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Application of the dendrite analysis
in the discussion on the
biogeography of the Antarctic

ABSTRACT: The method of construction and division of dendrites proposed by
Florek et al. (1951) was used for defining of the Antarctic biogeographic areas.
The affinity matrices of Knox and Lowry (1977) resulting from the analysis of the °
distribution of Antarctic Polychaeta and Amphipoda were taken as a basis for dendrite
construction. The results of the present analysis are compared with the conclusions
of these authors and similarities and differences are discussed on the background of the
hitherto published biogeographic divisions of Antarctica.
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1. Introduction

The Southern Ocean distincly differs from other parts of the World
Ocean in its specific benthos, plankton and nekton communities. Particular
animal groups inhabiting this area have a high percentage of endemic
species, genera and even families. Open to debate, on the other hand,
is the division of this area into biogeographical regions. A proposal
of such dividing was put forward for instance by Knox and Lowry
(1977) who have used a comprehensive knowledge of the distribution
of two groups of benthos rich in species, namely Amphipoda and Polychaeta..
The basis of such an analysis were the affinity matrices of selected
Antarctic localities. These matrices enabled to group biogeographical areas
separately for Amphipoda and for Polychaeta (Knox and Lowry 1977,
Figs 3 and 7, pp. 438 and 444).
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According to the present author, there is a possibility of groupin:g.
the localities by means of the mathematically objective method proposed .
by Florek et al. (1951). Using such a method of ordering information '
included in affinity matrices of Knox and Lowry (1977) the aim of the
present author was to answer the following questions: 1) is the grouping
of localities into biogeographical areas, which is proposed by the above
cited authors, the only possible one and the best one ?; 2) will conclusions
drawn from the dendrite analysis be in agreement with the conclusions
of the above cited authors?

2. Methods

On the basis of information on the mutual affinity between the
localities in question (Knox and Lowry 1977) their shortest-dendrites
have been constructed according to Florek et al. (1951) separately for
Amphipoda and Polychaeta (Figs 1 and 2). In such ordering of the
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Fig. 1. Dendrite of localities constructed on the basis of the affinity matrix of Knox

and Lowry (1977) for Polychaeta (affinities are substituted by distances; in the table within

the figure the natural division of the dendrite is presented, where d stands for distances

expressed in percent, w' — quotients of neighbouring distances, w” — quotients indicating
the mathematical strength of given divisions)

localities those of the highest affinity are neighbouring each other. Then,
the natural division of the dendrites into parts was carried out using
the Florek et al. (1951) method which these authors present as follows:
“The number of parts, k, into which the set Z built of n elements
is divided in natural way, may be estimated by the following method: all
sections (distances = d; J. S.) occurring in the dendrite F(Z) are arranged
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in decreasing order. Let d,,d,,..d,_,; stand for the lengths of these
sections. We set the quotients of lengths (distances; J. S.) between adjacent
sections: w, = SL, Wi = di, ey Wy = dn-2 . We can say that the set Z‘\‘,
d, ds dp-y ‘
falls in the natural way into k parts, if w, < w,,, for every k =2,3, .n—1.
Of the two natural divisions the division into k parts is better (stronger),
than the division into m parts when w, <w,.” Because Knox and
Lowry (1977) have estimated the affinities and the method of Florek
et al. (1951) is based on the distances, the affinities in dendrites were
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Fig. 2. Dendrite of localities constructed on the basis of the affinity matrix of Knox
and Lowry (1977) for Amphipoda (symbols as in Fig. 1)

substituted by distances calculated from the equation: d = 100—s, where “d”
stands for distance, and “s” — affinity in percent. The values w" (Figs 1—4)
correspond to the mathematical strength of each division, indicating the
value of discontinuity in the series of quotients w’ (Figs 1, 2). The lower
is this value, the stronger is the division. Some informations on the
dendrite division are to be found also in the paper by Romaniszyn
(1970). Dendrites constructed in this way and their mathematically accep-
table divisions, constitute the basis of the present analysis.

