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A COMPARISON OF THE BIOLOGY AND IMPACT OF FERAL GOATS (Capra hircus L.)
(% SUBTROPICAL AND SUBANTARCTIC ISLANDS.

M.H. Rudge, Ecology Division, Department of Scientific and Industrial Research,
Private Hag, Lower Hutt, New Jealand.

ABSTRALT

Three populations on Islands in the Mew Iealand reqion fllustrate why
feral goats are pests in many parts of the world in 4 variety of habitats. On
subtropical Macauley Island goats reduced a burnt forest to grassiand, and
reached a density of 10/ha. About 22 percent of females bred twice each year.
On nearby Raoul lslamd, goat density was 1/ma. The forest canopy was intact
but regeneration was suppressed. Field and autopsy observations im 1972
indicated that 1f goat density were reduced, vegetation would recover and
productivity would rise. By 1981-83, productivity had indeed risen from
botween B3 and 9 kids/100 females/year to 170 kids/l100 females/year; and 23
percent of females bred twice each year compared with 1.5 percemt in 1372. On
subantarctic Auckland Island population density was 0.05/ha. Observations in
1973 suggested that the population was at the extreme of its envirommental
tolerance, numerically static, restricted in range and having Tittle effect on
the vegetation. By 1983, measured plots and photopoints showed that woody
vegetation could slowly increase despite goats; but that lowland tussock grass
and some Tocalized palatable trees could be eliminated. There are sound
biological reasons why goats are everywhere hard to exterminate. It seems that
there are very few places where they can be telerated without changing the
vegetation. Control operations must be planned so a5 to minimize compensatory
responses in goat productivity through increased food resources.

INTRODUCTION

Goats are one of the most widespread of domesticated animals (Rudge
19848). They are found on a1l continents and manmy islands, amongst large and
small human communities, and throughout all levels of the economic spectrum.
They are saall encugh to be easily managed either individually or in groups,
and eat a wide range of Food of varying nutritional comtent, to produce milk,
meat, and hides. Owver & wide range of climatic conditions, they remain healthy
and pralific. For centuries these characteristics have made goats valuable,
not only a5 conventional stock animals, but also to supply fresh meat an
sallipg ships, and subseguently as the imitfal Tivestock of colomists in
distant Tands.
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Because goats were such good travellers, foragers and general purpose
livestock, they were commonly liberated in remote places, tuch as islands, to
provide meat for shipwrecked castaways. Many such small transplants have since
prospered to become large free-T1iving populaticns.

The resilience and adaptability that were high among the merits of goats
have now made pests of them in many places and particularly om islands. The
classical example is the deforestation of the fisland of 5t. Helena (Darwin
1R45), but their fmpact has also been tremendous in the Galapagos archipelage
{Lewin 1978, Perry 1969), Hawaii [Yocom 1967, Scowcroft and Giffim 1983), New
Tealand (Howard 1965), and in the desertified areas of the Mediterranean and
Africa (Furon 1958).

New Iealand has never had native browsing mammals in its fauna. Many
species of the introduced mammals are now pests (Wodricki 1950, Gibb and Flux
1973) and the goat is promiment among them. For about 40 years wigorous
control campaigns have been conducted with varying degrees of success. This
has been done pre-eminently to protect native vegetatfon for its own sake, the
native animals depending on that vegetation, and catchments susceptible to
erosfon, A variety of control methods has been used (Parkes 1984a3), but
despite all this effort, the distribution of goats on the mainland islands of
New Zealand s sti1] much the same as {n the 1930's, although densities are now
genarally much lower (Figure 1].

On the smaller offshore and outlying islands the situation s a little
different. Thirteen 1sland populations have been exterminated, and only seven
now remain. [slands are particularly valuable in the conservation strateqy for
New Iealand. Many have & high level of local endemism and others are used to
1iberate endangered species 17 there are no significant pests present.

A new consideration inm conservation philosophy has arisen recently in a
plea for nations to comsider the contribution they can make to the genetic
conservation of liwestock (U.M. Food and Agriculture Organization 1575, Eowman
1981)., Some of New Zealand's feral Tivestock fes, such as sheep, provide
agppartunities to contribute to this cause (Rudge 1982, 1983), but the
reputation of goats would seem to rule them cut {mmediately. Now that so many
populations have been exterminated, there may be some among the rest that are
candidates for preservation. This paper compares three populations to
illustrate some of the more obvious and more subtle effects of goats that must
enter into such evaluations. Two cases come from the subtropical Kermadec
Islands, and one from the subantarctic Auckland 1slands.

