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ABSTRACT

To eva luate  the e ff ic ie n c y  o f the subterranean te rm ite ,  

Heterotermes aureus (S nyd er), in  removing s u p e rfic ia l dead wood from 

a desert grassland ecosystem the fo llo w in g  parameters were examined:

1) s ize  and d ispersion o f forag ing  populations, 2) production and 

a v a i la b i l i t y  o f wood, 3) wood consumption ra te s , 4 ) preferences in  

s e le c tio n  o f wood and 5) environmental contro l o f forag ing  a c t iv i t y .

F ie ld  experiments were c a rried  out in  a shrub-invaded desert 

grassland ecotone on the Santa R ita  Experimental Range, ca. 40 km 

south o f  Tucson, A rizona. F i f t y  randomly located c irc u la r  quadrats 

were sampled to study re la tio n s h ip s  between te rm ite  populations and 

wood abundance. A b a it  sampling technique provided in fo rm ation  on 

environmental contro l o f te rm ite  forag ing  a c t iv i t y ,  number o f  

fo ra g e rs , colony den sity  and forag ing  t e r r i t o r ie s .  Laboratory wood 

consumption ra tes  were es tab lished  using s ix  constant temperatures 

and fo u r wood species. A simple computer model was developed to  

synthesize re s u lts  and to  eva luate  th is  te rm ite 's  ro le  as a d e t r i t iv o r e  

in  th is  ecosystem.

From c ir c le d r a t  data i t  is  estim ated th a t  there  were 160 

forag ing  groups or colonies per hectare and an average o f 68,918  

fo rag ing  term ites  per hectare a t  any given moment during the year o f  

study. There were an estim ated 181 colonies and an average o f  37,800  

foraging te rm ites  per hectare as determined by the b a it  sampling

x i i
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technique. Average colony forag ing  t e r r i t o r y  was 13.14 m . Foraging 

groups consisted o f  97 .2  percent la rv a -w o rk e rs , 1 .5  percent so ld ie rs  

and 1 .3  percent nymphs, la rv a e  and p re -s o ld ie rs . Numbers or biomass 

o f te rm ites  was g e n e ra lly  not c o rre la te d  w ith  amount o f wood a v a ila b le .

Standing crop biomass o f s u p e rfic ia l dead wood on the study 

s i te  is  2127 kg per hectare . Five p la n t species represent 97 .6  per­

cent o f the biomass. S ix  p la n t species account fo r  96 .4  percent o f  

the 450 kg per hectare o f  s u p e rfic ia l dead wood produced ann ually .

Wood consumption by H. aureus is  best described as a l in e a r  

or quadratic  functio n  r e la t iv e  to  tem perature. Maximum consumption 

occurred between 28 and 3 2 °C regardless o f wood species and a 

s ig n if ic a n t ly  g re a te r amount o f  blue palo verde, C. f lo r id u m , was con­

sumed than the o ther th ree  wood species.

H. aureus is  a general feeder y e t appears to  p re fe r  c h o lla ,  

mesquite and catclaw  over blue palo verde and o th er less abundant 

woods. This contrasts w ith  i t s  a b i l i t y  to  consume s ig n if ic a n t ly  

g rea te r amounts o f  C. flo ridum  in  compulsory feeding t r i a l s .

Surface fo rag ing  occurs throughout the yea r between 7 and 47°C, 

extreme temperatures between the fo o d -so il in te r fa c e  and 15 cm in  the  

s o i l .  Increased s o il m oisture increases forag ing  in te n s ity .  Number 

o f foragers on the b a it  sampling g r id  a t  a given p o in t in  tim e may be 

pred icted  by the equation: In  Y = -0 .9 8 5  -  0.0761 T + 2 .928 In  T + 

0.327 In  R where Y = number o f foragers a t th a t  tim e, T = d a ily  mean 

tem perature a t  fo o d -s o il in te r fa c e  and R = d a ily  r a i n f a l l .



?
Tota l density  o f H. aureus is  estim ated a t  431 to 786 per m

2
w ith  a biomass o f 0 .145 to  0.264 g per m . Average colony s ize  may 

range from ca. 23,754 to 49,125 in d iv id u a ls .

A sim ulated wood consumption model couples tem perature- 

dependent wood consumption and forag ing  in te n s ity  functions to  provide  

number o f te rm ite  v is i t s  to  s o il surface and amount o f wood consumed 

ann ually . The model p red ic ts  th a t H. aureus foragers made 4.61 x 

1 0 ^  forag ing  s o rtie s  per hectare per y e a r. In  the course o f  these  

t r ip s  foragers removed surface wood a t  the ra te  o f  78.9  kg per hectare  

per y e a r. This represents 3 .7  percent o f the standing crop biomass 

and 17.5  percent o f the annual production o f s u p e rfic ia l dead wood. 

T h ere fo re , H. aureus apparently  plays an im portant ro le  in  removing 

selected species o f  wood from the desert grassland ecosystem.



INTRODUCTION

Term itesjFprm J:he_order. Is o p te ra , a s m a ll, homogeneous order 

of approxim ately 2,200 species, a l l  o f which are soc ia l (Wilsonr-197-1-)-. 

The p r im it iv e  te rm ite , Mastotermes darw in iensis F ro g g att, has many 

morphological and physio log ical characters in  common w ith  the cock­

roaches o f the genus Cryptocercus. Thus, having a close evo lu tio n ary  

re la tio n s h ip  w ith  these wood-eating cockroaches, term ites  may be 

thought o f as soc ia l cockroaches. The in d iv id u a ls  are d if fe re n t ia te d  

in to  various morphological form s, or castes, which e x h ib it  a d iv is io n  

o f la b o r , each perform ing a d if fe r e n t  b io lo g ic a l fu n c tio n , and which 

l iv e  together in  h ig h ly  organized and in te g ra l u n its , so c ie tie s  or 

co lon ies .

The Isop tera  have reached heights o f e u s o c ia lity  th a t  are  

eq u iva len t to  or surpass those o f  the social Hymenoptera, and from a 

p r im it iv e  base f a r  removed from them. Term ites d i f f e r  from the socia l 

bees, ants and wasps in  th a t  they are  hemimetabolous, th a t  th e ir  

castes are u su a lly  bisexual and th a t  they have no known subsocial 

groups (K rishna, 1969). Wilson (1971) has re c e n tly  made an exhaustive  

review  o f s o c ia l i ty  in  insects w ith  extensive comparisons o f  te rm ites  

w ith  the soc ia l Hymenoptera.

A ll te rm ites  u t i l i z e  c e llu lo s e  from a v a r ie ty  o f sources as 

th e ir  p r in c ip a l energy source. They are a l l  in vo lved , w ith  the

1



assistance o f th e ir  sym biotic b io ta , in  the comminution and decom­

pos ition  o f p la n t debris whether i t  be above, on or in  the s o i l .  

Sometimes in  the process o f  n u tr ie n t recyc lin g  te rm ites  can cause 

severe denudation o f grasslands (Coaton, 1951; Watson and Gay, 1970), 

even competing w ith  liv e s to c k  in  the removal o f grass and reduction of 

primary p ro d u c tiv ity  in  grasslands (Bodine, 1973). Where they are  

present, wood-eating te rm ites  are an in te g ra l p a rt o f an ecosystem and 

are considered to be much more im portant in  the i n i t i a l  breakdown o f  

wood than are microbes and fungi (Hopkins, 1966; Lee and Wood, 1971).

Term ites have long been o f in te re s t  to man. T h e ir a ttacks  

upon his man-made s tru c tu res  and possessions are o f continuing  

economic concern. Many o f  the studies on term ites  invo lve  the te s tin g  

o f wood or wood products, a ttra c ta n ts  and to x ic  chemicals and th e ir  

e ffe c ts  on the d e s tru c tiv e  a c t iv i t ie s  o f  various species o f te rm ite s .

Because o f th e ir  c ry p tic  behavior, there  are r e la t iv e ly  few 

comprehensive studies which examine the ecology and demography o f  

subterranean te rm ite s . Most such studies have concerned themselves 

p rim a rily  w ith  the obvious mound b u ild in g  or harvesting  species which 

forage above the ground, even though subterranean term ites  may be a t  

le a s t  as numerous and e c o lo g ic a lly  more im portant (Sands, 1972).

There are approxim ately 40 species o f  te rm ites  in  the  

continenta l United States and a t  le a s t  16 o f these occur in  the  

Tucson Basin. This represents the  la rg e s t number and g re a te s t d i ­

v e rs ity  o f species in  any area o f  comparable s iz e  in  the country.

Of the 16 species, 10 are subterranean and feed on c e llu lo s e  from a



v a r ie ty  o f  sources inc lud ing  wood, d ried  v e g e ta tio n , dung and humus 

(N u ttin g , 1968). Heterotermes aureus (Snyder) appears to  be the most 

econom ically im portant o f the subterranean term ites  in  th is  area .

Heterotermes aureus is  the only t r u ly  N earctic  species o f  

th is  genus and occurs in  the Sonoran Desert o f C a lifo rn ia  and Arizona  

in  the United S ta te s , and Sonora, S inaloa and Baja C a lifo rn ia  in  

Mexico. R e ticu lite rm es  t i b i a l i s  Banks replaces j i .  aureus in  the  

higher e levations o f the Sonoran Desert although the two species are  

sym patric in many o f the lower canyons and along w ater courses. _H. 

aureus is  not as dependent on m oisture as is  R e tic u lite rm e s . I t  is  

probable th a t  much o f the damage a ttr ib u te d  to  R e ticu lite rm es  in  

c e rta in  areas o f the southwestern deserts o f the United States is  

a c tu a lly  caused by j l . aureus (Weesner, 1970).

Since i t  is  an econom ically im portant species in  the Sonoran 

Desert, i t  was postualted  th a t H. aureus must be an im portant de­

composer in  th is  ecosystem, functio n ing  m ainly in  the breakdown and 

gradual recyc lin g  o f the dead wood which is  c o n tin u a lly  produced.

To evaluate the e f f ic ie n c y  o f H.. aureus in  removing s u p e rfic ia l dead 

wood i t  was necessary to measure the fo llow ing  parameters: 1) f o r ­

aging popu lations, 2) production and a v a i la b i l i t y  o f wood, 3) wood 

consumption ra tes  as a functio n  o f tem perature and wood species, 4 ) 

wood preferences and 5) environmental control o f  te rm ite  foraging  

a c t iv i t y .



METHODS AND MATERIALS

The f ie ld  work fo r  th is  study was c a rr ie d  out on the US/IBP, 

Desert Biome research s i te .  The U. S. Forest Service provided the  

area on i t s  Santa R ita  Experimental Range approxim ately 40 km south 

of Tucson, A rizona, a t  an e le v a tio n  o f 950 m. The s o il o f th is  s i te  

is  formed from outwash a lluv ium  c h a ra c te r is t ic  o f much o f the Sonoran 

D esert. Annual r a in f a l l  averages 330 mm, most o f  which occurs during  

the summer monsoon season. The remainder is  fre q u e n tly  made up, less  

r e l ia b ly ,  during the period from December through February. The 

area is  a shrub-invaded, desert grassland ecotone, ch aracterized  by 

sca ttered  shrubs, c a c ti and small tre e s . The shrub la y e r  is  dominated 

by burrow weed [Aplopappus tenuisectus (Green) B la k e ], the cactus by 

ch o lla  [Opuntia fu lg id a  Engel, and £ .  sp inos ior (Engel, and B ig e l. )  

Tourney], and the small tre e  la y e r  by mesquite [Prosopis j u l i f l o r a  

v a r. v e lu tin a  (W oot.) S a rg .] and blue palo verde ( Cercidium flo ridum  

B e n th .). Perennial grasses are found m ainly along the w ater courses 

and beneath the crowns o f tre e s  and shrubs.

Laboratory experiments were conducted in  the Department o f  

Entomology, U n iv e rs ity  o f A rizona.

C irc le d ra ts

Sampling fo r  s u p e r fic ia l dead wood, associated te rm ite  

a c t iv i t y  and forag ing  group s ize  was done on the lim ite d  d e s tru c tiv e

4



sampling area o f the untreated p lo t .  From a g r id ,  which had been 

used fo r  s o il m oisture sampling, f i f t y  random points were chosen and 

served as the centers o f the 50 " c irc le d ra ts "  (c ir c u la r  quadrats ).

In  the beginning sampling was done both day and n ig h t to  

randomize the tim e o f day in  which the te rm ite  populations were ob­

served. I t  was soon decided th a t  th e ir  forag ing  a c t iv i t y  should be 

studied sep ara te ly  and in te n s iv e ly , w ith  d e ta ile d  a tte n tio n  to  

several environmental va ria b le s  (see METHODS AND MATERIALS: B a it

Sampling G rid ). The c irc le d ra ts  could then be sampled during day­

l ig h t  hours w ith  prim ary a tte n tio n  to  dead wood and foraging group 

s ize  and d en s ity .
p

Using the random points as cen te rs , f i f t y  50-m c irc le d ra ts  

were "drawn". A ll the dead wood on the ground was id e n t if ie d  and 

weighed in  pounds and ounces on a hand-held, C h atillon®  hide sca le . 

Weights were la t e r  converted to grams. Term ite a c t iv i t y  was broken 

down in to  th ree  ca teg o ries : 1) term ites  p resen t, 2) past te rm ite

a c t iv i t y  but no te rm ites  present and 3) no past te rm ite  a c t iv i t y .

W hile surveying some p re lim in ary  c ir c le d r a ts ,  I  estab lished  

c r i t e r ia  to  determine which pieces o f dead wood should be included  

in  the c i r c le  as fo llo w s :

1. A ll wood w holly w ith in  the c ir c le  and on the ground was included.

2. Wood p a r t ia l ly  in  the c ir c le  but on the ground was broken or 

cut a t  the perim eter o f  the c ir c le  and the portion  w ith in  the  

c ir c le  included.

Wood on a bush or tre e  in s id e  or outside the c i r c le ,  but

5
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touching the ground w ith in  o n ly , and th e re fo re  accessib le  to 

subterranean te rm ite s , was removed and counted in  to to .

4. Wood extending in to  the c ir c le  ( a e r ia l ly )  but not touching  

the ground in s id e  was not included.

These c r i t e r ia  may be summed up by the general ru le  th a t  a l l  wood 

accessib le  from the ground w ith in  the c i r c le  was included, and wood 

accessib le  only from w ithout was not.

When fo rag ing  groups were encountered, they were e ith e r  

counted on the spot or the wood contain ing the te rm ites  was brought 

back in to  the la b o ra to ry  and the term ites  were ex tracted  from the  

wood and counted. A ll counts were exact t a l l i e s  o f every in d iv id u a l 

in  a forag ing  group. None was estim ated. When clean and hea lthy  

term ites  were brought back to  the lab o ra to ry  occasional samples were 

removed and d ried  to constant dry weight a t  60°C fo r  24 h r. Weights 

o f samples were taken to the nearest 0.1 mg on a M e tt le r  a n a ly tic a l  

balance, Type 6H.

The 50 c irc le d ra ts  were sampled between May 3 , 1971, and 

June 7 , 1972. To determine dead wood production each p o in t was 

resampled between May 2 , 1972, and June 5 , 1973.

Data Analysis

The c ir c le d r a t  method y ie ld e d  data fo r  determ ining several 

d if fe r e n t  pieces o f in fo rm atio n : biomass o f dead wood o f each

species per hectare a v a ila b le  fo r  te rm ite s , biomass o f dead wood o f  

each species produced annually  per h ec tare , numbers and biomass o f  

H. aureus per h ec ta re , the re la tio n s h ip  between the amount o f wood



a v a ila b le  and the te rm ite  numbers and biomass, and wood p re fe r ­

ences.