3. Results

There are several possibilities of dividing of both dendrites (Figs 3, 4);
each of these divisions has a different mathematical strength. As the
mathematically strongest division may be not necessarily the most proper
for biogeographical divisions it is necessary to discuss each of them.
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Polychaeta

Division 1 of the dendrite (w”=0.9500) (Fig. 3) is the strongest
of the four and exhibits a highest degree of generalization. It
distinguishes three groups of areas, of which the first comprises Auckland
and Campbell Islands, the second Macquarie and Marion Islands, the
third — all the remaining localities. This division indicates to a considerable
homogeneity of the fauna of Polychaeta within all the localities of the
Antarctic including Kerguelen and Heard Islands and the Magellanic area,
and at the same time it indicates to significant differences between the
three so distinguished groups. However, this division does not contribute
much to solving the problem of biogeographical division of the Antarctic.
On the other hand divisions 2 and 3, and particularly the latter can be
well used for this purpose. In respect to mathematical strength, both
these divisions are equivalent. The latter, which seems to be more justified
from the biogeographical point of view, distinguishes 7 biogeographical
areas:

1) East Antarctic

2) West Antarctic (Scotia Arc with the Antarctic Peninsula)

3) Magellanic

4) Kerguelen and Heard Islands

5) Marion Island

6) Macquarie Island

7) Auckland and Campbell Islands. ‘
Division 2 stresses additionally a strong affinity between Tierra del Fuego
and Falkland Islands on the one hand and the Antarctic - Peninsula
and South Shetland Islands on the other. Division 4 (w” = 0.9998), which
is mathematically very weak, distinguishes the Scotia Arc, the Antarctic
Peninsula and the Eastern Antarctic as one separate area. Being very
weak in comparison with the others, this division may be ignored.

Amphipoda

In the case of Amphipoda biogeographical division carried out on the
basis of the distribution of Amphipoda is less univocal than in the case
of Polychaeta. There are as much as 7 possible divisions of the dendrite
(Fig. 4). The strongest one (division 1, w” =0.9229) combines Tierra
del Fuego with Falkland Islands, leaving other localities as separate
groups. This division indicates to considerable differences among the
faunas of Amphipoda of all localities in question and consequently, in
contrast to Polychaeta, to the higher variability of the amphipod fauna
as a whole. As in the case of Polychaeta, this. strongest division contri-
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Fig. 3. Four possible divisions of the dendrite from Fig. 1.
(Explanations in the text and in Figs 1 and 2)



310 Jacek Sicinski

butes little to the biogeographical dividing of the Antarctic. In this case
each locality forms a separate group. Divisions 2 and 3 have similar
mathematical strengths and are very similar to divisions 2 and 3 of the
dendrite based on the distribution of Polychaeta (Fig. 3). Division 2
(Fig. 4) distinguihes similar areas, and division 3, similarly as in the case
of Polychaeta, stresses the faunistic similarity of two smaller areas. Divisions 4
and 5, which are mathematically slighty weaker, are very similar. They
differ only in respect to Burdwood Bank, which may result from the
insufficient knowledge of this locality as it was pointed out by Knox -
and Lowry (1977). Divisions 6 and 7 are very weak and seem to be
little justified from the biological point of view.

4. Discussion

An analysis of an affinity matrix of the localities which was proposed .
on the basis of the distribution of Polychaeta inclined Knox and Lowry'
(1977) to distinguisch three areas: A. Subantarctic (with King Edward
Island, Macquarie and possibly Auckland and Campbell Island), B. Antarctic
(with the whole coastline of the continent together with the Scotia Arc,
Kerguelen and Heard Islands), and C. Magellanic (including Tierra del
Fuego and Falkland Islands). From the viewpoint of the dendrite analysis,
such a division is weakly justified. Division 4 (Fig. 3), which, as it was
mentioned earlier, is mathematically very weak, is closest to such a concep-
tion. According to this division 4, Kerguelen and Heard Islands constitute
a separate area; the subantarctic islands — Marion, Macquarie and Auckland
and Campbell, should be then considered as three independent areas as
well. Division 3 is the most justified one (Fig. 3) from the biological
point of view.