THE KERMADEC ISLAND POPULATIONS

There are two main islands in the scattered Kermadec group, Macailey and
Racul [Figure 1). ®Both are volcanic and Raoul = stil] active. Macauley {s
the smaller of the two and is about 320 ha in extent, 2 km by 1.6 km, and
rising to 213 m a.5.1. When 9t was discovered in L7BB it was described as
covered in forest dominated by Kermadec ngaio (Myocporum chscurum), with deep
rich Titter layers and abundant bird droppings [Howes I17B7-79). At some
unknown dates after that the vegetation was burnt and some goats were
Viberated. In 1827 1t was described from a distance as being covered in rank
grass and without a single tree (D°Urville 1B32). In 1836 the whaling captain
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W.B. Rhodes landed ond recorded & few stunted trees, herbage, and many goats
(Bhodes in Stragbel 19540, By 1966 the island was still entirely covered in
herbaceous vegetation and the few remafning ngafe trees were confined to
inaccessible c1iffs (Sykes 1969). The density of goats was 10/ha, which as a
visual comparison is about the stocking lewel of sheep on many New Tealand hill
country farms. Despite this density, Z2 percent of females were breeding twice
pach year, as Indicated by simultaneous pregnancy and lactation. OF the kids,
33 rcent died before birth but owerall recruitment was 170 kids/100
females /year (Williams and Rudge 1969). This fslamd represents the
‘conventional’ case of feral goats livipg at high density in a deforested
habitat that had been altered initially by man. In this instance almost al)l of
the 3700 animals were eliminated in & single operation in 1966 and the
remaining 18 in 1970 (Sykes 1977).

Raoul [sland was discovered by Europeans in 1793. 1t was uninhabited, and
there 15 no sign that it ever had a permanent Polynesian population. It covers
Just under 3 ha and rises to 518 m on the crater rim. Although volcanic
activity hmas devastated the 1sland from time To time, the predomipant
vegetation has probably been Forest for the Tast 2000 years [(Sykes 1969). Two
main types of forest are recognized, both dominated mostly by Kermadec
pohutukawa [Metrosideros kermadecensis). Evidence of transient Folynasian
accupation has been found and here were several attempts at European settlement
in the 19th century (see Sykes 1977). These fintrusfons left a legacy of
adventive plants, several of which have become pests (Devine 1977, Sykes 1969).
Goats and pigs were introduced some time before 1836 (Rhodes in Straubel 1954].
In contrast to Macauley [sland, they made their fmpact on an essentfally
pristing forest vegetation. The pigs were never very numerous and died out
about 1964 (Sykes 1977). Externally the fsland still presents a lush forested
appearance which belies the influence of the goats within ft. Sykes (1%69)
sumsarizes the comments of botanists since Oliver (1910) on the destructive
impact of the goats and the need to control them. Many formerly prominent
plants had, by 1966, become restricted to cl1iffs and the vicinity of the
Meterological Statfon (Sykes 1977). Few or no young plants of the main canopy
tree, pohutukawa, were seen anywhere in 1966, and undergrawth was generally
sparse or severely cropped (Sykes 1969).

Since 1933 there had been many sporadic attempks at goat control
(sometimes encouraged by bounty ments to the seteorological staff] but
serfous work did not begin wuntil 1972 (Parkes 1984a). By then the population
was estimated at about 3000 (Sykes 1968), a density of 1/ha. The population
has been reduced slowly sfmce then until it is now on the verge of extinction
{Parkes 1984a). Some characteristics of the population and 1ts performance
were exanined in 1972 autopsy samples (Rudge and Clark 1978). This showed that
in the parts of the island [such as near the 5Station), where density had been
rediced by sporadic hunting, the animals grew faster as kids, and were larger
and heavier age for age than elsewhere on the island. These differences in
condition reflected the greater food supply from the recuperating vegetation.
In contrast to Macauley, only 1.5 percent of females on Raoul bred more than
once vach year, and overall productivity for the island was between Bl and 94
k1ds/100 females/year. Goats on the New lealand mainland showed greater
productivity than this with 26 percent of females breeding twice each year, and
25 percent of pregnancies producing twins [Rudge 1969). In light of this it
was predicted that a5 the population was reduced on Raoul there would be a
rapid increase in understorey vegetation (food) and greater productivity among
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seedlings of woody species which then overwhelmed 1t. This tussock had been
uprooted by pigs in many places and was prominent in their faeces.

