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The main dominant and competitive groups of fresh-waler animals are -
Ostariophysi among Iishes, crabs among decapoda, Parabathynellidae among
Syncarida, Unionacea (except Iiyriidac) among mussels, Diaptonmidae among
Calanold Copepoda and Streptocephalidae among Anosiraca, Soulh-East and
East Asia were the main centers of evolulion for these groups; North America
was a secondary center for erayfishes and mussels, South America a second cone
ter for Osturiophysi. Archaic groups, eliminated by competilive ones, survive
mainly in southern continents, espeeially Africa for fishes, Ausiralia for Inver-
tebrates. Some archaie and non-compelitive groups lived once also in northern
continents, while olhers seem to have dispersed lhrough direct contact helween
sonthern continents,

In analyvsing the zoogeography of fiesh-water fishes and terrestyial
rerfebrates, Darlington [37] coneluded that one main feature of their dis-

“ribution pattern is the presence of a few dominant and competitive fami-

I3 or higher raxa, all or most of which center in the Tropics of the Old
World, =howing the tendency to spread over the whole Megagea (e. g
Burasta, Africa and North America) and to eliminate progressively the
dder groups, which wurvive mainly in peripheral aress. He explaing in
desame manner (57 the distribution of fome old groups of Invertebrates,

Jwerrring ino Australia, New Zealand and the souihern top of South

Ameriea,

One can distinguish not only among fishes, but smong several higher
wxa of fresh-water Invertebrates, dominant and competitive Eroups on
e hand, archaic and non-competitive on the other, and their distribu-
don reflects the effects of competition and of partial elimination of the
ist-named by the first ones, ‘

IV ROUM, BIOL, — ZOOLOGIE, TOME 16, X2 3, n. 153-164, BUCARESY, 1871



P, BANARESCU

Fresh-Waters Fishes. Ax generally aceented by Dariington and ofher
students, the Ostariophysi {excluding the Gonaorynchifornies, recently
ineluded hy Rosen & Greenwood [15] as o distinet series, Anotophysi,
within Ostariophysi) are the dominant wnd most competifive group of
trosh-water fishes, Their distribution indicates two mnin conders of difle
rentiation and radintion : Sonth-Bast and Fast Asia for Cyprinoidel and
a few families of Siluriformes, tropical South America for Characoidel ané
other Siluriformes. A few families (Anabantidae, Mastacembelidae .o,
original from South-Bast Asia, sccompanied the Cyprinoidel in their
dispersal, while all other orders and families of privary Fresh-water fishes
proved Iess competitive than Ostarviophyvei and were Svanguished” by
them. The most important among the “vanquished™ groups are the Osteo-
glossomaorpha, which were once {he dominant group and had a world.
wide range; the Jurassic Fast-Asian and Siberian Lycoptera helonged to
fhem [8]. At present the Ostecglossomorpha are richely represented only
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in Afriea, bub a few survive also in South America, South Asia, Anstralia.
even in North America. Among the other non-competitive fresh-water
fishes ave : the Percopsifornmies, Ainiidae and Lepisosteidae in North Ame-
vica (formerly also in BEurope), four African families and the ilolarctic
Iisoetlormes and Percidae. ,

One general conelusion of this distribution pattern is i primitive
non-Ostariophysi were almost completely eliminated in the two dispersal-
centers of Ostariophysi, and survived mainly in Africa, then in North
America, o few also in INurope (Fig. 1).

Secondary  frest-water fishes are less competitive than prinary
ones, being sbhuodant only in Central America, where primary fresh-water
fishes are recent intruders [11] and in =ome special habhirats, sueh as
inland water bodies with wpecial chemical features from arid areas and
cvern great fakes (the Afriean Ciehlidae 1),

Even less comnpetitive are peripheral fishes, quite scarcely represen-
tedd i continental arens, but abundant in i<lands where 1here are N, Or
only quite few prinwry, seccondary and viearious fresh waler fishes {Ma-
hagascar, Lesser Sunda islnds, New Zewland) as well us in oty of con
tinents under very cold conditions, where (he former primary fresh-water
Favna was decimicted (northern Siberia and Canada, probably cold South
America fool '

