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Hawaiian vicariance

A comment on Cowie, R.H. & Holland,

B.S. (2006) Dispersal is fundamental to

biogeography and the evolution of bio-

diversity on oceanic islands. Journal of

Biogeography, 33, 193–198.

In a guest editorial Cowie & Holland

(2006) treat as entirely unproblematic a

dispersal model of the Hawaiian Islands

(their Fig. 1). They neglect to mention the

alternative vicariance model: the long

history of a single �Big Island� (the

Hawaiian Ridge) that through volcanism

grows toward the south-east and that dis-

integrates toward the north-west through

erosion, subsidence and submarine slump-

ing and landsliding. Their figure implies

dispersal from older to younger islands in

accordance with the �progression rule� (of

Hennig; Platnick, 1981). This imaginary

dispersal is an unnecessary �explanation� if

biota, by colonizing younger lava flows and

coalescing volcanoes, maintain themselves

on the growing part of the ridge.

The vicariance model is enhanced by the

discovery during the 1960s to late 1980s of

�rapid and dramatic subsidence� (Moore,

1987, p. 99) and �giant Hawaiian [under-

sea] landslides� (Moore & Normark,

1994), rendering bathymetry around the

modern islands a dubious basis for in-

ferring past geological isolation of is-

lands, even of seamounts, in this

archipelago, contrary to traditional (dis-

persalist) interpretation (e.g. Zimmerman,

1948, Figs 6, 21; Carson & Clague, 1995,

Fig. 2.2).

Cowie and Holland allow that �vicariance

has played a role� with reference to the Maui

Nui island complex, held to be emergent

during periods of low sea level during the

late Pleistocene, but they consider the is-

lands earlier to have been �sequentially

produced� in isolation of each other – the

dispersal model of their figure. Evidently the

model is that of Wilson (1963, Fig. 5; of-

ten reproduced as in Clague & Dalrym-

ple, 1987, Fig. 1.16): each volcano-island

emerges from the sea in isolation from

older islands, in Wilson’s words �like a

series of bubbles� arising �from a point be-

neath the island of Hawaii� (Wilson, 1963,

p. 868).

In 1970 �Maui Nui� was proposed for a

complex of islands: Molokai, Lanai, Kah-

oolawae and Maui (Macdonald & Abbott,

1970, p. 319). As now understood their

early geological history includes also

Oahu: �Penguin Bank Volcano [Molokai]

was connected to the island of O’ahu via a

land bridge; …newer volcanoes in the Maui

Nui complex coalesced with older ones,

ultimately forming a single landmass larger

than the current island of Hawai’i; …this

[pre-to-mid Pleistocene, 2.2–0.8 Ma] land-

mass gradually divided into separate islands�
(Price & Elliott-Fisk, 2004, p. 28) – the

vicariance model so far as the story of

Oahu-Maui Nui goes.

The Oahu-Molokai subaerial contact

seems unproblematic, reinforced in a second

area: �In addition, …there was a broad plain

connecting Oahu and [the] West Molokai

[Volcano]� (Price & Elliott-Fisk, 2004,

p. 37). Similar Maui-Hawaii contact is

possible but its discovery is complicated

by co-varying histories of subsidence and

tilt of the volcanoes. Between Maui and

Hawaii are contiguous shore features

(terraces, breaks-in-slope) at great depth

(2000 m) due to tilt toward Hawaii of the

Maui landform (Moore, 1987, Figs 2.8

and 2.9 ; Price & Elliott-Fisk, 2004, Fig.

4). A recent model of the subsidence-tilt

shows little or no separation of the two

islands: �When the oldest volcanoes of the

Hawai’i Island completed their shield

development around 0.5–0.6 Ma, the

shoreline associated with the M terrace [of

Hawaii] would have been less than 15 km

from Maui Nui’s shoreline…considerably

less than the current distance between Maui

and Hawai’i (nearly 50 km)� (Price &

Elliott-Fisk, 2004, p. 42).

In sum, further generalization of the

vicariance model – future discovery

permitting – would involve the islands of

Hawaii, and perhaps Kauai and many others.
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Dispersal and vicariance in
Hawaii: submarine slumping
does not create deep inter-
island channels

Reply to a comment by G. Nelson on R.H.

Cowie & B.S. Holland (2006) Dispersal is

fundamental to biogeography and the evo-

lution of biodiversity on oceanic islands.

Journal of Biogeography, 33, 193–198.

