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The s p a t i a l  d i s t r ibu t ion  and zonation of canopy-associated arthropods of 

Acacia & and Metrosideros t r e e  communities along an a l t i t ud ina l  t ransect  on 

the east  flank of Mauna Loa was determined by insec t ic ida l  fogging of the canopy 

with pyrethrum. Eight s i t e s  were on the Mauna Loa Transect, which has been 

intensively sampled by IBP par t ic ipants  i n  the Island Ecosystems IRP. Two sets 

of t ransect  zones were determined on eke bas i s  of arthropod dis t r ibut ion.  The 

influence of environmental and b i o t i c  fac tors ,  plant community s t ruc ture  and 

climate a r e  interpreted according t o  d i s t r ibu t ion  patterns.  The d is t r ibu t ion  

of arthropod groups coincided qui te  closely with vascular plant communities of 

the transect as defined by other studies.  The composition, s p a t i a l  d is t r ibut ion,  

and environmental relationships of arthropod canopy communities along the 

Mauna Loa Transect are  compared with the s i tua t ion  pertaining along other lower 

elevational t ransects  t o  sea leve l  i n  Hawaii Volcanoes National Park as  well as 

with other ecosystems i n  order t o  fur ther  characterize the arthropod canopy 

community. Host spec i f ic i ty ,  vegetation s t ructure ,  competition between 

ecological homologs, and climate appeared t o  have the nost important influence 

on population density and s p a t i a l  d i s t r ibu t ion  patterns of the  arthropod taxa 

studied. 
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INTRODUCTION 

The two dominant o r  p reva len t  n a t i v e  t r e e  s p e c i e s  o r  macrophanerophytes on 

t h e  Mauna Loa Transect  a r e  ' o h i ' a  (Metrosideros - - c o l l i n a  subsp. polymorpha) and 

koa (Acacia koa var .  hawai iens is ) .  S ince  t h e s e  a r e  such wide ranging ecologicaL 

dominants and a r e  t h e  major community-structure forming spec ie s  of t h e  t r e e  

communities, they were s e l e c t e d  f o r  a d e t a i l e d  a n a l y s i s  of t h e i r  f o l i a r  ar thropod 

communities. A s i m i l a r  a n a l y s i s  f o r  a l l  p l a n t  s p e c i e s  on t h e  IBP t r a n s e c t  would 

have been a s tagger ing  t a s k  s i n c e  Metrosideros a lone  harbors  hundreds of ar thropod 

taxa.  Trees were sampled a t  approximately 300 m i n t e r v a l s  on Transect  1 from t h e  

closed Metrosideroo r a i n  f o r e s t  a t  1190 m t o  t r e e  l i n e  a t  about 2500 m e l eva t ion ,  

SAMPLING LAYOUT 

A uniform s u b s t r a t e  was used throughout t h e  t r a n s e c t s  i n  an e f f o r t  t o  

determine t h e  a l t i t u d i n a l  d i s t r i b u t i o n  of a s soc ia t ed  ar thropods.  The s i t e  

sampled was t h e  f o l i a r  canopy of  apparent ly  mature Metrosideros c o l l i n a  subsp. 

polymorpha var .  incana and Acacia koa var.  hawaiiensis  t r e e s  approximately 1 0  m 

high.  A t  t h r e e  sampling s i t e s  ( i n  t h e  Subalpine, Tree Molds, and Sulphur Banks 

a reas )  the  ' o h i ' a  hos t  t r e e s  were about 5 m high wi th  f o l i a g e  extending t o  t h e  

ground. Here, t h e  t r e e  canopy was r a t h e r  open. S ince  t h e  trees were sampled 

year  round, d i f f e rences  due t o  phenological  phenomena (flower and seed product ion,  

f o l i a r  f lushing ,  e t c . )  were minimized f o r  t h i s  ana lys i s .  

The ar thropods were sampled by captur ing  them i n  c l o t h  funnels  suspended 

beneath t h e  t r e e s  a f t e r  fogging t h e  f o l i a r  crowns wi th  pyrethrum synergized with 

piperonyl  butoxide. The sampling method was modified from t h a t  of Martin (1966) 

and Gag& and Martin (1968), t h e  major modif ica t ion  being t h e  use of a Dynafog 8 
i n s e c t i c i d a l  fogger (Fig. 1)  r a t h e r  than a hydraul ic  sprayer .  The fogger had t h e  

advantage of l i g h t n e s s  (approximately 11 kg when f i l l e d )  and manueverabili ty.  

It a l s o  dislodged l e s s  deb r i s  i n t o  t h e  sample and thus  cont r ibuted  t o  l e s s  l o s s  

of ar thropods with debr i s  removal. 

The shape and s i z e  of t h e  funnels  va r i ed  with t h e  s i z e  and spacing of t h e  

trees sampled. For t h e  subalp ine  r e l e v e s  1 3  and 14  w i t h  open canopies,  a f l a t  

shee t  2.4 m square was used (Fig. 1 ) .  The shee t  was usua l ly  placed about the  

t runk of t h e  t r e e s  such t h a t  t h e  t r e e  was i n  t h e  cen te r  of t h e  shee t .  The 

sample was then  a s p i r a t e d  by hand from t h e  shee t .  

In young, we l l  s tocked s t ands  such a s  t h e  pole  s i zed  koas a t  IBP s i t e  6 and 

f o r  s i m i l a r  s i zed  Metrosideros - t r e e s  a t  IBP s i t e  2 ,  a c l o t h  funnel  2.4 m square 
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and 1 . 2  m deep was fas tened  t o  t h e  t runks  of  fou r  t r e e s  a s  shown i n  F igure  1. 

A mason j a r ,  t h e  l i d  of which was soldered t o  a metal  funnel ,  was fas tened  

t o  t h e  cen te r  poin t  of t h e  s h e e t ,  The weight of t h e  b o t t l e  pul led  t h e  shee t  

down t o  form a shallow funnel .  Roughly one-quarter of t h e  crown of each t r e e  

extended over t h e  funnel .  Thus, each funnel  sampled f o u r  q u a r t e r s .  Weather 

permi t t ing ,  each sample was r e p l i c a t e d  a t  each IBP s i t e  f o r  each t r e e  spec ie s  

sampled. For t a l l e r  closed-canopy s t ands  t h e  funnels  used were l a r g e r ,  namely 

4.8 m square and about 2,4 m deep. 

Sampling a t  each of t h e  e i g h t  IBP s i t e s  ( a s  described i n  Table 6 .2 ,  TR 66) 

was c a r r i e d  out  bimonthly beginning March 1971 and te rminat ing  i n  December 1973. 

A s  a r u l e ,  the  i n s e c t i c i d e  was appl ied  e a r l y  i n  t h e  morning before  t h e  t r a d e  

winds began. The ma te r i a l  f a l l i n g  i n t o  t h e  s h e e t s  was shaken i n t o  t h e  b o t t l e s  

s e v e r a l  times during t h e  day and t h e  b o t t l e s  were then co l l ec t ed  about mid- 

af ternoon.  Bark fragments,  twigs and leaves  were removed from t h e  funnels  p r i o r  

t o  each shaking. Seventy percent  a l coho l  was added t o  t h e  mason j a r s  which were 

then capped and s t o r e d  u n t i l  s o r t e d .  

