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The Motlusca of the estuarine region of the rivers Rhine,
Meuse and Scheldt in relation to the hydrography of the
area, L. The Unionidae
by
W, {. WOLFF
{Communication No. 6 of e Hydrobiologisch Instituut, afd. Delra-onderzoek,
Yerseke, Netherlands)

INTRODUCTION

Several of the estuaries in the sowthwestern part of the Netherlands
(fig. 1) will be closed in the near future. These tidal areas, vsually
indicated collectively with the name Delra ares, now consain salt or
brackish water, but-afrer the closnre will be changed into stagnant
freshwater fakes. The Delta Reseach Division of the Hydrobiological
Institute of the Royal Netherlands Academy of Sciences was founded
w investigate the biofogical changes caused by these large works
(Vass, 1961),

During these studies much attention will be paid o the molluscs;
many marine species will ceraainly disappear, some brackish-water
species .may show a temporary increase and many freshwater species
‘will colonize the new Takes.

To investigate these processes adequately, it is necessary to have
derailed information of the siruation before changes occur. Starting
“with this paper, we imtend to publish a series of descriptions of the
original distribution of various groups. of molluscs. In many cases
uszful ecological inforemation may e derived from the distribution
data, especially concerning the anticipated reactions to future changes
of environment,
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HISTORY OF THE AREA INVESTIGATED

During the Holocene the Delta area was a border region berween
" the land, the rivers Rhine, Meuse and Scheldt, and the North Sea
(pE JoNG, 1960). In fig, I the landward limit of Sub-Adantic marine
deposits s indicated (DE JONG, lc). During the sedimentation of o
these deposits (from 700 B.C. until now) large parts of the area .
were of course not suitable for land- and freshwater molluscs. These
groups could only survive on the more elevated Pleistocene soils in
the south and east of the area, in and near those parts of the rivers
containing fresh water, and in the pear area in the north. BUTOT
(1962} also supposes that certain fand molluses survived during the
transgression periods in the dune areas of the islands of Walcheren,
Schouwen and Goeree, Tt is, however, nearly cermin thar, at least in
some periods, no land and freshwater molluscs could have survived in
the area between the regions mentioned above, The Lust time that the
who'e fow-lying Delta area was flooded by the sea, was during the
so-calied Post-Karolinglan transgression period in the 10th century.
Marine sediments from that period may be found over nearly the
whole area (VAN BER SLUIS. STEUR & Ovaa, 1905). Afterwards Man
began to construct dikes, and it seems probabic that only since then «
few arcas in the general region remained dry when the major part of
the Jatter was flooded ¢TriaPE Burcer, 19G0), So it is evident that
the Jand and freshwater molluses could only have started colonizing
the Delta area 1o the Middle Ages. Many times, however, they must
have been exterminated by inundations of salt ond brackish water.
For the freshivater molluscs this disadvantage as probubly been most
serious; their habitar is destroyed even by minor inundations, as they
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live in the Iowest places of the polders. Land moluscs, however,
during shore periods of inundation can probably survive on elevared
structures, e.g. dikes, large buildings and trees. The survival of Laei-
wiaria biplicata is perhaps an example of this phenomenon (DEN
Hawrrog, 1965). Some of the ishands of the Delra area were not avail-
able for cecupation by non-marine molluses vntil a few centurios 1go.
The island of Noord-Beve'snd wes flooded in 1530 and remained
covered with sale water until 1598 (pE Bruiy & WiLbrros, 1961).
St. Philipsland was inundated in 1330 and became inhabiwble again
in 1645 (WiLopros, 1964). The first polders of Overflakkee and of
Tisngemeten were reclaimed in the first ha'f of the 15th century 2nd
in the sccond half of the 18th century respectively (TEXiina DE
-Marros, 1925, 1941). The last important inundations were in 1944/
4% and in 1953, The influence of these is still clearly seen in the dist-
ribution partern of several species of molluses. Fig, 2 represenss the
evtension of/the ‘innndations of salt and brackish water caused by
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! . milicuy action during the Second World War (Westerrorr, 19473,
| On most islands these inundarions lasted for several months, Fig. 3
j shows the inundations after the ficod disaster of February 1st, 1953
unpublished data of the Rijksdienst Landbouwherstel; ANONYMoUS,
1961). The duration of these inundations varied from a few days to
about eleven months,

HYDROGRAPHY OF THE DELTA AREA

For 2 gencral description of the hydrography of the tidal warers 3
we may refer to DN Hartog (1961, 1963) and PepLiy (1967, &
Parma (1966) gave a dejled account of the hydrogra hy of the
Bicsbosch, a froshwarer tidal aren, Some remarks on the waters within
the enclosure of the dikes may be made here. Such inland waters
include the dirches, pools, ponds and ‘wiclen', "Wielen® are deep pools
just behind a dike, which are formed during dike breaks by the
water rushing in through the breach: after the repair of the dike these
holes dug by the

¢ current remain as pools. The water inside the dikes
is genceally shallow {less than 3 m), but some ‘wiclen’ may be rather
deep (up to 15 m) (v

N Hiusnen, 1945). These ‘wiclen® of
a distinct thermoc! {

tten show
(LEENTvAAg, 1938).

o

rises above 0.3%0e C

the salinity of the inland water never

“
1 with anaerobic conditions in (he decper layers

m
. R L A E :
The salinity of the inkend wacers varies greatly. Figo 4 shows the 5 ,
area where the saliniey of the infand wacer uever rises above 0.3%gy =
CY; fig. 5 shows the arca where 1t never sises above |0 o CI'. The @
data are derived from mips in a setics of reports of the C.OLN. e
TNO (Kuiws & VRITHOR, 1958 vaw 'T LEVEN, VAN BER WEERD -
& LINDENBERGH, 1958; StoL & VRIjHow, 193§; Visser, 1938, Cb- g
viously, nearly all freshwacer molluscs are restricted to the areas . 5
shaded in black, - g5
METHODS OF INVESTIGATION g W
In the province of Zeeland all the farger inlind wacers were check- - ‘
ed for the preseace or absence of vnionids. The seme wes done on

the islands of he provinge of Zuid-Holland; east of the town of
Dordreche we investigated oaly the rivers and the polder area bord-
cring them. Most collecring in the small inknd walers was done
with sl hud wperated nets and grabs, In the freshwater tidal area
and in the rivers Fowever, we collected from the institute's vessel
‘Jan Verwey' with ap 0.1 m2 Van Veen arab and with an oystes-
dredge (fig. 6). The lacer apparatus with & wideh of 1 m, proved o
be very effective in dredging for unionids I can be used ar vz

%_zrmm:an&wwo:2,.,0

Arious
d over considerable distances, It digs a few
centimeters into the substrate,
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Data fiom the literature are only incorporated when it could be
tscertained that the records originated from live animals taken i
situ, because many unionids are transported by the rivers to brackish
arcas and cven to the Nosth Sea (Kruizinca, 1936). Live specimens
have even been washed ashore on the beach at the Hook of Holland,
Host places at which unionids have been recorded in the past, wete
visited by us, If we found no traces of their OCCurtence, We assumed
chit they had disappeared from those places.

