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Abstract: Predation on propagulcs of Rhizophora mangle was compared in forests where lhis spe~-ies is 
non-indigenous (Hawai'i, USA) and where it is native (American Samoa). Trec density and basal area of 
the non-indigenous stand were intermediate when compared to natural stands in other places where Rhizo- 
phora is common, Propagules were tethered on the forest floor at both sites for 14 days, predation was 
recorded, and survival rates of both attacked and control individuals were determined by placing them in a 
mist room. Mortality was significantly greater in American Samoa (x = 25%) than in Hawai'i x = 8%). 
The lower effectiveness of the non-indigenous predators in Hawai'i may- help explain the unusually high 
rate at which R, mangle propagules become established there, 
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INTRODUCTION 

Since mangroves were introduced to the Hawaiian 
islands in the early part of  the 20th century, primarily 
to prevent shoreline erosion and stabilize newly ac- 
creting mudflats, they have invaded much of the pro- 
tected shoreline. They were estimated to cover 72% of 
all estuarine intertidal habitats along Hawaiian coast- 
lines in 1977 (U.S. Fish and Wildlife Service 1985). 
Rhizophora mangle L., first introduced in 1902 to the 
island of  Molokaq,  has spread to all the main Hawai- 
ian islands except Kaho 'otawe and Ni ' ihau and now 
dominates existing mangrove forests (Allen 1998). 
Another non-indigenous species, originally identified 
as Bruguiera gymnorrhiza (L.) Lamk. but referred to 
in this paper as Bruguiera sp. because it is more likely 
to be B. sexangula (Ixmx.) Poir (J. Allen, K. Krauss, 
N. Duke, and D. Herbst, ms. in prep.), was introduced 

in 1922 from the Philippines and is now known from 
lbur locations on O 'ahu  (Wagner et al. 1990, Alien 
1998). 

Rhizophora mangle, like many other mangrove spe- 
cies, is viviparous (i.e., its seeds germinate while still 
on the tree and therefore are called propagules when 
they fall). These propagules are dispersed by ocean 
currents until they become stranded in a suitable hab- 
itat where, provided predation is not excessive, they 
become established as what are commonly  recognized 
as seedlings (McKee 1995). The purpose of  this paper 
is to examine more closely one of the apparent causes 
of this species" success by describing predation on 
propagules in a Hawaiian mangrove forest and com- 
paring it to predation on propagules in a native man- 
grove forest in Americ~m Samoa that also contains 
both New World and Old World species: R. mangle 
and B. gymnorrhiza, respectively. 
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MATERIALS AND M E T H O D S  

Study Sites 

The mangrove  forest at He ' e i a  State Park, on the 
northeast coast of  the island of  O 'ahu ,  is currently the 
only mangrove  stand in the Hawaiian islands where 
both R. mangle and Bruguiera sp. are common.  The 
site is on the windward side of  the island and is fed 
by He ' e i a  stream, which is approximately 25 m wide 
and 30-130  cm deep, depending on the tide, where it 
discharges into Kaneohe Bay (Walsh 1967). Average 
rainfall is 1500 mmlyr, mean annual temperature range 
is 22.2°-25.5°C, and the average tidal range is 68 cm. 
This forest occupies approximately  14.2 ha  and is 
d o m i n a t e d  by R. mangle. Bruguiera sp. occurs  
throughout the forest but is more com m on  further up- 
stream. 

The study site in American Samoa was a 54-ha 
mangrove  forest surrounding the Nu'uul i  Pala lagoon 
on the south central side of  the island of  Tutuila. Av-  
erage rainfall is 3,200 mm/yr,  mean annual tempera- 
ture range is 23.6°-29.7°C, and average daily tidal 
range is 76 cm. Bruguiera gymnorrhiza dominates the 
middle and inland portion of  the intertidal zone, 
whereas R. mangle is usually found only in the low 
intertidal zone and along the edges of  small brackish 
streams. 

Experimental  Design 

Six 10 × 10 m plots were established in the middle 
to high intertidal zone of  the He ' e i a  mangrove  forest 
in HawaFi ,  and eight similar plots were established in 
the Nu 'uul i  mangrove  forest in American Samoa. In 
each plot, the diameters of  all tree trunks were mea- 
sured: at 30 cm above the highest prop root for R. 
mangle and at breast  height (1.5 m) for Bruguiera sp. 
Numbers  of  saplings (--- 1 m in height and < 3 cm 
dbh) and propagules were also counted in each plot. 
Density of  seedlings (propagules that had rooted and 
were < 1 m tall) was estimated f rom 20 randomly 
located 1-m 2 quadrats per plot. 