Sampling was i n t e g r a t e d  on e i g h t  sampling re levgs  on t h e  Mauna Loa Transect  

(Table I ) .  This approximately covered t h e  n a t u r a l  range of 4. & on Mauna Loa, 

i + e .  s i t e s  4, 6 ,  and 9 .  Sampling of Metrosideros was i n t e g r a t e d  wi th  bark and 

phenology sampling p r o j e c t s  a t  a ilumber of f o c a l  sites on Trensects  1 and 2. The 

sampling r e l ev& i n  common on Transect  I were IBP s i t e s  1 t o  4 ,  6 ,  and 9 t o  ll. 

There were four  a d d i t i o n a l  rel.ev6s on Transect  2 t o  ca r ry  on t h e  sampling down 

t o  sea  l eve l .  These were t h e  Kllauea Fores t  Reserve ( s i t e  l 5 ) ,  junc t ion  of 

H i l ina  P a l i  and Chain of Cra t e r s  Roads ( s i t e  l 6 ) ,  Kipuka Keana Bihopa ( s i t e  17) 

and near  Kamoamoa ( s i t e  18 ) .  The d a t a  from these  four  a d d i t i o n a l  s i t e s  were not  

incorporated i n t o  t h e  dendrograph and two-way t a b l e  t rea tments  s i n c e  they were 

applied only t o  t h e  i n t e g r a t e d  a n a l y s i s  along t h e  Mauna Loa Transect .  However, 

t h e  d a t a  from t h e  addf t iona l  s i t e s  provided f o r  an assessment of s t i l l  wider 

v a r i a t i o n s  and helped t o  e l u c i d a t e  more c l e a r l y  t h e  condi t ions  along t h e  Mauna 

Loa Transect.  

This  sampling produced a tremendous body of information both i n  q u a n t i t y  

and q u a l i t y  of taxa of canopy-associated arthropods. The t axa  a r e  l i s t e d  

a lphabe t i ca l ly  i n  Table 2 by o rde r ,  family,  genus and spec ie s .  Also ind ica t ed  

a r e  the  a l t l t u d i n a l  d i s t r i b u t i o n ,  hos t  associ.ation (M = Metrosideros, A = Acacia) 

and eco log ica l  ro l e .  From t h i s  body of d a t a  68 taxa  occurr ing  on porti .ons of t h e  



TADLE 1. Grouping of rel.ev6s by IBI' s i . t e s .  

.. 
- 

IBP No. of Canopy. Ilel.ev&s 
Focal  Ecosystexn Type (ar thropod community samples) 
S i t e  -- Acacia M e t r o s i d e r ~  

___ -.___- _ __-.. ___ ~ 

1 Closed r a i n  f o r e s t  

2 Open r a i n  f o r e s t  

3  Open dry f o r e s t  

4 Savannah 

5 M t .  parkland 

6 M t .  parkland 

7 M t  . parkland 

I M t .  parkland 

9  M t .  parkland 

None 

None 

None 

19 

None 

2  3  

None 

None 

19 

10 Subalpine scrub  f o r e s t  None 

11 Subalpine scrub  :Corest None 

1 2  T ree l ine  ecosystem None 

13  

[22:1* 

None 

1191" 

None 

None 

None 

2 3  

None 

I I. 

Al.pine scrub  
Tree le s s  a rea ,  not  s a sp led  

Al.pine scrub  

6 I. a l  
Tot>i:l. Rel.ev6s 1; :L 2 2  :I 

* Tree communities on recent  l a v a  flows occupying a  minor su r face  area .  
These were elimi.nated From t h e  i n t e g r a t e d  a n a l y s i s  a s  q u a n t i t a t i v e l y  
i n s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  r e s p e c t i v e  ecosys te~n types.  
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TABLE 2 (Continued) 

- E l e ~ i a t i o n  (a) 15 750 1190 1220 1280 1500 2030 2130 2440 Ecological  iaxa IBP Focal  S i t e  18 1 7  l 2 6 3  ir 6 9 10 12 Role* 

Brachystomellidae 
Yrachystomella parvula 

Entonobrvidae 
Entonobrya a t r o c i n a t a  
E. c l i t t e l l a r i a  - 
E. n i v a l i s  - 
htomobryoides  sp .  
'riomidia s a u t e r i  
8. s o c i a  - -  
Lepidocyrtus r cbe r  -- 
S a l i n a  m c u l a t a  
S .  sp .  - 
Genus & sp. A 

Eypogastruridae 
Hypogastrura sp .  

Isotomidae 
Isotoma s e n s i b t l i s  
I. sp. - 

Agromyzidae spp. 
.bthomyidae spp. 
*& t e i i d a e  

As te i a  a p i c a l i s  
Cal l iphor idae  spp. 
Cecidomyidae spp. 
Ceratopogonidae spp.  
Chironomidae spp. 

X Cryptochaetidae 
Cryptochaetum i ce ryae  

X Drosophil idae spp. 



(I, 
iB a - a 

m 



I m  $22....,,mQ-I 2 2 .. ," 2 .. m  m  m m m  
m m cncnm 



m m m m  m  m m  
u ) u ) V I m  m  m u )  

m  m m m m  a m m  m m a  .o 
Pi ( L , D . , & , P ,  4Pih O O P . h a i %  m  



.. 
1 1 1  

;" Fri g . 2  3 2% 2 
i" 2 E "I 

Frl 
PI '3 E-i 
0 O F  PI a m  ~i 

n , m d  o m u  o 
m i u t  , ,, 5 2 :2  E 

h 
- ' E  (2 ro 

?-,A 

X K -- 



+ a ~ o x  21 OT 6 9 '7 E Y Z  T LT 81 alTs ' izsoa 681 
1 ~ 1 3 ~ 8 0 ~  03a 

exel 
O??z O L T Z  O Z O Z  0097 08ZT O Z Z T  06x1 091 51 (E) Uog2€'A3,3 



1 Mauna Loa Transect were s e l e c t e d .  This  r ep resen t s  a c ross  s e c t i o n  of  

non-ubiquitous t axa  i n  va r ious  eco log ica l  r o l e s  inc luding  those  t h a t  could be 

p o s i t i v e l y  i d e n t i f i e d  throughout t h e  sampling per iod .  

Most of t h e  a r thropods  sampled from the  f o l i a r  environment i n  t h i s  s tudy can 

be considered a s  confined t o  t h e  d i s t r i b u t i o n  ranges i n  which they were found. 

The few t axa  t h a t  could be  considered a s  t r a n s i t o r y  r e s i d e n t s  (implying chance 

occurrences a t  t h e  sampling s i t e s )  were designated i n  Table 2 a s  "perching" (P) ,  

or  "ecologica l  r o l e  undetermined" (? ) .  

ZONATION PATTERNS 

The da ta  s e t s  were prepared f o r  computer anal.ysis t o  produce a two-way 

t a b l e  i n  a l t i t u d i n a l  sequence. Af ter  the  d i f f e r e n t l y  s i z e d  samples were 

s tandardized,  a q u a n t i t a t i v e  va lue  was assigned t o  each taxon based on a log  

base 2 index (e.g. 1-2 specimens = 1, 3-4 specimens = 2, 5-8 specimens = 3,  e t c . )  

of i ts mean abundance i n  each sample s e t  (two samples).  Species groups could 

then be i d e n t i f i e d  t h a t  had s i m i l a r  d i s t r i b u t i o n a l  t r e n d s  across  t h e  a l t i t u d i n a l  

t r ansec t .  

