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EFFECTS OF FERAL GOATS (CAPRA HIRCUS) ON ALDABRA ATOLL 

BY 

BRUCE E. COBLENTZ~ AND DIRK VAN VUREN~ 

The o r i g i n s  of goats on oceanic  i s l a n d s  a re  d i v e r s e  and o f t e n  
p o o r l y  documented. For  most p o p u l a t i o n s ,  t h e  da te  and purpose o f  
i n t r o d u c t i  on remai ns u n c e r t a i  n  ( r e v i  ewed by Cob1 e n t z  1978), and i n any 
event,  p a l e s  by compari son w i t h  t h e  e c o l o g i c a l  consequences. 

The e a r l i e s t  documented i n t r o d u c t i o n  of goats t o  an oceanic  i s l a n d  
was p robab ly  t h a t  on to  St. Helena where t h e  i n i  t i  a1 i n t r o d u c t i o n  
o c c u r r e d  e i t h e r  i n  1502 (Darwin  1860) o r  1513 (Wal lace 1911). The 
e x t e n s i v e  damage t o  n a t i v e  v e g e t a t i o n  r e s u l t e d  i n  an o rder ,  i s s u e d  i n  
1731, t h a t  a l l  s t r a y  an imals  shou ld  be des t royed  (Darwin 1860). 
Never the less,  by 1810 t h e  i s l a n d  was reduced f rom a h e a v i l y  f o r e s t e d  
c o n d i t i o n  t o  an oceanic  rock (Darwin 1860, Wodzicki  1950). An 
i m p o r t a n t  p o i n t  concern ing  t h e  d e s t r u c t i o n  of t h e  endemi c  f o r e s t s  o f  
S t .  Helena was t h a t  i t  took  a  l i t t l e  over  200 years  f o r  t h e  
d e s t r u c t i o n  t o  be completed (Darwin 1860). When t h e  l a s t  o f  t h e  
mature t r e e s  f e l l ,  t h e  seed sources were gone f o r e v e r .  I n  c o n t r a s t ,  
goats  have o n l y  been p r e s e n t  on A ldabra f o r  a  l i t t l e  more t h a n  100 
y e a r s  ( S t o d d a r t  1981). 

P u b l i s h e d  d e s c r i p t i o n s  o f  t h e  e f f e c t s  of f e r a l  goats i n  i n s u l a r  
ecosystems have been n e a r l y  un i  versa1 l y  negat ive,  o f t e n  dramat i  c a l  l y  
so  ( rev iewed by Coblentz  1978), i n c l u d i  ng d e s t r u c t i o n  of n a t i v e  
vege ta t ion ,  e x t i n c t i o n  o f  p r e f e r r e d  fo rage  species,  p r e v e n t i o n  o f  
s e e d l i n g  regenera t ion ,  a c c e l e r a t e d  s o i l  e r o s i o n ,  and numerous i n d i r e c t  
e f f e c t s  upon endemic fauna, up t o  and i n c l u d i n g  e x t i n c t i o n  ( f o r  
example, Greenway 1958). 
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Because o f  i t s  f i n a l i t y ,  e x t i n c t i o n  seems t o  t ake  precedence i n  
t h e  manner i n  which we view t h e  e f f e c t s  o f  f e r a l  goats; however, i t  i s  
t o  those i n s u l a r  species threatened, but  not  y e t  e x t i  n c t  t h a t  ' a t t e n t i  on 
needs t o  be d i rec ted .  Al though a r e l a t i v e l y  few i s l a n d  species have 
been d r i ven  t o  e x t i n c t i o n  by f e r a l  goats (bu t  see Thorne 1967), 
probably  a  g rea t  many more have a p recar ious  s t a t u s  t h a t  i s  o f t en t imes  
unnot iced. High l e v e l s  of g raz ing  pressure, i n  a d d i t i o n  t o  nega t i ve  
e f f e c t s  on favored p l a n t  species, may have dramat ic  e f f e c t s  upon 
i n v e r t e b r a t e  communities (Hutchinson and King 1980) ; t h e  e f f e c t s  o f  
f e r a l  sheep have been shown t o  produce marked e f f e c t s  upon i n s u l a r  
a v i  faunal  communities (Van Vuren and Coblentz 1987). 