In the case of Amphipoda, the division 2 (Fig. 4), which is mathemati-
cally strong, should be considered the best one in biogeographical terms.
It accords with the division proposed by Knox and Lowry (1977),
except the subantarctic islands, which constitute here separate areas.

The final conclusion of Knox and Lowry (1977) concerning the
biogeographical division of the Antarctic on the basis of the distribution
of Polychaeta differs from the scheme appearing directly from the affinity
matrix. They state: “.. we believe they group mainly as a large Antarctic
area which includes the whole coastline, including the Scotia Arc and
a smaller Magellanic area which is not very convicingly separated. The
Subantarctic area includes only Macquarie and Marion Islands, both of
which show some relationship with the Antarctic, and Auckland and
Campbell with New Zealand”. At the same time Knox and Lowry
(1977) stressed that the regionalization on the basis of the distribution
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Fig. 4. Seven possible divisions of the dendrite from Fig. 2
(Explanations in the text and in Figs 1 and 2)
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of Polychaeta differs from the grouping of localities resulting from the
distribution of Amphipoda. In the opinion of the present author this
conclusion seems to be controversial. It appears that the grouping of
localities in the case of both animal groups can be similar. The difference
between the two divisions of Knox and Lowry (1977) results from the
accepted affinity limit value of 25 (localities of the affinity equalling
or exceeding this value are combined in groups by these authors). However,
this value must not be an essential and only one for each matrix taken
separately and for both matrices taken together. It seems that a natural
division of dendrites which is based on a mathematically objective criterion
evidences for the concept of similar regionalization for both animal groups.
The following remarks can be put forward. The final division of Knox
and Lowry (1977) based on the fauna of Polychaeta is almost identical
with the mathematically strongest division of the dendrite (Fig. 3—1).
If, however, such a grouping was to be accepted then, consequently,
the zoogeographical division made on the basis of the fauna of Amphipoda
should correspond to the division 1 of the dendrite presented in Fig. 4,
because only these two divisions are camparable as regards their mathematical
strength. Nevertheless, these strongest divisions indicate rather to the
difference in the faunas of the two groups (homogeneity of the fauna
of Polychaeta and heterogeneity of the fauna of Amphipoda), then the
possibility of different biogeographical divisions. In respect to the mathema-
tical strength, the division 1 is followed in both dendrites by divisions 2
and 3. In view of the present consideration important divisions are
division 2 for Amphipoda (Fig. 4) and division 3 for Polychaeta (Fig. 3)
In both cases the grouping of localities is almost identical (the separate
position of Burdwood Bank in the case of Amphipoda and of Adelie
Coast in the case of Polychaeta may be ignored, taking into account
the remark of Knox and Lowry (1977) about the insufficient knowledge
of these regions. The peculiarities of the faunas of both animal groups
cause that the divisions of both dendrites are different, especially in the
case of the mathematically strongest divisions. Nevertheless the more detailed
regionalization on the basis of polychaete fauna is possible, although
it has to be based obviously on more subtle criteria. Consequently, to th:
present author’s mind, the grouping of localities can be the same, wit
biogeographic distinction between East and West Antarctic, in the ca:z
of both animal groups. This is in accordance, in respect to Polychaet.i,
with the conclusions of Averincev (1972) from the distribution of Polychaei 1
Errantia. '

The majority of authors dealing with biogeographic regionalization
of the Southern Ocean consider the West Antarctic and East Antarctic
as separate regions (Ekman 1953, Knox 1960, Andriashev 1965, Kusakin
1967, Hedgpeth 1969, Kott 1969, Averincev 1972, Cantera and



312 Jacek Sicinski

Arnaud 1984) and only few authors regard the whole Antarctic as one
region (Powell 1965, Dell 1972).