Biomass d i s t r i b u t i o n  of samp* 

The standardized,  mean ar thropod biomass was uniform between 1150 m and 

2150 m e l eva t ion .  It was lower a t  760 m, and sub jec t  t o  g r e a t  f l u c t u a t i o n s  a t  

t h e  two e l e v a t i o n a l  extremes. A t  s e a  l e v e l ,  l a r g e  roaches ( B l a t t a r i a )  and t h e i r  

p a r a s i t e s  (Hymenoptera) r a i s e d  t h e  otherwise low biomass which was composed 

mostly of a n t s  (Formicidae). A t  e l eva t ions  above 760 m s p i d e r s  (Araneida) and 

t r u e  bugs (Heteroptera) ,  both of which were l a r g e l y  comprised of n a t i v e  taxa ,  

cont r ibuted  t o  most of t h e  biomass. I n  absolu te  numbers though, bark l i c e  

(Psocoptera) outranked a l l  o the r  taxa  a t  most s i t e s  above 750 m. There were 

sporad ica l ly  l a r g e  populat ions of s p r i n g t a i l s  (Collembola) a t  and above 1190 m 

along t h e  Mauna Loa Transect .  

Computerized d a t a  anal- 

Two methods were used t o  determine t h e  zonation p a t t e r n s  of s e l e c t e d  groups 

of ar thropods,  the  dendrograph method and t h e  two-way t a b l e  method (see  TR 66).  

The arthropod taxa  s e l e c t e d  from Table 2 were based on t h e  r e l i a b i l i t y  wi th  which 

they could be  i d e n t i f i e d  throughout t h e  sampling per iod ,  and on t h e i r  q u a n t i t a t i v e  



) importance. The two-way syn thes i s  t a b l e  technique ( see  Sec t ion  6.8-2, TR 66) 

at tempts  t o  i d e n t i f y  groups of taxa  wi th  s i m i l a r  d i s t r i b u t i o n  ranges, which i n  

tu rn  a r e  used t o  i d e n t i f y  t r a n s e c t  zones. 

Applicat ion of t h e  66/10 r u l e  generated e i g h t  spec ie s  groups along t h e  

Mauna Loa Transect .  These were formed by 48 t axa  i n  26 re lev6s  (Fig. 2 ) .  The 

da ta  a r e  comprised of 183 samples of f o l i a r  canopies (122 canopy r e l ev6s  from 

Metrosideros c o l l i n a  and 61 canopy r e l eves  from Acacia - koa) taken along t h e  

Mauna Loa Transect  ( s e e  Table 1 ) .  The outcome of t h e  dendrograph c l u s t e r  a n a l y s i s  

i s  a l s o  shown on Figure  2. This  a f fo rds  a d i r e c t  comparison of t h e  c l u s t e r i n g  

p a t t e r n s  and t r a n s e c t  zones t h a t  were derived from t h e  same da ta  s e t  by t h e  two 

previously mentioned a n a l y s i s  methods. A s  can be  seen,  t h e  dendrograph method 

r e s u l t e d  i n  l e s s  zonal  o r  community d i f f e r e n t i a t i o n  than t h e  two-way t a b l e  method. 

The t h r e e  zones ind ica t ed  by t h e  dendrograph method a r e  I = t h e  subalp ine  zone, 

LL = t h e  mountain parkland and savanna zone, and I11 = t h e  mid-elevation 

Metrosideros f o r e s t  zone. The two-way t a b l e  method r e s u l t e d  i n  f i n e r  

d i f f e r e n t i a t i o n s ,  i , e .  i n  a s epa ra t ion  of t h e  mountain parkland and savanna zone 

and i n  a sepa ra t ion  of t h e  closed f o r e s t  (zone V) from t h e  open f o r e s t  (zone IV) 

i n  t h e  mid-elevation Metrosideros zone. 

Table 2 g ives  an i n d i c a t i o n  of taxonomic r i chness  from sea  l e v e l  t o  t r e e  

l i n e .  The r i c h e s t  ar thropod communities occurred a t  mid-elevations where they 

were t h r e e  t i m e s  r i c h e r  than a t  s ea  l e v e l  o r  a t  2440 m. The number of t a x a  was 

r e l a t i v e l y  uniform between 750 m and 1200 m. About 1.6% of t h e  taxa  occurred a t  

a l l  e l eva t ions .  These were of t h e  fol lowing groups: p a r a s i t i c  wasps 

(Chalcidoidea),  c a t e r p i l l a r s  (Microl.epidoptera), s p i d e r s  (Ananeida), bark l i c e  

(Psocoptera) , jumping p l a n t  l i c e  (Psy l l idae )  , preclaceous mites  (Anystidae) , a n t s  

(Formicidae) , l a c e  wings (Neuroptera) , fungus gnats  (Sc iar idae)  , t h r i p s  

(Thysanoptera), lady b e e t l e s  (Coccine l l idae) ,  b i t i n g  midges (Ceratopogonidae), 

torpedo bugs (Siphanta acuta)  and a spr ing  t a i l .  (Entomobrya n i v a l i s ,  Collembola). 

Most of these  groups were comprised of e x o t i c  spec ie s  i n  t h e  lower e l e v a t i o n s ,  

the  notable  exception being t h e  p s y l l i d s .  Conversely, 14% of t h e  t axa  found 

only between 750 m and 2150 ui appear t o  be comprised mostly of n a t i v e  taxa.  

Most of t h e  endemic t r u e  bug spec ie s  (Heteroptera)  occurred a t  2440 m. A t  l e a s t  

6% of t h e  taxa  were r e s t r i c t e d  t o  mid-elevations and t h e  endemic b e e t l e s  

(Coleoptera) accounted f o r  most of these .  The 5% of t h e  t axa  found only a t  s e a  

l e v e l  sampling s i t e s  appeared t o  be wholly e x o t i c  i n  o r i g i n .  
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FIG. 2 .  ~l . t i . t ;~dina : ! .  ir:canscct zones ~l.c:ci:vi~~i : izom i,,,lo--.r-iay (661 l.0 ru1.e) and 
dendrograph (with Mo'cyka's iirdcx) ireci-il?i.cjues o f  $U:i car~opy samples 
( i . c .  1.22 Meccosideros and 61 - hca.ci.a rel.c:v6s at: el.girt sample s i t e s  
from beginning o :  t . ransect  to  t r e e  :!:i.ne of Me:t:ros:i.deros_ at: 2590 111). 

7;r:inscct zones r e s u l t i n g  frorr two-way tab:i.e ana:lys.i.s a r c :  
1 Suhalpi.ne Mg4osideros scrub  f o r e s t ,  : I T  Mouni:a:i.n i~ar l t land ,  
i\cac:ia koa t r e e  col.onj.er;, ZI:I Savannah, I V  Mixcd kipuk;~ f o r e s t ,  
v c)I,~" Metrosidcr.os dry anil wet f o r e s t ,  Vi. Closed . Metrosideros .. - 
raivr f iores t ,  MS = not  sampled. 



I n  terms of t h e  abso lu te  numbers of i n d i v i d u a l s  per  sample, a t  mid t o  

h igher  e l e v a t i o n s ,  t h e  bark l i c e  (Psocoptera) u sua l ly  outnumbered a l l  o t h e r  taxa  

combined. Sporadica l ly ,  t h e r e  were l a r g e  populat ions of t h e  koa p s y l l i d  

(Psy l l a  s t r i o l a )  and s p r i n g  t a i l s  (Collembola), t h e  l a t t e r  during t h e  w e t t e r ,  

win ter  months. 