Wood weights obtained in  the f ie ld  necessarily  included a 

c e rta in  amount of m oisture , so il and miscellaneous d eb ris . These 

f ie ld  weights have been corrected fo r  m oisture content and adhering  

m ateria l as fo llo w s . Two c o lle c tio n s  o f  random samples o f s ix  

species o f wood were made ju s t  outside the IBP study area . C o llec ­

tio n s  were made a t  two d if fe r e n t  times o f ye a r: a f te r  a wet period

(October 20, 1972) and a dry period (September 24, 1973). Routine 

f ie ld  weights were taken and the wood was brought back in to  the la b ­

o ra to ry  fo r  a thorough cleaning and dry ing . I t  was brushed and 

washed in  w ate r, d ried  a t  105°C fo r  24 h r , then reweighed on the same 

scale  to  determine biomass. A fa c to r  fo r  c o rrec tin g  f ie ld  weights was 

determined by d iv id in g  the w eight o f a c lean , dry sample by i t s  f ie ld  

w eight.

No s ig n if ic a n t  d iffe re n c e  was found between the co rrec tio n  

fac to rs  fo r  the wet and dry periods; th e re fo re , data fo r  the two 

seasons were considered to g e th er. A s ig n if ic a n t  d iffe re n c e  (a  = .0 1 )  

between co rrec tio n  fa c to rs  fo r  wood species was found by ana lys is  o f  

varian ce . These s p e c if ic  c o rrec tio n  fac to rs  are l is te d  in  Table 1 . 

Wood species not processed as above have been assigned a co rrec tio n  

fa c to r  which is  the average o f fa c to rs  determined fo r  the s ix  species. 

F ie ld  weights were m u ltip lie d  by the app ro pria te  co rrec tio n  fac to rs  

to  give the standing crop biomass o f  s u p e rfic ia l dead wood and annual 

dead wood production.
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Table 1. Factors fo r  co rrec tin g  f ie ld  weights of wood fo r  m oisture  
content and adhering s o i l .  F ie ld  weights o f each species 
times i t s  co rrec tio n  fa c to r  provides a reasonably accurate  
standing crop biomass fo r  fa l le n  dead wood.

Wood species No. samples C orrection fa c to r3

Acacia g reg g ii 2 .9109 a

Prosopis j u l i f l o r a 2 .9024 a

C e lt is  p a llid a 2 .8697 a

Opuntia sp inos ior 8 .8359 a

Cercidium flo ridum 2 .8174 ab

Opuntia fu lg id a 8 .7812 ab

0. fu lg id a , jo in ts 4 .7682 ab

0. sp in o s io r, jo in ts 2 .6773 b

A ll species 30 .8122

^Correction fac to rs  fo llow ed by the same le t t e r  are not s ig n if ic a n t ly  
d if fe r e n t  a t  the a = .05 le ve l as determined by Student-Newman-Keuls1 
te s t  fo r  unequal r e p lic a t io n .



R elationships between the standing crop o f s u p e rfic ia l dead 

wood and te rm ite  biomass o r numbers were obtained by l in e a r  c o rre la ­

t io n . C o rre la tio ns  between the to ta l H. aureus numbers and biomass 

were examined, using the average biomass fo r  each caste and the  

corrected biomass o f each wood species fo r  each c ir c le d r a t .

Wood preferences were determined by ta b u la tin g  the number o f  

occurrences o f each species o f wood in  a l l  f i f t y  c irc le d ra ts .  The 

counts were separated in to  the number o f  pieces o f  each species o f 

wood attacked and not a ttacked  by H. aureus. These frequencies were 

analysed by Chi-square. P ro b a b ilit ie s  o f a tta c k  were separated a t  

the a = .05 le v e l by a Student-Newman-Keuls1 m u ltip le  range te s t .

B a it Samp!ing Grid

To examine the physical fa c to rs  a ffe c tin g  or re g u la tin g  

forag ing  and to  determine colony t e r r i t o r ie s  and d e n s it ie s , a g rid  o f  

a t t r a c t iv e  b a it  was planned on the lim ite d  d e s tru c tiv e  sampling area  

o f the chained p lo t .  This area was chosen because most o f the  

standing vegetation  had been removed by a chaining operation  18 months 

before . P r io r  to  s e tt in g  out the b a it  a l l  s u p e r fic ia l and p a r t ia l ly  

buried wood was raked o f f  the g rid  area so as to  e lim in a te  any possib le  

com petition between natura l wood and the b a i t .

Two types o f  b a i t  m ateria l proved to  be unsuccessful in  pre­

lim in a ry  t r i a l s .  B irch tongue depressors, spaced a t 1-m in te rv a ls  

on two 10 x 10-m grids  and pushed h a lf  way in to  the s o i l ,  proved to  be 

a t t r a c t iv e  to  te rm ite s . However, when the depressors were pu lled  up 

fo r  p erio d ic  exam ination, the te rm ites  were destroyed and could not be

9
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counted. As a re s u lt  th is  method was abandoned. F ir  2" x 4" blocks 

(8 .4  x 3 .7  x 10.0  cm) spaced a t  1-m in te rv a ls  on two ad d itio n a l 

10 x 10-m grids were estab lished  but did  not prove to  be very a t t r a c ­

t iv e  to term ites  and th is  method was also abandoned.

A ra th e r  novel te rm ite  b a it  was discovered and used on a 

t r i a l  basis a f te r  the two previous methods were deemed u n s a tis fa c to ry . 

Two 10 x 10-m grids o f t o i l e t  paper r o l ls  which were spaced a t  1-m 

in te rv a ls  were se t up ad jacent to the tongue depressor g rid s . Tongue 

depressors were used to  mark the 1-m in te rv a ls  and to  prevent them 

from blowing away. The r o l ls  o f paper were slipped over the tongue 

depressors and pressed onto the s o il surface . Each r o l l  o f paper 

(Forest Partf®, 650 sheets , 11.43 x 11.43 cm, s in g le  p ly , w h ite , un­

scented) was wrapped w ith  3 s tr ip s  o f  masking tape (5 .2  cm wide) to  

prevent ra v e lin g . This b a it  proved to  be very a t t r a c t iv e  to  H. aureus 

and the r o l ls  could be l i f t e d  and the te rm ites  observed w ithout g re a tly  

in te r fe r in g  w ith  th e ir  a c t iv i t ie s .

Following the success o f th is  method ad d itio n a l grids were

se t up. The completed p lo t  consisted o f  16 te s t  areas , o f 100 r o l ls

o f paper se t a t  1-m in te rv a ls . The to ta l g rid  area measured 40 x 40 m, 
2

or 1600 m . Between some o f the te s t  areas in te rm ed ia te  rows occurred 

as a re s u lt  o f the chronological order in  which the te s t  areas were 

la id  out. These in te rm ed ia te  r o l ls  were checked fo r  te rm ite  a c t iv i t y  

a t the end o f the experiment to a id  in  es tab lish in g  colony boundaries. 

Of the 16 te s t  areas 12 were used to  observe weekly fo rag ing  a c t iv i t y  

of two species o f te rm ite s ,H. aureus and Gnathamitermes perplexus
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(Banks). The adjacent fo u r p lo ts  were l e f t  untouched as p a rt o f  a 

p a ra lle l  study to  determine the amount o f s o il brought to  the surface  

by te rm ites  as w ell as to  estim ate the amount o f  paper removed by 

te rm ites  over a period o f one y e a r.

Environmental Control o f Foraging A c t iv ity

Observations on the foraging a c t iv i t y  o f H. aureus were made 

from October 15, 1971, to  October 13, 1972. I t  was decided a f te r  some 

p re lim in ary  observations th a t  each r o l l  o f paper should be examined no 

o fte n er than once a week to  prevent undue d isturbance. Observations 

on these te s t  areas were made during a 24 -h r period each week. A 

d if fe r e n t  te s t  area o f  100 r o l ls  was examined every 2 4 -h r , thus no 

s in g le  r o l l  was checked more than once a week.

Checking fo r  te rm ite  fo rag ing  a c t iv i t y  involved a quick  

examination o f the underside o f  each r o l l ,  and a n o ta tio n  o f  the  

species and approximate number o f  te rm ites  present o r ,  i f  none were 

present, any evidence o f past a c t iv i t y .  In  th is  manner, 100 r o l ls  

could be examined in  about 30 m inutes. The narrow er, deeper and more 

h e a v ily  spotted g a lle r ie s  o f  H. aureus made i t s  workings easy to  

d is tin g u is h  from those o f G. perp lexus.

P rio r  to  each 2 -h o u rly  check several environmental parameters 

were measured. S o il tem perature a t 1 , 3 , 5 , 10 , and 15 cm from the  

surface and tem peratures in  a r o l l  and a t the r o l l - s o i l  in te r fa c e  

were measured w ith  copper-constantan thermocouples using a Leeds and 

Northrop s in g le  range potentiom eter. S o il surface tem perature was also  

measured w ith  PTC® surface thermometers, model 31OC (P a c if ic  Transducer
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Corp. Instrum ents). S o il temperatures were means o f  values measured 

a t  two s ta tio n s  w ith in  the b a it  sampling g r id . A ir  tem perature and 

r e la t iv e  hum idity were continuously recorded by a Bendix hygro-thermo­

graph, model 594, on the south edge o f the te s t  area . Continuous 

recordings f o r  r o l l - s o i l  in te r fa c e  temperatures were made w ith  an 

E le c tr ic  A u to -L ite  recording thermometer, model 100. R a in fa ll was 

obtained weekly w ith  two sim ple , wedge-shaped, p la s t ic  c o lle c t in g  

gauges.

Data Analysis

Five catego ries  were used to describe the number o f te rm ites  

observed a t  a r o l l :  few , 1 -5 ; medium sm all, 6 -50 ; medium, 51-150;

medium la rg e , 151-250; and la rg e , >250. The median value o f  each 

category (few , 2 .5 ;  medium sm all, 2 7 .5 ; medium 100 .0 ; medium la rg e ,  

200.0; la rg e , 500) was used as th e  estim ate o f the number o f te rm ites  

forag ing  a t  a p a r t ic u la r  r o l l .  The closeness o f the estim ate was 

determined a t the end o f the study by harvesting 200 r o l ls  from the 

fo u r undisturbed te s t  areas , assigning a s iz e  class as usual in  the  

f i e l d ,  and f in a l l y  counting the te rm ites  in  the  la b o ra to ry . When the  

re la tio n s h ip  was examined by l in e a r  regression and c o r re la t io n , the  

estim ated and observed values o f 35 foraging groups showed a h ig h ly  

s ig n if ic a n t  c o rre la t io n  ( r  = .9 5 5 ) . Since the  numbers o f  te rm ites  

were c o n s is te n tly  underestim ated, the re s u ltin g  regression equation  

(Y = 2 .04  + 1.875X) was used to  ad ju s t a l l  estim ated numbers o f  

te rm ite s .



Seasonal trends in  forag ing  were determined by summing the  

estim ated numbers o f te rm ites  observed a t the surface fo r  a l l  12 te s t  

areas (over a 24 -h r period ) each week fo r  the 53 weeks o f the exp eri­

ment. These to ta ls  were p lo tte d  along w ith  mean tem perature ( r o l l -  

s o il in te r fa c e )  fo r  the 24 -h r observation period and cum ulative r a in ­

f a l l  fo r  the preceding week.

The re la tio n s h ip  between number o f forag ing  te rm ite s , mean 

d a ily  tem perature and d a ily  r a in f a l l  was determined by m u ltip le  

l in e a r  (c u r v i l in e a r )  regression (D ixon, 1973). Independent va riab les  

were transgenerated to  lo g e , rec ip roca l and square, and the dependent 

v a ria b le  transgenerated to lo g e . With the transgenerated v a r ia b le s ,  

models describ ing the above re la tio n s h ip  were developed.

Colony Foraging T e r r ito r y  and Density

In  ad d itio n  to  r e la t in g  fo rag in g  behavior to  environmental 

param eters, the t o i l e t  paper p lo t  provided a means fo r  estim ating  the  

s iz e  (a rea ) and den s ity  o f forag ing  t e r r i t o r ie s  o f  H. aureus. I t  was 

not possib le to  demonstrate suspected t e r r i t o r i a l  l im its  by noting  

aggression (o r  lack  o f  i t )  displayed when workers o r so ld ie rs  from 

d if fe r e n t  areas were brought together as was done by Nel (1968) 

w ith  Hodotermes mossambicus. However, i t  was possib le  to es ta b lis h  

boundaries o f  what are considered to  be forag ing  t e r r i t o r ie s  o f in ­

d iv id u a l co lo n ies . R o lls  attacked on the f i r s t  week o f  the study and 

r o l ls  w ith  c o n s is te n tly  la rg e  numbers o f  te rm ites  were considered as 

colony ep icen te rs . From these epicenters the spread o f foragers  to
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new r o l ls  was fo llow ed w eekly. Thus, from th is  se ries  o f  observa­

tions colony boundaries were e m p ir ic a lly  determ ined.
2

Based on the assumption th a t  each r o l l  subtended 1 m o f  

t e r r i t o r y ,  the areas o f  the t e r r i t o r ie s  thus defined were determined 

by summing the r o l ls  attacked in each grouping. Unattacked r o l ls  

w ith in  such groups were included in  the  occupied areas since i t  seems 

u n lik e ly  th a t they would be attacked by o th er colonies o f H. aureus 

(Greaves, 1962). Areas o f the colonies on the periphery o f the study 

p lo t were m u ltip lie d  by two since i t  is  assumed th a t ,  on the average, 

only h a lf  o f each such colony f e l l  w ith in  th e  p lo t .  In  determ ining  

the number o f colonies per h ec ta re , colonies w holly w ith in  the p lo t  

were counted as whole colonies b u t, according to  the preceding 

assumption, those d iv ided  by p lo t boundaries were counted as h a l f ­

co lon ies .

The average number o f  foragers per hectare per week was 

ascerta ined by summing the mean number o f te rm ites  observed per r o l l  

per week fo r  the e n tire  12 te s t  areas.

Wood Consumption Rates

Term ites

Three forag ing  groups o f H. aureus were c o lle c te d  a t the Santa 

R ita  Experimental Range by using r o l ls  o f t o i l e t  paper as b a i t .  A fte r  

th e ir  removal from the paper a l l  te rm ites  were held a t 25°C and ca.

100 percent R. H. fo r  th ree  weeks on f i l t e r  paper, w ith  a piece o f  

4 percent agar as a moisture source.
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Four species o f  wood were chosen which H. aureus commonly 

attacks on the Santa R ita  Experimental Range: catclaw  acac ia , Acacia

gregg ii Gray; jumping c h o lla , Opuntia fu lg id a  Engelm.; m esquite, 

Prosopis j u l i f l o r a  v a r. v e lu tin a  (Wooton) S a rg .; and blue palo verde, 

Cercidium flo ridum  Benth. 0j_ fu lg id a  was chosen over 0^  sp inos io r  

because o f i t s  s iz e , so th a t  la rg e  uniform pieces o f wood could be 

used.

Blocks were cu t (6  x 12 x 12 mm) from sound, dead branches o f 

each species. Before the te s ts ,  blocks were oven d ried  a t  105°C fo r  

24 hr and weighed to the nearest 0.1 mg using a M e tt le r  a n a ly tic a l  

balance, Type H6. To avoid w ater uptake between removal from the oven 

and weighing, the wood was held in  a des iccating  j a r  w ith  in d ic a tin g  

D rie r ite ® . Although i t  was not apparent whether or not th is  wood had 

been attacked by fu n g i, i t  did not appear to  be a lte re d  s ig n if ic a n t ly .