Freshly fallen, intact R. mangle propagules were 
collected f rom the forest floor at each site, f rom 27 
May  to 1 June 1996 in Hawai ' i  and 29 August  to 9 
September  1996 in American Samoa.  Twenty propa- 
gules were assigned to each plot and tethered to prop 
roots with 1-m lengths of  nylon string (Smith 1987). 
The propagules were evenly distributed within the 
plots to avoid entanglement and were inspected every 
2 days for 14 days. Propagules axe produced contin- 
uously at both sites. They are most  abundant from June 
to January in American Samoa (Steele, pers. obs.); in 
1996 at a nearby site in Hawai ' i ,  production was low- 
est in March and highest in September  (Cox and Allen 

1999). In both areas, predation dropped off  rapidly af- 
ter t4 days. Most propagules in an Australian man- 
grove forest had either been eaten or become estab- 
lished by 18 days (Smith 1987). A propagule was de- 
clared non-viable if more than 50% of  its volume had 
been removed (Robertson et al. 1990). After 14 days, 
an equal number  of  propagules that had been attacked 
but were still viable and propagules that had not been 
attacked were placed in a greenhouse mist room. Seed- 
lings were scored as having survived if growth was 
observed in both the root and shoot ends after two 
months in the mist room. 

Statistical Analysis 

Because of  the limited amount of  area available for 
sampling in this ecologically unique pair of  sites, sam- 
ple sizes were unequal and small, and variances were 
unequal. In order to establish trends, a two-sample 
Mann-Whitney test was used to compare  the median 
level of  propagule attack mad mortality between Ha- 
wai ' i  and American Samoan mangrove  forests. Means 
and standard deviations are reported to facilitate com- 
parison with other studies. 

RESULTS AND DISCUSSION 

The American  Samoan mangrove  forest was domi- 
nated by B. gymnorrhiza and had more basal area and 
greater density of  trees but many fewer propagules and 
seedlings than the Hawaiian forest (Table 1). R. man- 
gle dominated the Hawaiian forest, which contained 
more saplings, including Bruguiera sp., and had two 
orders of  magnitude more propagules,  ahnost all of  
them R. mangle. Some of  the differences in propagule 
density may  be due to different rates of  predispersal 
predation, which is usually attributed to crabs and in- 
sects. This was estimated at 2.5% for R. mangle at two 
sites in Hawaii,  compared to an average of 28,3% at 
42 sites around the world (Farnsworth and Ellison 
1997). 

Fewer trees, lower basal area, and a greater density 
of  saplings of  both species than in the American Sa- 
moan  forest suggest that the Hawaiian mangrove  forest 
was still growing (it was no more than 75 years old at 
the t ime of  this study). All size classes were dominated 
by R. mangle. In Hawai ' i ,  Bruguiera trees are regu- 
larly cut down to get at their flowers, which are used 
to make leis. Bruguiera gymnorrhiza was more com- 
mon  than Rhizophora spp. in the middle and high in- 
tertidal zones, not only in American Samoa but also 
in the Federated States of  Micronesia (FSM; Devoe 
and Cole 1998), and it was reported to be replacing 
Rhizophora spp. in other Asian stands (e.g., Malaysia: 
Putz and Chan 1986). 
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Table 1. Structural characteristics of mangrove forests at He 'e ia  State Park, Hawaii, and Nu'uuli  Pala Lagoon, American 
Samoa. Values are means (--- 1 SE). 

Basal Area Density (numbcr/100 m-') 

Location and Species (mVha) Trees Saplings Seedlings Propagules 

Hawaii 
Rhizophora mangle 27.2 ¢- 1.7 13.2 _+ 1.35 8.3 --- 6.3 5840 --_ 5.7 211.7 - 53.8 
Bruguiera sp. 1.0 +- 0.1 1.0 ± 0.82 4.5 +-- 4.5 0.15 + 0.01 0 
Total 27.3 - 1.7 14.2 ± 1.4 12.8 ± 7.0 5855 _ 5.7 211.7 -+ 53.8 

American Samoa 
Rhizophora mangle 8.6 - 0.3 2.1 _ 1.2 1.13 - 0.4 3.8 ± 2.9 3.0 - 0.8 
Bruguiera gymnorrhiza 33.8 -+ 6_1 21.3 + 6.3 1.62 ~ 0.4 47.5 +__ 18.5 95.9 + 23,2 
Total 34.4 + 6.1 23.4 ± 6.7 1.75 - 0.4 51.3 - 18.4 98.9 - 23.1 

The two  m a n g r o v e  s tands  had  fewer  trees but  more  
b a s a l  a rea  than were  r e c o r d e d  for five p lo ts  in a s tand  
d o m i n a t e d  by  R. mangle and Avicennia germhtans (L.) 
S tearn  at  R o o k e r y  Bay ,  F l o r i d a  (59 t rees /100m: ,  19.4 
mVha; Lugo  and S n e d a k e r  1975). T h e y  had  subs tan-  
t i a l ly  m o r e  trees and on ly  s l igh t ly  more  basa l  a rea  than 
we re  r eco rded  for  13 plots  t h roughou t  F S M ,  repre-  
sent ing  six spec ies  ( inc lud ing  B. gymnorrhiza, R. ap- 
iculata BL. ,  and  R. mucronata Lamk . ) ,  (3.6 t rees /  
100m'-, 23.3 m-'/ha; D e v o e  and Cole  1978). 