GOATS ON ALDABRA - BACKGROUND 

Goats have been present  on Aldabra (46'20' E. Long., 9'24' S. Lat.)  
s i nce  sometime p r i o r  t o  1878 (Stoddard 1981); however, i t  i s  on l y  i n  
recen t  years t h a t  t h e i r  presence has been viewed w i t h  alarm, and then  
o n l y  by some o f  t h e  b i o l o g i s t s  v i s i t i n g  t h e  At01 1. A l though t h e r e  
i s  u n c e r t a i n t y  about goat numbers on t h e  At01 1 d u r i n g  t h e  past  100 
years,  they apparen t l y  have not  achieved t he  s p e c t a c u l a r l y  h i  gh 
d e n s i t i e s  on Aldabra as they have on other ,  more p r o d u c t i v e  oceanic 
i s l ands .  However, Dupont (1929, c i t e d  i n  Stoddar t  1981) mentioned 
"hundreds o f  them" i n  1916 and "severa l  thousands" by August 1929. 

Goat numbers on Aldabra appear t o  have been r e l a t i v e l y  low i n  t h e  
p a s t  severa l  decades (S toddar t  1971, Goul d  and S w i  n g l  and 1980) except 
t h a t  they have increased markedly on Grande Terre,  t h e  l a r g e s t  i s l a n d  
o f  t h e  A t o l l ,  i n  t h e  past  severa l  years. To ta l  goat numbers on 
Aldabra increased f rom an es t imated  500-600 i n d i v i d u a l s  i n  1976-77 
(Gould and Swingland 1980) t o  as many as nea r l y  1300 (Gould-Burke, M. 
1986, paper g i  ven a t  I n t e r n a t i o n a l  A1 dabra Workshop, Smi  t hson i  an 
I n s t i t u t i o n )  i n  1985. The inc rease  i n  goat numbers prompted concern 
f rom severa l  b i o l o g i s t  t h a t  some elements o f  t h e  endemic Aldabra b i o t a  
would be severe ly  impacted by h i gh  l e v e l s  o f  he rb i vo ry  imposed by t h e  
goats. 

Our p r o j e c t  was p r e c i p i t a t e d  i n d i r e c t l y  by t h e  r e p o r t  o f  Newing e t  
a l .  (1984) i n  which da ta  were presented i n d i c a t i n g  t h a t  goats were 
g r e a t l y  i nc reas ing  on both I l e  Malabar and Grande Terre,  and t h a t  on 
Ma1 abar goats were spreading westward i n t o  p r e v i o u s l y  unoccupied 
areas which were t h e  s o l e  h a b i t a t  of t h e  endangered Aldabran brush 
wa rb le r  ( N e s i l l a s  aldabranus).  I n  add i t i on ,  a l though t h e r e  were f a r  
more qoats on Grande Te r re  than on Malabar. few researchers o the r  than 
~ e w i n g  e t  a l .  (1984) f e l t  t h a t  t h e r e  was any s i g n i f i c a n t  compe t i t i on  
between t h e  endemi c  g i  an t  t o r t o i  se (Geochelone g i  gantea) and t h e  
goats, a l though t h i s  b e l i e f  seems t o  have been based p r i m a r i l y  upon 
comparison o f  food  h a b i t s  ( f o r  example, Gould and Swingland 1980). 

Thus, our  p r o j e c t  was i n s t i t u t e d  as a p i l o t  p r o j e c t .  Our 
o b j e c t i v e s  were t o  1 )  e rad ica te ,  i f  poss ib le ,  a l l  goats f rom I l e  
Malabar, 2) determine i f  e r a d i c a t i o n  o f  goats was p o s s i b l e  f rom t h e  
e n t i r e  At01 1, and 3 )  determine s u b j e c t i v e l y  t h e  e f f e c t s  o f  goats on 
major  p o r t i o n s  of t h e  Aldabran b io ta .  The r e s u l t s  o f  o b j e c t i v e s  1 and 
2 a re  repor ted  elsewhere (Coblentz and Van Vuren, 1987 unpubl ished 
r e p o r t  t o  Seychel 1  es, I s 1  ands Foundat ion)  ; t h i  s  paper r e p o r t s  our  
f i n d i n g s  concerning o b j e c t i v e  3. 
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EFFECTS OF GOATS ON ALDABRA 