Test Procedures

An experim ental u n it  consisted o f  100 te rm ites  in  a closed  

conta iner w ith  a block o f wood on moistened sand. The caste com­

p o s itio n  o f each group varied  s l ig h t ly  to  match the caste proportions  

o f the forag ing  group from which i t  was taken. The te rm ites  fo r  each 

re p lic a t io n  were drawn from a s in g le  natural forag ing  group. An 

average dry w eight fo r  each cas te , obtained in  conjunction w ith  the  

forag ing  group study, was used to  estim ate the dry w eight o f  each 

group. The re s u lt in g  composition and estimated group weight o f  each 

re p lic a tio n  are shown in  Table 2.
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Table 2. Group weights and caste composition o f Heterotermes aureus 
fo r  each re p lic a tio n  used in  wood consumption te s ts . In ­
d iv id u a l caste weights are means determined by drying la rg e  
numbers a t  60°C fo r  24 h r.

Caste Caste w t, mg Rep 1 Rep 2 Rep 2

Larva-worker^ 0.336 99 99 98

S o ld ie r 0.479 1 1 2

Group w t, mg 33.743 33.743 33.886

^ U n d iffe re n tia te d  la rv a e  o f  a t  le a s t  the th ird  in s ta r .

F ive dram, snap-cap v ia ls  were f i l l e d  w ith  10 ml o f  s t e r i l e ,  

washed sand (.2 4 6  < p a r t ic le  s iz e  < .590 mm), and 4 ml o f d is t i l le d  

w ater w ith  a block o f wood g en tly  pressed in to  the sand. The te rm ite  

groups were then im m ediately added. Each experim ental u n it  was held  

a t an assigned tem perature o f 16, 20, 24, 28, 32 o r 36°C in  a tempera­

tu re  cab inet adjusted to  ± 1.0°C  and ca. 100 percent R. H. The 

temperatures used in  th is  experiment are known to  be w e ll w ith in  the  

foraging l im its  o f H. aureus (LaFage, N u ttin g , and H averty , 1973). 

Containers were examined d a ily  w ith  minimal d isturbance to see th a t the  

groups were s t i l l  a c t iv e . I f  a l l  te rm ites  in  a group had died p r io r  

to the com pletion o f the 28-day t e s t ,  the co n ta in er was placed in  a 

fre e z e r  to  prevent m icrob ia l or fungal decay o f the wood. At the  end 

o f the te s t  period the te rm ites  o f  each surv iv ing  group were counted.
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a l l  wood blocks were cleaned o f sand, ovendried a t  105°C fo r  24 hr 

and reweighed fo r  c a lc u la tin g  weight loss due to  feed ing . Wood 

consumption was determined in  two ways: 1) by measuring the to ta l

amount o f  wood removed by each group o f te rm ites  during the 28-day 

te s t  perio d , regard less o f su rv iva l and, 2) by c a lc u la tin g  the amount 

o f wood consumed per hour per gram o f dry weight o f te rm ite . The 

l a t t e r  c a lc u la tio n  was made by d iv id in g  the amount o f wood consumed 

per group by the number o f hours surv ived , then d iv id in g  by the  

estim ated dry weight o f  the te rm ites  in  grams. I f  less than 28 days, 

number o f days was m u lt ip lie d  by 24 to  give number o f hours surv ived .

Data Analysis

The wood consumption data were examined by an analys is  o f  

variance u t i l i z in g  a randomized com plete-block design w ith  a fa c to r ia l  

se lec tio n  o f treatm ents . The su rv iva l percentages were transformed  

to arc sine before an a ly s is . Means were tes ted  fo r  s ig n ific a n c e  a t  

the a = .05 le ve l and separated using the Student-Newman-Keuls1 te s t  

(S tee l and T o r r ie ,  1960). Regression equations were determined by 

the method o f  orthogonal polynomials ( L i t t l e  and H i l l s ,  1972).

Simulated Wood Consumption

One o f the c en tra l questions concerning the ro le  o f te rm ites  

in  the d e tr itu s  cyc le  asks how much wood a te rm ite  species can consume 

or remove from the ecosystem per hectare per y ea r. A sim ple model 

has been developed to  answer th is  question through a synthesis o f the  

supporting data from th is  work and from the l i t e r a t u r e .  Although i t
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uses data from many sources, the temperature-dependent functions o f  

te rm ite  foraging in te n s ity  and wood consumption are most c r i t i c a l .

The model has been designed to  run on mean d a ily  temperatures (a t  

the fo o d -s o il in te r fa c e )  and d a ily  r a in fa l l  fo r  a period o f one yea r. 

Temperature and p re c ip ita t io n  data c o lle c te d  on the  b a it  sampling 

g rid  were used. The com plexity o f the model may be increased by 

basing c a lc u la tio n s  on hourly  tem peratures. Since the re s u lts  were 

not s ig n if ic a n t ly  changed the  model was run w ith  mean temperatures to  

optim ize computer tim e.

A d escrip tio n  o f  the model's operation  is  best i l lu s t r a te d  

by a d e ta ile d  o u tlin e  o f the lo g ic  invo lved:

1. For each day o f  a y e a r , 24 hourly tem peratures and d a ily  

r a in f a l l  are read in  and a d a ily  mean tem perature c a lc u la te d .

2. I t  is  assumed th a t foraging is  possible every day o f the year

provided the mean tem perature does not f a l l  below 4 .0°C  (see 

RESULTS: Environmental Control o f  Foraging A c t iv i ty ) .

3. Temperature and r a in f a l l  values are fed in to  an equation o f 

the fo llo w in g  form:

In  Number o f Foragers = bQ + b-j Temp + bg In  Temp + bg Rain 

to determine the number o f  foragers a t  some in s ta n t during the  

day (see RESULTS: Environmental Control o f Foraging A c t iv i ty ) .

4 . Since these data come from a study area o f only 0.01 h ec ta re , 

the number o f foragers observed must be m u ltip lie d  by 100 to  

provide an estim ated foraging fo rce  per hectare .



5. The above equation does not estim ate the number o f term ites  

fo rag ing  a t  the surface during a day, but only the number 

observed a t  a s in g le  p o in t in  tim e w ith in  the day. I t  th e re ­

fo re  becomes necessary to  determine how fa s t  the term ites  

above the surface might be replaced by an equal number from 

below. This requ ired  one major assumption: the numbers

below the surface approach in f in i t y ;  th a t  is ,  there  w i l l  

always be an ample subsurface fo rce  to  rep lace those foraging  

above. This assumption has necessitated  the establishm ent o f  

a fo rag er "tu rnover ra te "  based on the speed a t  which te rm ites  

tra v e l as a functio n  o f tem perature. S ka ife  (1961) has mea­

sured the speed ( in  cm/minute) o f Amitermes hastatus over the 

range o f temperatures from 10-30°C. On the assumption th a t  

H. aureus moves a t  the same speed, these data have been used 

to  develop the fo llo w in g  equation:

Speed in  cm/day = ( -1 .4 7  + (1 .6 2  x Tem perature)) x 60 x 

24 to c a lc u la te  the d istance a fo rager can tra v e l (cm /day).

To complete one c i r c u i t  from the underground fo rag er pool 

(estim ated a t  2 cm below the s o il su rface ) to  the food source 

(th e  he igh t o f  a t o i l e t  paper r o l l )  and back to  the p o o l, a 

te rm ite  must tra v e l a maximum distance o f 26.86 cm. Thus the  

number o f  fo rag ing  ro u n d -trip s  per u n it  tim e , or turnover r a te ,  

may be expressed as fo llo w s :

Turnovers/day = Speed (cm/day) /  Maximum distance (cm).

19
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6. I f  number o f turnovers per day is  m u ltip lie d  by number o f  

foragers observed a t  some in s ta n t during the day, the re s u lt in g  

number represents the to ta l fo rce  v is i t in g  the food source 

during th a t  day.

7. Forager biomass must next be ca lcu la ted  from the data on s iz e  

and caste composition o f forag ing  groups. Proportional caste  

composition o f H. aureus fo rag ing  groups is  as fo llo w s :

0.1044 % la rvae

97.2277 % larva-w orkers

1.5717 % so ld ie rs

1.0962 % nymphs

The fo rag ing  biomass is  obtained by summing the products o f  

the numbers o f  a caste and the average biomass per in d iv id u a l. 

Numbers are converted to  biomass because wood consumption 

ra tes  have been determined as a fu n c tio n  o f te rm ite  biomass, 

not numbers o f  te rm ite s .

8. D if fe re n t  species o f wood are consumed by te rm ites  a t  varying  

ra tes  as a re s u lt  o f  many fa c to rs . These ra tes  have been 

determined fo r  H. aureus on fo u r species o f wood a t  s ix  

temperatures (see RESULTS: Wood Consumption Rates, Figures 

8 -1 2 ) . Since te rm ites  p r e fe r e n t ia l ly  d iv id e  th e ir  forag ing  

a tte n tio n  toward d if fe r e n t  species o f  wood (see RESULTS: 

C irc le d ra ts , Table 8) i t  fo llow s th a t  forag ing  biomass must 

also be p a rt it io n e d  in to  percentages o f the to ta l  which w i l l  

process each o f the 11 species o f wood in  the  system. Thus
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the amount o f each wood species consumed is  a product o f a 

p a r t ic u la r  consumption ra te  times i ts  assigned te rm ite  b io ­

mass.

9. The tem perature-dependent, d a ily  consumption o f each wood 

species can now be summed to g ive a to ta l d a ily  wood con­

sumption, and these fig u re s  f in a l l y  summed over a year to  

provide the to ta l annual amount o f wood consumed by H. aureus.



RESULTS

C irc le d ra ts

F a llen  Dead Wood A v a ila b le  to  Term ites  
and Annual Dead Wood Production

C orrecting f ie ld  weights o f a l l  s u p e rfic ia l dead wood, I  

estim ated th a t the standing crop biomass is  2127 kg per hectare  

(Table 3 ) .  F ive dominant p la n t species (Acacia q re g g ii , Prosopis 

j u l i f l o r a  v a r. v e lu t in a , Opuntia fu lg id a , Qpuntia sp inosior and 

Cercidium flo rid u m ) account fo r  97 .6  percent o f the biomass.

Biomass o f a l l  s u p e rfic ia l dead wood produced annually  is  

estim ated a t  450 kg per hectare (Tab le 4 ) .  S ix  p lan t species (the  

above plus Opuntia engelm annii) account fo r  96 .4  percent o f the b io ­

mass produced ann ua lly . These production fig u re s  might be somewhat 

high due to the exc ep tio n a lly  cold w in te r o f 1971-72, which brought 

fre e z in g  temperatures and snow. Many periphera l jo in ts  on Opuntia 

fu lg id a  and 0 . engelmannii fro ze  and dropped. The weight o f  snow 

appeared to  cause many la rg e  limbs o f Cercidium flo ridum  to  break and 

f a l l .  Two such occurrences accounted fo r  92 .5  percent o f th e  annual 

dead wood production o f C. f lo r id u m . On the basis o f these a lone, 

standing crop biomass o f fa l le n  dead wood fo r  P. j u l i f l o r a  and C. 

flo ridum  turns over ra p id ly . The annual production o f each species is  

44 .2  and 51 .5  percent o f th e ir  standing crops. This would imply th a t  

the standing crops are turned over a t a ra te  o f  once every 2 .26  y r  fo r

22



Table 3. Standing crop biomass o f s u p e rfic ia l dead wood on the I .B .P .  
untreated p lo t ,  Santa R ita  Experimental Range, based on 
f i f t y  SO-mr c irc le d ra ts .

23

Wood species
X w t /c irc le d ra t  

± 95% C . I . Est kg/ha

Acacia g reg g ii 3 .162 ± 2.312 632

Prosopis j u l i f l o r a 1.801 ± 1.357 360

Opuntia fu lg id a 1.766 ± 1 .124 353

Opuntia sp inosior 1.562 ± 0.533 312

Opuntia spp. jo in ts 1.405 ± 0.746 281

Cercidium flo rid u m 0.688  ± 1 .013 138

C e lt is  p a ll id a 0.087 ± 0 .147 17

Opuntia engelmannii 0.051 ± 0 .050 10

Ephedra t r i fu r c a 0.041 ± 0.036 8

G u tie rre z ia  sarothrae 0.040 ± 0 .060 8

Other woods 0.034 ± 0 .028 7

Tota l 10.636 ± 2 .732 2127
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Table 4. Biomass o f s u p e r fic ia l dead wood produced annually  on the  
I .B .P . untreated p lo t ,  Santa R ita  Experimental Range, based 
on f i f t y  50-m2 c irc le d ra ts .

Wood species
X w t /c irc le d ra t  

± 95% C . I . Est kg/ha

Prosopis j u l i f l o r a 0.796 ± 0.971 159

Opuntia fu lg id a 0.415 ± 0 .577 83

Cercidium flo ridum 0.352 ± 0 .496 70

Opuntia spp. jo in ts 0.274 ± 0.143 55

Acacia g reg g ii 0.158 ± 0 .145 32

Opuntia engelmannii 0 .102  ± 0 .145 20

Opuntia sp inos ior 0 .074  ± 0 .078 15

G u tie rre z ia  sarothrae 0.045  ± 0.034 9

Ephedra t r i fu r c a 0.023 ± 0 .012 5

Other woods 0.007 ± 0.006 1

C e lt is  p a llid a 0.003 ±  0 .004 1

Total 2.249 ± 1 .194 450
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P. j u l i f l o r a  and 1 .95  y r  fo r  C. flo rid u m . The turnover ra tes  fo r  the  

other major wood species ( Opuntia fu lg id a , Opuntia spp. jo in t s .

Acacia g req q ii and 0 . sp in o s io r) are much lower a t once every 4 .2 6 ,  

5 .1 3 ,2 0 .0 0  and 21.28 y r ,  re s p e c tiv e ly .

Foraging Group Characters

Estimates o f  numbers o f te rm ites  and te rm ite  biomass per 

hectare are based on 40 fo rag ing  groups c o lle c te d  w h ile  sampling 

s u p e r fic ia l dead wood. Selected samples o f  clean te rm ites  were taken  

from 29 forag ing  groups to  determine mean biomass (mg) fo r  each caste  

(Tab le  5 ) .

Twenty s ix  o f the 50 c irc le d ra ts  contained 40 foraging groups 

o f H. aureus, an average o f 0 .80  fo rag ing  groups per c ir c le d r a t  or 160 

forag ing  groups per hectare (Tab le  6 ) .  Average group s iz e  was 430 .74 . 

Larva-workers (u n d iffe re n tia te d  la rv a e  o f a t  le a s t  the th ird  in s ta r )  

comprised 97 .2  percent o f  the fo rag ing  te rm ites  c o lle c te d , so ld ie rs  

1 .5  percent, reproductive nymphs 1.1 percent and w h ite  so ld ie rs  and 

la rv a e  0.1 percent each. Biomass fig u re s  o f  in d iv id u a l castes (Table  

5) perm it c a lc u la tio n  o f an average group w eight o f 150.96 mg. With 

160 foraging groups per hectare  i t  is  estim ated th a t  th ere  are 68,918  

foragers per hectare w ith  a biomass o f  24.154 g. This biomass f ig u re  

must represent on ly a small portio n  o f the colony biomass since i t  is  

an instantaneous sample o f  the to ta l  foraging fo rce  (Bodine, 1973).

R e la tio n sh ip  between Wood Biomass and Term ite Biomass or Numbers

One o f  the major questions which might be asked in  a study o f  

th is  nature is  "Does a re la t io n s h ip  e x is t between the number o f
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Table 5. Mean biomass o f castes o f Heterotermes aureus based on
samples from 29 fo rag ing  groups on the Santa R ita  E xperi­
mental Range.

Caste No. in d iv id u a ls  weighed X b io m a s s /in d iv ., mga

Larva 50 0.2640

Larva-worker 11,100 0.3408

S o ld ie r 200 0.4675

W hite s o ld ie r 29 0.3862

Nymph 311 1.0540

aBiomass determined by ovendrying a t  60°C fo r  24 h r.
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Table 6. Average com position, d en s ity  and biomass o f  40 forag ing  
groups o f Heterotermes aureus c o lle c te d  on the Santa R ita
Experimental Range.