D on che grain-size distribution of sediments were determined
with the aid of a sicving-apparatus with a number of sieves of djf.
ferent mesh size. From these data the median grain-size could he
determined.

THE FAMILY UNIONIDAE FLEMING, 1828
According 1o VAN BENTHEM JUTTING (1943) six speci
ceording \ ) pecies of the
family Unionidee occur in the Netherlands, All species have been
B he estiarine reos H. . o
found in the S:%,::F region of the rivers Rhine, Meuse and Scheldr,
the so-called Defra area. Our daa on the distrilution of freshwater

mussz!s have heen derived from the literainre (vak Bowiuzst Tur-
A g T - i - T o

NG, 1943 Kurpsr, 1944; Henrard, 19:406: vay Doveies JUTTING,
1947, LupnivaAr, 1953, JAvssEy, 1038 Buyor, 1900x, Buror,

1960h; Brror, 1962; HicLer, 1964), from the collecrion of the Rijks-
muscum van Nawwclijke Histwrie (Leidea), the ZoSlogisch Maseum
of the University of Amsterdam and of the Natuurhistorisch Muscum
(Rotrerdam), from the card index of the 'Comité rer Bestidering van
de Molluskenfauna van Mederland” and from our own investieations,
Qur identifications are based on VAN BentHEM  JUTTING ME&V
ADadm (1980), ELuis (1952) and JANSSEN & DE VoGEL {1965). _

ECOLOGY OF UNIONIDS IN A FRESHWATER TIDAL AREA

Freshwater tidal arcas are vncommon, The Bieshosch is such an
area and with its Jarge extension (abour 100 s kmy) presents an ideal
opportanity o study the ceology of freshwater molluses in aberrant
comditions. For a full description of the bydrography of the Bies
hosch we already seforred to Panna {1968). The fo'lowing are ex-
cracted from his study and that of ZonNevErd {1960, ,EM salinity
om\ the water is Joss then 0.3%4 Cl 2nd often even less than 0,190
Ci. The vertical tidal difference is abour 2 m. From about raid-tide
level upward the Hiogal zone is covered by rushes and reed, but below
this level a large variety of sand-bars and mudflars is uncovered by
the m.m:,:m tide. Many crecks have a depth of only 0-30 ¢m ar low
tide, hut tn some gullics considerzble depths (up to 8 m) may also
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he encoutitered during low tide, During normal metcoroloiical cond-
itions maximum current-velocites of 0.8 m/sec are measured in the
pallies. Daring storms the velocity is cerminly higher, but there are
also large areas where these speeds are never reached. Particularly, in
wme inundated polders the curtents are always very slight.

Pare of the Biesbosch is infloenced by the polluted waier of the
Rhine {fig. 1), end thus has a relatively high saliniey and a low oxy-
gen content: another part is under the influence of the cleancr water
of the Meuse, whereas between these two regions a third, intermed-
i~te, area i known to exist. Freshiater mussels are nor fopnd in
the part of the Bicsbosch most heavily influenced by the Rhine, bue
i the two rempining areas with less then 10 45 Rhine-water they
cccur in substontial quantides in suitable places. Consequentdy our
ahservations on the ecology of unionids in o freshwater tdal area
were made in the sectors of the Bicsbosch influenced by the Meuse.

Although freshwarer mussels are fairly common in the clean parts
of the ZHesbosch area, they somehow do not occur in the intertidal

snne. Anvdente spp, were never found above the low water line; the

of Univ were collected only at very low tides in the inmed-

i undonids are not

chitee of the interuidal wone of a freshwater
Hés in the fzce that they do

; ; )

4

of the edge of the water. Te seems
!

pred o the exrreme
area, A possible explanation for chis
i burrow sufficiently deep to be prote
sooxposed 2t low tide. In this respect it is interesting to mention the

wrvation of Muxrzas (1926) who states that 0 noen rrvers e
“nionids always remain below the fowest semmor level of the river.
Yo do not bave information on temperatires fnside the shells of
ainaids which He opon dhe mod during low dde on wurm, sunpy
days, but it is conceivable thar these emperatures may h and
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i zone

when the nwertd

963, who secords damage to cilia at 34° Q) On the vther hund
ing low tide the unionids are liable to be killed by frosein winer.
Thus organisms which do not burrow durtog Jow ade Tave to s ﬁ
2'b climatclogical extremes. Perhaps also the rapt s of rhe

cratpre during falling end rising ddes may have @

P ¢h

vouniunids. Moreover, there exists another, indirccr,
chimate. In winter, during periods with fowing ice,
wre rransporied over the shallows by the tidul currears.
mezats of the ice the surface of the fats s thorou
oshwater inussels, immobilized by the low wony
v in danger of being covered with mud. M
tiedd off o the sea.
We consider herons, coots, w
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predators of univaids in the interdidal zone, Otiers have become ex.
tnet in the Bleshosch arca, At various low tides during a pefiod of
frost Mr. D. W. Fev observed one or two Carrion Crows (Coryug
corone corone) whick devoured in about two weeks no less than 156
specimens of Anodonta anating, They probably found these clams in
shallow water during very fow tides. The intensity of their searching
may be demonstrated by the fact that we ourselves were dable to find
five or six specimens only in the same ares before the arrival of the
crows, It may be assumed that Carrion Crows and probably also
Hooded Crows (Corvas corone cornix} are very destroctive predators
Y of unionids in the intertidal zones of freshwater tidal areas. We think
that the same is true for varicus species of gulls, which visit the
mudflurs during fow tide, although we do not have evidence of this,
Waders, herons and coors (WoLrry, 1966) also possibly prey upon
these clams, though we never observed this in the Biesbosch area.
VAN DER Veo (1966) observed racs (Raitus porvegicus) devouring
Anodonta and Unio-—as did Strusiors {1926). As these rats are very
common i the Biesbosch area, we suppose that here they also act
as predators on unionids, aithough VAN DER V0o (lc) made his ob-
servations in stagnant water.
Once again we may point out the disadvantage to the unionids
i 0ot resorting 0 burrowing during low tide, since this fucilitates
the wetivides of predarors. From these observations ic may be deduced
that the intertidal zone of a freshwarer tidal area in western Furcpe
furms an environment which cannor be inhabited by unionids, Ner
is there any other large species of filter-feeding molluscs which in-
hubits this environment, In the euhaline and polyhaline estuaries of
western Europe, huwever, a similar environment is occupied by spe-
cies such as Cardini vdmle and Mya arenaria. The unionids in western
Zurope clearly have been unable to develop a burrowing type of spe-
cies adapred w the special conditions of the intercidal zone of a fresh-
water tidai area. We suggest that such an environment is too rare
and, when it occuss, oo ephemeral to cause the evolution of types
adapred to irs conditions.

