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S U M M A R Y  

Caste ratios among monogynous N. corniger colonies are less variable (higher 
correlat ion coefficients and lower variances) than among polygynous colonies. Polygynous 
colony caste propor t ions  are more constant  than for  queenless colonies. 

Correlation coefficients are not  significantly different  between numerical and 
biomass neuter  caste ratios (large workers :  small w o rk e r s ;  total worker  populat ion:  
soldiers) in N. corniger or N. ephratae. 

The intraspecific range of both  numerical  and biomass percentages of soldiers, 
small workers,  and large workers  is large in N. corniger and N. ephratae. 

Numerical  and biomass percentage of soldiers, small workers,  and large workers were 
all significantly different  between monogynous N. corniger and monogynous N. ephratae 
colonies. Mean individual weights of soldiers, large workers ,  and small workers  did not 
differ between species. 

Single queen N. corniger colonies tend to have a higher ratio of the nurober of small 
worke r s :  large workers  and the number  of so ld iers :  workers,  and a lower proport ion 
of presoIdiers : soldiers than do monogynous N. ephratae nest. 

Polygynous N. corniger colonies have a statistically larger ratio of number  of larvae : 
number  of workers,  and a higher number  of presoldiers : soldiers than do single queen 
colonies. These all suggest differences in growth rate related to single versus multiple 
queens. Monogynous and polygynous nests have significantly higher ratios of larvae: 
workers  than do queenless colonies. 

In both  numerical  and biomass analyses of various N. corniger caste ratios, 
correlation coefficients were highest in comparisons  between the total number  or dry 
weight of all workers  vs soldiers. 

Mean individual dry weights of large and small workers  in queenless N. corniger 
colonies are significantly higher than in queenright  colonies. This may be because the 
queentess colony popuIation is aging without  generating more  young so fewer  indivi- 
duals are in the early worker  instars.  
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Z U S A M M E N F A S S U N G  

Zahlen- und Gewichtsverh~iltnisse der Kasten in Termitenkolonien der Arten 
Nasuti~ermes corn, iger und N. ephratae {Isoptera; Termitidae) 

Die numerischen Proportionen der Kasten sind bei monog~cnen N.c. Kolonien weniger 
variabel (h/Sherer Korrelationskoeffizient und niedrigere Abweichung) als bei polygynen 
Kolonien. Polygyne Kolonien sind konstanter in ihren Kasten-Proportionen als Kolonien 
ohne K/fniginnen. 

Die Kon-elationskoeffizienten yon Mengen- mad Gewichtsverh~iltnissen unter den 
sterilen Kasten (grosse Arbeiter: kleine Arbeiter; gesamte Arbeiter Population: Solda- 
ten) sind weder bei N.c. noch bei N.e. signifikant verschieden. 

Sowohl bei N.c. wie auch bei N.e. findet man eine weite innerartliche Verteilung 
yon proportionalen Anteilen yon Soldaten, kleinen Arbeitern, und grossen Arbeitern. 

Der zahlen- und gewichtsm~issige Anteil der Soldaten, kleinen und grossen Arbeitern, 
war zwischen.monogynen N.c. Kolonien und monogynen N.e. Kolonien signifikant unter- 
schiedlich. Das mittlere Gewicht yon Soldaten, grossen Arbeitern und kleinen Arbeitern 
war nicht unterschiedlich zwischen den beiden Arten. 

In monogynen N.c. Kolonien ist gew6hnlich das Zahlenverh~iltnis zwischen kleinen 
Arbeitern : grossen Arbeitern, und Soldaten : Arbeitern gr/Ssser, dagegen ist das 
Verh~iltnis zwischen PrS-Soldaten: Soldaten kleiner als bei monogynen N.e. Kolonien. 

Polygyne N.c. Kolonien haben ein statistisch grtisseres Zahlenverh~ltnis yon Larven : 
Arbeitern, und Pr~i-Soldaten: Soldaten, als monogyne Kolonien. Dies alles 15sst vermu- 
ten, dass monogyne und polygyne Kolonien unterschiedliche Wachstumsraten haben. 

Bei der Analyse der Zahlen- und Gewichtsverh~iltnisse verschiedener N.c. Kasten 
waren die Korrelationskoeffizienten am h6chsten beim Vergleich von Gesamtzahl oder 
Trockengewicht der Arbeiter versus Gesamtzahl oder Trockengewicht yon Soldaten. 