SPECIES DISTRIBUTION TRENDS 

To i n t e r p r e t  t h e  ind iv idua l  cl.usterr, derived from t h e  two-way t a b l e  technique,  

r e f e r r a l  t o  t h e  r e s u l t s  der ived  from t h e  f l o r i s t i c  a n a l y s i s  is necessary.  The 

c l u s t e r i n g  i n  t h e  dendrograph ana lys i s  i s  obvious. A and a ,  a s  w e l l  a s  B and b 

c l u s t e r s ,  r e l a t e  t o  the  t r a n s e c t  a r e a  occupied by Metrosideros t r e e  communities, 

while  C and c  c l u s t e r s  r e l a t e  t o  t h e  t r a n s e c t  a rea  l a r g e l y  occupied by Acacia koa 
t r e e  communities. 

The two-way t a b l e  technique o f f e r s  t h e  advantage of spec i fy ing  the  t axa  

respons ib le  f o r  the  c l u s t e r s  i n  the  p r i n t o u t .  Table 3 lists t h e  48 s p e c i e s  and 

taxa  t h a t  were c l u s t e r e d  i n t o  e i g h t  a s soc ia t ed  groups on Figure  2.  The order  of 

l i s t i n g  fol lows groups on Table 3 ,  from subalp ine  Metrosideros scrub f o r e s t  t o  

closed Metrosideros - r a i n  f o r e s t .  Taxa from sepa ra t e  eco log ica l  func t iona l  groups 

t h a t  de f ine  exac t ly  t h e  same t r a n s e c t  s e c t i o n ,  such a s  groups 5, 1, 2 and 7 can 

be considered a s  s p a t i a l l y  a s soc ia t ed  a l s o .  The reasons why these  s p a t i a l l y  

assoc ia ted  spec ie s  and t axa  were ex t r ac t ed  i n t o  s e p a r a t e  groups is r e l a t e d  t o  a  

number of poss ib l e  eco log ica l  f a c t o r s  which w i l l  be analyzed below. 

For the  var ious  groups i n  Table 3 ,  t h e  q u a n t i t a t i v e l y  more important spec ie s  

were s e l e c t e d  f o r  diagrammatic r ep resen ta t ion  of t h e i r  i nd iv idua l  spec ie s  

d i s t r i b u t i o n s .  The Metrosideros t r e e s  i n  zone I (subalpine t r a n s e c t  zone) a r e  

occupied by a  number of endemic as  wel.1 as  e x o t i c  taxa ,  but  none of t h e  endemic 

t axa  appear r e s t r i c t e d  t o  t h i s  po r t ion  of the  t r a n s e c t .  Because of t h e  r a t h e r  

recent  appearance of t h e  e x o t i c  ar thropods on the  t ransec t* ,  they were diagrammed 

sepa ra t e ly  (Fig. 3) from the  endemic ar thropods ( F i g . ' s  4 t o  6 ) .  The endemic 

arthropods were f u r t h e r  broken i n t o  t h r e e  eco log ica l  func t iona l  groups-- 

I )  phytophagous, 2) fungivorous and d e t r i t i v o r o u s ,  and 3) predaceous. A s e p a r a t e  

d iscuss ion  of each group fol lows.  Because of t h e  s i m i l a r i t y  of t h e  ar thropod 

zonation p a t t e r n s  ( t h a t  r e s u l t e d  from the  two-way t a b l e  ana lys i s )  w i th  those  of 

* Most e x o t i c  ar thropods a r r ived  only wi th in  the l a s t  century according t o  records  
i n  t h e  Proceedings of t h e  Har~ai ian Entomological Society.  



' I ,  3 L,isi oC 411 taxa of a,: hhropoci:; found i i i  c i g i r i  sp;it:i ;il.l.g a s s o c i a t e d  
groups  z<l.(~ng ti%<! Mauna L,oa '1:ransect. [Cesrc:!:arr.d wi.th two-riay 
t ab le .  66/:L0 r i i l c .  Conrputer-der:i-<r<:r[ III.LII!!>~:~ sequerrce i ror i~  t o p  t o  
boi-::om a s  x e  spec:i.es d i s t r i b t ~ t i o o  d-iag:raans, F i g u r e s  3 t o  6.11 

Group Sp(?c:. ies x r ~ l  Y.'ZIX:~ 
No. 

X s~cy,rn~?il~~~ l r /&.?~c; ,  
, . .  i redaceous  l.acly b e e t l e s  

3 X .- Rhizob ius  ............ - ....... vcnt:cal.:is of  iei!rper:ate or:.i.$;i.n, ex0t.i.c 
%. x 4!~,1?t-_o.:L+_e.m!?s ?ii!?L:z'ou"is:?-?. 

: o e  - e .  I t.11 r i p s  o f  
X Nc?ur:isothrips ....... - mi.!l.tisp:i.nus ............. ien1pcrat.e c~r::i.gj.rr, r!xoti c 

C i s  s 3 . g n a . r ~ ~  Ji!sngi.voco u s  bee t l .e  , enclemic. ......... 

X -~ A:l.l~acata sirn3:Lii; .................... 

6 
%ah r o c e r u s  spp.  

i .  h i c o l o r  ... ...... 

C i s  evanescer!s 
. ............ 

Ikti-I.t:i:vorous roach,  
po6"'ibi.y cxnt:i.c 

. . r o r o 1 1  i ~ e e  i:l.es a s s o c i a t e d  
priiirai:i%y w : i i i ~  Acacia koa ......... . .  7 

eiideir~ic 

(X) i .c~rido~?t:era. s p p .  

(X) /\r;inei.dn spp. 

mos t ly  :!'i:i.oza spp  

i?i!!rl:i.vorovs ant !:)E t e m p e r a t e  
: . ; i .  , exo t i.c 

'Pl!.yiophagoirs clc:.foi.i.ators of 
var.-i.oi~s o r i g i n  



'I'AB1.E 3 (Cont inued)  

.. ~~ ......... 
.......................... ..... 

Group S1~ec: i .e~ ancl 'T'axa L i f e  form 
No. 

iiap1.o t.lrr&s. rl+~hsL. Tiringus hyphne f e e d e r s  i.n 

I I o ~ l o t h r i p s  .......... swezg;!:, . 
dead wood, cndemic 

Neur:i.sotbc-Ll?s i1iifei.1nat~1s ...... Flower-r'eecli ag t h r i p s ,  
ciic1c111ic N e u r i s o t . h r i p s  ......... .... spp .  

t- lost- .specif%.c sap-sucker  of! 
Sa rona  a d o n i a s  ... ... M e  t r o s i d e r o s ,  cndeuiic 

........... 

L 
X S i p h a n t a  .. - ........ a c u t a  I'o:l.gplragous sap.-suclcer, e x o t . i c  

COlls  t . 
Oceai?.:i.des . i > t e . r i d i c o l a  t l o s t - s p e c i f i c  s e e d  p rec la to r s  

Oceanides  v u l c a n  of  Metros:i.dcros, .................... eneleinic 
.. -. 

C i s  p o r c a t u s  ..... 

C i s  s e t a r i u s  -.-.-. 

X Tsopoda spp .  D e t r i t i v c ~ r o u ~  p.i.:Ll.bugs, e x o t i c  

I'irytophagous , polyphagous ,  
X Pantomurus ........... c e r v i n u s  C?x<>i:ic 

. ........... . ..... ............... 

Predaceous  l.ady bef2t:Le of  
X Sc yiiriiui; l.i.~ei.ii.i. ................. tropic;i ' l  i t  exot i ( :  

8 Polyp:lagoi~s, pilytophagous 
X l:Iel.iothr&s ............ -- haen1orrhoida:Li.i; ....... i s  exot:? c: 

............. ......... .- ....... 