Higher Crustaceans. The o

nly primary fresh-water Deeapoda are
be Craylishes : Astueidae (Holaretie) and Parastacidae (southern eon-

f

tents, except Afriea), Unlike primary fresh-watoer fishes, crayfishes
proved less eompetitive than secondary fresh-water embs (former Pota-
monidae; aceording to the recent studies by Bott [17] [2] a0, several
Fnilies, ench of them having distinet novine aneestorsy and periphersl
fresh-water prawns The Parastacidae were Fofadly elindnated Trom Afries
(where they probably lived once) and tropien! South Amerien. Decanse
of the competition of crahs, the Astacidae were not able to colonize fro-
pical Asia (or were elipninated here, it once present). Armong the Astacidae,
the primitive snblamilies, Cambaroidinae and Astacinae have a disjunet
range (North Iast Asia, Hurope, western North Awmericn), having been
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diminated in eastern North America by the more eompetifive Cambarinae.
Thiy subfanily proved even whle to compete in Central America with
BeShE A Ter GERBY (g, e

The distribation pattern of fresh-water Tsopodw and Am}'ﬁai'})(}ﬂu
doesn’t revead the effects of competition between families or generm. Both
aoups hive mainky in temperate amd even eold areay; their absence or
carcity in tropieal areas may be due to the competition by prawns,
' One peculinr gronp of frekh water Tsopoda, the i’hj'm!'ui(*oitim. lives-iu
Australing New Zealand, Indin and the southern top of Afriea. Thiy dis-
bution foo seeins to vefleet clit imination, ot least from frvopieal Africa.
gm Parastactdae, the Phreatoleoiden ocour in northern Australia, where
Vihe competition IJ} modern groups is much feebler than in other {ropical
Liveas, .

The etfects of competition are very evident in the distribution of
ane neiindy hiypogeous Syneavida {121 [131L The most primitive order,
Dimaspidaced, is exclusively Australian, the second, Stygocaridacea, lives
mosouthern Soath Ameriea and in New Zealand, while within (he last
porder, Bathynellacea, the family Bathynellidue has disjunet, bipolar
MNZe, Geenrring in the t temperate zone of both hemispheres; it h 18 heen
diminated in Eu: tropical zone by the more competi{ive Parabathynelli-
e [12].

Entomostraca, The effect of competition is evident ulso in the geo-
Pmaphical distribution of the two exclusively fresh-water families of Ca-
bnoid ("f) pepode @ Boeekellidae and Diaptonidae, The first Family ranges
mAus 'l;’l {without reaching s northern (mnu), in New Zealund and
Ealy !wm Sonth Ameriea and A(Hdl(‘lﬁ sub-untaretio islaads ;) one specles
Pedsolnted in Mongolin, The Diaptomidae ave more differencinted in Bast
Cand South-Iiast Asiag they occur thironghout Megagea and in tropical and
varn-temperate South Ameriea; two species (none of them endemie)
rach northern Anstralia, Some genera are Holaretic, but only one of

|

Jthem, Avcfodiaptonins has wowider range in Amneriea, reaching its warni-
Jlemperate parts; the other Holuretic genera ave mainly Palaearctic, a
Sew of thelr ecold-adapted species Nviog ulso in Alaska and northern

S lanada.

It is quite reasonable to concinde that Boeckelidue had onee g much
range, being eliminated Inter by the Diaptomidae from the whole
Megagen and from {ropical South Awerica s the single Mongolian species
inoa part of the former range (RPig. 3).

Among the Anostrack, one family, St treptocephalidae, scems to be
ridinting from tropieal \ rica. The range of Bran-
chinectidae (Ileh retis and cold Lemper m» Sont \mmxm) may suggest
aformer wide range and subseqguent elimination imm the 1 m;mm yet this
fanily conld also have veached femperate South America
by slow dispersal along the Andean high plateanx.

Presii-water Muossels, The main distribution pattern of fresh-water
apssels T ihe oceurrence of Unionacen {except Hyriidae) in the Megnges,
s toaxinmm of differenciation. in Inast- and South-Kast Asia (not in
f Ha 1y on oone hand, in North Ameriea on the other, the oceurrence of
Hyriidae, a fanily of Unionaces, in South America, Australin (with New
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Guinea) and New Zealand and of Mutelacea in South Ameriea, Afviea

and India. The Megageic Unionuacen arve evidently o competitive group,
There is no evidence of a former ceenrrence of Mutelacen ontsgide their
present recent; vet one can assume that Uniionacen entered relatively
recently in India and Afriea and already began fo eliminnte Hie 3nlelidue
from these conntries, The South American Hyriidae are upparently off-
choots of North American immigrants which arrived here at the end of
(',?1‘{3l:£wo.(msb@ginr‘zjng of Palaeocene [14]; the genera to which they bLelong
beeame extinet from North America, where they ma v have been eliminated
by more modern Unionacea (Fig.1y.