INFLUENCE OF POLLUTION
The Rhine is a strongly polluted river (AxoNyMOoUs, 1936-1966).
e hes a high anthropogenic salinity and often suffers from low oxy-
gen-contents. The water of the Meuse, however, is still fuirly clean
and has a high concent of oxygen (WIBAGT-ISEBREE Mokns, 1956).
The water of the Rhine flows to the sea through the rivers Lek
and Waal In the branches Hollandse [Tssel, Nicuwe Maas, Noord,
Boven-Merwede, Oude Merwede, Nicuwe Merwede, Cude Maas, Spui,

Wolff, Lstearine Unionidae 23

and Dordtse Kil only Rbine-water is ﬁ..:;ﬁc:&.. ,:a :.J.,m_..»wm Mw;n
Meuse flows. through the Bergse Maas and ?,zm: .P._x...n Zm...r, .,MTM
the watet of the Nicuwe Zn?.&c.?n Rhine W:V:My 5._ ::Nm .:M.w
Hollands Dicp. There is nu other direct consection uﬁémcwm :Mmmm
and Waal, Since the annual r:mn?:mm.% the Amer ::.,w %p. J maa,
Dicp is only /s—1/y of that of the Nicuwe M/NMS.,_,_QKM .>_$7 19 c\m
it is clear chat the Hollands Diep may be .nc:ELnnnr as a \B‘Mﬁw of
the Rhine with regard to the quality of its water, Rhine water 1§
also found in the western pare of the Bieshosch Arm. 1. o e
During our investigations we were unable to find :ECM m .;.MW s
where in the Rhine and its branches, although there are M.,mfﬂ.”:: Tvp Fa
records. Only in some isolated, r.wﬁ& v.Eznrcm, ,.w;:.nw mam h,m. wFJM‘Mn
by the Rhine only during high river L%n:\,:mnw in early %::mz ,mo i
individuals may be found, e.g. in the H/.; van mm;.m:m:_. In the @me.
of the Biesbosch influenced by the Rbine we found oﬂww ﬂwm.m_mw.mmﬁ
men of Unio twinides, at the end of a gully, &.whnwn .,..Ln .&5 nm.w,nma
self-purification of the water wmcvaw exerts its iaf M,:ﬂmwz.ne. _/.a.m m%:Mrm
another specimen of the same species in a compagab nwma [ the
vicinity of the O:mn Maas {= Rbhine busin), H:,m..u:d“ ?.ﬁa_m .,fn&m
influenced by the much cleaner Meuse, we obtained many hundr
nlonids.
:m%uwo%cmnr;mc: is thar the Rhine water is too ma hopol ,ﬂ& ﬁ.cwvm
suitable for unjonids. As the water in the Biesbosch :namwﬂﬂmﬂ
highly polluted Rhine warer or much cleaner Zn:,f.r” /._,Mrmr alr Mmﬁ.
withour intermediate grades, we are not able o say EnS%w ¢
pollution tolerance of the 4&8& species. From the A:oﬁm uv. *S ,a
BentaEM JUTTING (1943) on Umio crussis %,v::;_w:. 7%&% ,,OM..WM.MJ
pecially in the Meuse unlike the other specles, it may J\r Mrm#\_m W
that this species was the first to disappear from ﬁ:_o ,H.w::?.\ ,:,ﬁ Hmm;,:n
is the most susceptible to pollution. Since the Wuorz:o.n ow rwm ww ¢
strongly influences the Hollands Dicp, the Cude .W/w,, s u..:.n_ :wmk _m_w
we Maas, it is now Impossible ro investigate the %5%::.,&. o ﬂﬁn ,
nids in the interesting transitional zone of fresh and brackish water
in these branches,

SYSTEMATIC PART

Unio crassas batarvas (Maton & wﬂm&%ﬁ. 1807 o )

Van Benthem Juting 1943, p. 117-121; Adam, 1960, p. 320-328; Ells,
1962, p. 15-16.

Dristribution: Unfo crarins occurs from m%m.wu LS m&.mrmg W:mﬂ E
but the subspecies I/, ¢. batarus, the oac accurring in %.m, WQMEHEMMW.
is only known fram the Atlantic region of Spain and France, Bel-
gium, the Netherlands and western Germany, It is rather rare in the
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ctherlands, The distribution in the area investigated

Localities *): Proviace of Zuid-Hollund: Wantij near Octersluis (F,
ZMA), Province of Gelderland: Lek near Culemborg (1, RMNH),
Waal near Tiel (F, BMNH). Provisce of Noord-Brebane Hwocmn.
Brabantse Bicsbosch (W), Steurgat, Brabantse Biesbosch (W), Cude
Mazsje near Waspikse Veer (W), Maas near Heusden (W), 2aas near
Empel AN?CwY )

Eco'ogy: It is generally agreed that Unio crassis bataras isatypical-
Iy riverine species. Indeed all our observations are from localities in
open connection with the rivers; we do not have any observation
from inland waters. On the other hand U, ¢ batavss scems o avoid
serong currents, as do all Duwch unionids, since we did not find any
in the central pare of the rivers, where coarse sands indicate high
current-velocities. We thercfore consider the statcrnent of van BenT-
HEM JUTTING (1959) on Ul o batavss living fully xposd to the
curtent Qo Correct.