There are different opinions on the biogeographic status of South
Georgia. Ekman (1953), Knox (1960), Andriashev (1965) and Powell
(1965) are treating this island as a province of the equal rank as an

Antarctic province, encompassing the continent together with Scotia Arc
and Bouvetgya and Heard Island. Kusakin (1967) and Averincev (1972)
proposed to separate South Georgia subregion equivalent to the West-
and East-Antarctic subregions. Hedgpeth (1969, 1970) and Dell (1972)
-suggested for South Georgia a particular rank — a district in the Scotia
subregion. Finally Kott (1969) divided the Antarctic region in two pro-
vinces — a continental one and a South Georgia province. This last one
would encompass the Antarctic Peninsula and the whole Scotia Arc.
Biogeographic rank of South Georgia resulting from the dendrite analysis
(Figs 3 and 4) fits the best to the concept of Kott (1969). It seems
that basing on the distribution of Polychaeta and Amphipoda South
Georgia should be included to the West Antarctic. It is to be stressed,
however, that South Georgia faunistically shows similarities on one hand
* to the Magellanic area and to the East Antarctic area on the other,
and in the case of Polychaeta also to the Kerguelen Islands (Figs 3 and 4).

The faunistic affinities of the subantarctic islands are very interesting.
From the analysis of the dendrites divisions (Figs 3 and 4) it follows
that Macquarie Island, Kerguelen and Heard Islands, Marion Island
and Auckland and Campbell Islands constitute four separate biogeographic
areas. Such a division is near to the concept of Kusakin (1967) resulting
from the analysis of the distribution of Isopoda. This author distinguished
the Kerguelen region, dividing it however in three subregions: Macquarie,
Kerguelen and Marion. Knox and Lowry (1977) are stressing as well
that the said islands because of their amphipod fauna specifity make
them difficult for grouping. In general, however, most of the authors
join Prince Edward, Marion, Crozet, Kerguelen, Heard and Macquarie
islands in one unity (Knox 1960, Andriashev 1965 Powell 1965,
Hedgpeth 1969, Averinvev 1972, Dell 1972, Cantera and Arnaud
1984). Most of the authors are of the opinion that the Auckland and
Campbell Islands should be considered as an area separate from all other
subantarctic areas. Only Kott (1969) included these islands into the
Kerguelen province together with Macquarie, Kerguelen and Heard Islands.

5. Conclusions

I. The dendrite analysis of data included in the matrices of Knox
and Lowry (1977) allowed to group objectively particular Antarctic
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localities; this grouping confirms and illustrates a number of con-
clusions of these authors regarding the biogeographical division
of the Antarctic and also the conclusions about the pecularities
of the faunas of both animal group analysed. On the other hand
this dendrite analysis makes part of their conclusions disputable.

The mathematically strongest divisions of both dendrites and their
structure confirm and illustrate the homogeneity of the Antarctic
fauna of Polychaeta and a considerable variability of the fauna of
Amphipoda.

The natural divisions of both dendrities with several possibilities
of grouping illustrates well the idea of Knox and Lowry (1977)
that the subantarctic islands (Kerguelen and Heard, Marion, Macquarie
as well as Auckland and Campbell) should be considered four:
distinct zoogeographic areas. This is especially clear in the analysis
of the distribution of Amphipoda.

The structure of the dendrites illustrates well the concept of the
exceptional position of South Georgia as a transitional area, which
is particularly obvious in the case of Polychaeta. This area is a place
in which the dendrite branches into four different biogeographical
areas.