Although some of the palatable woody plants were browsed by goats they
were commonly growing strongly within protective envelopes of unpalatables.
Most of the food of the gpats came from the swards of introduced grasses, and
they ate only small amounts of the native tussock grasses. With one exception
the subantarctic woody associations seemed to be holding their own against
browsing. This exception was where goats had browsed the salt-tolerant, but
palatable, Hebe elliptica on & windward c1iff top amd allowed the wind in to
erode the rata canopy beyond fit.

This then seemed to be a4 population of goats living at their extreme of
environmental tolerance, limited in ramge, static, and mnot threatening any
plant communities. Tem years later, in 1983, the goat population and the marked
vagetation plots and photopoints were re-examined [Campbell and Rudge 19841].
The number of goats counted over part of the goat rin?l} was similar to what was
fn the same area in 1973 (52 amd 58 respectivelyl. Their range had not
fncreased but some were seen feeding at higher altitudes than before. 5Some of
the vegetation transects were identical plant for plant with the transect
diagrams and photographs of ten years earlier. In other sites, woody
vegetation had advanced over the swards, tussocks, and moorland. By contrast,
& site where browsing had broken the forest edge of Hebe elliptica in 1973 was
almost totally transformed to Poa 1{torosa grassland By | gure 2).

The greatest change was seen and measured fn the lowland Chionochloa
tussock grassland. On three transects within the area common to goats and
pigs, the sparse cover had been reduced by 96, 74 and 34 percent and was almost
conpletely eliminated; and at two sites in the range occupied only by pigs it
had been reduced by B and 11 percent. Goats ate only small gquantities of this
tussock 1n 1973 amd the bulk of their feoding time was spent on the swards of
introduced fine grasses. MNometheless the cumulative effect of ten more years
of Vight cropping, together with rooting and tearing by plgs. was enough to
kill most of the remaining adults and suppress seedlings. The visual effect
was striking in paired photographs taken ten years apart (Figure 3). Clearly,
goats and pigs together are capable of eliminating this ftussock from the
Towland.

Figure 2, HReduction of Chicnochloa antarctica tussock in an area inhabited by
goats and pigs. Left 19/3, Kight 1983.
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the goats. These responses and the physical difficulty of hunting through
thickets would work against further control.

Autopsy information gathered during the following years of goat control
confirmed the 1972 predictions (Parks 1584a). By 1581-B3 productivity of the
females had more than doubled to 170.3 kids/100 females/year. Whereas only 1.5
percent of the females bred twice each year in 1972, 23 percent were daing so
in 1981. This meant that the population had a doubling time of about 20
months. Contrel was also physically hampered by the resurgent vegetation
(Parkes 1934h).

THE RUCKLAND ISLAND POPULATION

The Auckland Island group Ties some 400 km south of the mainland of Mew
Zealand and 15 classed among the world's subantarctic fslands (Figure 1]. The
mafn fsland covers 45,975 ha and rises to 665 m. They were discovered in 1806
and pigs werea liberated on them the next year [McLaren 1948). Pilis prospered
on the large subantarctic endemic herbs and drastically reduced their abundance
both in the flora and vegetation (Challies 1975). Whalers, sealers,
shipwrecked saflors, explorers and would-be settlers all burnt the vegetatfon
in warious parts of the islands. Thus when goats were set free at different
times in the late 19th century as food for shipwreck castaways, 1t was usually
into habfitats that had been modified already (Rudge and Campbell 1577). OF the
ten known liberations, eight simply died out and ome population was
gitermimated in 1941-42. Only ome has survived, since at Teast the turn of the
century, on the relatively sunny (but sti11 windy) northwestern end of the main
fsland. The precize reasons Tor this differential success are not kmown, but,
as it was only at the northern sites that animals endured for any time, the
islands must be marginal in climate and food resources for goats.

in 1973, when the first survey was made of the goat populatiom and its
influence on the vegetation, the population consisted of some 100 animals
scattered over roughly 2000 ha of range (density 0.05/ha). Distribution sesmed
to be limited by a deeply chamnelled stream, dease belts of scrub, and wet
windy conditions at the higher altitudes that animals would have to pass
through to reach other parts of the fsland. The goats spent virtually all of
their time in feeding activity. Productivity could not be assessed, but few
young animals were seen.