In shelwered places with muddy sediments it can, however, be fair-
ly abundiant. The species lives even in almost stagnunt water, e.g. in
the last parc of blind-ending crecks, From our observarions we have
no indication that it is more tolerant to high current-velociiles than
Unio \,EE.,\W\: Probably it is not the curreny ieself timits the

sccurrence of unienids in rivers, bue the iner ri of sand.
/x\m %q not find any preference for a cermain kind of :ihste, be-
cause UL o bataras was mer with ina fately wide ail; sediments,
from soft muds to medium sands. Nevertheless it is possible that the
very young stages do have a prefereace for a certain kind of sub-
strare. as is indicared by Mewtzen (1926}, who mentions a prefer-
ence for fine sands and mud over pebbles and stones.

Considering its occurrence in parts of the rivers near’y without
cusrents, it is remarkable thar this species is not found in similar
stagnant inland wacers, & fact also mearioned by Mextzon (ic.). Pos-
sibly the species is only able to complete its larval Ln,.,r_:ﬁzm,: ina
limited pumber of species of fish occurring exclusively in rivers. e.g.
Chondrostome wesis, Lewciscns idus and Lo grisleeine (REDERE, 19415,
this ﬁd&. shown by DavixeorT & WaRMDTH (1953 o be the case
in oy inplicata, which can only develop on the fish Pomolo-
bits picu b: Dedren gk,

of

Y+ = farmerly vccurring, nowadays absent; NFMR = colle
historiseh Muscum Rotterdam; RMNH = ?;.P
ike Historie, Leiden; ZAA = collection Zod agisch M
damy W= own observations.

van [Na-

, Amst er-




N——

!
i
UNIO TUMIDUS Philipsson |

as i Figr, T

Syvimnbaols

Distribicion of i rrmpicd s

i 8§

Walff: Estuarine Unionidag 29

From the observation of vAN BENTHEM JUTTING Copﬁw that U, ¢
batavas occurs mote ?m@gmm& in the Meuse than in the Rhine, one
may assume that the species is mxmﬂ.ﬁu:v? to pollution, /y:,QrQ. this
susceptibility and the conscquent rarity of che species is due to the
relatively high salinity of the polluted water, or to its low oxygen
content, is at present a matter for conjecture. The statements of
JAECkEL (1962}, that the maximum sabinity at which Unro crassus
was observed is about 0.3%y CU, indicates thar salinity has a harmful
effect on the species. However, Horvata (1966) states that U, cram
sus needs a high oxygen content of the water. Presumably a combin-
ation of factors has caused the disappearance of the species.

We do not expect it to peneteate the future Dela Jakes.

Upio twaidus Philipsson, 1788

Van Benthem Juting, 1943, p. 124-126; Adam, 1960, p. 328-329; Ellis,
1962, p. 13-15.

Distribution: Unio tiunidne occurs in western and central Europe
as far cast as southern Russia. 1t mm a common species inthe Nether-
lands. The distribution in the area jnvestigated is given in fig. 8.

Localities: Proviace of Zuid-Ioland: Boonervlier, Maasiand (W),
Viaardingse Viiedanden, Maasland (NHMR), Nicuwe Mazs near Vijf-
slaizen (f, NHMR), Heindijksloor, Qusivourne (F, Hearard, 1946),
Oude Maas near Poortugaal (F, ZMA), Rhoon {+, ZMA), Kooigat
near Rhoon (W), harbour of Strijfen (f, W), Schuwachue polder,
Lekkerkerk (RMNH), Bakkerskil near Krimpen aan de Lek (W),
Giessen near Giessen-Oudekerk (4, RMNH, Dordreche (, ZMA),
Wantij near Oueersluis (T, ZMA), Nicowe Merwede near Oreersluis
{+, RMNH). Province of Gelderiand: Linge near Wadenoyen
(RMNH,) >?nm‘:ﬁ% Maas near Nederhemert (W), Lek near ﬁs-
lemborg ¢+, RMNH). Province of Noord-Brabant: Lange Reeweg,
Hooge Zwaluwe (F, W), Gac van de Kleine Hil, Brabanse Bieshosch
Qﬁvv Boerenplaat, idem A.‘,, ZMA)Y, Car van Je Binnennicuwesteek,
idem A/xj Vicoieaslont, idem (W73, Gat van de Noosder idem (W),
Reugy, idem (W), Seenrgat from Pauluscand o Werkendam, idem
(W), Alim near Veen (RMNH), Afgedamde Mass near Rijswijk {F,
ZMAj}, Afgedamde Maas near Giessen (ZMAY, Heusdens Kanadl
(W), Oude Maasje from Keizersveer to Kapelse veer (W), Bergse
Maas near Drongelen (W), Muas near Heusden (W3, Maas near Well
(W), Maas near Hedel (RMNH), Maas near Empel (ZMA), Doe-
veren near Heusden (+, W), Drunen (RMNH),

mnome,ma: Unio tumidus is usually charncerized as a species occur-
ring in sluggish rivers and canals. This is cerrainly true for the in-

<Qc2~ﬁub~ﬁn_p ared.
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Regarding the to'erance to high current-velocities it appears that
U crasius bataras and U, tumidus have the same upper limir, U, ;.
Sélavas is nearly always found together with ¢, tuntidus (1ables |
and 2), but the reverse is not true. The remark by van BeNtaem Jur
TING (1939) (text in Dutch) that (/. trniidus lives fally exposed to
the current, does not seem to e correct. Both species may also be
found together in areas of the rivers nearly without current. How-
over, contrary wo Ul ¢, butavus, U, tamzidus benetrates into the inland
waters, since it can often be found in stagnant canals and pools,

Concerning the substratum it may be noted thar we found spe-
cimens in very soft mud as well as on medium sand.