Das durchschnittliche Trocken gewicht grosser und kleiner Arbeiter in k~Snigin- 
losen Kolonien war signifikant h/Sher als in Kolonien mit K6nigin. Dies ist wahrscheinlich 
deshalb so, weil die Population der k6niginlosen Kolonie ~ilter wird, ohne mehr Jungtiere 
zu produziern, sodass weniger Anfangsstadien yon Arbeitern zu linden sind. 

I N T R O D U C T I O N  

Cas tes  a r e  t he  f u n c t i o n a l  i n f r a s t r u c t u r e  of  soc ia l  i n s e c t  co lon ies  : t hey  

e n a b l e  a c o l o n y  to  a c c o m p l i s h  tasks  " c o n c u r r e n t l y  i n s t e a d  of  s e q u e n t i a l l y "  
(OSTER a n d  WILSON, 1978 p. 10) a n d  they  f ac i l i t a t e  spec i a l i z a t i on  in  d iv i s ion  

o f  l abor .  D a t a  on  cas t e  p r o p o r t i o n s  w i t h i n  f i e ld  co lonies ,  a n d  on  the  n a t u r a l  

r a n g e  o f  v a r i a t i o n  of  these  ra t ios ,  a r e  f u n d a m e n t a l  to  u n d e r s t a n d i n g  the  

eco log ica l ,  b e h a v i o r a l ,  phys io log ica l ,  a n d  r e p r o d u c t i v e  d y n a m i c s  of  species .  

I n  s t ud i e s  o f  t e r m i t e s ,  c o m p l e t e  d i s s e c t i o n s  of  e n t i r e  ne s t s  h a v e  p r o v e n  

the m o s t  r e l i a b l e  m e t h o d  fo r  q u a n t i t a t i v e l y  a s se s s ing  co lony  c o m p o s i t i o n  a n d  

cas t e  r a t ios .  Th is  p a p e r  p r e s e n t s  n u m e r i c a l  a n d  b i o m a s s  cas t e  r a t i o  r e su l t s  

o f  d i s s e c t i o n s  o f  112 N a s u t i t e r m e s  corniger  a n d  32 N. ephratae  a r b o r e a l  

c a r t o n  ne s t s  in  t he  R e p u b l i c  of  P a n a m a  ( n u m b e r  of  la rvae ,  p r e s o l d i e r s ,  sol- 

d ie rs ,  a n d  w o r k e r s  a r e  i n c l u d e d  in th is  t r e a t m e n t  ; da t a  o n  a l a t e  p r o d u c t i o n  
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is presented in THORNE, 1983). Population pat terns  of caste ratios are com- 
pared using principal  axis correlat ion analysis to examine inter- and intra- 
specific caste ratios and their variance. Such colony analyses provide data 
on ergonomic investment  in each caste and on the range of variat ion in 
such investment  among colonies .  The data are also used to determine if 
external metr ic  characterist ics of Nasut i termes  nes t s  (such as weight or  
volume) could be used as correlates of colony populat ion size, and thus 
serve as an index to estimate populat ion size of field colonies. 

METHODS 

Entire  N. corniger (Motschulsky) and N. ephratae (Holmgren) arboreal  nests  were 
collected f rom a r e a s  of young second growth on the Gigante Peninsula and Frijoles 
Island n e a r  Barro Colorado Island (BCI ; 9009 , N, 79 ~ 51' W), Republic of Panama. Both 
species occur in lowland forests  and areas of second growth throughout  much of Middle 
America and par ts  of South America (THoRNE, 1980). Collections were made April4uly 1979 ; 
October 1979 - January 1980; March - July 1980; and April and November  1981. Colonies 
were  collected between 7 a.m. and 11 a.m. The car ton nests were excised f rom host 
trees (wood encompassed by the nest  included in the sample), placed in thick plastic 
bags, and t ranspor ted  to the Smithsonian Tropical Research Inst i tute 's  laboratory on 
BCI. Colonies were  refr igerated for 24-48 hours to inactivate the termites.  Nests were 
then sequentially shaved and shaken, allowing termites  to fall f rom the exposed galleries. 
Most individuals fell readily, but  if the nest  interior  was moist  some clung to damp 
walls. Es t imates  of the percentage of the population retrieved (normally above 90 %) 
accounted for  such remaining individuals. 

All termites  removed f rom a colony were mixed in a large bowl. Total volume was 
determined and three random 5 ml subsamples  were drawn for analysis. Each subsam- 
ple, containing 400-900 individuals depending on amount  of nest  debris, was sorted and 
counted by caste. Total colony size and caste propor t ions  were es t imated f rom the 
subsample counts,  wi th  s tandard  deviations consistently less than 10 % of the estimate, 
and usually below 6 %. This technique does n o t  account for foragers (mature soldiers 
and workers) outside the nest  at the time of collection. 