In 1573 the distribution of vegetation and of human activity (burninmg,
cutting) showed that the vegetation had been altered by man in much of the goat
range [Rudge and Campbell 1377). Woody vegetation had regenerated despite the
goats after the era of burning. On the relatively sheltered shores 1t had
returred to a rather szimple Torest in which southern rata (Metrosideros
umbellata) was dominant over five other woody species. The foresi had sparse
ground and shrub layers whether or not goats lived there, giving it the
nfisledding appearanceé of having beéen eaten out. With increasing exposure and
altitude, essentially the same combipation of plants, but with varying relative
dominance, formed scrub associations with moorland or tussock in between. On
coastal gites the tussock grass Poa litorosa formed continuous cover. In the
upland above 300 m another tussock grass, Chionochloa antarctica, replaced
scrub. At lower altitudes this tussock alternated with the scrub. 1t seemed
to have been an abundant colomizing plant in the recent past, giving shelter to
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DISCUSS1ON

The population performance and influence of goats on the Kermadec [sland
matches the oeneral perception of thege animals on islands. They were
introduced into forested habitats which, fm one instance, had already been
greatly modified by man. On Mecauley Island they were able to reduce that
habitat to a floristically and structurally simpler grassland which evidently
$t111 suited them. The population density was high yet they remained prolific
but with high pre-natal and juvenile mortality. On Raocul Islamd the continuity
of the forest cover belied the great changes that had been 1afiicted internally
on fts structure and floristic composition. Although the forest was not
scarred with canopy gaps, erosfon (other than around the craters) or large
areas of goat-induced swards such as on Macauley, there were clear signs of
progressive deterioration. The benefits for the vegetation that coulld be
expected from reduced numbers were Indicated 1in the vicinity of the
Meteorological Statfon. But comversely, the goats living in that area gave
warning that with 2 reduced density and Improved food supply, productivity
could rise. A similar response was found during control on Santa Catalina
Is1and, California (Coblentr 1982).

When control was undertaken on Macauley Island it was easy to exterminate
the population because there was so 1ittle cover. The grassland responded
immadiately, but the remmant animals were sasy to see and shoot 4 years later.
On Raoul, probably less than half of the population was removed from the forest
fn the first effort in 1972, Thus, both the animals and the vegetation had
time to respond in ways which made further control work progressively harder.
The forest wunderstorey became more dense and grew rapidly to head height,
hindering hunting by man and dogs. This resurgent food source was manifested
in the remaining goat population by Aimproved body size, growth rates and
condition; and, most importanmtly in greater productivity. But by 1982 the
population could be counted im tens rather than thousands, and exterminmation
was fn sight. AL that stage numbers were capable of doubling every 20 months
if control work lapsed (Parkes 1984a).

On both Macauley and Raoul Isiands, there was abundant evidence that the
p-unwhtiﬂus were making severe desands wpom the vegetation, and were an obvious
managesent problem. On the Auckland Islands 1t was not even clear whether or
not there was a problem, because the population did mot seem to conform to this
traditional model of high mumbers producing am impoverished habitat. Efght
known Tiberations had Failed naturally. The anly remaining population was at a
low density, seemingly unproductive and possibly even declining. With one
exception, there seemed in 1973 no serfous fmpact om vegetation. Despite the
poats, woody vegetation had steadily recovered from man's disturbance for about
100 years. Although this population was im a valuable Nature Reserve it seemed
to be at Teast tolerable, and was perhaps one of the few candidates for genetic
conservation as 1t was surviving at the extreme of environmental tolerance.

These conclusfons for Auckland Island had to be revised when the marked
plots were re-examined one decade later. Although woody communities generally
had continued to advance on appropriate sites, the Hebe/rats coastal fringe had
disintegrated and receded, to be replaced by unpalatable Poa 1itorosa tussock
grassland. This dramatic change was betrayed clearly by logs, and standing
dead and dying trees. Photographs taken in 1874 suggest that this coastal
forest community had beem even more extensive then.