We were on Aldabra 30 January th rough  8  March 1987. On I l e  
Malabar, a l l  a ccess ib l e  areas between Passe Houreau and a  p o i n t  about 
0.5 km west o f  Anse Grand Grabeau were searched f o r  goats and goat 
s ign.  Goats were shot whenever observed, and areas hav ing  s i g n  o r  
where goats were heard bu t  not  seen were searched repea ted l y  u n t i l  
i n d i v i d u a l s  were l o c a t e d  and k i  1  led .  S u b j e c t i v e  e v a l u a t i o n s  o f  goat 
impacts  were made con t i nuous l y  as areas were searched f o r  goats and 
s ign.  On Grande Terre ,  a l l  h a b i t a t s  i n  an area between t h e  lagoon a t  
Bras Cinq Cases and t h e  c o a s t l i n e  f rom rough ly  1 km n o r t h  o f  t h e  
a i r s t r i p  ca i r n ,  south and southwest n e a r l y  t o  Anse Takamaka, were 
searched f o r  goats and examined f o r  t h e i r  e f f e c t s .  

Environmental  damage due t o  goats on I l e  Malabar was judged t o  be 
l i g h t .  S i g n i f i c a n t  e f f e c t s  o f  goats, p r i m a r i l y  as browse l i n e s  on 
p r e f e r r e d  fo rage  species,  were observed i n  on l y  a  few l o c a l i z e d  areas. 
The heav ies t  goat damage, and t h e  l a r g e s t  area o f  cont iguous 
goat h a b i t a t ,  was i n  t h e  M idd le  Camp area, and much o f  i t  probab ly  
o r i g i n a t e d  i n  pas t  years  when t h e  p o p u l a t i o n  was h i g h e r  (>76 i n  
1976-77, Gould-Burke, M., 1986, paper g iven  a t  I n t e r n a t i o n a l  A ldabra 
Conference, Smithsonian I n s t i t u t i o n ,  vs 32 i n  t h i s  s tudy) .  However, 
even a t  M idd le  Camp t h e r e  were many shrubs a v a i l a b l e  t o  t o r t o i s e s ,  and 
t o r t o i s e s  were f r e q u e n t l y  observed browsing. 

F e r a l  goats a re  severe ly  damaging t h e  Grande Te r re  ecosystem; t h a t  
was immediate ly  ev i den t  t o  us as we began h i k i n g  i n l a n d  f rom Bras Cinq 
Cases on t h e  lagoon s i d e  o f  t h e  i s l a n d .  We n o t i c e d  t h a t  goat s i g n  was 
abundant w e l l  i n t o  t h e  mangroves ( f r o m  t h e  land  s i d e ) ,  and t h a t  a  
v i  r t u a l l y  cont inuous browse l i n e  n e a r l y  2  m i n  h e i g h t  was present .  
Even a  cons iderab le  amount o f  Pemphis a c i d u l a  had been comple te ly  
browsed t o  t h i s  he igh t ,  and numerous i n d i v i d u a l s  had been k i  1  led.  

Perhaps t h e  g rea tes t  shock was our  observa t ion  of hundreds of 
t o r t o i s e s  i n  i n t e r t i d a l  areas where no herbaceous vege ta t i on  was 
present .  A t  low t i d e  we observed these  t o r t o i s e s  t o  fo rage  on t h e  few 
leaves  t h a t  f e l l  t o  t h e  ground, and t o  seemingly feed on a lgae on t h e  
s u r f a c e  o f  t h e  mud. A t  h i g h  t i d e  t h e  t o r t o i s e s  refuged on rocks,  
mangrove prop roo ts ,  and dead l imbs,  s imply  t o  avo id  be ing  swept away; 
many were observed i n  t h e  red  mangrove (Rhizophora mangle) zone. It 
was obvious t h a t  t h i s  was a  marg ina l ,  h i g h  r i s k  h a b i t a t  f o r  t o r t o i s e s ,  
and i t  seemed 1  i k e l y  t h a t  resource 1  i m i t a t i o n  f u r t h e r  i n l a n d  had 
p robab ly  been t h e  impetus f o r  such ex tens i ve  u t i l i z a t i o n  o f  i n t e r t i d a l  
areas. 