Dry weights of all castes were taken after  < 72 hours in a drying oven. " Average " 
dry weight for  a colony's soldier, for example was determined by weighing 30-50 dry 
soldiers and dividing the cumulative weight by number  of individuals. This gives no 
measure  of intra-colony variation in soldier weight. Queen live (fresh) weights were 
taken immediately af ter  pr imary reproductives were removed f rom the royal chamber.  

Nest volumes were based on the volume of an ellipsoid. The volume of t runks or 
branches going through the nest  were subtracted to yield nest  volume. Nest weights 
were determined by weighing the nests in their  plastic bags after  collection, weighing 
wood inclusions af ter  removal by dissection, and then subtract ing the weight of the 
wood f rom the initial weight. Nest  weight is thus a measure  of nest  car ton weight plus 
the comparably insignificant weight of the housed termites  (normally less than 10 % 
of the total). 

Principal axis correlation analysis is appropr ia te  for  caste ratios because the proce- 
dure does not  assume that  one of the two axes is measured without  error,  and it does 
not assume that  one axis varies independently of the other.  The least squares fit of a 
linar regrssion, however,  must  be used to compare  two (t test) or rhore (analysis of 
covariance) relat ionships statistically. (One can also examine overlap~"or nonoverlap of 
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95 % confidence limits on the slope of the principal axis correlation. In most cases, this 
result and the result of the regression analysis are in agreement). 

Caste relationships are given separately for monogynous (N = 46), polygynous 
(N = 25), and queenless (empty queen cell, N = 42) N. corniger colonies. Queen absence 
indicates a declining colony, possibly capable of requeening if alate brood are developing. 
At the time of collection, however, such colonies have unreplenished cohorts of imma- 
tures and lack any royal influence over control of caste ratios. Queenless N. ephratae 
colonies were relatively rare in this sampling (7 of 39 colonies), so only data from mo- 
nogynous nests are presented. No polygynous N. ephratae colonies were found in this 
study, although literature accounts, museum specimens, and unpublished observations 
document their existence (BECKER, 1961, MATHEWS, 1977; specimens of ZETEK dz MOLINO, 
U.S. National Museum ; H. JACOaSOn, pers. comm.). 

R E S U L T S  

Caste Proportions 

The  m e a n  n u m e r i c a l  a n d  b i o m a s s  p e r c e n t a g e s  o f  so ld i e r s ,  l a rge  w o r k e r s  
a n d  s m a l l  w o r k e r s  in  t he  n e u t e r  p o p u l a t i o n  o f  m o n o g y n o u s ,  p o l y g y n o u s  
a n d  q u e e n l e s s  N. corniger, a n d  m o n o g y n o u s  N. ephratae co lon ies ,  a r e  s h o w n  
in figure 1. N o t  s u r p r i s i n g l y ,  n u m e r i c a l  c a s t e  p r o p o r t i o n s  fo r  a l l  g r o u p s  
a r e  s i g n i f i c a n t l y  d i f f e r e n t  (p < 0.001) f r o m  b i o m a s s  p e r c e n t a g e s .  Al l  c a s t e  
p r o p o r t i o n s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  (p ~ 0.001) b e t w e e n  m o n y g y n o u s  
N. corniger a n d  N. ephratae co lon ies .  A m o n g  N. corniger co lon i e s  t h e  on ly  
s i g n i f i c a n t  d i f f e r e n c e  a m o n g  g r o u p s  of  d i f f e r e n t  q u e e n  s t a t u s  is t h a t  mono-  
g y n o u s  c o l o n i e s  have  a s i gn i f i c a n t l y  h i g h e r  (p ~ 0.05) m e a n  n u m e r i c a l  pe r -  
c e n t a g e  o f  s o l d i e r s  t h a n  do  p o l y g y n o u s  co lon ies .  

The  m e a n  n u m e r i c a l  p e r c e n t a g e  of  l a r v a e  f o u n d  in N. corniger co lon ie s  

( b a s e d  o n  a r c s i n e  t r a n s f o r m e d  da t a )  w a s  as  f o l l ow s  : m o n o g y n o u s  x = 

19.6 % (max.  S.D. = 32.9 ; min .  S.D. = 90) ; p o l y g y n o u s  R = 23.8 % (max.  