The Hawaiian Islands form sequentially

as the Pacific plate moves over a stationary

volcanic source beneath the crust (Clague,

1996). The volcanoes grow rapidly, but

portions collapse catastrophically, gener-

ating giant landslides and tsunami, or fail

gradually, forming submarine slumps

(Moore et al., 1989; Eakins et al., 2003).

This well-studied, clearly understood

tectonic–volcanic progression has pro-

duced a chain of islands sequentially

older to the north-west. A growing body

of evidence suggests that many endemic

terrestrial species on the present islands

evolved from lineages that initially col-

onized older islands (Carson & Clague,

1995; Price & Clague, 2002). Many

Hawaiian lineages show phylogenetic

cohesion among islands, and it is perti-

nent to ask what has driven distributions

that span multiple islands separated by

marine channels: vicariance, in which

once contiguous distributions on histori-

cally larger islands are fragmented by

erosion, subsidence and sea-level changes;

or dispersal, in which ancestral species

crossed ocean channels on the wind, at-

tached to birds, or by over-ocean drift.

We contend that both forces operate in

the Hawaiian Islands (Cowie & Holland,

2006).

Nelson (2006) suggests the possibility

of a continuous above-water Hawaiian

Ridge that once connected the islands of

Kauai and Oahu and of Maui Nui and

Hawaii (the �Big Island�), thereby permit-

ting vicariant explanations for biotic distri-

butions that span the deep marine channels

between these islands. However, high-

resolution bathymetry and the well-under-

stood geological processes by which these

islands form, erode, abrade and subside

preclude the existence of such connections.

Massive landslides, known as slope fail-

ures, have indeed been detected on or near

to the Hawaiian Ridge (Moore et al., 1989;

Smith & Wessel, 2000), and the sources,

composition, fates and ages of the

resulting debris fields have been

determined, documented and mapped.

Such events, while catastrophic, have not

resulted in the �disintegration� of islands,

historical island connections or land brid-

ges. This seems to be the key misinterpret-

ation in Nelson’s commentary: he

confounds slope failures with the presence

of deep marine channels between islands.

One respected marine geophysicist states

that �I have never seen anyone try to argue

for land bridges between Oahu/Kauai and

Maui Nui/Big Island�, and that it is �com-

mon knowledge to the geologic community

that there were no land bridges between the

two sets of islands� (J.R. Smith, personal

communication). Furthermore, contrary to

Nelson’s portrayal of the bathymetry around

the current islands as �dubious�, state-of-the-

art multibeam sonar systems, mounted on

GPS-navigated research vessels, have

revealed the sea floor in stunning detail

(Eakins et al., 2003). Submarine processes

moving enough material to clear a chan-

nel more than 1600 m deep would leave

evidence in enormous swaths.

Nelson’s commentary represents just the

kind of view we had in mind when we wrote

our article (Cowie & Holland, 2006).

While we respect his standing in the field,

his perspective on the importance of

vicariance versus dispersal in shaping the

Hawaiian biota seems to be an attempt to

impose a vicariant hypothesis on a situa-

tion for which the geological evidence

manifestly precludes it. All the geological

evidence, gathered, interpreted and

agreed upon by the marine geology

community without controversy, shows

that, while Oahu was indeed once con-

nected to Maui Nui, as evidenced by the

shallow submarine terrace now connect-

ing them (Price & Elliot-Fisk, 2004), the

deep channels between Maui and Hawaii

and between Oahu and Kauai were never

bridged. As we stated (Cowie & Holland,

2006), we accept a role for vicariance

between islands that were once con-

nected, but not between islands that have

never been connected. Maui and Hawaii

were indeed once only 15 km apart,

although 50 km today, but the deep

channel between them has been in place

since their formation. Similarly, the deep

channel between Oahu and Kauai was

once narrower than it is today, but these

islands have never shared a terrestrial

connection. Invoking vicariant island

fragmentation processes to explain ter-

restrial biotic distributions spanning these

two channels is simply not supported by

the geological evidence.

While we welcome iconoclastic, imagi-

native and unconventional suggestions,

these must follow the scientific process and

acknowledge rigorously established mecha-

nisms. We see Nelson’s commentary as an

attempt to force a vicariant perspective onto

a situation that cannot sustain it. The evi-

dence strongly supports the view we pre-

sented regarding the geological history of

the Hawaiian islands, inferred from solid

bathymetric data. Nelson’s hypothesis is not

supported scientifically and simply seems

like an unjustified attempt to negate the role

of dispersal. In our view it is time for island

biogeography to move on, finally leaving

unbalanced, vicariance-only thinking

behind.
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Anthropogenic factors behind
the recent population expan-
sion of common ragweed
(Ambrosia artemisiifolia L.) in
Eastern Europe: is there a
correlation with political
transitions?