U. temidus seems 1o have the largest resistance to pollution of ail
Unionidac. In the Bieshosch arca it was the species found closese 1o
the Rhine and the infiuence of irs polluted waters (Gat van de Bin.
fennicuwesteck), Moreaver, it was the only species found living in
three blind-ending crecks branching from the Rhine (Rooigar near
Rhivon, Bakkerskil near Krimpen aan de Lek, Gat van de Kleine Hil
in the Bieshusch), We suppose that the warer in these creeks Loes to
2 certain extent through a process of biclogical self-purificacion owing
to the fairly long time that i stays in these creeks. On the other hand
it appareatly does not become sufficiently clean o s pport the other
species of unionids ceeurring in the Netherlands,

Lrds

According to Japcker (Ic) the maximum salinity at which this
specics was found is 1679 CI. We do 0%, however, have any ob-
servation of unjonids occurring at higher values than ahous 0.3% s
Ct', bur it should be noted that in most areas with Dbrackish water
unicnids may be absent for reasons of accessibility. Inside the dikes
the species is only found in the arca where fresh water from the
Rhine and the Meuse excres its influence {fig. 8). It is absent on the
many islnds of the Deka, probably because the fishes acring as 'vec-
tors’ were not able to cross the sal and brackish estyaries. According
to THIEL (1929} and vay BENTHEM JuTTiNG ( 1943) the glochidia of
Unio are expelled in June, July and Avgust and it is exactly at this
time that cthe brackish water of the estuarics penetrates to its farthest
distance in an upstream direction, thus preventing freshwarter fishes,
which may bear glochidia, from crossing those parts of the cscuzries
often filled with fresh water Ia winter, e.g. the Haringvlicr (¢f. Prp-
LEN, Lc). Some of the fecalities of U. twmidi oh the islands no
longer harkour the spucies, probably as 2 result of the inundations of
1944/45 and 1953, :

From our obscrvations we conclede that U, tumidus is the most
eutyokous unionid of the Netherlands, Therefore we certainly expect
that it will colonize the future Delta Tukes. .
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Unio piciorum (L, 1758) , 20530: Eili

Van Benthem Jutting, 1943, p. 121-124; Adam, E@.c, b 329-330; Eilis,
1962, p. 11-13,

Distribution: U, pictoram is found in sozw,éa%n\mm.ao”.mwnhw‘ﬁwmnm
central Burope and Nogtl: Africa. W. is a common &,umr_n.w in mwm N
erlands. Its distribution in the area Ed...mmzmm%a is .w:cs hw, _mmu , mo v .

Localities: Province of Zuid-Holland: Iown@?mwumw JMEM. ﬁ:.m‘_M
¢t, Henrard, 1946}, Brief'e (%, Ewnn:.&“ 1946), wﬂ\n e fw.mhwm‘.b «Mm
Nicuwersinis (NHMR), mcc:nnihmﬂ. Maasland (W yw:ﬁ,ﬂ:‘,ww..w ,m?r
Viictdanden, Maasland (INHMR), Nieuwe Maas nmwmmzwmwwﬂ, c FM
NHMR), Nieuwe Maas ncar Rotrerdam (1, RMN mmi ;Mwwmwm %.om..
Rotterdam (RMNH), Rotterdam (RMNEH), Gouda (RMN um ’
dood near Charlois (3, RMNH), near QERESRW wﬁwsmm:m .Mmm vmgmm
Rhoon (1, ZMA), Oude Maas near Rhoon (1, W,?r/?m pwﬁ:hm \ M.v
ncar Dordreche (F, ZMA), O.«&imcxnlxzmmm kreck, OQTH WW)MM% ﬁnm
Wi, Qude Dicp, Numansdorp (F, ZMA), Uo&mnnvma,: WF ‘anwf.oﬁm
near Krimpen aan de Lek 25., Schuwachtse .@nwh Cu .\r,ww,hmnm.m
(RMNH}. Province of Gelderland: .Uwynwwmwmnﬁvw r.?z\ u .j%mi-
(RMNEH), Linge ncar Wadcnoyen ( WKW,E ), Kil cmw\ H.WE% mmmw ﬁ o
wenen (W), Afgedumde Maas near Nederhemere A/w..,v p\m_:, i .)%.J.
Province of Noord-Brabant; Lange Wcmﬂ.wmu ,mccmn ,P/,. : w.,,”.wn,‘/ﬁw )
Bocreaplaat, Brabantse m_mmgmm: (t, ZMA), Gar w:gr»c(//ﬂﬂr : M,
iem (W), Reugt, idem (W), Steurgat mhom.»:w.,,m cun.:rvwnw\& Q._mn
dam, idem (W), Afgedemde Mars near W:mﬁéw. : .H...m.w_m:jﬁwmm
Maasje from Kelzersveer w0 Kapelse veer (W ) ?,?Mv w.m_,_w N Qﬂ.&o
(W), Maas near Hedel {(ZMA), Mass near ,?Eunw,h.,, w.m{mwm e
Muaasje, Heusden (F, RMNEH), mwﬁsm: (RALNH), Province 4
fane: Axclse mmmmhnmﬂ&m&‘ 2.” /M o siderztion U, pictorsm has about

Ecology: In the region under Consideratio U oy Tis 2nout

the same ecological range as U. ruidus, but in gencra :m c et 1s
more often found in stagnanc waters and the fatrer moré in .ﬁ.rw_ﬂw
waters. Figs, 8 and G show 13 inland localities .mch Q.m:.\"w.mm. ; vd”w mmm
for U. pictorsm respectively. As the total mzﬂmﬂ o \.ch:%od o
and 47 respectively, the difference is pot sigaificant (P > .r.w.hl H
that we canaes conclude with certuinty that U. picio: inba rf zum
more stagnant waters, [n inland localivies where both species o?rm h
gether, U. picloruue is cm:u:« more M.EEQ,csv,u.g:, we ,mo ..mom M;o,:
quantitative data to give stacistical E.oom of this. It is ey ¢ ﬁ, : :
table 1 that in river localities U, famiddus is the »;Lmun%..x:wn_ ous %n
cles, but in the very slow running Oude Muasje (1utble L‘ ﬁ .%._m‘. & c\.w
is almost as abundant as . remidus. Van mmz..w..mmz Jui 1iNG {1939
probably is mistaken when she states that U, pictors

ey fullv ex-

; T rearts this

posed to the current, because in the Dutch subnmury she FPOrs m 13
t0 be the case for U, tamidss. U, Pictorant was mostly encountered on
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UNIO PICTORUM (L}
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papec Saimibrods as i i

8961‘9-1()[\1 ¢ '{OA VIEALSVG
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Lt

Seeurgar Ruigt
No. sample: 446 447 48 449 450 451 452 453 434 455 456 457
HAnadonta
anating G(45) —{1) 27y —(23 —{-} (=} ~{3} 1=} —(27) ~{6) ~{1} —(4)
Psendanadonta
complanata ~(3} (=) -(2) -(1) ~—{-) ~{1) (=} ~(1) ~{4}) —(5} —(} )
Urdopictorm— 2293)  3016) 13(22) 406 —(1)  309)  sG5) - Lasy -9y (%) —(5)
Unéa twsidus 43(502) 5(26F  26{135)  3(56) 1(2) 3040) 4(36) —(27 20226)  -(54) (34 1(39)
Liovia crasims
Eatavies —(9) —(—} 3(5) —{=} (=} —{2) ~{1} (=) —{7) —(2} =~} (3}
Total: 71 8 44 7 1 6 12 1 3 - - 1
P