S.D. = 35.3 ; min .  S.D. = 14.0) ; q u e e n l e s s  ff = 2.5 % (max.  S.Do = 10.7 ; 

ra in.  S.D. = 0). The  m e a n  fo r  m o n o g y n o u s  N. ephratae co lon i e s  w a s  x = 
23.5 % (max.  S.D. = 34.1 ; min .  S.D. = 14.4). ( B e c a u s e  t e r m i t e s  a r e  hemi -  
m e t a b o l o u s ,  aU i m m a t u r e s  s h o u l d  t e c h n i c a l l y  b e  c a l l e d  n y m p h s ,  b u t  w o r k e r /  
s o l d i e r  i m m a t u r e s  a r e  t e r m e d  " l a r v a e  " b y  I s o p t e r i s t s  to  d i s t i n g u i s h  t h e m  
f r o m  fe r t i Ie - t ine  p r e - a l a t e  " n y m p h s "  (NoIROT, i969).) M o n o g y n o u s  N. 
ephratae a n d  p o l y g y n o u s  N. corniger c o l o n i e s  h a v e  a s t a t i s t i c a l l y  h i g h e r  
( p < 0.01) n u m e r i c a l  p e r c e n t a g e  of  l a r v a e  t h a n  do  m o n o g y n o u s  N. corniger 
soc ie t i e s .  P r e d i c t a b l y ,  queen l e s s  N. corniger co lon i e s  h o u s e  a l o w e r  nume-  
r i c a l  p e r c e n t a g e  of  l a r v a e  t h a n  do  q u e e n r i g h t  c o n s p e c i f i c  n e s t s  (p < 0.001). 

Nest Measurements as Correlates of Colony Population Size 

I n  t h e  f ie ld ,  Nasutitermes n e s t  v o l u m e  is a m o r e  c o n v e n i e n t  m e a s u r e m e n t  
t h a n  n e s t  we igh t ,  w h i c h  u l t i m a t e l y  r e q u i r e s  r e m o v a l  of  t h e  c o l o n y  f r o m  i t s  
h o s t  t r ee .  The  p r i n c i p a l  axis  l ines  l i s t e d  in  table ! s h o w  t h a t  w h i l e  t he  
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1 .  - -  Numerical and biomass caste proportions in monogynous, polygynous and 
queenless N. corniger and monogynous N. ephratae colonies. Means (calculated 
from arcsine transformed data) are indicated by symbols, open bars show 
standard deviation, and lines span the range. Sample sizes for numerical and 
biomass analyses are given above tl~e soldier bars in each category. Statistical 
differences among groups are summarized in the text. 

1.  - -  Die numerischen und Biomasse Kasten Proportionen bei monogynen, polygynen 
und K6niginnen-losen N. corniger und monogynen N. ephratae Kolonien. Die 
Mittelwerte (errechnet durch arcus sinus transformierte Daten) sind durch Symbole 
angedeuted, die offenen Rechtecke Zeigen die Standard Abweichung, und die Linien 
messes die Verteilungsbreite. Gesamtmengen ftir numerische und Biomasse Ana- 
lysen sind in jeder Einheit fiber den Soldaten Strich angegeben. Statistische Unter- 
schiede zwishen den Gruppen sind im Text zusammengefast. 

c o r r e l a t i o n  b e t w e e n  n e s t  w e i g h t  o r  v o l u m e  a n d  n e u t e r  p o p u l a t i o n  s ize is 

h i g h  (0.78 ~ r ~ 0.87) fo r  b o t h  species ,  t h e r e  is c o n s i d e r a b l e  s c a t t e r  a r o u n d  

the  b e s t  f i t  l ine  (see 95 % c o n f i d e n c e  l im i t s  on  r a n d  on the  s lope) .  N e s t  

p o p u l a t i o n  p r o j e c t i o n s  b a s e d  on t h a t  e q u a t i o n  wi l l  be  s u b j e c t  to  e r r o r  

(usua l ly  less  t h a n  o r  e q u a l  to  a f a c t o r  o f  2), b u t  d e p e n d i n g  on  the  d e s i r e d  

u s e  m i g h t  g ive  su f f i c i en t  accuracy .  An ana lys i s  o f  c o v a r i a n c e  a m o n g  re- 
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gress ion lines shows that  polygynous colonies have  a higher  popula t ion  size 
pe r  k i logram or  cm a of nest  ma te r i a l  than  do monogynous  colonies. This 
is indicat ive of  their  fas te r  popula t ion  g rowth  ra te  (THORNE, 1984). 