2
Ave. g ro u p s /c irc le d ra t (50 m ) 

Ave. group composition:

0 .80

Larva-workers 418.80 (97.2% )

S o ld iers 6 .28  ( 1.5%)

Nymphs 4 .73  ( 1.1%)

White so ld ie rs 0 .53  ( 0.1%)

Larvae 0.40 ( 0.1%)

Total 430.74

Ave. group w eight, mga 150.96

Est. groups/ha 160

Est. te rm ites /h a 68,918

Est. biomass/ha, g 24.15

aBiomass fig u re s  based on Table 5.
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te rm ites  in  an area and the amount o f wood a v a ila b le ? " . C o rre la tio n  

c o e ff ic ie n ts  o f s u p e rfic ia l dead wood biomass and numbers and biomass 

o f H. aureus are given in  Table 7. Only one p la n t species is  

s ig n if ic a n t ly  c o rre la te d  w ith  numbers or biomass o f te rm ite s . There­

fo r e ,  there  does not appear to  be a general re la tio n s h ip  between t e r ­

m ite numbers or biomass and wood biomass.

Wood Preference

Table 8 l i s t s  the number o f a ttacks  or non-attacks by H. aureus
o

on a l l  items o f each species o f s u p e rfic ia l dead wood in  f i f t y  50-m

c irc le d ra ts  sampled on the Santa R ita  Experimental Range. The

p ro b a b ilit ie s  o f being attacked  thus provide a measure o f preference
2

fo r  these woods. The x value fo r  wood preference is  8 8 .0 4 , s ig n i f i ­

cant a t  the a = 0.005 le v e l .  With the exception o f C e lt is  p a l l id a , H. 

aureus shows strong preferences fo r  fo u r o f the f iv e  dominant woody 

p la n ts . C e lt is  appears to  be h ig h ly  p re fe rre d , but is  r e la t iv e ly  un­

common in  terms of to ta l standing crop biomass (0 .8% ) and to ta l annual 

production o f dead wood (0 .2% ). Although C. flo rid u m  appears to  be low 

on the preference l i s t  here, H. aureus consumed much more o f i t  in  

lab o ra to ry  wood consumption te s ts  than i t  did o f 0 . fu lg id a , P. 

j u l i f l o r a  v a r. v e lu tin a  or q re g g ii .

B a it Samp!inq Grid

Seasonal Trends in  Foraging

Heterotermes aureus foraged day and n ig h t throughout most o f  

the year in  the study area o f  the Santa R ita  Experimental Range.
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Table 7. C o rre la tio n  c o e ff ic ie n ts  o f standing crop biomass o f
s u p e rfic ia l dead wood, by species, and numbers and biomass 
o f Heterotermes aureus. Based on data from f i f t y  50-m2 
c ir c le d r a ts ,  Santa R ita  Experimental Range.

r

Wood species Numbers
Term ite

Biomass

Acacia g reg g ii - .1 1 2 - .1 1 6

C e lt is  p a llid a - .0 6 5 - .0 6 5

Cercidium flo ridum -.0 6 5 - .0 6 6

Ephedra t r i fu r e a - .0 8 3 - .0 8 6

G u tie rre z ia  sarothrae .090 .089

Opuntia engelmannii - .1 2 0 - .1 2 2

Opuntia fu lg id a .017

* *

.018

* *
Opuntia sp inos ior .393 .399

Opuntia spp. jo in ts - .2 0 9 - .2 1 0

Prosopis j u l i f l o r a -.1 1 9 -.1 0 9

Other woods .018 .017

Total wood - .1 5 6 - .1 5 3

C o rre la tio n  c o e ff ic ie n t  s ig n if ic a n t  a t  the a = .01 le v e l .
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Table 8. Number o f a tta c k s , or n o n -a ttacks , and p ro b a b ilit ie s  o f  
a tta c k  by Heterotermes aureus on a l l  items o f 11 species 
o f wood in  f i f t y  50-m2 c irc le d ra ts  sampled on the Santa 
R ita  Experimental Range.

No.
Wood species Attacked

No. not 
Attacked

Tota l
Observations

P ro b a b ility 3 
o f being 
Attacked

C e lt is  p a llid a 8 2 10 .800 a

Opuntia sp inosior 92 49 141 .652 a

Opuntia fu lg id a 29 22 51 .569 a

Prosopis j u l i f l o r a 31 44 75 .413 ab

Acacia g reg g ii 34 50 84 .405 ab

Ferocactus w is liz e n i 1 2 3 .333 abc

Cercidium flo ridum 6 15 21 .286 abc

Opuntia engelmannii 3 8 11 .273 abc

Ephedra t r i fu r e a 5 17 22 .227 be

G u tie rre z ia  sarothrae 2 16 18 .111 c

0. fu lg id a , jo in ts 2 31 33 .061 c

0. sp in o s io r, jo in ts 0 14 14 .000 c

Other woods, 4 species 1 12 13

Tota ls 282 214 496

^ P ro b a b ilit ie s  o f being attacked fo llo w in g  by the same l e t t e r  are not 
s ig n if ic a n t ly  d if fe r e n t  a t  the a = .05 leve l by Student-Newman-Keuls1 
m u ltip le  range te s t  w ith  » d . f .
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Figure 1 p lo ts  the to ta l number o f foragers observed a t  the surface  

during each o f 53 24-hr observation periods from October 15 , 1971, 

to  October 1 3 , 1972. The corresponding mean tem perature (a t  the r o l l -  

s o il in te r fa c e )  fo r  each observation  period and the cum ulative r a in f a l l  

fo r  the week preceding each period are included fo r  re feren ce . On 

only two days were no fo ragers  observed, December 17, 1971, and 

January 7 , 1972, when the mean tem peratures were 4 .8  and 9 .9 °C . How­

eve r, fo ragers  were observed on a day w ith  a lower mean tem perature  

(December 10, 1971, a t  4 .0 °C ). Wide d a ily  tem perature f lu c tu a tio n s  

are common, so th a t  i t  would be d i f f i c u l t  to  es ta b lis h  an upper or 

lower fo rag ing  l im i t ( s )  based on a 24-hr mean, and probably not 

p a r t ic u la r ly  u s e fu l.

Foraging was minimal from December through February w ith  

u su a lly  less than 2000 fo ragers  observed during the 24 -h r period . 

Foraging in te n s ity  increased m oderately in  the spring and f a l l  and 

was high but e r r a t ic  during the summer months.

The number o f fo ragers  g e n era lly  increased w ith  increasing  

tem perature (mean r o l l - s o i l  in te r fa c e ) .  From October through December, 

when the tem perature was c o n s is te n tly  below 20°C, r a in fa l l  appeared to  

have very l i t t l e  e f fe c t  on increasing  the number o f fo rag ers . However, 

during the hot summer months o f June through September, even a s l ig h t  

amount o f ra in  increased the  number o f fo ra g e rs , provided the tempera­

tu re  did not r is e  above 33°C. Above 33 degrees (June 29 -Ju ly  14,

Ju ly  27-August 4 , August 17 -25 , 1 97 2 ), even w ith  p re c ip ita t io n ,  

foraging numbers plummeted.
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Figure 1. Seasonal fo rag ing  in te n s ity  and accompanying tem perature and r a in fa l l  
fo r  b a it  sampling g r id , Santa R ita  Experimental Range. Foraging 
numbers represent the sum o f 1200 observations each day. Temperature 
is  the mean a t  the  b a i t -s o i l  in te rfa c e  over the 24 -h r observation  
period w h ile  r a in f a l l  is  a weekly t o t a l . CO
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Environmental Control o f Foraging A c t iv ity

H. aureus foraged a t  the r o l ls  w ith in  a tem perature range o f  

7 .6  to 47.0°C (extremes measured in  a series  from under a r o l l  down 

to  a s o il depth o f 15 cm) (LaFage e t a l . ,  1973). This range 

apparently  r e s t r ic ts  the time which can be spent fo rag in g . Tempera­

tu re  also determines fo rag ing  in te n s ity  (number o f  in d iv id u a ls  a t  the  

surface per u n it  a re a ).

Several equations u t i l i z in g  tem perature a t  the r o l l - s o i l  in te r ­

face and d a ily  r a in f a l l  have been constructed which w il l  p re d ic t the  

number o f te rm ites  fo rag in g  above the s o il surface (Table 9 ) .  Since 

a l l  equations have s im ila r  m u ltip le  regression c o e ff ic ie n ts  they were 

examined fo r  values (Gorman and Toman, 1966) to  s e le c t the best 

one. Equations w ith  values la rg e r  than th e ir  corresponding p 

value were not chosen (equations 2 , 4 and 7 , Table 9) because o f  th e ir  

bias in  estim ating  e r ro r . The remaining are a l l  good candidates, but 

the best equation must a lso  be b io lo g ic a lly  sound. Equation 8 (Table  

9) is  e lim in ated  because i t  does not a llow  fo r  a decrease in  a c t iv i t y  

once tem perature passes an optimum. Equation 6 , o f  the remaining  

equations, is  chosen as the best equation because o f i t s  high m u ltip le  

regression c o e ff ic ie n t  w ith  only th ree  independent v a r ia b le s , and low 

Cp/p r a t io  in d ic a tin g  a random estim ate o f e r ro r .  This equation was 

used fo r  p red ic tin g  the number o f H. aureus foragers  a t  the s o il 

surface a t  any given p o in t in  tim e.



Table 9 . Equations p re d ic tin g  number o f  Heterotermes aureus foragers above the s o il surface (Y)
as a fu n ctio n  o f  mean d a ily  tem perature a t  the r o l l - s o i l  in te r fa c e  (T ) and d a ily  r a in f a l l  
(R).

Equation Pa Cpa Rb

1. Y = 275.278 + 8 .010  T -  2090.073/T  + 291.816 R -  2 .515 /R 5 3.107 .772

2. Y = 116.850 + 16.323 T + 68.772 In  R 3 6.100 .731

3. Y = -  541.332 + 291.913 In  T + 274.360 R -  2 .467 /R 4 1.578 .769

4 . Y = -  365.958 + 292.365 In  T + 78.870 In  R 3 3.688 .746

5. In  Y = 6 .235 + 0.0147 T -  17 .567 /T  + 0 .647 R -  0 .0143 /R 5 4.285 .784

6. In  Y = -0 .9 8 5  -  0.0761 T + 2 .928 In T + 0.327 In  R 4 2.656 .782

7. In Y = 0 .784  + 1 .580 In  T + 0.420 R -  0 .0126 /R 4 4.926 .770

8. In  Y = 1.039 + 1 .643 In  T + 0.282 In  R 3 0.656 .771

ap = number o f  constants in  an equation , Cp = -  (N -2p) where RSSp = res idual sum o f squares

fo r  the equation , N = number o f observations and g 2 is  the estim ate o f variance based on the e rro r  

mean square w ith  a l l  v a ria b le s  in  the equation (Gorman and Toman, 1966).

^ M u ltip le  regression c o e f f ic ie n t .
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Colony Foraging T e r r ito r y  and Density

Figure 2 i l lu s t r a te s  the 40 x 40-m g r id  o f t o i l e t  paper r o l ls  

where the black c irc le s  represent r o l ls  attacked by H. aureus. This  

te rm ite  attacked 383 or 22.78 percent o f the r o l ls .  The d is tr ib u t io n  

of the 24 complete and 13 p a r t ia l  (o n e -h a lf)  colony t e r r i t o r ie s  are  

also o u tlin ed  in  F igure 2. The area o f these colonies averages 13.14  

± 6.71 m (X ± 95% C . I . ) .  By assuming 30.5  colonies on the study a rea , 

and e x tra p o la tin g  from these d a ta , i t  is  ca lcu la ted  th a t th e re  would 

be 181.44 colonies per hectare  fo rag ing  over 23.84 percent o f  the area . 

The r e l i a b i l i t y  o f  th is  f ig u re  is  supported by the f in d in g  o f 160 f o r ­

aging groups per hectare (perhaps representing in d iv id u a l co lon ies )

2
based on th e ir  occurrence in  the f i f t y  50 m c irc le d ra ts  sampled.

The average, estim ated number o f foragers seen on the b a it  

sampling g rid  was 37,800 per h ec tare . This is  somewhat less (54.87%) 

than the 68,918 fo ragers  s im ila r ly  estim ated by the c ir c le d r a t  method 

and may a c tu a lly  in d ic a te  a sm alle r population on the b a it  sampling 

g r id . Sampling on the g r id  was done throughout the year over a g re a t  

range in tem perature, both favo rab le  and unfavorab le , whereas the  

natural area was sampled a t  times thought to  be g e n e ra lly  favo rab le  

fo r  fo rag in g . This m ight have had the e f fe c t  o f increasing  te rm ite  

foraging estim ates on the natura l a rea . On the o ther hand, the  

d iffe ren c es  in  these estim ates could very w e ll be a re s u lt  o f vary ing  

r e l i a b i l i t y  o f the sampling techniques (Sands, 1972).
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of
©

|o



37

Wood Consumption Rates

Wood consumption was measured in  two ways: mg o f wood con­

sumed per group fo r  the 28-day te s t  period and mg o f wood consumed 

per hour per estim ated g te rm ite  biomass (p er gram dry weight o f  

te rm ite ) .  D ifferences in wood consumption, fo r  both methods o f  

measurement, were determined as a functio n  o f tem perature and wood 

species.

Wood Consumption on a Group Basis

The tem perature a t  which H. aureus consumed the most wood 

varied  w ith  wood species (Tab le  1 0 ). Maximum consumption was a t  

28°C on C. flo ridum  w h ile  i t  was a t  36°C fo r  the o ther wood species 

and a l l  woods combined. Although a s ig n if ic a n t  d iffe re n c e  between 

means o f each species consumed a t  d i f fe r e n t  temperatures was found 

only fo r  C. flo r id u m , s ig n if ic a n t  response curves could be drawn fo r  

each species by the method o f orthogonal polynomials (S tee l and 

T o r r ie ,  1960; L i t t l e  and H i l l s ,  1972). The sums o f squares a t tr ib u ta b le  

to  the l in e a r  and quadratic  components o f regression were removed from  

the treatm ent (tem perature) sum o f squares as long as they made a 

s ig n if ic a n t  co n trib u tio n  a t  the a = .05 le v e l .  A. g reg g ii proved an 

exception to  th is  ru le  in  th a t  i t s  regression was s ig n if ic a n t  only a t  

the a = .10  le v e l .  Response curves have been drawn on the data points  

sep ara te ly  fo r  each species o f wood (F igures 3 -6 ) and fo r  a l l  woods 

combined (F ig u re  7 ) .  Except fo r  the quadratic  response curve o f C. 

f lo r id u m , group wood consumption showed an increasing  l in e a r  r e la t io n ­

ship w ith  increasing  tem perature.



Table 10. Mean wood consumption (mg) and s u rv iva l o f  groups o f  100 Heterotermes aureus a t  s ix  
constant temperatures and on fo u r species o f  wood. Duration o f the t e s t ,  28 days.