Fhe distribution pattern of fresh-water Prosobranehiates does not
indicate clear effects of interfamiliny compelition.

Pleeoptera. Like other aquatio inseets (and also like fresh-water
imites), the stony flies have ferrestrial origin and the adults have the possi
hility to eross water-sheds; 1 consider them (herefope Iess sigmificant for
freshewater zoogeography thi PN AGTETE R s T heir general
geographical distribution was presented by Illios in several papers [7--9],
The most primitive families have an “amphinotic” range, Ceenrving i
Australin, New Zealand snd cold South Americn, while the modern fami-
lies are Megageic, with maxinunm of differenciation i liast- and Southe
Fast Asia and to a less degree in North America ; fpuite fes stony-flies
Iive in Afrviea, THies explained this distribotion aceepting o Gondwanian
oviging respectively s Trans-Aniarctic dispersal of the primitive families,
But this distribution reflects also the effects of competition @ in Sonth
America the primitive familics were eliminuted from the 1ropics Hy the .
modern families (or these ones prevented ihe northwards dispersal of the |
former), while the ahsence of Tuodern Bmilies in Australin allowed the |
survival of the prinitive ones. %

*

Drarlingtow (3], (47 coneluded that o1l or miost of (e doniinant fani-
lies within the five classes of continental Vertebrates dispersed from Sthe
ORE World fropies™. The distribution pattern of the few fresh-water groups
discussed above proves thatnot 2t the Old World froplead zone was 1he dis-
persal eenter of the competiiive groups, butonly South Basi Axia (inels-
ding partially also wann-temperate East Aste bui exeluding Ineliagy. Phis
s oquite evident in the ease of Cyprinoidel (which veached Afriea unly
duving the Pliccene), of Unionacea, of Dinptomidae and of modern Ple-
copteric; the ouly dominant group which apparent]y dispersed from Afifes
wWas the Anostraean family Streptocephalithie, while the dispersal center
of secondary fresh-waber erabs and prawns seeins (o lave been the wlole
tropical zone, the Old and the New World familios of fresh-witer crabs
having evolved independently from distinet marine apneest ors L1427 and
the same is true for Prawns.

Far from having heen dispersal center fordominant fresh-waler
groups, Afrien was colonized roather recently by these groups (oo, Cyprie
noidei and Unionacen) and has refninoed mwmny archade gronps, espeenlly
among fishes (in no other continent do the Osteoglossomorpha amd ofher
archaic groups survive in suceh o greast nwnher as in Alvicea) : also the M
tellacea Hive in Afriean and in its southern fop a few Phreatoleoidea; only
the Purastacidae becanie ex(inet.
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The dominant groups which evolved in and radiated i“mzn south-
he Diapto-

temperate eastern North America represents
e.g. for Unjonacen and for

-0 Fast-Asiun origin,

The Ostariophysi, which are the dominant group of fresh-wiater
fishes, had o wmml conter of radiation, quite independent from the Seuth
fan : (ropical Seuth Aweriea (for (lm;d(m(m and 13 families of Silu-
formes). Dt while the Cyprinoidei dipersed from Soutd h-Toast  Asia

Lhmmlmm the whole Megugea (except Madagaseary, the Characoidei reached

Demly H( a and Central Awerica, Already the wider range reached by
the f!\l faxa ovigina) fron Soufh Bast Asia suggests that rhese are move

Aonerican origin, This iy eontivied by the
aet thot in Africa the Characoidel remained less speciose than the Cypris

{pinoided, inspite of their el olderage, A quite different situntion occ rred

m Centrd Amerien, which was colonized rather recently by primary

Ffresh-wader fishes, hoth from South and From North Ameriea {11 !,ﬂuw
Dare, it Condrad \mvaw a, only 3 fish speeies of Novth American arigin, ax