O f  the p ropagu le s  in the  m a n g r o v e  forest  at H e ' e i a  
Sta te  Park  in H a w a i ' i ,  28 .3% (SE = 9.9)  were  a t t acked  
by  wha t  were  p r o b a b l y  rats  or  m o n g o o s e s .  Charac te r -  
is t ic  b road  sc rap ings  ( 1 - 2  m m  wide)  were  gene ra l ly  
made  at the m i d d l e  po r t i on  o f  the p ropagu le s ,  and in 
s o m e  cases ,  the p ropagu le  was  c o m p l e t e l y  severed .  
P o l y n e s i a n  rats (Rattus exulans Peale)  and  b l a c k  rats 
(Rattus rattus L.) occur  in H a w a i i a n  m a n g r o v e  fores ts  
(Sha l l enbe rge r  1977), and Ind ian  m o n g o o s e s  IHerpes- 
tes attropunctatus H o d g s o n )  were  t r apped  at  H e ' e i a  
Sta te  Pa rk  dur ing  this s tudy (V. Yap, unpub l i shed  
data) .  None  o f  these  m a m m a l s  have  been  p r e v ious ly  
r epo r t ed  to c o n s u m e  m a n g r o v e  p ropagu le s ;  he rb ivo -  
rous  or  f rug ivorous  crabs,  which  are  usua l ly  imp l i ca t ed  
in p r o p a g u l e  mor t a l i t y  e l sewhere ,  have  not  been  re- 
po r t ed  in H a w a i ' i .  Mor t a l i t y  o f  both  a t t acked  (but pre-  
s umab ly  stil l  v iab le )  and  cont ro l  R. mangle p r o p a g u l e s  
was  6 .7% (SE = 2.1). 

A t  the N u ' u u l i  m a n g r o v e  fores t  in A m e r i c a n  Samoa ,  
58 .0% (SE = 10.0) o f  the R. mangle p ropagu l e s  were  
a t tacked.  Charac te r i s t i c  sc rape  m a r k s  and the fact  that  
p r o p a g u l e s  were  s o m e t i m e s  found  pu l l ed  in to  bu r rows  
sugges t ed  that  the h e r b i v o r o u s  c r ab  Sesarma erythro- 
dactyla Hess  (Graps idae ) ,  wh ich  inhabi ts  this forest ,  
was  r e spons ib l e  for  p reda t ion  there.  This  rate was  
h ighe r  than those  m e a s u r e d  in a c o m p a r a t i v e  s tudy  o f  
c o n s u m p t i o n  o f  Rhizophora spp.  p r o p a g u l e s  b y  crabs:  
24% of  R. apiculata p r o p a g u l e s  were  c o n s u m e d  in 
t rop ica l  Aus t ra l i a ,  9% o f  R. mangle in Panama ,  and  
none  o f  R. mangle in F l o r i d a  (Smi th  et al. 1989). N e v -  

er the less ,  the m e d i a n  a t tack  ra te  in A m e r i c a n  S a m o a  
was  no t  s ign i f ican t ly  d i f ferent  than  in H a w a i ' i  (T = 
17, p > 0.05).  Mor t a l i t y  o f  all  p r o p a g u l e s  at this  test 
s i te  was  25 .0% (SE -= 2.9). M e d i a n  mor ta l i t y  rate  was  
s ign i f i can t ly  h ighe r  (T = 24, p < 0 . 0 1 )  in this  m a n g r o v e  
fores t  than in  H a w a i ' i .  

The  success  o f  R. mangle in H a w a i ' i  m a y  there fore  
be  due not  on ly  to an abundan t  supp ly  o f  p ropagu l e s  
and  l o w  p red i spe r sa l  p reda t ion  rates  but  a lso  to l ower  
e f f ec t ivenes s  o f  the p reda t ion  that  does  occur.  We  did  
not  m e a s u r e  p reda t ion  o f  Bruguiera p ropa gu l e s  and so 
canno t  exp la in  why  it  does  not  d o m i n a t e  more  s tands 
in H a w a i ' i .  D i f fe ren t i a l  ha rves t i ng  m a y  p lay  a role ,  but  
hab i ta t  su i tab i l i ty  is l ike ly  to be more  impor tan t ,  as 
both  B. gymnorrhiza and B. sexangula have  l o w e r  sa-  
l in i ty  to le rances  than R. mangle (Smi th  1992), and 
Bruguiera sp. in H a w a i ' i  is m o r e  c o m m o n  fur ther  up- 
s t ream f rom the  coast .  
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