K1.1.st Furrgus; feecler of Acac ia  ....... 
N e t s r i s o t h r i ~ s  ..... c a r t e r : i  koa  , endcmi e -- 

x nlp:riIi?2L!.r-i6)1 &us 1 (1: ran1:i~ni:vor.o~~ r h i b  e r -  

X .. Chi. r o  . t h r r 2  @;.:;XSLS- i ia t i i ig  01.i i c e e s ,  ex0t i .c  

, l.lungiis kryplini~. Sieeder, t e m p e r a t e  
X ~ i ~ ~ r ~ ~ p h ~ ~ ~ i ; ~ ~ ~ ~ g ~ ? r Q > s  arg-u.5 

cxoi::i c c>:rf.f;-i I:L 

i'riir1ar::il:y predaceous  bug asso-  
Psa:L. :Lus ... s h a ~ i g i a n u s  

ci.at.etl w:i. t:h lug, endemic 

Pro  ........... .- t e rh i r lus  ........ simi.:l.:i.s ...... 7'wi.g-- fc.e<l i iig b e e t l e  , enclemic 

I . I I ;  1 plry I lodes  of 
X I ;  I I ~ i t r l o  1.a . . . . . . . . . . . . . . . . . . . . . .  A v ~ i i .  i;l I <.xr)i. i v ................. 



,. ... ........ 
.... ................... ........ 

Czoup Spec ies  and Taxa L,ii'e form 
No. 

C i s  s p  i i786 
2 

coil.' t . 
C i s  i . o ~ n a t i s s i m u s  - ............. 

Fungivorous  b e e t l e  prSma.ri:!y 
of - MetrosLderos ,  endemic 

Fungivorous  b e e t l e  of  Acacia  
k o a ,  enden1i.c .. 

Pol.ypha.gous f:!ower f e e d e r ,  
X ~F~.!OJX?J&S- ~I?L&IC&&S 

p o s s i b l y  e x o t i c  

Pro1:erhinus a . f f i n u s  '1.bi.g-feeding b e e  tl.e, endemic 

Hop1.o t u g  l a t i c o r n i s  .... ......... Fungus hyphne f e e d e r ,  er~delnic 

Assoc:!.ated w i t h  decay ing  
C:l.ambus - sp .  

p l a n t  m a t t e r ,  ' endem:i.c 







t h e  f l o r i s t i c  a n a l y s i s  ( i n  TR 66),  t h e  ar thropods can we l l  be d iscussed  i n  the  

context  of t h e  vege ta t ion  p a t t e r n s .  

Exotic  arthropod d i s t r i b u t i o n  t- 

Of t h e  48 s p e c i e s  and t axa  found i n  t h e  e i g h t  s p a t i a l l y  a s soc ia t ed  groups 

along t h e  Mauna Loa Transect  (P ig ,  2 axid Table 3 ) ,  17 were of e x o t i c  o r i g i n .  

Their  d i s t r i b u t i o n s  a r e  diagrammed i n  F igure  3. Exotics were found i n  a l l  

s p a t i a l  groups except i n  Group 4.  Therefore,  t h i s  group does not  appear on 

Figure 3. Species  Group 3 (on Fig. 3) is ccnipri.sed wholly of predaceous lady 

b e e t l e s  (Coccinel l idae)  of temperate o r i g i n  which a r e  most p reva len t  i n  t h e  

subalp ine  M e t r o s i d e r s  scrub f o r e s t  (Zone I ) .  Although t h e r e  would appear t o  be 

abundant prey supply a t  s t i l l  lower e l e v a t i o n s ,  these  temperate s p e c i e s  do not  

appear t o  have been ab le  t o  e x p l o i t  t hese  warmer h a b i t a t s .  Another ungrouped 

cocc ine l l id ,  not  diagrammed, is the  n e a r c t i c  llippodamia convergens which was 

encountered only a t  IBP s i t e  12. Leeper has  pa id  s p e c i a l  a t t e n t i o n  t o  t h e s e  and 

o the r  c o c c i n e l l i d s  found on Hawaii I s l and  t r a n s e c t s  from al l .  p l a n t  communities 

i n  TR 53, t o  which the  i n t e r e s t e d  reader  should r e f e r  f o r  a d d i t i o n a l  information. 

The temperate-derived spec ie s  a r e  ab1.e t o  maintain themselves i n  t h e  t r o p i c a l  

montane environment because t h e r e  a r e  a l s o  a number of introduced prey elements 

such a s  p l an t  l i c e  (Aphidae). These i n  tu rn  a r e  a b l e  t o  e x p l o i t  bo th  n a t i v e  and 

introduced p l a n t  speci.es. Gag& and Martin (1968) have shown t h a t  temperate 

Coccine l l idae  show d i f f e r e n t i a l  c a p a b i l i t i e s  a s  l a r v a e  t o  f i n d  prey i n  s e r a 1  red 

p ine  (Pk' r e s inosa )  p l an ta t ions .  A s  t h e  t r e e s  ge t  o l d e r  and l a r g e r  t h e  

c o c c i n e l l i d  community changes from one of high prey density-low predator  searching  

capaci ty ,  t o  one of low prey density-high predator  searching capaci ty .  Two of 

t h e  genera (Scymnus - and Hippodamia) on our  t r a n s e c t  a l s o  occurred i n  t h e  red  pine 

pl-antat ions.  

Two of t h e  th ree  spec ie s  comprising Group 3 a r e  t h r i p s  of temperate o r i g i n .  

L i t t l e  is krloun of t h e  eco log ica l  funct ions  of t hese  o t h e r  than t h a t  one is 

predaceous while  t h e  o the r  is anthophagous (Salcimura, pers .  comm.). 

I n  Group 6, only t h e  d e t r i t i v o r o u s  roach -- Al laca ta  - sii~iilis i s  of presumably 

e x o t i c  o r ig in .  Although t h i s  roach is pr imar i ly  assoc ia ted  with n a t i v e  p l a n t  

communities, i t  i s  considered e x o t i c  s i n c e  a l l  o the r  roaches i n  Hawaii a r e  known 

t o  be e x o t i c  and because i t  shows no tendency t o  s p e c i a t e  on a l l  of t h e  main 

i s l a n d s  where i t  occurs.  It appears t o  be excluded from higher  montane 



) environments by cooler  temperature and by t h e  g r e a t e r  moisture i n  t h e  r a i n f o r e s t  

along t h e  Transect .  

Next a r e  s e v e r a l  ar thropods of comparatively h igh  eco log ica l  "penet ra t ion ,"  

t h a t  is,  they were found almost throughout t h e  Mauna Loa Transect  although a t  

decreasing abundance a s  a l t i t u d e  increased .  The p i l l b u g s  (Isopoda spp . )  which 

have moisture dependent e x t e r n a l  g i l l s ,  would be expected t o  be more abundant i n  

t h e  r a i n f o r e s t  po r t ions  of t h e  t r a n s e c t .  The phytophagous P u l l e r  rose  weevil  

(&ntomorus cervinus_), another  Group 1 element,  showed l e s s  p e n e t r a t i o n  than 

those  above. 

Two spec ie s  wi th  unexplained bimodal occurrence, a predaceous lady  b e e t l e  

(Scymnus -- loewi i )  and a polyphagous, phytophagous t h r i p s  (He l io th r ips  

haemorrhoidal is)  (fide Sakimura, pers .  comm.) make up spec ie s  Group 8. This  

group occurred only a t  IBP s i t e  6 (on Acacia koa) and IBF s i t e  1 (on Metrosideros).  

This may be an a r t i f a c t  of i n s u f f i c i e n t  sampling; S. loewi i ,  a t  l e a s t ,  occurs  

over a wide e l e v a t i o n a l  range on o t h e r  i s l a n d s  (Leeper TR 53). 