Table 1. Occurrence of unionids in the blind-endin
mam corrent-velocities increase from nearly zero to ab
and current-velocity. Each sample was obtained by f

increasing current-velocity

ive minures dred

these periods roughly the same distances were covered, Numbe

numbers live specimens,

[

& creck Steurgat-Ruige in the Brabansse Bieshosch. From left to right the maxi-
out 0.9 m/sec., although it is nor known what exact relation exists between distance
ging with the oyster-dredgde described zbove. During cach of

5 in brackets denore dead, bur still intact double valves, the other
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mn

ly sediments; also some specimens were found oh medium sand,
ot these may have been transported o this environment by the cur-
rent, Regarding its resistance to pollution, U. pictornn seems to oc-
cupy an intermediate position between U, erasius batovus and U, in-
viidas, JABCKEL (Le)) mentions £.67%q9 Cl as the maximum salinity
wlerated by this species, We have, however, no observations from lo-
catities with a salinity above 0.3%s CI'. Owing to difficulties in ac-
cessibility U, picsorum is probably only found inside the dikes in the
' irea whete the fresh water of the Rhine and the Meuse exerts its in-
14 fluonce aad in Feeuws-Viaanderen, where the influence of fresh water
from the higher Belgian territory is felt. The record from Zeeuws-

467

Bergse
Maas

466
-methed employed

ing

465
466 are samples raken

ame sampl

i

visanderen is the first of a live in situ specimen from the province of
Zeelnd, The species is completely absent on the islands. This species

will cortainly penetrate into the future Delra Iakes.

464

West
uidenberg. Nos. 458

463
1
14
2
-
he Bergse Maas. §

Anodanta anating (L., 1738} S

Vao Denthem Jutting, 1943, p. 137-140; Adam, 1960, p. 334-339; Ellis, :
1962, p. 22-26.
Distribution: 7L anating is a Palacarctic species, but its exact distrib- ;
ion is not fully kaown, as it is often confused with A eygnea. It
a common species in the Netherlunds. Ies distribution in the aren
mvestigated is given in fig. 10,
focalities: Province of Zuid-Holland: Poeldijk (RMNE), Boonet-

, Maasand (W), Virdingse Viiedanden, Maastand (NHMR),
Zwith between Delft and Roterdam {(NHMR), Overschie, Rotter-
] m (RMNH), Bergse plas. Rotwerdam {(RAMNH), Niciwe Maas
m acar Rotterdam (RMNH), Capelle aan de ssel (RMNH;, Nicwwer-

. kerk aan de IJssel (RMNH), Hollandse Ijssel near Moordreche (F,
ZMA), Reeuwijkse Eummm:., Souda (RMNH), Heindijksiootr, Oost-
voorne (+, Henrard, 1946), DBrielse Meer néar Sweenen DBaak, near
Briclle, near Zwartewaal and near Niecuwcrsluis (W), Brielle (W),
castle near Rhoon (1, ZMA), Qude Maas near Peortugaal (+, ZMA),
Oude Maas near Rhoon (f, ZMA), hatbour of Rhoon (f, ZMA),
Oade Maas near Heinenoord (F, ZMA), Oude Maas near Dordreche
(4, RMNY), Binpenbedijkie Mas, Maasdam (F, ZMA), harbour of
Strijen (W), Schuwachese pokier, Lekkerkerk (RMNEH), Giessen near
Giessen-Ouderkerk (RMNHD, Teerdam (RMNHD. Provinee of Gel-
derland: Wageningen (F, RMNH), Tiel (+, card index Ned. Mulacol.
Ver), Kil van Hurwenen, Hurwenen (W), Afpcdamde Maas near
Nederhemert (W) and Aalst (W), Province of Noord-Brabant: Roo-
Jevaart near Zevenbergen (f, W), De Dood, Brabantse Biesbosch
(W), Panluszand, Brabantse Biesbosch (W), Steurgat near Werken-
un, Brabantse Ricshosch (W), Afgedamde Maas near Rijswijk {f,
MA), Afgedamde Maas near Giessen (1, ZMA), Heusdens Kanaal

int

462,
k

15 Cree

e Maasje near Geertr

ide th

, 467 a sample taken just oursi

461

Oude Maasje

460
mcreasing current-velocity

459

the blind-ending creek Oud

21
27
in

East
458

No. sample:
£ Oude Maasje

Table 2. Occurrence of unionids
very slow runnin

Anodonta anatina
Psendanodonta complanata
Uwnio tumidus

Unio crassus batavus

Unio pictorum
as in table 1.

the
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ANODONTA  ANATINA (L)
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Wolff: Estuarine Unionidee

(W), Oude Maasje from Keizersveer to Kapelse veer (W), Maas near
Hedel (RMNH), Maas near Empel (ZMA), Lange straat between
Capelle and Waalwijk (W), Nicuwe Wiel, Haarsteeg (ZMA), Pro-
vince of Zeeland: Kanaal Brugge-Sluis, Sluis (W), Axelse Kreek, Axel
iW, Clingepolder near Clinge (W).

Ecology: A, anatina has been found by us in river habitats as well
is in stagnant infand waters. A decided preference for flowing water,
as indicated by ELLIS (1962), has not been observed in the Delta
area. It is indeed found more in running waters chan A, cygnes. but
on the other hand, if compared to the thwee species of Unio, it is de-
¢idedly a species of stagnant waters,

From tables 1 and 2 it appears that in riverine habirats A, awtim
is most abundant in localities with the lowest current velocitics. In
the Bieshosch atea it is especially humerous in the inundated polder
De Doud where very low current-velocities occur, In accordance with
this preference for low current-velocities and stagnaar waters it oc-
curs as much in inland waters as Unio pictoran:. In running waters
the shells were observed to be usually much thicker than in stagnant
WALCTS. :

Although Eruis {l¢.) records a preference for a sandy racher than
a muddy bottom, we have very few records from sandy bottoms. We
found the species mostly in muddy sediments with abundant plant
remains, JAECKEL (Le) indicates a salinity tolerance of 1679/ Cl.
The highest value at which we found this species was about 0.9% 0
Cl (Brielse Meer—personal communication by Mr. R. PERLEN.