. The proposal of distinguishing biogeographical areas on the basis

of Polychaeta distribution which is here presented differs from the
concept of Knox and Lowry (1977). The grouping of localities
in the case of both animal groups discussed would be similar
with a reservation that the differences in the case of polychaete
fauna are only more subtle. Thus the presently proposed division
of the Antarctic into areas is in general in agreement with Averincev’s
(1972) division based on the distribution of Polychaeta Errantia.

The opinion of Knox and Lowry (1977) that in the case of the
analysis of the distribution of Polychaeta the Magellanic area cannot
be distinctly enough separated from the Antarctic area, seems to be
controversial, and, consequently, the combining the two areas is also
disputable. As it is shown in Fig. 3 the Magellanic area is distinctly
separated.

Disregarding the strongest divisions of both dendrites as contributing
little to the problem of the Antarctic biogeographical regionalization
as well as the weakest divisions, the present author proposes the
following division identical for Amphipoda and for Polychaeta (Fig. 5):

A. Magellanic.area

B. West Antarctic area (= Scotia Arc with the Antarctic Peninsula)
C. East Antarctic area

D. Marion Island



Fig. 5. Map of the Antarctic with proposed biogeographic areas
(1 — Tierra del Fuego, 2 — Burdwood Bank, 3 — Falkland Islands, 4 — South Georgia,
5 — South Orkney Islands, 6 — South Shetland Islands, 7 — Antarctic Peninsula, 8 — Enderby
Land, 9 — Davis Sea, 10 — Adelie Coast, 11 — Cape Adare, 12— McMurdo Sound, 13 — Ross
Sea, 14 — Marion Island, 15 — Kerguelen Island, 16 — Heard Island, 17 — Macquarie Island,
18 — Auckland Island, 19 — Campbell Island; A — Magellanic area, B — West Antarctic area,
C — East Antarctic area, D — Marion Island, E — Kerguelen and Heard Islands, F — Mac-
quarie Islands, G — Auckland and Campbell Islands)
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E. Kerguelen and Heard Islands
F. Macquarie Island
G. Auckland and Campbell Islands

VIIL. Separating the East Antarctic from the West Antarctic as distinct
zoogeographical units is more justified than combining them into one
area.

6. Pe3sromMme

Ucnonb3ys tabmuusl cxoncrsa Hoxca u Jloypu (1977), paspaboTaHHble Ha OCHOBE
pacnipeaenenus aHtapkruueckux Polychaeta m Amphipoda, npencTaBieHbl NpPeIOKEHUS Ul
MaTeMaTHYECKON IPyNMUPOBKA aHTaPKTH4YeCKUX pailoHoB. [Ipu nomoiu metosa ®iopka u ap.
(1951) GBI cocTaBjieHBl CaMble KOPOTKHE [EHAPUTHI PAHOHOB M MPOBEAEHO HX MaTEeMaTH-
4yeckoe pasnenenue (puc. 1, 2, 3, 4).

C maTeMaTHYeCKOM TOYKM 3PEHUSI CaMble CHJIbHBIE pa3jeieHuss OOOMX [JEHAPUTOB MOJ-
TBEPXKIAIOT U XOpoio obocHoBeiBatoT runotesy Hokca u Jloypu (1977) o6 onHopoaHOCTH
(daynsl anTapkTHueckux Polychaeta w 0 3HauYMTENLHOM pasHooOpasuu GayHel Amphipoda.
W3 ananusa oOOMX HEHAPUTOB cieayeT, 4yTo cybanTapkTuueckue octpoBa (Kepresnen, Xépa,
Mapuon, Makkyopu, a Takxe Oxsena 1 Komnbena) Hy)HO CUUTaTh HE3aBUCHMBIMHU 300r€0rpa-
(UYECKUMHM NPOBUHLMAMHU, YTO XOPOLIO COBMAJAeT C MHEHHEM aBTOPOB BBIIE YKa3aHHOM
paboTsl. ['pynnupoBka pafoHOB B ciiyuae 00EUX PacCMATPUBAEMBIX I'DYINI KHUBOTHBIX ABJISETCS
AHATOTHYHOI. YTO. B CBOIO ouepe/lb. oTiauuaetcss oT npetokenus Hokca u Jloypun. ComHu-
TeIbHBIM KAKCTCS TAKKC 110/MEPKUBAHHE aBTOpaMu Toro ¢akra, yto B ciaydae Polychaeta
Mare/UIAHCKAs [IPOBUHIIMS HE OT/EJISCTCS OTUYETIUBO OT OCTAJIbHBIX AaHTAPKTHYECKUX MPOBUHIMMA.