Treatment X Percent3
Surv iva l

C. flo rid u m 0. fu lg id a P. j u l i f l o r a A. g reg g ii A ll woods

A ll woods a t :

16° 26 a 105.1 b 23.5 a 21 .2  a 50.9  a 50.2 c

20° 48 a 107.2 b 51 .5  a 22.9  a 4 0 .5  a 55.5  be

24° 59 a 152.3 a 76 .7  a 32 .0  a 50.4  a 77.9  ab

PO 00 o 45 a 169.4 a 65.1 a 37.1 a 41 .3  a 78.2  ab

32° 59 a 165.5 a 88 .4  a 60 .2  a 76 .0  a 97 .5  a

36° 56 a 145.1 ab 88.9  a 78 .8  a 79.1 a 98 .0  a

A ll temperatures on:

C. flo rid u m 54 a 140.8 a

0 . fu lg id a 59 a 65 .7  b

P. j u l i f l o r a 39 a 42 .0  c

A. g reg g ii 43 a 56.4  be

aMeans in  a column o r diagonal fo llow ed by the same le t t e r  are not s ig n if ic a n t ly  d i f fe r e n t  a t  the  
5% le ve l by Student-Newman-Keuls1 M u lt ip le  Range T es t.
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Figure 3. Mg Cercidium flo rid u m  consumed by groups o f 100
Heterotermes aureus during 28-day te s t  period a t  con­
s ta n t tem peratures. Open c irc le s  represent r e p lic a ­
tions and s o lid  c irc le s  mean values fo r  each 
tem perature. Regression equation , Y = -1 4 8 .76  +
20.71 X -  0 .344 X2 , is  s ig n if ic a n t  a t  the a = .005  
le v e l ,  R2 = .444 .
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TEMPERATURE (C°)

Figure 4. Mg Opuntia fu lq id a  consumed by groups o f 100
Heterotermes aureus during 28-day te s t  period a t  con­
s tan t tem peratures. Open c irc le s  represent re p lic a ­
tions and s o lid  c irc le s  mean values fo r  each 
tem perature. Regression equation , Y = -1 3 .4 0  + 3 .40  X, 
is  s ig n if ic a n t  a t  the a = .05 le v e l , r 2 = .351.
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TEMPERATURE (C°)

Figure 5. Mg Prosopis j u l i f l o r a  consumed by groups o f 100
Heterotermes aureus during 28-day te s t  period a t  con­
s tan t tem peratures. Open c irc le s  represent r e p lic a ­
tions and s o lid  c irc le s  mean values fo r  each tempera­
tu re . Regression eguation, Y = -3 3 .1 8  + 2 .89  X, is  
s ig n if ic a n t  a t  the a = .005 le v e l , r 2 = .532.
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TEMPERATURE (C°)

Figure 6. Mg Acacia q req q ii consumed by groups o f 100
Heterotermes aureus during 28-day te s t  period a t  
constant tem peratures. Open c irc le s  represent 
re p lic a tio n s  and s o lid  c irc le s  mean values fo r  each 
tem perature. Regression equation , Y = 12.06 + 1.71 
X, is  s ig n if ic a n t  a t  the a  = .10  le v e l , r 2 = .220.
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TEMPERATURE (C°)

Figure 7. Mg wood (4 species combined) consumed by qrouos o f 100 
Heterotermes aureus during 28-day te s t  period a t  con­
s tan t tem peratures. Data points are mean values fo r  
each o f 6 tem peratures. Regression equation , Y = 8 .3 7  
+ 2.61 X is  s ig n if ic a n t  a t  the a = .001 le v e l ,  r 2 = 
.131.
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Wood species had a s ig n if ic a n t  e f fe c t  (a = .001) on wood con­

sumption (Tab le  1 0 ). H. aureus was able to  consume s ig n if ic a n t ly  more 

C. flo ridum  than the o ther th ree  wood species, w ith  0 . fu lg id a , A. 

g reg g ii and P. j u l i f l o r a  being consumed in  p ro p o rtio n a te ly  lesser  

amounts.

S urv iva l o f the te rm ites  seemed to  increase w ith  increasing  

tem perature although no s ig n if ic a n t  d iffe ren c es  in  su rv iva l were found 

among the te rm ites  feed ing  on d if fe r e n t  species o f wood. However, 

m o rta lity  presented a problem during the course o f the experim ents. 

A c tiv e , and apparently  h e a lth y , groups occas iona lly  died but th e ir  

ra th e r sudden demise did not seem to  re s u lt  from a ttacks  by the usual 

m ites , nematodes or fu n g i. Nineteen of the 72 groups o f H. aureus 

term inated before the end o f the 28-day period . T h ere fo re , i t  was 

deemed necessary to  take m o r ta lity  in to  account in  describ ing wood 

consumption.

Wood Consumption as a Function o f Term ite Biomass

By observing the experim ental groups d a ily  i t  was possib le  to  

c a lc u la te  a consumption ra te  based on the number o f hours the groups 

were fu n ctio n in g  norm ally . Again, the tem perature a t  which the consump­

tio n  ra te  was g re a te s t varied  w ith  wood species (Tab le 1 1 ). In  a l l  

cases th is  tem perature was e ith e r  28°C ( C. flo r id u m , 0 . fu lg id a  and A. 

g re g g ii) or 32°C ( P. j u l i f l o r a  and a l l  woods combined).

By measuring wood consumption as an hourly  ra te  (Tab le 11) 

ra th e r  than on a group basis (Tab le 1 0 ) , more s ig n if ic a n t  d iffe ren c es  

appear between temperatures w ith in  each wood species. S ig n if ic a n t



Table 11. Mg wood consum ed/hour/term ite biomass o f groups o f 100 Heterotermes
aureus a t  s ix  constant temperatures and on fo u r species o f  wood. Duration o f  
t e s t ,  28 days.

Treatment C. flo rid u m 9 0 . fu lg id a P. j u l i f l o r a A. g reg g ii A ll woods

A ll woods a t :

16° 4 .77  b 1.04 c 1.29 a 2.24 a 2 .34  b

20° 4 .72  b 2.27 be 2.06 a 2.66 a 2 .93  b

24° 6.71 a 3.68 ab 3.52  a 2.32 a 4 .0 6  a

O00
CM 7.46  a 5.12 a 3 .83  a 3.51 a 4 .9 8  a

32° 7.29 a 4 .62  ab 5.11 a 3 .35  a 5.09 a

36° 6 .43  ab 3 .92  ab 3.47 a 3.49 a 4 .33  a

A ll  temperatures on:

C. flo rid u m 6.23  a

0. fu lg id a 3 .44  b

P. j u l i f l o r a 3.21 b

A. g reg g ii 2 .93  b

aMeans in  a column or diagonal fo llow ed by the same le t t e r  are not s ig n if ic a n t ly  d i f fe r e n t  a t  
the 5% le v e l by Student-Newman-Keuls1 M u lt ip le  Range T es t.
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Figure 8. Mg Cercidium fie rid u m  consumed/hr/g dry wt o f  
Heterotermes aureus a t  constant tem oeratures. 
Open c irc le s  represent re p lic a tio n s  and s o lid  
c irc le s  mean values fo r  each tem perature. Re­
gression equ ation , Y = -5 .7 5  + 0.852 X -  0.0141 
X2 , is  s ig n if ic a n t  a t  the a  = .005 le v e l ,  R2 = 
.431.
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TEMPERATURE (C°)

Figure 9. Mg Opuntia fu lq id a  consumed/hr/g dry wt o f H etero-
termes aureus a t  constant tem peratures. Open c irc le s  
represent re p lic a tio n s  and s o lid  c irc le s  mean values 
fo r  each tem perature. Regression equation , Y = -1 2 .9 2  
+ 1.165 X -  0.0193 X2, is  s ig n if ic a n t  a t  the a = .001 
l e v e l , R2 = .569 .
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TEMPERATURE (C°)

Figure 10. Mg Prosopis j u l i f l o r a  consumed/hr/g dry wt o f  H etero- 
termes aureus a t  constant tem peratures. Open c irc le s  
represent re p lic a tio n s  and s o lid  c irc le s  mean values  
fo r  each tem perature. Regression equation , Y = -0 .5 7  
+ 0.145 X, is  s ig n if ic a n t  a t  the a = .10 le v e l , r 2 = 
.251.
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TEMPERATURE (C°)

11. Mg Acacia q req q ii consumed/hr/g dry v/t o f H etero-
termes aureus a t  constant tem peratures. Open c irc le s  
represent re p lic a tio n s  and s o lid  c irc le s  mean values 
fo r  each tem perature. There was no s ig n if ic a n t  
d iffe re n c e  between tem oeratures.
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Figure 12. Mg wood (4 species combined) consumed/hr/g dry v/t 
o f Heterotermes aureus a t  constant tem peratures. 
Data points represent mean values fo r  each o f 6 
tem peratures. Regression eouation, Y = -6 .8 9  + 
0.754 X -0 .121  X2 , is  s ig n if ic a n t  a t  the  a = .001 
le v e l ,  R2 = .216 .
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quadratic  response curves were developed fo r  C. f lo r id u m , 0 . fu lg id a  ; 

and a l l  woods combined (F igures 8 , 9 and 1 2 ). P. j u l i f l o r a  showed 

a l in e a r  response curve ( .1 0  < a < .0 5 ) w h ile  A. g reg g ii demonstrated 

no s ig n if ic a n t  d iffe re n c e s  (a > .5 )  between tem peratures (Figures 10 

and 1 1 ). By converting a m onthly, group ra te  to  an hourly ra te  as a 

functio n  o f biomass th e re  was an increase in  the c o e ff ic ie n t  o f d e te r­

m ination fo r  0 . fu lg id a  and a l l  woods combined (F igures 4 and 9 , 7 and 

12) w h ile  th is  had the e f fe c t  o f lowering the c o e f f ic ie n t  o f  d e te r­

m ination fo r  C. flo rid u m  and P. j u l i f l o r a  (F igures 3 and 8 , 5 and 1 0 ).

S ig n if ic a n t  d iffe re n c e s  in  hourly wood consumption were found 

between wood species a t  the a = .001 le v e l .  C. flo ridum  was s ig n i f i ­

ca n tly  d i f fe r e n t  from the th ree  o ther wood species w h ile  no d iffe ren c es  

were observed between the rem aining th ree  wood species.

Sim ulated Wood Consumption

P red ic tin g  the amount o f  wood H. aureus has removed from the  

desert grassland by a sim ple computer model es tab lish es  th is  species 

as an im portant component o f  th is  community. Although many assump­

tions are made, the re s u lts  and supporting evidence in d ic a te  th a t  the  

assumptions are w ell founded.

Using equation 6 , Table 9 , and s e tt in g  a lower l im i t  to  fo rag ing  

a t  4 .0°C  (d a i ly  mean) i t  is  predicted  th a t th ere  were only seven days, 

a l l  w ith in  the month o f December, from October 15 , 1971, to  October 13 , 

1972, in  which H. aureus did not fo rage. During the remainder o f the  

y e a r, the model p red ic ts  th a t th is  te rm ite  made 4.61 x 1 0 ^  forag ing  

v is i ts  per hectare to  the surface .
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Sim ulated annual wood consumption fo r  H. aureus was 78.9  kg 

per hectare per y e a r , representing  3.71 percent o f the to ta l dead wood 

standing crop biomass and 17.54 percent o f the annual dead wood pro­

duction. The annual consumptions on an in d iv id u a l wood species basis 

are presented in  Table 12. Of the eleven categories  o f wood, fo u r  

species account fo r  83 .26  percent o f  a l l  wood consumed (k g /h a /y r ):  

Opuntia sp inosior (3 1 .4 0 ) ,  Prosopis j u l i f l o r a  (1 2 .2 0 ) ,  Acacia g req g ii 

(1 2 .2 0 ) and Opuntia fu lg id a  (9 .8 9 ) .  H. aureus apparently  plays an 

im portant ro le  in removing or recyc lin g  selected  species o f wood.

Two o f the s ix  dominant wood species were consumed by H. aureus a t  a 

ra te  (percent o f dead wood standing crop biomass) g re a te r than th a t  

o f the over a l l  average. Although su b stan tia l q u a n tit ie s  o f A. 

g req g ii and P. j u l i f l o r a  are consumed (1 2 .2  k g /h a /y r , each) i t  is  only  

a small p roportion  o f the standing crop o f each species (1 .9 3  and 3.39  

percent, re s p e c tiv e ly ) . The la rg e s t portion  o f the l a t t e r  two species 

o f wood is  probably consumed by o th er subterranean te rm ite s :  

Gnathamitermes perplexus (B anks), Paraneotermes s im p lic ic o rn is  (Banks)

and Amitermes spp.
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Table 12. Simulated annual wood consumption by Heterotermes aureus 
fo r  tw elve categories  o f wood, and percentage of dead wood 
standing crop biomass consumed ann ually .

Annual
Wood species consumption (k g /h a /y r )

% Annual 
consumption o f  
standing crop

Acacia g regg ii 12.20 1.93

C e lt is  p a llid a 3.43 19.71

Cercidium flo ridum 3.72 2.70

Ephedra t r i fu r c a 2.14 26.10

G u tie rre z ia  sarothrae 0.86 10.75

Opuntia engelmannii 1.29 12.65

Opuntia fu lg id a 9.89 2 .80

Opuntia sp inosior 31.40 10.05

0 . fu lg id a  & s p in o s io r, jo in ts 0.86 0.31

Prosopis j u l i f l o r a 12.20 3.39

Other woods 0.86 12.65

A ll woods, average 78.90 3.71



DISCUSSION

Term ite Populations

Subterranean te rm ites  may be defined as those species th a t  

norm ally l iv e  in  more or less d iffu s e  nests o f sca tte red  chambers in  

the s o il w ith  no above ground in d ic a tio n  o f th e ir  presence in  the form 

o f a mound s tru c tu re . They are d i f f i c u l t  subjects fo r  research and 

have consequently been neglected by most e c o lo g is ts . The preoccupa­

t io n  o f  eco log ists  w ith  mound b u ild in g  species is  understandable since  

they are convenient subjects fo r  research. The concentration  o f  

e f f o r t  on the more obvious p a rt o f  a community has perhaps created  

the impression th a t  mound b u ild in g  species are e c o lo g ic a lly  more 

im portant than subterranean species, when they occur together (Sands, 

1972). However, Sands concludes th a t  subterranean species are probably  

the most numerous, and c e r ta in ly  the most s ig n if ic a n t  from the economic 

view poin t, in  the developing countries  o f the to p ic s .

The absolute den s ity  o f  subterranean te rm ite  populations in  

any p a r t ic u la r  h a b ita t  has never been estim ated r e l ia b ly  (Lee and 

Wood, 1971). R e la tiv e  d en s ity  or in te n s ity  o f forag ing  can be mea­

sured w ith  b a its ,  p its  and quadrats (Sands, 1972; Lee and Wood, 1971; 

and Bodot, 1967a). S o il cores have been used to  estim ate  the numbers 

o f term ites  in  the upper 30 cm o f s o il (Sands, 1972; Lee and Wood,

1971; and Bodine, 1973). However, s o il core-sam pling poses problems

54
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in  th a t subterranean te rm ites  tend to  be clumped, w ith  th e ir  d is t r ib u ­

tio n  best described by a negative binomial (Sands, 1972). For 

example, during an a c tiv e  p erio d , as many as 87 .5  percent o f the cores 

taken by Bodine (1973) contained no te rm ite s . Cores cannot be taken  

s u f f ic ie n t ly  la rg e  to  overcome th is  problem and y e t remain p r a c t ic a l .

The number o f H. aureus colonies per hectare has been e s t i ­

mated a t  160 and 181.4 by two independent methods. Since these  

estim ates are so c lo se , and were taken from areas w ith  very s im ila r  

p lan t cover, i t  is assumed th a t  they are reasonably good. There are  

few estim ates in the l i t e r a t u r e  o f  the  number o f  subterranean t e r ­

m ite colonies per u n it  area . Nel (1968) observed the  forag ing  behavior
p

o f  16 colonies o f  Hodotermes mossambicus on a te s t  area o f 2980 m .

Of these , 13 were w holly  w ith in  the area and th re e  were b isected by
2

the area borders. This leaves 14.5  co lon ies /2980  m or 48 .7  colonies  

per hec tare . Lee and Wood (1971) used N e l's  data and somehow c a l­

cu lated  110 colonies per hec tare . T h e ir  c a lc u la tio n s  are e v id e n tly  

in  e r ro r . Any fu r th e r  comparisons w i l l  have to  be m ainly w ith  

research on mound-building te rm ite s .