According to THIEL (1929) and VAN BENTHEM JUTTING {1945} the
glochidia of Arcdonta are expelled in February-June, In that period
th¢ Haringvliet and other estuaries sometimes contain fresh water
{PEELEN, Le), but nevertheless these sca-arms seem o have prevented
freshwater fishes crossing from one island to another. Therefore we
find A. anatiina only in the freshwater area of the Rhine and Meuse
basins and in Zeeuws-Vianderen where freshwater (and freshwates
fishes) may come down from the higher situated Belgion area. The
records from Zeeuws-Viaanderen are the first of living specimens
from the province of Zeeland, We suppose that A, anasiini will be-
come a common inhabitant of the future Delra lakes.

Ancdonta cygnea (L, 1758)
Van Benthem Jutting, 1943, p. 131-137; Adam, 1960, p. 331-334; Ellis,
1962, p. 1822
Distribution: A. cygmea seems to have a Palacarctic range, althiough
its exact distribution is imperfecdly known due o confusion with
orher species. It is a common species 1n the Netherlands, Owing 10

the gradual merging of A. ¢yguea cygnea (L) inwo A. eygrea zellen-,
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sis (Gmely we did not always distinguish berween those subspecics,
Typical A. cygnea seems to be rare in the Delta ares, The distriby.
tion of the species is given in fig. 11,

Localities: Province of Zuid-Holland: Boonetvliet, Maastand (W),
Vlaardingse Vlietlanden, Maastaiid (NHMR); Overschie, Rotterdury
(T, RMNH), Hillegersberg, Roteerdam (4, evgiea cygnes t RMNH;,
Pring Alesanderpolder, Rotterdam (RMNH), Capelle aan de st
(RMNH), Nicuwerkerk ann de Fssel (RMNH), Schuwachtse polde,
Lekkerkerk (RMNH), Berkenwoude (RMNH), Heindijksloot, Oost.
voorne (f, Hearard, 1946; RMNH), Brielle (RMNH), Rockanje {4,
¥gted cygnea; +, Henrard, 1946; RMNH), near churchyard (f, ZMA;
and near castle (W, ZMA, RMNH) of Rheon, Cud-Beyerlandse kreck,
Oud-Beyerlamd (4, W), Oude Diep, N umansdorp (4, ZMA), Dordrech
(t, ZMA), Giessen near siessen-Oudekerk {RMNH), Galutheepolder,
Oulegensplaar o, W, RMNH). Proviace of Noord-Brabant: Lange Ree-
weg, Hooge Zwaluwe (W), Alm near Veen {RMNH}, Lange straat be.
tween Capelle and Waalwijk (W), Deeveren near Heusden (1, W)
Oude Maasje near Heusden (RMNH). Province of Zecland: 'Mog Plai-
sir’, Noordgouwe (F, W; this species?), Duinvlier, Qostkapelie (1,
Kuiper, 1944; ZMA}, ‘Berkenboschr, Oustkapelle (, Kuiper 194
ZMA), Der Boede', Koudekerke (f, Kuiper, 1944; A, cygred cygu
Clingepolder near Clinge (W),

Ecology: We do not have any observations of A, cygnea in a river
habitas and all old records that we could check, were from infand
waters. Nevertheless on September 7, 1949, a live specimen was
washed ashore on the beach of the Hook of Holland, pessibly carried
to sea from somewhere in the Rbine. We assume however that in the
Delta area, A. cypnes is essentially a species of stagnane watess, As it
is still absent in the Brielse Meer, created in 1950, whete A. wnating
nowadays is abundant, we conclude that it is moreover a species of
the smaller, stagnanc. waters, Probably related to its preference for
these small-sized habitats is the common occurrence of hermaphro-
ditism, possibly an adaptive mechanism to such habitats. ToMLINSGN
(1966) exphins the advantages of such a mechanism. In all focalities
where we obtained A, cygnea, it was found living on muddy botroms
rich in organic matter.

JABCKEL (1) mencions a salinity tolerance of abour 1.0%/4, CI.
However, we did not find specimens at salinities higher than 0.3%y
Cl'. Nevertheless A, cygnea is the only species known to have been
present on the shinds of the Delta area, although nowadays it has
disappeared there owing to the large inundadons in 1944/45 and
1953 (figs. 2 and 3). It may have been introduced there with the fair-
ly frequent imports of freshwater fishes for angling, but if vnionids

e
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ANCDONTA CYGNEA- CYGNEA (L)
ANGDONTA CYGNEA ZELLENSIS {Grmelin)

Fig. 11. Distribution of Anodonta cygnea. Symbols as in:Hg. 7.
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did arrive in this way, it happencd only very sarely..Moreover one
may ask why only this species should have been introduced in thig
way, as all other species have always been absent on the islands of the
Delta area. The distribution of A. cygmea in this way may have been
facilisared by its hermaphroditism. Nevertheless we believe it to be
possibe that it has been incroduced for jts own sake on account of
its large size. This supposition is supported by the fact that four of
the five localities of A, cygnea on the islads were ponds of gl
estates, The locality Berkenbosch for example was an artificial poad
without any surface connection with other waters. Aerial dispetsai of
this species by birds (RErs, 1965) seems highly improbable because
of its size, . :

The occurrence of A. cygiea in the freshwater area of the Rhine
and the Meuse and in Zeeuws-Viaanderen may have originated in a
more natuzal manner. We were not able to find a diffetence in cco.
logy berween the subspecies A. cygiea cygnea and A, cxghed zellenass,
We do not expect that this species will become very important in
the future Delta lakes, although it may extend its range on the islands
s a result of improved accessibility.

Picudanodonta conplanata (Rossmaessler, 1835}

Van Benthem Juuing, 1943, p. 141142, Adam, 1960, p. 336-337 (s
Pscirdunodonta elungare Holandre, 1836y, Ellis, 1962, p. 26-27 (s.n. Auodos-
fa complanats Rossmacssler, 18350,

Distribution: P, complanata occurs in norch-western and central
Europe, The populations of Great-Britain, northern France, Belgivm,
the Netherlands and western Germany (as far east as the Weser) are
considered by some authors o represent a separate subspecies: P,
complunata elongaty (Holandre, 1836). The species is rare in the
Netherlands. Irs disiribution in the arca investigated is shown in
fig. 7, p. 26.