F u r t h e r  i n l and ,  v i  r t u a l  l y  a1 1  i n d i v i d u a l s  o f  favored woody p l a n t  
spec ies e x h i b i t e d  a  h i  gh browse1 i ne, and regenerat  i on o f  these  spec i  es 
was s imply  nonex is ten t .  There have been severa l  exp lana t i ons  o f f e r e d  
f o r  t h e  d ramat i c  changes i n  t h e  f l o r a  o f  Grande Terre ,  and 
i n e x p l i c a b l y  they seem t o  search f o r  reasons o t h e r  than  t h e  goats. 
Fo r  example, i t  has been suggested t h a t  some h i g h  b rowse l ines  were 
caused by t o r t o i s e s  p i  l i n g  up 2  and 3  l a y e r s  t h i c k  w h i l e  seek ing 
shade. Presumably i n  such a  s i t u a t i o n  a  t o r t o i s e  would be ab le  t o  
reach leaves t h a t  were no t  norma l l y  a v a i l a b l e .  The death o f  l a r g e  
numbers o f  some species,  f o r  example, bo i  s  cassant (Guet ta rda)  has 
been a t t r i b u t e d  bo th  t o  t o r t o i s e s  abrad ing  t h e  r o o t s  w h i l e  seek ing 
shade, and t o  s a l t  spray d u r i n g  storms. Perhaps these  hypotheses a r e  
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c o r r e c t ;  however, they  f a i l  t o  account f o r  t h e  complete absence o f  
seed1 i ng regenera t ion ,  and t h e  complete d e f o l  i a t i  on o f  a1 1  branches 
l e s s  than  2  m h igh.  These t r e e s  a1 1  have h i g h  browse1 i n e s  caused by 
goats, and a r e  no t  r e p o p u l a t i  ng because seed1 i ngs cannot s u r v i  ve, even 
i n  areas where t o r t o i s e s  cannot go. A d d i t i o n a l l y ,  i t  seems u n l i k e l y  
t h a t  any s t r and  spec ies i s  i n t o l e r a n t  of exposure t o  s a l t .  

We do no t  propose t h a t  goats a re  s o l e l y  r espons ib l e  f o r  major  
vege ta t i on  changes on Grande Ter re ,  b u t  r a t h e r  t h a t  they  a re  one ma jo r  
f a c t o r  among severa l  p o s s i b l e  causes. T o r t o i s e s  and t h e i  r fo rage  
resource on Aldabra may we1 1  f l u c t u a t e  g r e a t l y  over  t ime;  i t w i l l  t a k e  
many years  t o  determine if t h i s  i s  t h e  case. Goats, however, g r e a t l y  
i ncrease t o t a l  consumption o f  p l  an t  biomass, and compete d i  r e c t l y  and 
i n d i r e c t l y  w i t h  t h e  t o r t o i s e s  f o r  food. We be1 i e v e  t h a t  t h e  impact o f  
goats on Aldabra i s  a d d i t i v e  t o  t h a t  of t h e  t o r t o i s e s ,  and magn i f i es  
t h e  amp1 i tude  o f  f l u c t u a t i o n  i n  numbers o f  bo th  p l a n t s  and t o r t o i s e s ,  
i ncreas i  ng t h e  chances o f  e x t i  n c t i  on o f  t h e  most sens i  t i  ve endemi cs. 

Changes i n  woody vege ta t i on  on Grande Te r re  a re  a  good example o f  
t h e  e f f e c t  o f  goats. Several  au tho rs  (Hnat iuk  e t  a l . ,  1976; Merton e t  
al. ,  1976; Swingland and Coe, 1979; Gould and Swingland, 1980) have 
presented compel 1  i ng arguments t h a t  a t t r i b u t e  recen t  changes i n  t h e  
vege ta t i on  on Grande Te r re  t o  f eed ing  and r e s t i n g  a c t i v i t i e s  o f  
t o r t o i s e s .  The nega t i ve  e f f e c t s  o f  t o r t o i s e s  a re  i r r e f u t a b l e ;  
however, we b e l i e v e  t h a t  these  e f f e c t s  do no t  account f o r  a l l  t h e  
damage observed. I n  f a c t ,  we s t r o n g l y  d isagree  t h a t  t h e  t o r t o i s e  i s  
t h e  "on ly  s i g n i f i c a n t  p r imary  consumer" (Coe e t  al., 1979) and t h a t  
"The impact o f  f e r a l  goats on t h e  g i a n t  t o r t o i s e  i s  minimal on 
Aldabra"  (Gould and Swingland, 1980). I n  some areas, goats p robab ly  
c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  death of shrubs, and more i m p o r t a n t l y  
t h e y  p l a y  a  key r o l e  i n  p r e v e n t i n g  a1 1  r egene ra t i on  of p r e f e r r e d  woody 
species.  Furthermore, we a re  c e r t a i n  t h a t  t h e  n e a r l y  2  m h i g h  
browse1 i ne observed on Grande T e r r e  i s  a t t r i b u t a b l e  s o l e l y  t o  goats. 
S i  nce t o r t o i s e s  presumably evo l  ved w i t h  t h e  vege ta t i on  o f  t h e  i s l a n d ,  
i t  seems l i k e l y  t h a t  t h e  p l a n t  spec ies a re  capable o f  r egene ra t i on  i n  
t h e  presence o f  t o r t o i s e s ,  a t  l e a s t  i n  r e f u g i a  where t h e  t o r t o i s e s  
cannot get t o  them. Goats represen t  t h e  on ly  a d d i t i o n a l  major source 
of  he rb i vo r y  on Grande Terre,  and a r e  capable o f  go ing where t o r t o i s e s  
cannot. It would seem l o g i c a l  t o  a t t r i b u t e  t h e  complete l ack  o f  
s e e d l i n g  r egene ra t i on  t o  them. 