Table 13 e laborates on the in fo rm ation  given by Lee and Wood 

(1971) and l is t s  most o f the published records on the abundance o f  

co lon ies . The d e n s itie s  o f la rg e  mounds, which contain  colonies o f  

several m illio n s  o f in d iv id u a ls , are u su a lly  less than 10 per h ec tare , 

w h ile  d e n s itie s  o f the sm aller mounds which contain  colonies o f  

several thousand in d iv id u a ls , may approach 1,000 per hectare (Lee and 

Wood, 1971). On th is  basis one m ight assume colonies o f  H. aureus



Table 13. Summary o f l i t e r a t u r e  records on the abundance o f te rm ite  colonies per hectare .

Fam ily and Species Colonies/ha H a b ita t and L o c a lity Reference

Hodoterm itidae

Anacanthotermes ahngerianus 162 Steppe, c e n tra l Asia G h ila ro v , 1962

Hodotermes mossambicus 49 Veld , S. A fr ic a N e l, 1968

R hinoterm itidae

H e te ro te rm itin ae

Heterotermes aureus 160-181 Desert grassland, Arizona H averty , 1974

C optoterm itinae

Coptotermes ac inac ifo rm is 5 Savanna woodland, N .T . , Lee and Wood, 1971

Coptotermes lacteus 1-2

A u s tra lia

S c lerophyll fo r e s t . Wood and Lee, 1971
S. A u s tra lia

Term itidae

M acroterm itinae  

Macrotermes bellicosus^  

Macrotermes natalensis^

2-3 Savanna, Congo B ouillon  and K id ie r i , 1964

4-86 Savanna, Ivo ry  Coast Bodot, 1964

Macrotermes spp. 3-4 Savanna, e. A fr ic a Hesse, 1955

Macrotermes spp. 2-3 - - Sands, 1972

N a s u tite rm itin a e



T ab le  13. Continued

Fam ily and Species Colonies/ha

Nasutiterm es ex itio s u s 4-9

N. magnus 61

N. t r io d ia e 3-7

Trin erv ite rm es  geminatus 

T. geminatus^

247-494

59-501

T. o cc iden ta lis^ 5

T. oeconomus 7-25

T. togoensis^ 2-27

T. tr in e rv iu s ^ 5-17

T. tr in e rv o id e s 534

T. spp. 7-52

Tumulitermes h a s ti l  is 180-309

A m iterm itinae

Amitermes evu n c ife r 7-18

H a b ita t and L o c a lity Reference

S clerop hyll fo r e s t ,
S. A u s tra lia

Pasture , e . A u s tra lia

Tree savanna, n. A u s tra lia

Savanna, Congo

grassland, woodland,
W. A fr ic a

grass land , woodland,
W. A fr ic a

grass land , woodland,
W. A fr ic a

grassland, woodland,
W. A fr ic a

grassland, woodland,
W. A fr ic a

Savanna, S. A fr ic a

Savanna, Ivo ry  Coast

Savanna woodland, N .T . , 
A u s tra lia

Wood and Lee, 1971

Wood and Lee, 1971 

Wood and Lee, 1971 

B o u illo n , 1969

Sands, 1965b 

Sands, 1965b

Sands, 1965b

Sands, 1965b

Sands, 1965b

Murray, 1938 

Bodot, 1964 

Lee and Wood, 1971

Savanna, Ivo ry  Coast Bodot, 1964



Tab le  13. Continued

Fam ily and Species Colonies/ha H a b ita t and L o c a lity Reference

A. lau rens is 28-210 Savanna woodland, 
n. A u s tra lia

Wood and Lee, 1971

A. v itio s u s 196 Savanna woodland, N .T . , 
A u s tra lia Lee and Wood, 1971

Drepanotermes spp. < 350 S em i-arid  woodland, 
A u s tra lia

Watson and Gay, 1970

Term itinae

Apicotermes desneuxi 238 Savanna, Congo B o u illo n , 1969

A. g u rg u life x 49 Savanna, Congo B o u illo n , 1969

Cubitermes exiguus 650 Savanna, Congo B o u illo n , 1969

C. exiguus 0-652 Steppe savanna, Congo B ouillon  and M athot, 1964

C. fu n g ifa b e r 875 Steppe savanna, Congo B ouillon  and M athot, 1964

C. sankurensis 8-550 Steppe savanna, Congo B ouillon  and M athot, 1964

spp. 0-157 Savanna, Ivo ry  Coast Bodot, 1964

 ̂ Macrotermes b e llico s u s  (as B e llico s ite rm es  b e llic o s u s ) 
Macrotermes n a ta len s is  (as B e llico s ite rm es  n a ta le n s is ) 
T rin erv ite rm es  geminatus (as 1\_ ebenerianusl 
T rin erv lte rm es  occ identa l is  ( as 1\_ a u r ite r ra e )  
Trin erv ite rm es  togoensis (as T. suspensus) 
T rin erv ite rm es  tr in e rv iu s  ( as T^ carbonari us)
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to  be o f medium s iz e , perhaps 50,000 in d iv id u a ls , although th is  re ­

search can in  no way v a lid a te  such a f ig u re .

Comparing the d e n s itie s  o f  colonies o f d i f fe r e n t  te rm ite  

species from d i f fe r e n t  areas is  o f  dubious va lue . Even i f  one accepts 

the premise th a t sm alle r colonies are more densely d is tr ib u te d , d i f f e r ­

ent areas are q u ite  l ik e ly  to  have very  d if fe r e n t  te rm ite  carry in g  

c a p a c itie s . These may be m odified  by one o r more fa c to rs  such as 

q u a n tity  o f dead wood, s o il type or c lim a te . Local, in te rs p e c if ic  

comparisons would be more w orthw hile in  th a t  they express the r e la t iv e  

importance or s tatus o f  each species w ith in  a community.

Foraging T e r r ito ry

The average fo rag ing  t e r r i t o r y  o f H. aureus on the  b a it
o

sampling g rid  was estim ated to  be 13.14 ± 6.71 m which is  q u ite  small 

in  comparison w ith  those o f o ther te rm ite  species. Nel (1968) mea­

sured the forag ing  t e r r i t o r ie s  o f 12 colonies o f Hodotermes mossambicus 

(Hagen) and found the mean to  be 92.14 m . Greaves (1962) found th a t  

the fo rag ing  g a lle r ie s  o f Coptotermes ac inac ifo rm is  extended out from 

the mound to  a maximum o f 47 .5  m w h ile  those o f C. brunneus reached 

a maximum o f 4 5 .7  m. Both C. ac inac ifo rm is  and C. brunneus colonies

were spaced c o n s is te n tly  a t  90 m a p a rt, each apparently  c o n tro llin g  an
2

area o f  a t le a s t  8209.8 m . Foraging t e r r i t o r ie s  o f soc ia l in sec ts , 

p a r t ic u la r ly  those th a t forage fo r  scattered  food, may f lu c tu a te  but 

seldom overlap (Greaves, 1962) and there  is  o fte n  a b u ffe r  zone 

between them (B ria n , N ibble and S tra d lin g , 1965; E lto n , 1932; N e l,

1968; and W ilson, O il T ie r  and M arkin , 1971). The colony t e r r i t o r ie s



60

o f H. aureus do not appear to overlap  and neu tra l zones o ften  occur 

between co lon ies . In  some cases, however, colony boundaries are  

ta n g e n tia l. Since t e r r i t o r y  is  dynamic, boundaries g e n e ra lly  

expanded to e x p lo it  the new, un iform ly  d is tr ib u te d  food source, u n t i l  

apparently  ha lted  by contact w ith  neighboring co lo n ies . Whether or 

not d is c re te  boundaries are m aintained by in tra s p e c if ic  aggressive  

behavior is  not known (N e l, 1968).

In te rs p e c if ic  overlap  o f fo rag ing  t e r r i t o r y  was very common 

between H. aureus and Gnathamitermes perp lexus; th e ir  t e r r i t o r ie s  

overlapped in  12 percent o f the t o i l e t  paper r o l ls  sampled (N u ttin g , 

Haverty and LaFage, 1973). Any aggression between these species may 

be avoided by th e ir  unique modes o f  a tta c k  on a food source. 

Heterotermes attacked 22.78 percent o f the r o l ls  on the 1681 m2 g rid  

w h ile  i t s  forag ing  covered 23.84 percent of the area . I t s  t e r r i ­

to r ie s  occas io n a lly  included r o l ls  which were not attacked but i t  is  

u n lik e ly  th a t  any young colonies would be ab le  to  become estab lished  

w ith in  ano ther's  t e r r i t o r y  (Greaves, 1962).

Foraging Group S ize  and Caste Composition

As determined by the  c ir c le d r a t  method th e  average forag ing  

group contained 430.7 in d iv id u a ls  and was composed o f 9 7 .2  percent 

la rva -w o rkers , 1 .5  percent s o ld ie rs , and 1 .3  percent d iv ided  among 

nymphs, w hite  so ld ie rs  and la rv a e . N u ttin g  (1970) presented the only  

previous record o f caste composition in  a s in g le  fo rag ing  group o f  

H. aureus in which he found 4 percent s o ld ie rs  and 96 percent non­

s o ld ie rs . Caste proportions in  nests or forag ing  groups are known to
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vary w ith  tim e o f  day, season, species and colony s ize  or age 

(Bodot, 1969 and 1970; Sands, 1965a; B o u illo n , 1964; and N u ttin g , 

1970). Larvae and w hite s o ld ie rs  were seldom encountered. Nymphs 

were encountered only from la te  November through la te  May or e a r ly  

June in  27 .5  percent o f the forag ing  groups. N e ith e r nymphs nor 

a la te s  were encountered a t  the surface during the f l i g h t  season from 

la te  June through September. Nymphs may comprise as much as 20 .5  

percent o f a forag ing  group. S o ld iers  were encountered in  75 percent 

o f the groups and are apparently  g en era lly  included in  the forag ing  

fo rc e .

Number and Biomass o f  Term ites per U n it Area

Estim ating the number o r biomass o f te rm ites  per hectare is

sim pler w ith  mound-building species. One need only m u ltip ly  the

number o f colonies per hectare by the mean number o f in d iv id u a ls  or

biomass per colony. Sands (1965a) estim ated populations o f T r in e r -

viterm es ebenerianus in  open savanna o f West A fr ic a  to  be 4 .94  to

12.36 x 10® in d iv id u a ls  per hectare or 494 to  1235.5 per m*\ B o u illo n

(1969) reported d e n s itie s  fo r  th ree  species in  an A fric an  savanna;

2 2
Apicotermes desneuxi a t  660/m , A^ q u rq u life x  a t  43/m and Cubitermes 2

2
exiguus a t  519/m .

Numbers o f subterranean te rm ites  per u n it  area are somewhat 

more d i f f i c u l t  to  e s ta b lis h . The method most o ften  used involves  

tak in g  s o il cores, u su a lly  to  a depth o f 15 or 30 cm, and counting 

the te rm ite s . Lee and Wood (1971) present a summary o f data from 

tro p ic a l A fr ic a ,  South and Central America, and a r id  and sem i-arid
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2
regions o f A u s tra lia . Total te rm ite  numbers per m , fo r  a l l  species

in  each a rea , ranged from 12 in  a desert grassland steppe and a ra in

fo re s t in  Panama to  4450 in  a T rin idad  ra in  fo re s t .

Bodine (1973) used so il cores to measure the density  o f

Gnathamitermes tubiformans in  the upper 30 cm o f s o il in  a sem i-arid

grassland in  Texas. From February through November the mean was 4135 
2

term ites  per m , which approached the h ighest te rm ite  den s ity  ever
p

recorded (4450/m ) fo r  a l l  species o f  te rm ite s . From May through Ju ly
o

the subsurface den s ity  was 3796.7 per m w h ile  the surface population
2

numbered 33 .3  per m — only 0.877 percent o f the measured population .

Bodine's fig u re s  provide a s ta r t in g  p o in t fo r  some speculation

about the s ize  o f a colony o f H. aureus, a f ig u re  which has so f a r

defied  measurement. Figured on the basis o f  one instantaneous count

o f foragers fo r  each o f 53 days during one year on the b a it  sampling

g r id , the average Heterotermes fo rag ing  fo rce  was 37,800 per hectare  

2
or 3 .78  per m . Figured on the basis o f 40 forag ing  groups counted

during 13 months o f c ir c le d r a t  sampling, the average fo rag ing  fo rce
2

was estim ated a t 68,918 per hectare or 6.89 per m . I f  we assume th a t  

surface and subsurface proportions fo r  H. aureus and G. tubiformans 

are the same we can then estim ate th a t the subsurface numbers o f
c n

aureus range from 4.31 to 7 .86  x 10 per hectare or 431 to 786 per nr 

w ith  a biomass o f  1 .45  to  2 .64  kg per hectare or 0.145 to 0 .264 g 

per n / \

Further c a lc u la tio n  leads us to  estim ates of the number o f  

in d iv id u a ls  per colony. On the b a it  sampling g rid  th ere  were an
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estim ated 181.44 colonies per hec tare . Our new f ig u re  o f 4.31 x 10^
I

te rm ites  per hectare d iv ided by colonies per hectare gives us 23,754

term ites  per colony. On the same bas is , the new f ig u re  o f  7 .86  x 10®

term ites  per hectare d iv ided by the c ir c le d r a t  estim ate o f 160

colonies per hec tare , gives 49,125 te rm ites  per colony. These fig u re s  

are w holly  sp ecu la tive  and have not in  any way been v a lid a te d  by th is  

research.

Wood A v a ila b le  and Term ite Numbers 

With two exceptions no one has attempted to  measure the amount 

o f m ateria l a v a ila b le  to a species or community o f  te rm ite s . Lee and 

Wood (1971) measured annual l i t t e r  f a l l  in  a dry sc lero p h y ll fo re s t  

in  A u s tra lia  and found th a t ,  o f the to ta l 2300 kg per hec tare , 30 .4  

percent or 700 kg was logs and s t ic k s . The standing crop biomass o f 

l i t t e r  in  th is  same area was 7338 kg per hectare (Lee and Wood, 1968). 

Assuming the same percentage o f s tic k s  and logs to  to ta l l i t t e r  th e ir  

study area would have a dead wood standing crop biomass o f 2230.75  

kg per hectare . T h e ir  dry sc lero p h y ll fo re s t is  apparently  very  

s im ila r  in  i t s  standing crop biomass and annual production biomass o f 

dead wood (2230.75 and 700 kg/ha) to th a t  o f the desert grassland o f  

the Santa R ita  Experimental Range (2127 and 450 kg /h a ). A comparison 

o f the impact o f  Nasutiterm es e x it io s u s , a sound dead-wood feeder in  

the sc lero p h y ll fo r e s t ,  and th a t  o f Heterotermes aureus on the desert 

grassland w i l l  be made in  the discussion o f sim ulated wood consump­

t io n .
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Wood Consumption

The fac to rs  a ffe c tin g  wood consumption by te rm ites  are numer­

ous and o ften  complexly in te r r e la te d . Among the most im portant o f 

these are  wood species and hardness, presence or absence o f  to x ic  

substances, feeding in h ib ito rs  or d e te rre n ts , presence or absence o f  

fungi and degree o f fungal decay, m oisture content o f  wood and s o i l ,  

and tem perature. Other fa c to rs  not often  mentioned in  the l i t e r a t u r e  

but nonetheless im portant are colony n u tr it io n  and tim e o f year 

(Smythe and Esenther, 1973). Becker (1969) has re c e n tly  reviewed 

the ro le  of tem perature and other v a riab les  in  connection w ith  labora ­

to ry  rea rin g  o f te rm ites  fo r  te s tin g  purposes.