Two of t h r e e  spec ie s  of Group 2 r e s t r i c t e d  t o  t h e  Acacia & t r e e  communities 

(Aptinothrips rufus and Chiro thr ips  p a t r u e l i s )  a r e  known t o  be graminivorous 

(grass  feeding)  t h r i p s  which h ibe rna te  on koa t r e e s .  Their  occurrence on koa 

appears t o  be  a r e f l e c t i o n  of t h e  abundance of t h e i r  g ra s s  h o s t s  t h a t  grow i n  

a s soc ia t ion  wi th  koa. The koa p s y l l i d  ( P s y l l a  s t r i o l a )  is a r e c e n t l y  introduced 

spec ie s  which i s  r e s t r i c t e d  t o  and abundant on koa on t h e  t r ansec t .  (This 

spec ie s  was s tud ied  i n  d e t a i l  by Beardsley arid Leeper f o r  t h i s  p r o j e c t  and s o  is 

n o t  f u r t h e r  d e a l t  wi th  he re . )  

The remaining two spec ie s  on t h e  diagram (Pig. 3) a r e  a fungivorous t h r i p s  

of temperate o r i g i n  (Macrophthalmnothrips argus)  i n  Group 2 and a suspec tedly  

e x o t i c  anthophagous p l an t  bug (Hyalopeplus pe l luc idus )  i n  Group 7. Their  s l i g h t  

biomodality i s  probably r e l a t e d  t o  i n s u f f i c i e n t  co l l ec t ing .  The l a t t e r  spec ie s  

becomes inc reas ing ly  common a t  lower e l e v a t i o n  (see Table 2) where i t  feeds  on 

nec ta r  of a g r e a t  v a r i e t y  of p l an t  s p e c i e s  i n  add i t ion  t o  ' o h i ' a .  Its upper 

l i m i t s  on t h e  t r a n s e c t ,  however, would appear t o  be  r e a l ,  and t o  be temperature 

l imi t ed .  

Endemic, phytophagous ar thropod d i s t r i b u t i o n  t rends  - 
Of t h e  48 taxa  found along t h e  t r a n s e c t ,  n ine  a r e  groupable and a r e  

diagrammed i n  Figure 4. Addi t ional ly ,  f i v e  weevil  spec ie s  forming an ungrouped, 







twig-boring eco log ica l  func t iona l  group o r  "guild" ( see  Opler 1974 f o r  an 

e l abora t ion  of t h e  eco log ica l  "guilds'  concept) a r e  diagrammed. The grouped taxa  

were found i n  only t h r e e  s p a t i a l  groups (1, 2 ,  and 7), with three- four ths  of 

t hese  i n  Group I. 

It is of i n t e r e s t  t o  no te  t l ls t  t h e  q u a n t i t a t i v e l y  most important t axa  

(Trioza spp.,  Sarona adonias and Oceauides p t e r i d i c o l a )  a r e  p a r t i c u l a r l y  

ubiqui tous over  t h e  Mauna L O ~  Tran3cct.  Each a t t a c k s  ' oh i ' a .  Trioza spp. a r e  

g a l l  makers on p e t i o l e s  and leavec;, 5. a ~ d o n i ~ ~ s  i s  a  sap-sucker, and 0. p t e r i d i c o l a  

a t t a c k s  seeds. A l l  a r e  t r u e  bugs, aiid t h e i r  l ack  of s i g n i f i c a n t  d i s c o n t i n u i t i e s  

over t h e  t r a n s e c t  would i n d i c a t e  t h a t  they a r e  we l l  adapted t o  t h e  p r e v a i l i n g  

eco log ica l  condi t ions  the re .  - 0 .  g t e r i d i c o l a  i s  l e s s  common than  t h e  congener 

0. vulcan i n  t h e  mois te r  s e c t i o n  of t h e  t r a n s e c t  a t  t h e  lower end. 0. vulcan - - 
was a l s o  of wide occurrence bu t ,  s i g n i f i c a n t l y ,  was not  taken a t  1BP s i t e  12, 

t h e  h ighes t  and d r i e s t  p a r t  of t h e  t r a n s e c t .  B70 taxa  of anthophagous t h r i p s ,  

Neurisothrips  sp .  and N. antennatus,  showed t h e  same d i s t r i b u t i o n  a s  2. vulcan 

presumably f o r  t h e  same reason,  s i n c e  :Elowering ' o h i ' a  a r e  not  r e a d i l y  a v a i l a b l e  

a t  s i t e  12. 

The g r e a t e r  abundance of t h e  twig borer  Pro terh inus  s i m i l i s  i n  t h e  Kipuka 

Fores t  (savannah zone I V )  coupled wi th  t h e  presence of two o t h e r  twig bo re r s  

t h e r e  (x. a f f i n i s  and P. f e r rug ineus ) ,  may i n d i c a t e  t h e  propens i ty  of t h e s e  taxa  

t o  a t t a c k  t h e  more suscep t ib l e ,  mature lcoa and ' o h i ' a  which were p reva len t  

t he re .  This  i s  supported by t h e  occurrence aga in  of -- P. -- a f f i n i s ,  p lus  two o t h e r  

twig borers  of ' oh i ' a ,  - P. blackburni  and -- Oodemaskonanum i n  t h e  apparent ly  

mature closed ' o h i ' a  r a i n  f o r e s t  a t  1% site 1 near  Thurston Lava Tube. The 

ungrouped bore r s ,  g, t a r s a l i s  and g. descluamatx, were r e s t r i c t e d  t o  s i t e  6 ,  

a  mid-elevation mesic s i t e .  

By comparing t h e  feeding site:: of all.  t hese  phytophagous spec ie s ,  it can 

be seen t h a t  t h e  more widespread grouped spec ie s  feed during a l l  of t h e i r  s t a g e s  

i n  o r  on photosynthe t ic  p e t i o l e s  and/or leaves  o r  f lowers,  while  a l l  of t h e  more 

r e s t r i c t e d  grouped spec ie s  on t h e  t r a n s e c t  feed during t h e i r  more f r a g i l e  l a r v a l  

s t ages  i n t e r n a l l y  on non-photosynthetic twigs. The more widespread spec ie s  a l s o  

a r e  volant  hemimetabolous i n s e c t s  whereas the  more r e s t r i c t e d  ones a r e  almost 

a l l  f l i g h t l e s s  and holometabolous. 

Fac tors  con t r ibu t ing  t o  t h e  d i s t r i b u t i o n  of t h e  more r e s t r i c t e d  ar thropods 

would appear t o  b e  r e l a t e d  t o  c l imate ,  and f o r  t h e  twig bo re r s  a d d i t i o n a l l y  t o  



i n t e r s p e c i f i c  competition. The Proterh inus  weevils  a r e  one of t h e  most h ighly  

s p e c i a l i z e d  components of t h e  endemic i n s e c t s  with over 180 s p e c i e s  l i s t e d  f o r  

t h e  Hawaiian I s l ands  (Zimmerman 1948). It may therefort?  be  expected t h a t  t hese  

would f a l l  i n t o  comparatively narrow niches  forwhich  h o s t - s p e c i f i c i t y  and 

adapta t ion  t o  narrow c l i m a t i c  ranges a r e  respons ib le .  Zimmerman ( loc.  -- c i t . )  a l s o  

ind ica t ed  f u r t h e r  s p e c i a l i z a t i o n  i n  t h i s  group, which r e l a t e s  t o  t h e i r  a b i l i t y  

t o  escape p reda to r s  such a s  b i r d s .  "Our Pro terh inus  b e e t l e s  c l o s e l y  match t h e  

c o l o r s  of t h e i r  h o s t s  [as  a d u l t s ] .  Reddish spec ie s  a r e  found boring i n  red 

fern-frond s t a l k s ;  dark spec ie s  a r e  found on dark-barked p l a n t s ,  and p a l e  

s p e c i e s  on p a l e  bark" (p. 142).  