Mo wvuennio aBTopa HacTosieil CTaThbU HEOOXOMMO TPUHATH CIHEAYIOLIee pa3jiesieHue.
O/IMHAKOBOC LIt 00euX 1pyiin OeHroca (puc. 5):

[TpoBuHIMS BOCTOYHON AHTAPKTH/bI

[Tpounuus 3anaguoit Antapktuabl ([yra CkoTusi ¢ AHTaAPKTHYECKHM IOJYOCTPOBOM)

Maresnutanckasi poBHHLMS

OctpoBa Keprenen u Xépn

OctpoB Mapuon

OcTtpoBa Makkyopu

OctpoBa Oxinenn u Kamnbesur.
Pasnenenne BOCTOYHOW M 3amajHONW AHTAapKTHUABI, KaK OTAEJIbHBIX 300reorpaduyeckux IMpo-
BUHIMHU, B COOTBETCTBUM C MPHHATBIMH NMPUHIMIIAMH aHAJK3a JAHHBIX, sBJseTCsS Oosiee 060CHO-
BaHHBIM, YeM OObEJIMHEHHE UX B OAHY 00JACTb.

7. Streszczenie

Wykorzystujac tabele podobienstw Knoxa i Lowry’ego (1977) opracowane na podstawie
rozmieszczenia antarktycznych Polychaeta i Amphipoda, przedstawiono propozycj¢ matematycz-
nego grupowania rejonoéw szelfu antarktycznego. Postugujac si¢ metoda opisana przez Florka
i innych (1951) ulozono najkrotsze dendryty rejonéw oraz dokonano ich naturalnego
podziatu (rys. 1, 2, 3, 4).

Najmocniejsze podzialy obu dendrytéw potwierdzaja i dobrze uzasadniaja tez¢ Knoxa
i Lowry’ego (1977) o jednorodnosci fauny antarktycznych Polychaeta i o duzym zréznicowaniu
fauny Amphipoda. Z analizy obu dendrytow wynika, ze wyspy subantarktyczne (Kerguelen
i Heard, Marion, Macquarie oraz Auckland i Campbell) nalezy traktowaé jako niezalezne
obszary zoogeograficzne, co jest zgodne z zapatrywaniem autoréw oryginalnej pracy. Grupowa-
nie rejondow w przypadku obu rozpatrywanych grup zwierzecych jest podobne, co z kolei
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rozni si¢ od propozycji Knoxa i Lowry'ego. Dyskusyjnym wydaje si¢ podkreslenie tych
autoréw, iz w przypadku Polychaeta obszar magellanski nie jest zbyt przekonywujaco
oddzielony od obszaru antarktycznego. .

Zdaniem autora niniejszych uwag nalezy przyja¢ nastgpujacy podzial, jednakowy dla

obu grup bentosu (rys. 5):
Obszar Antarktydy Wschodniej

Obszar Antarktydy Zachodniej (Luk Scotia z Pélwyspem Antarktycznym)
Obszar magellanski

Wyspy Kerguelen i Heard

Wyspa Marion

Wyspy Macquarie

Wyspy Auckland i Campbell.

Rozdzielenie Antarktydy Zachodniej i Wschodniej jako osobnych obszaréw zoogeograficznych
jest, w mysl przyjetych zalozen analizy danych, bardziej uzasadnione niz laczenie ich w jeden
obszar.

W
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