Wood consumption is  u su a lly  measured by the reduction in  weight 

o f the te s t  m a te r ia l. I t  has been expressed in  a v a r ie ty  o f ways: 

percent weight loss (Behr, Behr and W ilson, 1972; DaCosta and Gay,

1966) o r weight loss o f the wood over the consumption period w ith  a 

given number o f te rm ites  (Becker, 1962; Smythe, 1972; Smythe and 

C a rte r , 1969 and 1970; Smythe and M auldin, 1972; Smythe, C arte r and 

B axter, 1971); and weight o f wood consumed per u n it  weight o f te rm ite  

per u n it  tim e.

This la s t  measure o f wood consumption has been m odified by 

various authors. Gay e t a l .  (1955) used a given l iv e  weight o f t e r ­

m ites (25g) over a long period (4 -1 2  weeks) and reported th e ir  to ta l  

Consumption. Becker (1967) used a given number o f  te rm ites  and ex­

pressed th e ir  consumption as mg wood consumed over the te s t  period per 

gram l iv e  te rm ite . Haverty and N u tting  (1974) reported wood
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consumption s im ila r ly  as mg wood consumed per g te rm ite  dry weight 

per hour. A fu r th e r  refinem ent averages i n i t i a l  and f in a l  te rm ite  

weight and expresses wood consumption as mg wood consumed per gram 

l iv e  te rm ite  per day (Hrdy and Zeleny, 1967; Bodine, 1973).

This was not used because i t  assumes the decrease from 

i n i t i a l  to f in a l  weight to  be l in e a r .  In  the H. aureus wood con­

sumption te s ts  26 percent o f the experimental u n its , which term inated  

e a r ly , were apparently  hea lthy when the e n t ire  group suddenly d ied .

To average the te rm ite  biomass in  th is  s itu a tio n  would be in c o rre c t  

because the decrease was d e f in it e ly  not l in e a r .

For modeling purposes a ra te  in  the form o f mg wood consumed 

per gram te rm ite  dry weight per hour or day is  e s s e n tia l. Measuring 

consumption as percent o f wood removed is  not o f much eco log ica l 

value; however, wood weight loss can be converted to a useful ra te  

i f  te rm ite  weight and te s t  duration  are known.

Comparing re s u lts  o f these wood consumption s tud ies d ir e c t ly  

w ith  those of o ther authors is  impossible because they are expressed 

in  so many d if fe r e n t  forms. Table 14 reduces the re s u lts  o f most o f  

the im portant studies to a common r a te . These range from a low o f 

2 .0  to a high o f 9 0 .8  mg consumed per g o f te rm ite  l iv e  weight per 

day. That i s ,  term ites  may consume from 0 .2  to  9.1 percent o f th e ir  

body w eight per day. This is  s ig n if ic a n t ly  h igher than the 1 .0  ± 0 .4  

percent dry body weight consumed per day by s o il su rface -feed ing  

saprophages in  an eastern deciduous fo re s t (McBrayer and R e ich le , 

1971).



Tab le  14. Summary o f  l i t e r a t u r e  re p o rts  o f  wood consumption r a te  as mg wood consumed/g l i v e  te r m ite /
day. Consumption ra te s  determ ined a t  26°C unless o th e rw ise  no ted .

Term ite Consumption9
Family and Species Wood Species Live w t. mg/g/day Reference

M astoterm itidae  

Mastotermes darw in iensis

K a lo term itidae  

Cryptotermes cav ifrons  

C. dudleyi

Kalotermes f la v ic o l l is  

K. f la v ic o l l is  

K. f la v ic o l l is

Neotermes castaneus 

IN. j o u t e l i 8

Paraneotermes s im p lic ic o rn is

Hodoterm itidae  

Zootermopsis a n g u s tic o llis

R h inoterm itidae

R hinoterm itinae  

Prorhinotermes simplex

Eucalyptus regnans 41.67

lim e and pine 4.10

avg o f many spp. 5.52

avg o f  many spp. 12.93

avg o f  many spp. 12.93

pine (sap & h eart 
wood)

7.00

lim e and pine 17.47

lim e and pine 11.36

avg o f  3 spp. 7 .38

avg o f  many spp. 70.70

lim e and pine 3 .28

11.47 Gay, e t  a l . ,  1955

16.0  a Hrdy and Zeleny, 1967

28.6 Becker, 1967

2 6 .8 7 Becker, 1967

6 4 .3 7 Becker, 1967

24.3 S e if e r t ,  1962

31.0  a Hrdy and Zeleny, 1967

22.0 a Hrdy and Zeleny, 1967

45.7 Haverty and N utting, 1974

10.1 Becker, 1967

8 .0  a Hrdy and Zeleny, 1967



T ab le  14 . Summary o f  l i t e r a t u r e  re p o rts  o f  wood consumption r a te  as mg wood consumed/g l i v e  te r m ite /
day. Consumption ra te s  determ ined a t  26°C unless o th e rw ise  n o te d , c o n tin u ed .

Family and Species Wood Species
Term ite  
Live w t.

Consumption
mg/g/day

9

Reference

C optoterm itinae

Coptotermes ac inac ifo rm is Eucalyptus regnans 3.64 17.8 Gay, e t a l . , 1955

C. amanii avg o f  many spp. 2 .7 6 4 26.8 Becker, 1967

C. formosanus Pinus e l l i o t t i i  
v a r. e l l i o t t i i

3 .7 9 1 23.4  b Smythe and C a rte r , 1970

C. lacteus Eucalyptus regnans 3.70 12.2 Gay, e t  a l . ,  1955

H e tero te rm itin ae

Heterotermes aureus avg o f 4 spp. 1.89 1 9 .0 2 Haverty and N utting , 1974

H. aureus Cercidium flo ridum 1.89 2 8 .8 2 Haverty and N u tting , 1974

H. in d ic o la Pinus s y lv e s tr is 1.89 3 14.0 Becker, 1962

H. in d ic o la Fagus sy lva ticu s 1.89 3 81 .2 Becker, 1962

H. in d ic o la Pycnanthus angolensis 1.89 3 90 .8 Becker, 1962

H. in d ic o la Nauclea t r i l l e s i i 1 .8 9 3 13.0 Becker, 1962

H. in d ic o la  (30° stock) avg o f  many spp. 1.89 3 58.9 Becker, 1967

H. in d ic o la  (26° stock) avg o f  many spp. 1 .8 9 3 28.6 Becker, 1967

R eticu lite rm es  fla v ip e s Pinus e l l i o t t i i  
v a r. e l l i o t t i i

2 .5 2 1 33 .2  b Smythe and C a rte r , 1970

R. luc ifugus santonensis® avg o f  many spp. 2 .7 6 4 20.4 Becker, 1967
(30° stock)

R. luc ifugus santonensis avg o f many spp. 2 .7 6 4 19.3 Becker, 1967
(26° stock)



T ab le  14. Summary o f  l i t e r a t u r e  re p o rts  o f wood consumption r a te  as mg wood consumed/g l i v e  te r m ite /
day. Consumption ra te s  determ ined a t  26°C unless o th e rw ise  no ted , co n tin u ed .

Fam ily and Species Wood Species
Term ite  
Live w t.

Consumption
mg/g/day

y

Reference

R. v irg in ic u s Pinus e l l i o t t i i  
var. e l l i o t t i i

2 .4 5 1

2 .4 5 1

25.9 a Smythe, 1972

R. v irg in ic u s Pinus e l l i o t t i i  
var. e l l i o t t i i

20.0  b Smythe and C a rte r , 1970

Term itidae

Term itinae

Gnathamitermes tubiformans Buchloe dacty lo ides  
(B u ffa lo  grass)

2 .44 23 .8  c Bodine, 1973

N a s u tite rm itin a e

Nasutiterm es costal is lim e and pine 2.09 2 .0  a Hrdy and Zeleny, 1967

N. e x itio s u s Eucalyptus regnans 4 .76 12.2 Gay e t  a l . ,  1955

N. ex itio s u s Eucalyptus obligua 5.00 10.6 Lee and Wood, 1971

N. r ip p e r t i i lim e and pine 5.39 9 .0  a Hrdy and Zeleny, 1967

 ̂ Personal communication from R. V. Smythe.
p

Consumption ra te  o f  mg wood (d ry ) /g  l iv e  te rm ite /d a y  determined by d iv id in g  ra te  o f mg wood (d ry ) /g  
dry te rm ite /d a y  by r a t io  o f te rm ite  l iv e  w t:d ry  w t.

Live wt c a lc u la te d  from known dry wt which is  the same as H. aureus.
3



. T ab le  14. Summary o f  l i t e r a t u r e  re p o rts  o f  wood consumption ra te  as mg wood consumed/g l i v e  te r m ite /
day. Consumption ra te s  determ ined a t  26°C unless o th e rw ise  n o ted , co n tin u ed .

^ Estimated l iv e  wt is  the avg o f  l iv e  wts given fo r  R e ticu lite rm es  spp. by C o llin s  (1969 ).

 ̂ Estimated l iv e  wt is  the avg o f  l iv e  wts given fo r  Calotermes spp. by C o llin s  (1969 ).

 ̂ Estim ated l iv e  wt is  the avg o f  l iv e  wt given fo r  Zootermopsis a n g u s tic o llis  by C o llin s  (1 9 6 9 ).

 ̂ 26.80 = avg wood consumption, 64.30 = best wood consumption.

® Neotermes jo u t e l i  (as Kalotermes j o u t e l i ) , R e ticu lite rm es  lucifuqus santonensis (as R̂ _ san ton ensis ).

 ̂ Consumption ra tes  fo llow ed by a l e t t e r  determined a t  a tem perature o ther than 26°C: a = 25, b = 26-
27, c = 28°C.

Average o f a l l  castes.
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My own studies and those summarized in Table 14 emphasize 

the importance o f the e ffe c ts  o f wood species and tem perature on 

wood consumption. S p e c ific  d iffe ren ces  in  wood hardness have been 

mentioned by Behr e t  a l .  (1972) and in  e x tra c tiv e s  by C arter and 

Smythe (1972 ). The fa c t  th a t H. aureus consumed over tw ice as much 

Cercidium flo rid u m  as Acacia g reg g ii is  d i f f i c u l t  to  understand, but 

could be re la te d  to e ith e r  hardness or e x tra c tiv e s . However, such 

re s u lts  are not uncommon, since Becker (1962) found th a t  wood con­

sumption by H. in d ic o la  varied  as much as sevenfold (Table 1 4 ).

These s t a t is t ic a l ly  s ig n if ic a n t  d iffe ren c es  in  the e f fe c t  o f wood 

Species on consumption do not n ecessarily  represent preferences since  

these were a l l  compulsory feeding experim ents. Wood preferences w il l  

be discussed below.

Becker (1969) showed th a t the amount o f wood eaten by s ix  

species bf term ites in  th ree  fa m ilie s  increased l in e a r ly  to  an optimum 

tem perature (3 0 -3 4 °C ), then decreased ra p id ly  between 32 and 36°C. 

Smythe and W illiam s (1972) and Smythe (1 9 7 2 ), working w ith R e t ic u l i te r -  

mes f la v ip e S  and R. v irq in ic u s , reported increased consumption up to  

30 dr 3 L 5 °C  w ith a rap id  dec line  th e re a fte r .  With H. aureus the  

e f fe c t  b f temperature on consumption was s im ila r  to  the above examples 

except th a t  a t  the higher temperatures consumption decreased g radually  

6 f  fibt a t  a l l , -  regardless o f the manner o f expressing wood consumption. 

When wood Consumption fo r  a l l  wood species was measured as a ra te  w ith  

respect to  te rm ite  biomass, the data could be f i t t e d  to a quadratic  

Curve w ith  optimal consumption occurring a t  31.16°C .
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Heterotermes aureus and in d ic o la  are s im ila r  in  th e ir  

response to temperature (Becker, 1962 and 1967). H. in d ic o la  has a 

s l ig h t ly  higher optimal consumption tem perature (33°C) than H. aureus 

(31°C) and both survive w ell between 32 and 36°C. T h e ir su rv iva l 

below 20°C is  reduced and th is  may be due to  the s e le c tiv e  defaunation  

o f cold s e n s itiv e  hindgut f la g e lla te s  as has been demonstrated fo r  

Coptotermes formosanus S h irak i (Mannesmann, 1972).

Wood Preference

In  e s s e n tia lly  a choice s itu a tio n  the frequency o f a tta c k  on 

d if fe r e n t  species o f wood in  the f ie ld  has given an ordering o f wood 

species perference. The wood o f the c h o lla s , Opuntia sp inos io r and 

0. fu lg id a , has a higher p ro b a b ility  o f a tta c k  than m esquite, catclaw  

acacia and e s p e c ia lly  palo verde, Cercidium flo rid u m . The p ro b a b ility  

o f a tta c k  o f C. flo ridum  by H. aureus, and consequently i ts  preference  

r a t in g , are extrem ely low. This is  in  sharp co n tras t to  i ts  high  

ra te  o f consumption in  lab o ra to ry  te s ts . Some woods are d e f in i t e ly  not 

p re fe rred  ( jo in ts  o f 0 . fu lg id a  and 0. s p in o s io r, G u tie rre z ia  

sarothrae and Ephedra t r i f u r c a )  although th e ir  p ro b a b il it ie s  o f  a tta c k  

are not s ig n if ic a n t ly  d if fe r e n t  from th a t o f  C. f lo r id u m .

Other workers have used d iffe re n c e s  in  wood consumption ra tes  

in  compulsory and choice feeding experiments as a measure o f wood 

preference. Sniythe and C arte r (1970) found preferences the same 

whether compulsory or choice feeding tests  were used. McMahan (1966) 

determined wood species preference by measuring the q u a n tity  o f wood 

removed. This technique would lead to  erroneous conclusions w ith
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H. aureus, because Cercidium flo ridum  would have appeared to be the  

most p re fe rred  wood.

In  the course o f the f ie ld  work, H. aureus has been recorded 

as feeding on almost a l l  woods but ra re ly  on grass or dung. This  

corroborates the  f in d in g  o f F e rra r and Watson (1 9 7 0 ), th a t  

A u stra lian  species o f  Heterotermes are seldom found in  d ried  dung.

Physical Factors A ffe c tin g  Foraginq

Seasonal f lu c tu a tio n s  in  te rm ite  fo rag ing  a c t iv i t y  have been 

reported fo r  several A fric an  species (Bodot, 1967b; B o u illo n . 1970) 

and fo r  a temperate rangeland species (Bodine, 1973). Although some 

authors fe e l i t  is  d i f f i c u l t  to d is tin g u is h  between endogenous and 

exogenous c o n tro l, tem perature and m oisture (o r evaporation) are most 

often  the environmental parameters responsible fo r  these f lu c tu a ­

t io n s .

Bodot (1967b) in ves tig a ted  the seasonal fo rag ing  cycles o f  

th ree  species in  an A fric an  savanna: T rin erv ite rm es  tr in e rv iu s  

(Rambur), Ancistroterm es cav ithorax  (S jo s te d t) and Macrotermes 

nata len s is  (H a v ila n d ). She found these major trends fo r  each species: 

1) fo rag ing  is  continuous throughout the year w ith  seasonal f lu c tu a ­

tion s  in  in te n s ity ,  2) fo rag ing  a c t iv i t y  increases during the short 

ra in y  season, and 3) fo rag ing  decreases a t  the in i t ia t io n  o f the long 

dry season. The environmental parameters most h ig h ly  c o rre la te d  w ith  

increased forag ing  a c t iv i t y  d i f f e r  according to  each species' fo rag ing  

behavior. T. t r in e rv iu s  harvests grass on the open s o il surface and 

displays a negative c o rre la t io n  w ith  mean maximum tem perature and
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evaporation w h ile  having a p o s it iv e  c o rre la t io n  w ith  mean minimum 

r e la t iv e  hum idity. Temperature is  l im it in g  a t  i t s  h igher values  

w h ile  hum idity is  l im it in g  a t  i t s  lower values. A. cav ithorax  

attacks dead wood and l iv e  vegetation  by covering them w ith  a sh ie ld  

o f s o i l .  I t s  a c t iv i t y  shows no c o rre la t io n  w ith  tem perature but is  

p o s it iv e ly  co rre la te d  w ith  r a in fa l l  and n eg ative ly  w ith  evaporation . 