Endemic, fungivorous, and d e t r i t i v o r o u s  ar thropod d i s t r i b u t i o n  t r e n d s  

S te f f an  has  paid p a r t i c u l a r  a t t e n t i o n  t o  t h e  fungus gnat (Sc iar idae)  

component i n  Sec t ion  7.8 of t h e  forthcoming Synthesis  Volume. These fungus 

gnats  a r e  a  de t r i t i phagous  group. Since p a r t  of h i s  da t a  s e t  is der ived  from 

our  pyrethrum samples, they w i l l  not  be d e a l t  wi th  f u r t h e r  here.  F i f t e e n  of t h e  

fungivorous and d e t r i t i v o r o u s  ar thropods were members of s p a t i a l  groups along 

t h e  Mauna Loa Transect .  These a r e  diagrammed i n  Figure 5.  Addi t ional ly ,  two 

ungrouped t h r i p s  spec ie s ,  Dermothrips hawai iens is  and Hoplothrips mauiensis,  

which a l s o  feed on fungal  hyphae, a r e  diagrammed. The spec ie s  belong t o  a l l  

s p a t i a l  groups except t o  Groups 3 and 8. 

The spec ie s  011 Figure 5 can be f u r t h e r  separa ted  f u n c t i o n a l l y  i n t o  t h e  

fungus b e e t l e s  of  t h e  genus Cis (with seven spec ie s )  and i n t o  t h e  fungal  hyphae- 

feeding spec ie s  of t h r i p s  ( a l s o  with seven spec ie s ) .  The remainder were 

taxonomically unre la ted  de t r i t ivores- -dermest id  b e e t l e s  (Labrocerus spp.)  which 

feed a s  l a rvae  on ar thropod remains, and t h e  o t h e r  an assemblage of pr imar i ly  

p l a n t  d e t r i t i v o r o u s  tree c r i c k e t s  (Paratr igonidium spp. ) .  The dermestids were 

r e s t r i c t e d  mostly t o  mid-.elevational. t r a n s e c t  s i t e s ,  where a  mesic c l ima te  

p r e v a i l s ,  whi le  t h e  c r i c k e t s  predominate i n  y e t  mois te r ,  warmer s i t e s  a t  t h e  

lower po r t ions  of t h e  t r ansec t .  

C i s  is another  h igh ly  spec ia ted  endemic complex of over 35 spec ie s  -. 
(Zimmerman 1948). The same d i s t r i b u t i o n a l  phenomena discussed above f o r  t h e  

phytophagous twig boring Proterh inus  weevils  app l i e s  a l s o  t o  these.  Some show 

hos t - spec i f i c i ty  ( i . e .  - C. c o g n a t i s s i m n ,  C. s igna tus ,  and - C .  s e r i u s  on koa; 

C. evanescens and 2. sordidus and C. sp.  /I787 on ' o h i V a ) ,  o the r s  show a l t i t u d i n a l  - - 







s p e c i f i c i t y  ( i . e .  - C. sordidus and - C. evanescens a t  lower e l eva t ions ,  

C. c o ~ n a t i s s i m u s  and C.  b i c o l o r  a t  middle e l eva t ions ) , and  s t i l l  o t h e r s  show - - 
p l a n t  community s p e c i f i c i t y  ( i . e .  - C. cognatis- i n  t h e  koa t r e e  savanna; 

G .  evanescens and C. sordidus i n  somewhat x e r i c  ' o h i V a  t r e e  communities). -- 

Endemic, entomophagous arthr.opo_d d i s t r i b u t i o n  t rends  

The a n a l y s i s  was r e s t r i c t e d  t o  a smal l  number of predaceous he te rop te ran  

spec ie s ,  There were many o the r  p a r a s i t i c  t axa  i n  t h e  m a t e r i a l  which would have 

been of much va lue  f o r  t h e  a n a l y s i s ,  bu t  unfor tunate ly ,  predaceous ar thropods 

a r e  taxonomically among t h e  most poorly known of t h e  i n s e c t s  i n  Hawaii. These 

poorly known ones a r e  pr imar i ly  wasps (Hymenoptera) t h a t  belong t o  a l a r g e  number 

of taxa. Many of t h e s e  a r e  endemic. Yet they have not  been t r e a t e d  by 

s p e c i a l i s t s .  

F ive  spec ie s  which showed grouping tendencies  under t h e  two-way t a b l e  66/10 

r u l e  a r e  diagrammed i n  F igure  6 .  A l l  bu t  one belong t o  t h e  somewhat ubiqui tous 

Group 1. P s a l l u s  sharp ianus ,  a Group 2 spec ie s ,  shows t h e  common phenomenon 

among endemic predaceous i n s e c t s  i n  being hos t -p lant  s p e c i f i c  but  not  prey 

s p e c i f i c .  - P. s h a r p i a n u s i s k o a  s p e c i f i c ,  whi le  P. l u t e u s  and Nabis o s c i l l a n s  

a r e  ' oh i ' a  s p e c i f i c .  These th ree  p reda to r s  a r e  c r y p t i c a l l y  colored.  Thei r  

co lo ra t ion  appears t o  be an adapt ive  adjustment t o  avoid predat ion  by b i r d s .  

Of t h e  four  Group 1 spec ie s ,  only Koanoa hawai iens is  was a b l e  t o  maintain 

a populat ion a t  IBP s i t e  12 ,  t h e  upper t r e e  l i n e .  But a l l  o t h e r  Group 1 s p e c i e s  

occurred throughout t h e  remainder of t h e  t r a n s e c t  on ' oh i ' a .  I(. hawaiiensis  and 

Orthotylus a z a l a i s  a l s o  occur on Boa where t h i s  hos t  is present  on t h e  c ransec t .  

Except f o r  - N. o s c i l l a n s ,  which predominates i n  t h e  lower and p a r t i c u l a r l y  mois te r  

por t ions  of t h e  t r a n s e c t ,  t h e  Group 1 spec ie s  a r e  most prevalent  a t  mid-elevation 

along t h e  Mauna Loa Transect .  Their  d i s t r i b u t i o n  sugges ts  a normal, bell-shaped 

curve f o r  t h e  t r a n s e c t  a s  a whole. 

The lower p a r t  of Figure 6 shows t h e  t o t a l  number of arthropod spec ie s  

p l o t t e d  over the  IBP sampling s i t e s .  This curve demonstrates t h a t  spec ie s  

d i v e r s i t y  is r e l a t i v e l y  loxi (from 1.5 t o  25 f o l i a r  arthropod spec ie s )  i n  t h e  open 

M e t r o s i a  f o r e s t s  (IBP s i t e s  2 and 3 and i n  t h e  subalp ine  scrub f o r e s t  s i t e s  

10  t o  12) .  I n  c o n t r a s t ,  arthropod spec ie s  d i v e r s i t y  is r e l a t i v e l y  high (over 30 

spec ie s )  i n  the  closed-canopy Metrosideros r a i n  f o r e s t  (IBP s i t e  1 )  and i n  Acacia 

koa t r e e  canopies a t  low and mid-elevations along t h e  Transect  ( s i t e s  4 and 6). - 
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However, on t h e  l a t t e r  hos t  t r e e s  spec ie s  d i v e r s i t y  decreases markedly with 

a l t i t u d e  (from s i t e  4 t o  9)  sugges t ing  a c l i m a t i c  cause. 