Ameriean fish
an the
North American, which i< a branch of the Megageie fuvun, having thus
aremote Bonth Asinn origing This may he;& explained by ?ht_' geographicd
position of Central Americn wiich lies very ('l(ma to the mudiation center
of the South Ameriean fish fagne and quite o from South Asia. The
Narth Asuerican sl fanna is ondy a pale veffexion of the very competitive
South Axian one; alt lum“ » dominated By Ostaviophysi (C \pmmulu andd
Ietaluridae; of remofe Asian origing Novth America 1s, alter _\m(a. the
gondinent which re t“mml the greater namber of arvehaie fish families (Hyo-
dontidae, Percopsiformes, Awiidee, Lepizosteidae). The aquatic foverte-

aeainst LOT of South American descent [10 ], The South

Srates of Central Americn have, on the contrary, North Awmeriean affi-
pities + all gencera of fresh-witer nssels, the erayiishes, ltpp-n'mﬂi_\' il
all o1 most snails, This is w cousequence of the above m(mmnu! et That

North Americn is a center of secondary radintion for cravtishes and fresh-
water missels, but not for fresh-water fishes. The fresh-water crabs of
Cenrral Ao nmu 2 belong to two families ocenrring also in South America,
one of which, Trich odaet vilidae, seems to be of € (Anlul Ameriean origin
and to have colonized South Awmerica later on [2), like Poeciliidae and
perhaps other secondary fresh-water fshes.

. Most dominant and {umpumw SEUDS of fresh-water animaly have
ghus a Megueeie or [folaretic distribution, with maximum of differen-
Bation in =onth-Iast or Bast Asic. The non-competitive, “‘\.21]1(_i1]3?711{‘4
groups rage on the contrary mainly m \(mihmn u)mmvnh ; the ]}1‘0\‘{)!3‘&
range of many of them is “Gondw imian” or ¢ Notogeic 2 '1‘1 Ansantareticd
'lhv greatest nurmber of archaic fresh- WM{’}' fish 1 (nmh(* Hve {or survive)
in Africa, only two of them in Australia, ovne also in tropical South Ane-
rica, none i Madagase u, New /mlhmd or cold South America {except
e\enumh_\ the Percichthvidie, if recognized as distinet family and net
included within the m;u-inv Serranidae). The archaic gronps of fresh-water
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Favertebrades survive nwindy in Australin (even in ifg tropleal eovnery,
New Zealand and cold Soath America, with maximum of differenciation
i Australin (Phreatoicoiles, Parastacidae), quite few of them in Afriea
and India (Mutelacea, Phreatoicoiden).

In debating the conditions which favour the evolniion of doninaut
aninal groups, Davlington [37, [4] coneluded that botl tropical dlimate
and large aveas were favorable to this evolution. A combination of both
conditions ix present (and was present in Tertiary times) in the Old World
fropick. Yet, as shown above, the evolution center for dominan fresh-
water groups was only South Hast Asia (exelnding even Indin) which is
not exceedingly lrge but had (confrary (o Afriea) favorable fropical chi-
niate sinee the Mesozoie, Also (ropical South Americn (the second evolu-
tion center for Ostariophysi) is rather Jarge and had constantiy a favo-
rable elimate, while eastern Nosth America i3 the Targest warin-teiuperate
ares ob the novthern hemispheve. e B
Many dominant groups of fresh-water animals actually need warm
or at least temperate climate @ for ex. Ostariophysi, fresh-water mussels,
erayiishes beeame extinet or diminished under eold climate in arens in
which they were onee vichly represented, such as Siberia, morthern (a-
mida, ete; fresh-water craby became extinet even.in Central Inurape.
Also Payabathynellidae arve confined 1o the (opical amd warn-temperate
zone, while Streptocephalidac ave mainly tropieal and theiy representants
m the temperate zone develop, unlike niost other Anostraes, daring the
hot months, The Diaptomidae seem to be the only doninant group of
fresh-water animals living in aretie conditions, but ifs ad pration 1o these
conditions develops quite slowly @ Paluearctic species able (o live in cold
climate eolonized Novih America, thelr offspring adapied to temmerate,
then to fropical climate, renching tropical and partinkly femnmperate South
Amerieay but has not yel re-adanted to the cold cimmte of southern South
America,

Many archaie, “vanguished™ groups survive in femperate or cold
conditions : Tampreys, Boeckelidae, Parastacidae (purtinliv N, archaie
Plecoptera, even IEsocifortnes and Pereidae (bath groups lived in Earope
awnd Novth Americn also vuder tropical or subtrupical conditions, but most
of the recent species ave cold-adaptod).