With M. na ta len s is  n e ith e r  r a in fa l l  nor r e la t iv e  hum idity has any 

e f fe c t  on fo rag in g . The key stim ulus is  increasing tem perature, 

which increases fo rag ing  a c t iv i t y .

Bodine (1973) studied the a c t iv i t y  o f Gnathamitermes tu b ifo r -  

mans on a temperate grassland where temperatures vary considerably  

more than in  the tro p ic a l savanna. He found th a t  surface foraging  

a c t iv i t ie s  were most h ig h ly  c o rre la te d  w ith  the tem perature a t  45 cm 

in  the s o i l .  On the basis o f  an equation contain ing s o il temperature  

a t  45 cm, a i r  tem perature, and s o il m oisture a t  45-60 cm, he claimed  

to  account fo r  n early  100 percent o f the v a r ia b i l i t y  in  exp la in ing  

numbers o f  te rm ites  a t  the s o il surface . In  h is  regression equation  

s o il tem perature has a p o s itiv e  c o e ff ic ie n t  whereas a i r  tem perature  

and s o il m oisture have negative c o e ff ic ie n ts . This im plies th a t  

increased s o il m oisture has the e f fe c t  o f  reducing fo rag ing  popula­

t io n s . This is  the only study seen thus f a r  which makes th is  con­

c lu s io n . B ouillon  (1970) considers m oisture to  be o f  the utmost 

importance in  determ ining d iu rnal forag ing  cycles o f tro p ic a l te rm ite s . 

Any weakness in  Bodine's attem pt to  exp la in  the control o f foraging  

a c t iv i t y  is  probably due to  in s u f f ic ie n t  data — a short sampling
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period invo lv in g  only th ree  data points (May through J u ly , 1972) w ith  

40 re p lic a tio n s  per p o in t.

The re s u lts  presented in  th is  study agree w ith  the general 

conclusions o f  Bodot (1967b)in  th a t  1) fo rag ing  was continuous through­

out the y e a r, when tem perature extremes p erm itted , 2) fo rag ing  was 

increased during the summer ra in y  season and 3) foraging was reduced 

during a long dry period . Although i t  is  possib le  th a t  these observed 

seasonal flu c tu a tio n s  were due to endogenous rhythms (B o u illo n , 1970 ), 

they seem more l ik e ly  to  be under the primary contro l o f tem perature  

and r a in f a l l .  This view is  supported by h igh ly  s ig n if ic a n t  regressions  

o f a c t iv i t y  w ith  these two fa c to rs .

A fte r  an i n i t i a l  screening o f temperatures a t  various loca­

tion s  in ,  on and above the s o i l ,  i t  was determined by l in e a r  c o rre la ­

t io n  and c u rv il in e a r  regression th a t  the tem perature a t  the  r o l l - s o i l  

in te rfa c e  would be the most useful tem perature in  p re d ic tin g  the  

number o f foragers a t  the food source. The temperatures in  th is  

lo ca tio n  are probably not c o n tro llin g  the in i t ia t io n  and cessation  

o f fo rag ing  a c t iv i t ie s ;  these appear to be tem perature extremes 

measured from the r o l l - s o i l  in te rfa c e  to 15 cm in  the s o il (LaFage 

e t a l . ,  1973 and N u tting  e t  a l . ,  1973).

Equation 6 o f  Table 9 best describes the re la tio n s h ip  o f  

fo rag ing  in te n s ity  w ith  tem perature and r a i n f a l l .  A t lower and medium 

range tem peratures fo rag ing  numbers increase lo g a r ith m ic a lly  w ith  

increasing tem perature, but th is  e f fe c t  is  dampened a t  h igher tempera­

tu re s . S im ila r  re la tio n s h ip s  have been found between tim e and c a t t le



la c ta tio n  (Wood, 1967) and tim e and p o u ltry  egg production (M cN ally , 

1971). DeBruyn and DeBruin (1972) reported a quadratic  re la tio n s h ip  

between ground le v e l temperatures and number o f Formica polyctena  

Forst on a foraging path. Finnegan (1973) reported an increase in  

foraging a c t iv i t y  w ith  increasing tem perature fo r  th ree  species o f  

Formica in  Quebec.

R a in fa l l , w ith  associated increases in  so il m oisture and 

hum idity and decrease in  sa tu ra tio n  d e f i c i t ,  accentuated the increase  

in  fo rag ing  numbers o f  H. aureus. In  c o n tra s t, ants w ith  a more 

h e a v ily  s c le ro tiz e d  c u t ic le ,  are less dependent on a low s a tu ra tio n  

d e f ic i t  (N ie ls e n , 1972; Finnegan, 1973) than are term ites  (B o u illo n , 

1970; Bodot, 1967b).

Notwithstanding the obvious environmental param eters, in te rn a l 

colony pressures may also a f fe c t  fo rag in g . B ouillon  (1970) found th a t  

the seasonal forag ing  cyc le  is  also re la te d  to  an annual cyc le  o f the  

number o f in d iv id u a ls  in  the s o c ie ty , i t s  d iv is io n  in to  the d i f fe r e n t  

castes , and of the ra te  o f i t s  to ta l food consumption, which is  

continuous throughout the y e a r. Bodot (1967b)found th a t  fo rag ing  in ­

creased w ith  the appearance o f reproductive nymphs in  a colony and 

decreased a f te r  the imaginal m o lt. With H. aureus any in flu en c e  o f 

colony n u tr it io n  or a la te  production was not obvious. During the  

period when nymphs were present ( la t e  November through e a r ly  June) 

forag ing  was not p a r t ic u la r ly  intense even though temperatures were 

very fa vo rab le  to  fo rag in g . This may have been a re s u lt  o f an 

extrem ely dry w in te r from January on. The reduction in w in te r
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foraging may also  have accounted fo r  a ra th e r  poor production o f 

a la te s  during the 1972 f l i g h t  season (N u ttin g  and Haverty, 1974).

Simulated Wood Consumption

Two o f the most im portant fea tu res  in  the simple wood con­

sumption model are number o f foragers v is i t in g  the surface per 

u n it  tim e and the species s p e c if ic  wood consumption ra te s . The 

number o f te rm ite  foragers a tta ck in g  a food source per u n it  tim e has 

been given as the product o f two tem perature dependent fu n ctio n s: 

the fo rag ing  fo rce  above the surface and the ra te  a t  which th is  fo rce  

is  turned over. DeBruyn and DeBruin (1972) use the same type o f lo g ic  

in  developing a model to  determine the number o f Formica polyctena  

captured in p i t f a l l  tra p s . This number is  the product o f the two 

fa c to rs : the number of ants present a t  a given tem perature (P^) and

th e ir  v e lo c ity  a t  th is  tem perature (Vt ) :  Nt  = (Pt ) (Vt ) .

The estim ation  made here o f annual wood consumption by H. 

aureus is  o f  a reasonable order o f magnitude and considerably less  

than the annual accum ulation. However, c e rta in  parameters used in  

the model are probably c o n trib u tin g  to  the over- or under-estim ation  

o f consumption, and should be re fin e d .

Foraging population estim ates are good since they were checked 

against actual counts, and th e ir  re la tio n s h ip s  w ith  environmental 

fa c to rs  are q u ite  good (Table 9 ) .  However, the v e lo c ity  fu n c tio n  does 

not account fo r  worker in e f f ic ie n c y . Social insects  spend a good deal 

o f th e ir  tim e id le  (W ilson, 1971). These considerations might e a s ily  

cause o ver-es tim ation  o f fo rag er turnover ra te .
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Laboratory wood consumption rates are probably lower than the  

f ie ld  ra te s . This is  because the term ites  in  the te s t  groups have no 

nest mates to  feed. Since they do not appear to store  wood, they  

consume only what they need fo r  themselves. T h ere fo re , the over­

estim ation of wood consumption due to  an excessive turnover ra te  tends 

to  balance the under-estim ation caused by low consumption ra te s .

Term ites may have a considerable ro le  in  the removal and 

recyc lin g  o f p lan t m ateria l in  an ecosystem. Basson (1972) con­

s e rv a tiv e ly  estim ated th a t  Hodotermes mossambicus removed 274 kg per 

hectare per year from veld  in  South A fr ic a . Nel (1 9 7 0 ), in  a d i f f e r ­

ent a rea , ca lcu la ted  the same species to  remove only 14 .6  kg per 

hectare per year or one percent o f  the to ta l  production o f dry  

m a te r ia l. Bodine (1973) estim ated th a t G. tubiformans removed 360 kg 

o f grass per hectare per yea r or 12 percent o f the net prim ary pro­

d u c t iv ity .  Lee and Wood (1971) estim ated th a t  Nasutitermes e x it io s u s , 

which feeds on sound wood, consumed 116 kg per hectare per yea r or 

16.6  percent o f the annual production o f wood. The e f fe c t  o f  te rm ite  

grazing can be so g reat th a t  whole areas are denuded o f grass 

(Coaton, 1951; Watson and Gay, 1970).

The e f fe c t  o f H. aureus on the fa l le n  dead wood on the Santa 

R ita  Experimental Range is  comparable to th a t  o f N. ex itio su s  in  a 

dry sc le ro p h y ll fo re s t  in  A u s tra lia . Heterotermes removes 78 .9  kg 

per hectare per y e a r , which represents 3.71 percent o f the super­

f i c i a l  dead wood standing crop biomass and 17.54 percent o f the annual 

dead wood production. I t s  impact on wood recy c lin g  is  g re a te s t



in  i t s  s e le c tiv e  pressures exerted on d if fe r e n t  species o f  

wood.

Heterotermes aureus is  only one o f four im portant s o il d w e ll­

ing term ites  on the Santa R ita  Experimental Range. The o ther three  

species appear to  have host preferences ( Acacia and grasses fo r  

example) which complement those o f H. aureus.

Other fa c to rs  which might p lay  an im portant ro le  in  reducing  

s u p e r fic ia l dead wood biomass are fungi and o ther micro-organisms 

and s u n lig h t. Under s u ita b le  m oisture and tem perature conditions  

fungi (Ascomycetes and Fungi Im p e rfe c ti)  can reduce the weight o f  

wood by 20 percent in  16 weeks (Becker, 1967). S un ligh t alone has 

been shown to  reduce the w eight o f Pinus ponderosa dowels from 0 .7  

to 1 .64  percent per year in  northern Idaho, depending on dowel diam eter 

(Campbell, 1952). Since fungal ac tio n  is  h ea v ily  dependent on mois­

tu re  as w ell as temperature i t  probably plays a l im ite d  ro le  in  wood 

breakdown in  th is  desert grassland. S u n lig h t might be expected to  

play a more im portant ro le  here in reducing dead wood biomass than  

in  northern Idaho.

Heterotermes aureus is  one o f fo u r abundant subterranean  

te rm ites  on the Santa R ita  Experimental Range and i t  consumes a con­

s id e rab le  portion  o f the dead wood produced ann ually . I t  feeds 

h e a v ily  on c e rta in  species o f wood and complements the food preferences  

o f the o ther th ree  species. Term ite micro-organisms have re c e n tly  been 

shown to  f i x  atmospheric n itrogen (Breznak e t a l . ,  1973; Benemann, 

1973). Along w ith  o ther te rm ites  and fu n g i, H. aureus functions to
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increase f e r t i l i t y  o f the s o il by the ad d itio n  o f a v a ila b le  n itrogen  

compounds synthesized concurrently  w ith  the process o f c e llu lo s e  

degradation. There fo re , Heterotermes aureus has been shown to be a 

more im portant component o f the desert grassland ecosystem than 

prev ious ly  imagined.
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SUMMARY

F ie ld  and lab o ra to ry  experiments were c a rr ie d  out to  eva luate  

the e f f ic ie n c y  o f  Heterotermes aureus (Snyder) as a d e t r i t iv o r e  in  a 

desert grassland ecosystem. The fo llo w in g  parameters were examined:

1) s iz e  and dispersion o f forag ing  populations, 2) production and 

a v a i la b i l i t y  o f wood, 3) wood consumption ra tes  as a functio n  o f  

tem perature and wood species » 4) wood preference and 5) environmental 

control o f te rm ite  forag ing  a c t iv i t y .

Foraging groups or colonies were estim ated a t 160 and 181 per

hectare w ith  an average o f 68,918 and 37,800 forag ing  term ites  per

hectare a t  any given moment during the year o f  study. Average colony
2

forag ing  t e r r i t o r y  was 13.14 m . Foraging groups o f  te rm ites  consisted  

o f 97 .2  percent la rva -w o rke rs , 1 .5  percent s o ld ie rs  and 1 .3  percent 

nymphs, la rvae  and p re -s o ld ie rs . The numbers o r biomass o f  te rm ites  

was g en era lly  not c o rre la te d  w ith  the amount o f wood a v a ila b le .

Standing crop biomass o f  s u p e rfic ia l dead wood on the study 

s ite  was 2127 kg per hectare . Of th is  f ig u re  f iv e  p lan t species  

represent 97 .6  percent o f the biomass. S ix p lan t species account fo r  

96 .4  percent o f the 450 kg per hectare of s u p e rfic ia l dead wood 

produced ann ually .

Wood consumption by H. aureus in  the lab o ra to ry  is  best 

described as a l in e a r  or quadratic  functio n  o f tem perature, w ith  

maximum consumption occurring between 28 and 32°C. A s ig n if ic a n t ly

80
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g re a te r  amount o f  blue palo verde, Cercidium flo r id u m , was consumed 

than c h o lla , Opuntia fu lq id a , m esquite, Prosopis j u l i f l o r a , and 

catc law , Acacia g re q g ii . H. aureus is  a general fe e d e r, y e t i t  appears 

to  p re fe r 0^ fu lq id a , P. j u l i f l o r a , and g req g ii over flo ridum  

and o ther less abundant woods. This contrasts w ith  i ts  a b i l i t y  to  

consume s ig n if ic a n t ly  g re a te r amounts o f  C. flo ridum  in  compulsory 

feeding t r i a l s .

Surface forag ing  occurs throughout the year between 7 and 

47°C, extremes measured between the b a i t -s o il  in te r fa c e  down to  15 

cm in  the s o i l .  Foraging in te n s ity  increases w ith  increasing  tempera­

tu re , then decreases ra th e r  ra p id ly . Increased s o il m oisture in ­

creases foraging in te n s ity . The number o f foragers  a t  a given po in t 

in  tim e may be pred icted  by the equation: In  Y = -0 .9 8 5  -  0.0761 T

+ 2.928 In  T + 0 .327 In  R, where Y = the number o f  foragers a t  th a t  

tim e , T = d a ily  mean tem perature a t  the b a it -s o il  in te r fa c e  and R = 

d a ily  r a in f a l l .

Total forag ing  d en s ity  o f H. aureus is  estim ated a t  431 to
p 2

786 per m w ith  a biomass o f 0 .145 to  0.264 g per m . Average colony 

s iz e  may range from ca. 23,754 to  49,125 in d iv id u a ls .

A sim ulated wood consumption model p red ic ts  th a t  H. aureus 

foragers  made 4.61 x 1 0 ^  fo rag ing  s o rtie s  per hectare per y e a r. In  

the course o f these t r ip s  foragers  removed surface wood a t  the ra te  

o f 78.9 kg per hectare per y e a r. This represents 3 .7  percent o f the  

standing crop biomass and 17 .5  percent o f the annual production o f
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s u p e rfic ia l dead wood. T h ere fo re , Heterotermes aureus has been shown 

to be an im portant component o f th is  desert grassland ecosystem.
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