It is generally thought that the seeds of

Ambrosia artemisiifolia L. were introduced

in large numbers into Europe from the 19th

century onwards as contaminants of agri-

cultural products, such as cereals, that were

imported from the USA and Canada where

this species is native. This has recently been

documented by a comprehensive study of

many herbarium specimens deposited in

France since 1863 (Chauvel et al., 2006).

Based on herbarium data, it was possible

to depict the historical spread of this

noxious and highly allergenic weed in

France, following multiple introductions

from North America. Some of the con-

clusions of this work were supported by a

recent molecular analysis (Genton et al.,

2005a). The herbarium materials analysed

by Chauvel et al. (2006) indicated that the

key factors in the introduction of A.

artemisiifolia in France were anthropogenic:

the increase of agricultural trade between

America and Europe in the 19th century and

the First World War could have been the

major historical events that facilitated its

introduction and spread in France. This is

not surprising, as A. artemisiifolia is an

agricultural weed and also a primary colo-

nizer of disturbed and abandoned lands

(Bassett & Crompton, 1975), so it is

regularly found in agricultural products

and can become established in areas dis-

turbed by humans.

Parallel to its spread in France, ragweed

has also appeared in southern and eastern

parts of Europe (Déchamp & Méon,

2002; Béres, 2003). The analysis of its

European invasion outside France was

not addressed by Chauvel et al. (2006).

We would like to draw attention to a few

characteristics of this process, with

emphasis on the most recent population

expansion that started in the early 1990s

in Eastern Europe, as this might comple-

ment the story of the European ragweed

invasion and could highlight the role of

anthropogenic factors in its spread.

Ragweed has in the last two decades be-

come the best-recognized weed species in

Eastern Europe. This has happened because

so many people developed allergies to the

airborne pollen of this weed that the na-

tional governments had to initiate programs

to bring attention to this noxious weed. The

last boom in its spread could be linked to

the political transitions that led to the for-

mation of young democracies in Eastern

Europe. During that process, many socialist-

type agricultural co-operatives were closed

and their lands were subdivided and re-

distributed to their former owners or

descendants, who, in many cases, did not

continue to cultivate them for years.

Thus, large, formerly well-kept agricul-

tural fields were abandoned and quickly

colonized by ragweed (Makra et al., 2005;

Kiss, in press). In addition, new roads,

motorways, shopping centres, etc. were

built, but little effort was put into land-

scape management. This created large

disturbed areas where ragweed readily

became established. In less than a decade,

ragweed became the most widespread

weed species in both agricultural and

urban areas in Hungary, as well as

in many neighbouring countries, with

the notable exception of Austria,

where landscape management standards

remained unchanged.

Until the 1970s, common ragweed was

merely one of many weed species present

especially in agricultural fields in some parts

of Eastern Europe, although its expansion

during previous decades has been well

documented (Béres, 2003). In Hungary,

for example, the national weed surveys

in wheat and corn fields showed that

A. artemisiifolia occupied the 21st position

on the list of the most widespread weeds in

1950, then became 8th on the list in 1970,

4th in 1988, and since the early 1990s it has

been the most widespread weed in the

country (Béres, 2003).

Pollen counts identified airborne ragweed

pollen in Hungary for the first time in the late

1960s. Since then, its concentration, meas-

ured during the main pollination period of A.

artemisiifolia, has increased dramatically:

since the early 1990s it has regularly reached

values as high as 1000–2000 pollen grains m)3

air on peak days, especially in southern

Hungary (Makra et al., 2004). From the

1990s onwards, the values of the average

daily counts, the total counts per year, and

the counts on peak days have all indicated

that the southern part of Hungary and the

northern part of Serbia-Montenegro are

the areas of Europe most heavily polluted

with ragweed pollen.

It is interesting to note that the Eastern

European spread of ragweed is associated

not only with the collapse of communism,

but also with its inception. Soon after

1945, when private agricultural fields

were seized from their owners to create

socialist-type co-operatives, ragweed

populations started to spread in many

fields (Béres, 2003). As the appearance of

these plants, not seen before by most

people, was clearly associated with the

new political situation, the popular name

�Stalin weed� was used for ragweed in some

regions of Hungary.

The massive spread of ragweed in differ-

ent parts of the world is always correlated

with major socio-economic transitions that

increased the area of disturbed lands. For

example, analysis of pollen in Canadian soils

showed that in the 18th and 19th centuries

the increased agricultural activity as a result
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