Localities: Province of Zuid-Hol'and: Nieuwe Maas neas Vijfslui-
zen (f, NHMR), Nicuwe Maas near Rotterdam f, RMNH)}, Oude
Maas near Rhoon (+, ZMA, RMNH). Province of Gelderland: Af-
gedamde Mass near Nederhemert (RMNH). Province of Noord-
Brabant: Gat van de Kleine Hil, Brabantse Biesbosch (+, W), Steur-
gat, Brabanese Bicshosch (4, W), Oude Maasje near Kapelse Veer
(W), Maas ncar Empel (ZMA). Morcover the species 1s recorded
from the canal from Bruges to Sluis on Belgian territory (Apam lc)

Ecology: Owing to the small number of observations it is difficuic
to discuss the ccology of P. complunata, All observations were made
in river habitats, bus mostly (if not always) in places with only low
current-velocities. This is also recorded by vaN Bovinpa Jurrivg
(1959). Low current-velocities are accompanied by muddy bottoms

A
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and indeed our scanty records are all from muddy botcoms. As P. com-
planata nowadays only lives in the Meuse and its branches, we sup-
.w:mm that it is susceptible to pollution. As the species did not pene-
trate into the polders in the freshwater area of M:n Rhine and ,w\m
Meuse, it cannot be expected to occur on the islands of the Un @
arca, where indeed it is absent. It is not likely thar this species will

1

peneteate into the future Dedia lakes.

DISCUSSION

The ecological ranges of the Dutch species of freshwater mussels
show an extensive overlap, due to the large ¢cological amplitude of
most of these species. Nevertheless one may construct a E..,,mjﬁ
based op the currenc-velocity (fig. 12), into which all Durch u%nnwnm
may be assembled. Possibly an exception has to Tn made for tha
ucdonta complunata, owing to lack of dara. The diagram by MENTZEN
(1926) is not primarily based on the current-velocity, F.: on the ﬁﬁun
of river. Even in fast running rivers almost stagoant pits may occur,
where species intolerant to high cuerent velocities may :ﬁ,_hg,sm.
crecks investigated by us, however, were :nm.w,r_ ne,Q.Mérnnn o_;,r,n
wme depth and width, thus cusing a regular increase in n.rn.wﬂmmﬂ.#.
velocity. Moreover, the diagram of MIEN1zEN difters ?c,ﬁ ours by the
face that he does pot distinguish A. eygres. Tn our diagram .i:.aﬂ
muvements {(current) decrease from left to mwm:n. this 15 accompanied
by a decrease in the median grain-size of the mm%mﬁ:ra. e

The ecological distribution of the Dutch freshwater mussels .bwzw
bu caused in rwo ways. It is of course possible that it is caused by .&.m
civirenmental requirements of the Hﬁ:mmmm %.cﬁmmr.em“.um M.m_m:m ﬁ_m.vm
in so maiy other species. However, for :Ec:am there is still mE,c“SWm
possibility, namely that their ecological range is partly mcéw.zrc M
the ceological range of the species of fish which the molluscs nee
for their farval development. CoxeR et al. (1921) pointed out H..rmﬁ
wany American species of unionids were able to no_.z.vwﬁn %Sw HEW.,,:
velopment only in a limited number of species of H‘h.nm.:i:.ﬁm_w fish,
stly one to three species. DAVENPORT & WaRMUTH (1963) con-
firmed these findings. As far as 1 know this phenbmenon his not yet
e investigated for Buropean freshwater mussels, but from the dis-
tribution of e, Unio crasiis batavies one s inclined w expect it o
vceur here also,
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SUMMARY

The distribution and ceology of the freshwater mussels of the family Unio-
sidne was studied in the estuarice area of the rivers Rhbine, Meuse and
Lheldt. Only in the 10th century A.D. this arca became inhabitble for unie-
sk Their distribution at present has been greatly influenced by the many
I ions by sait and brackish water, most recently in 1953, Therefore the
sordogical conclusions must be based mainly on dats from the freshwates
srex of the rivers,

It is remarkable that in this area no type of species has evoived n the
wiily Unionidae, that (s adapted to the intertidal zone of the freshwater tidal

st The lower reaches of the river Rhine and its branches are oo much

polluted to support unionids, except for Uwio famidus, seme specimens of
which were found at a few particularly suitable places.
A description is given of the distribution and ceology of Unio crassns bata-
coe, U tumidus, U, pictoram, dncdonta anatina, A. cygnea and Piesdanodon-
: guata, These species scem o bave different ecological ranges (fig. 12).
i iy supgested thar these ecological differences may be partly caused by host-
soativnships of the larvae to pasticular species of freshwater Fishes.

SAMENVATTING

De verbreiding en het voorkomen van zoctwatermossels van de familie
Uotanidae werd dodr ons bestwdeerd in het estuariumgebied van de rivieren
o, Maas en Schelde. Dr gebied, ook bekend als her Dedragebied, werd pas
sode tihde ceuw na Chr, bewoenbaze vour unlosiden. De huidige verbreiding
o oierk betnvloed door de veelvuidige inundatics met zout of brak warer, de
ceesie magl in 19330 Daarom mousten doe occologls Usies VOOInane-
Lopetrekken worden uit her zodtwarergebied van de geore rivieren.
in Jdir gebied is het ¢en opmerkelifk feir dar in de familie Unienidae geen
: rt is ontstaan, dat is aangepast aan de getijzone van het zoetwaterge-
gebied, De Rijn en zijn zijtakken bleken te zeer verontreinigd om unio-
v e kunnen herbergen, uitgezonderd enkele exemplaren van Unlo tunidis
sp enkele relatief gunstige plastsen, h

De verbreiding en occologic van Undo crassws batayns, U. tamidres, U, pic-
. Anedeonta enativa, A cygues en Psendanvdonta conplonata wonlen be-
wineven. Deze soorten schijnen een verschillende occologische amplitude te
achben, hetgeen schematsch is weergegeven in tig. 12, De mogelijkheld be-
st dar deze cecologische versehillen gedeeltelifk worden verocrezaakt doot
teiatic van de larven tor hun gastheer, namclijk bepaalde svorten zoet-
watervissen,
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“ M_% MMO@W@%E vﬂcw the species ....ﬁn.ﬁo.mnlvna imr. mm: m.‘,.:onw.waw.m
morphology, reproduction, distribution and. some reflections on the

phylogeny and speciation. Ninety pages witi 330 figures illustrating
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ding histological details, are 2 demonstrarion of .ﬁr.n..m.a%.cq 55 M asa
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A special chapter is devoted o some curious developmenta man
i the family Cavoliniidae.. In addition to the pormual mmcrr rnm
characterized by a regular and parallel development of mow mwm? m:m
shell, there occur three - other types of development, viz, ?v the