DISCIISSION AND CONCLUSIONS 

The four  ar thropod d i s t r i b u t i o n  diagrams permit an eva lua t ion  of our da t a  

wi th  spec ie s  d i s t r i b u t i o n  hypotheses ou t l ined  i n  Synthesis  Chapter 6 (TR 661, 

p a r t i c u l a r l y  with those  of Whittaker (1970), which a r e  s t a t e d  i n  Sec t ion  6.6, 

p.  21 of TR 66. 

Our da ta  demonstrate trio underlying themes wi th  r e spec t  t o  Whit taker 's  

hypotheses.  F i r s t l y ,  taxonomically c lose ly  r e l a t e d  func t iona l  groups of endemic 

spec ie s ,  such a s  t h e  fungus b e e t l e  of t h e  genus and t h e  twig boring b e e t l e s  

of t h e  genus Proterhintrs ,  support  Whittalcer's second hypothesis  i n  t h a t  t h e  

spec ie s  do not  appear t o  have evolved i n t o  a s soc ia t ed  groups, but  r a t h e r  t o  have 

excluded one another  by competition along t h e  g rad ien t ,  thus  r e s u l t i n g  i n  sharp  

boundaries with l i t t l e  o r  no over lap  between these  competing spec ies .  

Addit ional ly,  t h e  few t h a t  d id  overlap a l t i t u d i n a l l y  d id  not  gene ra l ly  do s o  

s p a t i a l l y ,  i n  t h a t  they were r e s t r i c t e d  t o  d i f f e r e n t  p l an t  hos t s .  This  phenomenon 

f i n d s  some p a r a l l e l s  i n  t h e  nonoverlap of the  d i s t r i b u t i o n s  of spec ie s  of two 

genera of n a t i v e  shrubs,  S typhel ia  and Vaccinium. - Each has two spec ie s  

(S. - tameiameiae and - S. doug las i l ,  - 1. peleanum and y. reticulaturn) which appear 

t o  exclude one another  along f a i r l y  sharp boundaries,  

Secondly, t h e  d i s t r i b u t i o n  p a t t e r n s  of taxonomically unre la ted  but  

eco log ica l ly  s i m i l a r  f u n c t i o n a l  groups, such a s  t h e  e x o t i c  predaceous lady  

b e e t l e s  of temperate o r i g i n  and t h e  endemic predaceous bugs, support  t h e  first 
hypothesis  of Whittaker.  These spec ie s  appear t o  have evolved i n t o  s p a t i a l l y  

a s soc ia t ed  groups t h a t  give way t o  o t h e r  a s soc ia t ed  groups a t  r e l a t i v e l y  sharp  

boundaries along an environmental g rad ien t .  For example, t h e  f i r s t  t h r e e  high- 

a l t i t u d e  spec ie s  which make up Group 3 (or  fou r  spec ie s  i f  t h e  ungrouped lady 

b e e t l e ,  Hippodamia convergens, i s  inc luded) ,  have c lose ly  p a r a l l e l  d i s t r i b u t i o n s .  

Group 1, comprised of n a t i v e  predators  ( see  Fig.  5 ) ,  i s  Less s i m i l a r  but  i t s  

spec ie s  do occupy v i r t u a l . 1 ~  t h e  same segment along t h e  t r a n s e c t .  I n  add i t ion ,  

they have s i m i l a r  abundance peaks a t  t h e  var ious  sampl.ing s i t e s .  I n  o t h e r  words, 

these  assoc ia ted  spec ie s  show t h e i r  b e s t  q u a n t i t a t i v e  development over t h e i r  

common d i s t r i b u t i o n a l  range. 



There was more uniformity i n  t h e  biomass between samples of Acacia koa than 

of Metrosideros. Spiders  (Araneida) and c a t e r p i l l a r s  (Lepidoptera) cont r ibuted  

t o  most of t h i s  biomass on koa. Although a more s t a b l e  cotnmunity could be 

implied from t h e  uniform biomass on koa, t h e  Lepidoptera a r e  know t o  undergo 

spec tacu la r  outbreaks which v i r t u a l l y  deefoliate A.  koa. This d e f o l i a t i o n  has  -. -- 
been ascr ibed  t o  Scotory thra  i d o l i a s  Meyrick on Hawaii and t o  o t h e r  Scotory thra  

spec ie s  on Maui and Oahu (Swezey 1954:l-2). No outbreaks of t hese  c a t e r p i l l a r s  

were observed during t h e  course of t h i s  s tudy.  

D i s t r ibu t ion  p a t t e r n s  were not  s o  c l e a r  when a l l  of t h e  groupable spec ie s  

were examined en masse. Rather,  only a f t e r  they were ordered i n t o  t h e  t h r e e  

b a s i c  func t iona l  groups (phytophagous, fungivorous,  and entomophagous) d id  

d iscernable  p a t t e r n s  appear.  Knowledge of evolu t ionary  adapta t ions  obta ined  

from i n t e n s i v e  comparative gene t i c  s t u d i e s  of i n s e c t  populat ions i n  l o c a l i t i e s  

of a  much wider a r e a  than t h e  t r a n s e c t  i t s e l f  w i l l  be  presented i n  t h e  

forthcoming Synthes is  VoLume. Since sampling of f o l i a r  ar thropods of ' o h i ' a  was 

c a r r i e d  out  a t  a l t i t u d i n a l  i n t e r v a l s  t o  s e a  l e v e l  ( see  Table 2), t h e  fol lowing 

explanatory s tatements  of underlying causes of c e r t a i n  p e c u l i a r  d i s t r i b u t i o n  

t rends  can be made wi th  more confidence. 

I n  many cases  l i m i t s  t o  d i s t r i b u t i o n  o r  gaps i n  d i s t r i b u t i o n  appear more 

c lose ly  r e l a t e d  t o  o ther  environmental f a c t o r s  than t o  s u b s t r a t e  d i f f e rences .  

The absence of most endemic groups a t  and below 757 m e l eva t ion  (2500 f t ) ,  i . e .  

below t h e  Hauna Loa Transec t ,  correl.ates wi th  an inc reas ing  prevalence of an t s ,  

p a r t i c u l a r l y  t h e  voracious big-headed a n t  (Pheio le  megacephala) a s  w e l l  a s  wi th  

a  number of o the r  a n t  spec ie s .  Thus, predat ion  by a n t s  is suggested a s  a  major 

cause f o r  the  absence of endemics he re .  The upper l i m i t s  of ar thropods on t h e  

Nauna Loa Transect a r e  probably determined by a  combination of f a c t o r s  inc luding  

low temperature, low r e l a t i v e  humidity, and f o r  d e t r i t i v o r o u s  and fungivorous 

spec ie s ,  a  decrease i n  t h e  a v a i l a b i l i t y  of decomposing o r  dead organic  s u b s t r a t e  
(Stoner  e t  a  . 1975) 

being a t tacked by fungi  which cha rac te r i zes  t h e  subalp ine  environmentj* For some 

spec ie s  present  only i n  t h e  middle s e c t i o n  of t h e  Mauna Loa Transect ,  t h e  

phys ica l  e f f e c t  of f requent  r a i n  showers seems t o  prevent  t h e i r  presence i n  t h e  

r a i n  f o r e s t  a t  t h e  lower end of t h e  t r a n s e c t .  
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a l s o  g r a t e f u l .  
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