In the lowland herbaceous communities, changes were not as immediately
obvious, Indeed, if the 1973 photographs had mot been used in the field in
19683 it would have been difficult to register the wirtual elimination of
Chionochioa based on the evidence of memory. Unlike woody plants, dead
tussocks Teave no durable evidence. MHowever, large dead tussock bases were
found in places under the advancing margin of scrub, indicating something of
the matural succesiion. This process may even hawe béen asiisted by goats
eating the tussocks, because woody plants have difficulty establishing in their
shade (Iotow 1965). The evidence from 19th century photographs and on the
ground strangly suggests that Chionochloa was indeed abundant fn that period
after burning. Goats and pigs have slowly reduced it, and the decade just
monitored has seen the virtual removal of its last resmants.

Because lowland Chionochloa often gets replaced by woody vegetation, its
loss need not in itselT be serfows, but there is the implication that goats may
then exploit it at higher altitudes and so migrate round the stream heads to
other parts of the island. On the other hand they may remain within the area
of their preferred food, the introduced grass swards, and gradually declime as
the woody vegetatiom comtinues 1ts steady advance. There seems 1i1ttle chance
that in thelr present impoverished habitat they would achieve the saplosive
productivity seen in the Kermadecs, but even that cannot be guaranteed. The
resurgence of the sheep population on Campbell Island (some 100 km further
south) im the 1960°s, seemed equally unlikely (Wilsom and Orwin 1964, Rudge
1584b). If, by some meams the goats reached the sheltered forests of the
eastern cost, where the understorey is richer, productivity could well rise.
At present it seems that within their present range the goats are competing
with & simple but highly adapted vegetation and that there iz a Fine balance to
which nmeither can gain the ascendancy. Although this s an interesting
scientific comundrum it must defer to the more important requirements of the
Hature Resérve.

The question remains as to whether it is necessary to control these goats
or just keep watch on them. The possibility that they will extend their range
remains small but is now {dentifiable. The fssue is complicated by the
presence of pigs, as they too browse and root up Chionochloa. Even before the
goats were liberated, pigs had removed an entire Tation type of large
subantarctic endemic herbs and tussocks (Challies 1975). The goats colonized
an impoverished habitat and have survived in 1t during the slow recovery of the
woody elements. Their measured fmpact in recent times is to accelerate the
elimination of Chionochloa aided by pigs. Removing goats alome [which would be
simple compared with Raow] Island) would be of limited benefit so long as plgs
remained. Hebe elliptica forest would recover but the large endemic herds
would mot. TT pigs alone were removed a whole new palatable herbacecus flora
would reappear and the goats might then become more productive and extend their
range.

From these comparisons 1t {s possible to make some specific comments and
also to provide numerical insights into what has happened in many places where
goat control has been so protracted (e.g. the Galapagos Islands, Lewin 1978).
Clearly goats are adaptable and resilient animals capable of dramatically
modifying the habitat and yet still prospering in it. Each of these three
expmples posed & different problem, and the solutions described all contribute
to the general question of goat conmtrol, or of preservation in & gemetic
conservation programme.
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In the Kermadec Islands the problem was obviously ome of massive
infestations of thriving populations. On Macauley, the degraded open habitat
allowed the population to be almost annihilated in a single operation. Regrowth
of the grass and herh vegetation was mot & problem 1n completing the task
because 1t remained below waist height. On Raou) Island, & limited fnvestment
in 1972 brought Vimited progress towards eatermination, but a massive pemalty
in terms of dense forest regrowth, amd heightensd productivity in the goats.
The exercise was Tmmédiately doomed to be of long duration, amd not until 1084
wts the end in sight. Clearly in habitats where plant growth is rapid, drip-
feed annual budgets are not appropriate to the biological realities. Large
costs at the start of a campaign, and 5 stated consequence of appropriate
techniques, are more 1likely to be successful and more satisfying for the
operators.

In the Auckland Islands it is still not clear that there 15 a goat problem
beyond the doctrinaire one of having them in a Wature Reserve. Their impact has
been, and still is, rather subtle, and clearly there {5 a long drawn-out battle
being Tought between them and the well-adapted subantarctic wvegetation. This,
and the intertwined contributions of human fmpact amd pigs, have emerged only
through long-tera measurements and must all be takem account of in managing the
island. But from what we now know of goat productivity when food supplies
improve, we can broadly predict what would happen 1f these animals extended
their range to richer areas. At present such an extension remains only a
possibility, but because of 1t the case for preserving this population in &
genetic conservation programme {s greatly diminished.
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