One f a c t o r  suppo r t i ng  our  argument t h a t  goats  a re  c u r r e n t l y  a  
ma jo r  compe t i t o r  f o r  forage on Grande T e r r e  i s  t h e  d e n s i t y  o f  goats we 
observed. Gould and Swingland (1980) r epo r t ed  a  d e n s i t y  o f  10-12 
goatslkm2 i n  t h e  southeast  p o r t i o n  of Grande Terre.  Working i n  t h e  
same area, we k i l l e d  292 goats i n  an area of about 8-10 km2, .and many 
more remained a l i v e .  Thus, t h e r e  were i n  excess of t h e  29.2-36.5 
goats/km2 based on k i  11 f i g u r e s  alone, a  minimum t h r e e - f o l d  i nc rease  
i n  t h e  decade s i nce  t h e  1977 (Gould and Swingland, 1980) est imate.  

By c o n t r i b u t i n g  t o  t h e  acce le ra ted  death o f  t r e e s  and shrubs, and 
p r e v e n t i n g  a1 1  seed1 i ng regene ra t i  on, goats may be severe ly  l i m i t i n g  
t h e  amount of shade a v a i l a b l e  t o  t o r t o i s e s .  A d d i t i o n a l l y ,  as f o l i a r  
a rea  of a  p l a n t  i s  reduced th rough  browsing, t h e  number of t o r t o i s e s  
t h a t  can refuge under t h a t  p l a n t  i s  p r o p o r t i o n a t e l y  reduced; excess 
t o r t o i s e s  need t o  f i n d  a  new source of shade. I n  some areas, sources 
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o f  shade a re  f a r  apa r t  and e s s e n t i a l l y  f u l l y  u t i l i z e d ,  thus  t o r t o i s e s  
f o r c e d  t o  seek new shade probably  have a low p r o b a b i l i t y  o f  s u r v i v a l .  
The e f f e c t s  o f  goats upon t h e  shade resource may a c t u a l l y  be a g rea te r  
i n f  1  uence upon t o r t o i s e  numbers and c o n d i t i o n  than  d i  r e c t  compet i t i on 
f o r  food. 

Accord ing ly ,  we have concluded t h a t  t h e r e  should no longer  be any 
ques t i on  o f  whether goats should be e rad ica ted ,  b u t  r a t h e r  a  ques t i on  
o f  how soon i t can be implemented. Together we have many years  o f  
exper ience w i t h  f e r a l  ungulates on oceanic i s l ands ,  and we judged t h e  
impacts  o f  goats on Grande Te r re  t o  be as ser ious  as o t h e r  i s l a n d s  
where goats have been viewed as agents o f  h a b i t a t  degredat ion and 
e x t i n c t i o n  o f  endemic species. Q u i t e  c l e a r l y  i n  our  minds, goats on 
Grande Te r re  a re  a l t e r i n g  t h e  spec ies composi t ion of bo th  fauna and 
f l o r a ,  reduc ing t h e  forage resource a v a i l a b l e  t o  t o r t o i s e s ,  
e l i m i n a t i n g  seed l i ng  regenerat ion,  reduc ing  shade a v a i l a b l e  t o  
t o r t o i s e s ,  and probably  reduc ing  b i o t i c  d i v e r s i t y .  

On St. Helena, i t  took over  200 years  be fo re  " t he  e v i  1 was 
complete and i r r e t r i e v a b l e "  (Darwin 1860). A ldabra would b e t t e r  be 
remembered as test imony f o r  success fu l  p rese rva t i on  o f  i n s u l a r  b i o t a ,  
r a t h e r  than a requiem f o r  one o f  t h e  w o r l d ' s  t r u l y  unique ecosystems. 
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