pal la dium mix ture, and ex am ined un der a scan -
ning elec tron mi cro scope (Hitachi S 405-A). Draw ings were
made by means of cam era lu cida.

RE SULTS

Re cov ered 60 spec i mens of A. harpae from the cur rent
wa ters of Lake Mývatn and sur round ing small lakes rep re -
sented Acroperus harpae multidentata-morphotype. In the
sed i ment and wa ter sam ples from Lake Mývatn area au thors
found only this un usual form of A. harpae,  and no spec i mens 
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Fig. 2. Acroperus harpae f. multidentata from Lake Mývatn, Ice land. A – ju ve nile fe male of instar II, B–I – par the no ge netic fe males: B –
lat eral view, C–F – posteroventral cor ner of valves (C, D – left and right valves of the same spec i men), G, H – heads of large spec i mens, I –
postabdomen. Scale bars: 0.1 mm for A, B, G, H, 0.05 mm for C–F and I.



of typ i cal A. harpae. All ex am ined lakes have the same age
and vol ca nic-dam or i gin, and very sim i lar eco log i cal con di -
tions to Lake Mývatn.

Acroperus harpae f. multidentata

De scrip tion. Body mod er ately high, oval (Figs 2A, B;
3A, B), the max i mum height in or be fore the mid dle of the
body. Max i mum length 0.71 mm. Dor sal keel well-de vel -
oped. Dor sal mar gin highly arched, with clear de pres sion in
dis tal part of the head, in the re gion of main head pores. Dis tal 
mar gin con vex, posteroventral and posterodorsal an gles
broadly rounded. Posteroventral an gle (Figs 2C–F; 3C, D)
with 5–9 denticles and smaller thick setules be tween them.
All denticles are of typ i cal for Acroperus harpae mor phol -
ogy – thin, elon gated with nar row bases. The setae of ven tral
mar gin typ i cal for A. harpae. The sculp ture of valves typ i cal
for A. harpae, con sist ing of di ag o nal lines.

In lat eral view, head more mas sive than in typ i cal Acro-
perus harpae, with ex tremely large, broad head keel. Eye and 
ocellus small. Ros trum broad, in most spec i mens with an gu -
lar tip, in larger spec i mens the shape of ros trum var ies from
pointed to blunt (Fig. 2G, H). Postabdomen (Fig. 2I) of typ i -
cal for the spe cies mor phol ogy. The mor phol ogy of head
pores, labrum, an ten nule, an tenna (Fig. 3E) and all tho racic
limbs are sim i lar to typ i cal A. harpae (for de tailed de scrip -
tion see Sinev 2009).

Male un known
Dis tri bu tion. A. harpae f. multidentata is pres ently

found in Lake Mývatn, Lake Budlungaflói, and sev eral small
lakes in the vi cin ity of Lake Mývatn. In the sed i ment core
from Lake Mývatn, re mains of A. harpae f. multidentatus
were pres ent through all sed i men tary se quence.

 DIS CUS SION

At first glance, the spec i mens found in Lake Mývatn are
very dis tinc tive and can be as signed to sep a rate spe cies or at
least sub spe cies. Still, we found no dif fer ences be tween A.
harpae f. multidentata and “typ i cal” Acroperus harpae in
any char ac ters used for dis tin guish ing spe cies of Acroperus.
An tenna, scrap ers of limb II, setae of exopodite IV, and
shape of exopodite V are ex actly the same as de scribed for
the Eu ro pean pop u la tions of A. harpae (Sinev 2009). Shape
of body, keel and ros trum var ies greatly be tween pop u la tions 
of the spe cies, and these fea tures can not be used as spe -
cies-level char ac ters for Palearctic Acroperus (Sinev 2009).
Denticles of A. harpae f. multidentata, while ex tremely nu -
mer ous, are of same type as in typ i cal A. harpae (see Sinev
2009), small, with nar row bases, pro trud ing from the in ner
side of valve, with small setules be tween them. The denticles
of posteroventral cor ner of valves are, in gen eral, a very vari -
able fea ture within Aloninae. Spec i mens with and with out
such denticles co ex ist within pop u la tions of Alonopsis and
Alona affinis (Sinev 1997; Sinev, Atroschenko 2011). A study
of valves from pre vi ous molts, re gained by some spec i mens
of Alonopsis re vealed that the denticles can be ab sent in
young an i mal and ap pear in the fol low ing in stars (Sinev,
Atroschenko 2011). In gen era Camptocercus, Karualona
and Acroperus (Smirnov 1998, Dumont, Silva-Briano 2000,
Sinev 2009) the mor phol ogy of denticles is an im por tant di -
ag nos tic char ac ter. Dif fer ent spe cies are sep a rated by the
shape of denticles, but their num ber is never sta ble within the
spe cies. There fore, we chose con ser va tive ap proach for the
mo ment and treated the stud ied pop u la tions as a morphotype
of A. harpae. Con tin u ous pres ence of A. harpae f. multiden-
tata in Lake Myvath sed i ment shows this morphotype is sta -
ble for a long pe riod of time.
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Fig. 3. SEM-photo of Acroperus harpae f. multidentata from Lake Mývatn, Ice land, par the no ge netic fe males: A, B – lat eral view, C, D –
posteroventral cor ner of valves, E – an tenna. Scale bar de note 0.1 mm for A and B, 0.05 mm for E, 0.02 mm for C and D.
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