*

The role of competition m the genesis of recent faunos was enha-
sized by the snpporters of the permuanence of continents, who believe that
all animal groups at present confined to the southern Ll masses were
once distributed also on the northern continents, where they were Liter
eliminated (Dah “Verdeingungtheorie™). This view wus adopted in
recent years mainly by Dardington {31 1), even when aveepting conti-
nental dvift for a remote period [3]. He thinks that the presen range
of these faxa does not retlect Mesozoie Palacogeographyv, ~howing that
soine groups now confined fo southern, mainly cold areas, have fossil re-
presentatives in norvthern continents (Nothofagis) and he believes the same
in true for groups without fossit record.

At least one group of fresh-water animals whose distvibution is main-

Iy ®Eransantaretic” has left o relict colony in North Bast Asia: the
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BEARING OF COMPETITION ON THE PHESI-WATIR FAUNAS

Boockellidine, Osteoglossomorpha too have a few recent and fossil repre-
entatives on the nortliern bemisphere, in spite of their predominant Gon-

! - . - ) .9 . o
Aigpersal throngh the North, Buf Parvastacidae, Muatelaces, the spail fa-

f;'mil_\' Ampuilaridae (South America, Afvica, South Axia, with fossit record
inly within the present pange) indicate rather o Gondwanian, or ab jeast
Ln Afvicnuo-Brasitin dispersal ronte. Por Phreatoicoiden mud Toy the
Bamphipod Famidy yniellidae (Australing New Zealand, Ssonth Amerien,
eith indilsitions in Northo America) one e assiine independent coloni-
Sation Trom the sea. Transantavetic dispersal ean be axstmed  for archate
Plecopter, for Sty goearidacen anud eventuaily for Iyriidae. The fast named
il may have reached South America from the North, as aceepted
by Purodiz [11] buat in Aastrnlia it probably arived from South Ane-
fea, Ty an Antaretic route (a dispersal from Asia s quite fmprobable,
Dpecanse of The ahsence of fresiewater nssels in the Lesser Snnda islands).
gﬂy{:m (11 demonstated that Characidae are recent intrders in Central
Pamerica andtheirocourrence inSouth Aniericaand Afrieacannothe explained
by an independent colonization from the North: being o competifive
monp, they conld not have beconie extinet in Central Amerien, if once
Jpesent there. T have an objection in this problem. The sister-group of
tharacotdel are the Cyprinoidel, whose dispersal-center was not Indig,
Poat South Bast and even Bast Asin, egoareas which originally belonged
{10 the norhern land-mass, not 1o Gondwana, The cominon ancestors of
Cfharneoidel and Cyvprinoidel must once have lived also in the northem
continents, dispersed over most of the world {except Anstraling, becaine
oxtine! on most of range, exeept South Awmericw (or Africa) amd Houth
CHEast Asin, where they evolved in Charneoidel and Cyprinoidel, getting
i the swene tie the ehpacters whieh made them competitive, Remote,
Cnon competitiveancestors of Characoidel may once havelived also Dy Central
America. Dot the recent Chavweoidei from South Amerien and from Africa
e too closely related for aceepting an independent origin fron: sone ve-
mote, not competitive northern ancestors and i direct dispersal; by con-
fact helween both continents, is guite probable.

the animal groups with mainly or excinsively Saondwas

B

Among

pian'’ range, some prohably dispersed by direct continental eontaet (e.g.
continental dvifty, others may have been eliminat el in the north by more
competitive groups. Both cathegories are archate, noncompetitive groups
i i netmad that Mesozoie groups (the only which could use conlinental
drift) cannot compere with modern groups which evolved during Tertiavy
Hmes in =outh East Axia, T think the indisputable fact that the modern
the tendency to

groups, with South-East or [oast-Astan origin have
colonize the whole world, eliminating the older groups, is ot incompatible

Coandwaninn, respectively an Africano-DBresilion or Notogeio

sorsal of some (not all 1y archaie groups. It iy even possible
ffeventiation

with o
origin and sy
that in Mesozoie times Gondwana was the main center of di
and dispersal for deminant animal groups.

O

Swanian vanee, The distribution of Both gioups cin thiy b exphyined by
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