WIEGERT and  COLEMAN (1970) suggest  t h a t  because  gas e x c h a n g e  wi th in  
a t e rmi te  nes t  takes  place across  the nes t  surface,  the popula t ion  size of  a 
nest  should be re la ted  to nest  sur face  area  r a the r  than  to nest  vo lume or  
weight.  They generalize the shape  of Nasutitermes costalis arborea l  nests,  
and  suggest  tha t  surface  area  increases  as the 0.67 power  of nest  volume.  
Pr incipal  axis correlat ions be tween  this e s t ima te  of nest  surface  area  and  
popula t ion  size in the p resen t  s tudy do not  significantly change e i ther  the 
cor re la t ion  coefficients o r  the range  on  the i r  95 % confidence limits. 

Intra- and Interspecific Comparisons of Numericai Caste Proportions 

Principal  axis corre la t ion  lines of  var ious  caste  ra t ios  ( n u m b e r  of large 
versus  n u m b e r  of  small  workers ,  n u m b e r  of worke r s  vs n u m b e r  of larvae, 
n u m b e r  of  worke r s  vs n u m b e r  of  soldiers,  and  n u m b e r  of  soldiers vs num- 
ber  of  presoldiers)  are  l isted in table I along wi th  intra-and interspecif ic  
compar i sons  (analyses of covar iance based  on regression lines) of  each 
ratio.  

Queenless N. corniger colonies t end  to have a higher  ra t io  of large 
worke r s  (vestigial females) : small  worke r s  (vestigial males) than  tha t  found 
in queenr ight  colonies. Monogynous  N. corniger nests  have a lower  rat io  
of large w o r k e r s :  small  worke r s  than  do monogynous  N. ephratae colonies 
(regressions are significantly d i f ferent  in elevation). Both castes forage, 
tend reproduct ives ,  nurse  immatu res ,  feed soldiers,  g room nes tmates ,  and 
r e pa i r  nes t  carton.  Fine-scale po lye th i sm studies describing tasks  perfor-  
m e d  by  each caste have not  been  conduc ted  on these species. 

The re la t ionship  be tween the to ta l  n u m b e r  of worke r s  in a colony 
sum of large worke r s  + small  workers )  and  the n u m b e r  of larvae is im- 
p o r t a n t  because  i m m a t u r e  te rmi tes  are  dependen t  on worke r s  for  food 
and  care. Among N. corniger colonies, polygynous  nests  have the lowest  
average  w o r k e r :  larvae ratio. They also have the grea tes t  n u m b e r  of larvae 
pe r  colony (THORNE, 1984). No signif icant  differences  in slope or  elevation 
are  indicated by an analysis of covar iance  be tween  monogynous  N. corniger 
and  N. ephratae cases. 

The ra t io  of worke r s  : soldiers in N. corniger colonies appea r s  fairly 
precise  (high r, especial ly in queened colonies),  and  regress ion lines do not  
differ  a m o n g  1 Q, > 1 Q, and NO Q colonies.  On average,  monogynous  N. 
corniger nests  contain a higher  ra t io  of  soldiers : worke r s  than  do mono- 
gynous N. ephratae colonies. 

Presoldiers  are i m m a t u r e s  in the u l t ima te  stage before  becoming  func- 
tional, sclerot ized soldiers (NoIRoY, 1969). I f  colonies are cons tant ly  reple- 
nishing their  soldier  ranks,  then  the n u m b e r  of  developing presold iers  
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s h o u l d  b e  a u n i f o r m  p r o p o r t i o n  o f  t h e  t o t a l  s o l d i e r  p o p u l a t i o n .  W h i l e  t h e  

c o r r e l a t i o n  b e t w e e n  n u m b e r  o f  m a t u r e  a n d  i m m a t u r e  s o l d i e r s  is  p o s i t i v e  
(0:66 ~ r ~ 0.78), t h e r e  is  c o n s i d e r a b l e  v a r i a n c e  f o r  b o t h  N. corniger a n d  

N. ephratae. T h i s  s u g g e s t s  t h a t  s o l d i e r  p r o d u c t i o n  m a y  b e  s o m e w h a t  epi-  

s o d i c  w i t h  m a t u r e  i n d i v i d u a l s  a d d e d  i n  p u l s e s  r a t h e r  t h a n  c o n t i n u o u s l y .  

O n  a v e r a g e ,  p o l y g y n o u s  N. corniger a n d  m o n o g y n o u s  N. ephratae c o l o n i e s  

h a v e  a h i g h e r  r a t i o  o f  p r e s o l d i e r s  : m a t u r e  s o l d i e r s  t h a n  do  m o n o g y n o u s  

N. corniger s o c i e t i e s .  

B e c a u s e  p h y s o g a s t r i c  t e r m i t e  q u e e n s  a r e  e g g - l a y i n g  s p e c i a l i s t s  w i t h  

v i r t u a l l y  a l l  o f  t h e i r  b i o m a s s  d e v o t e d  to  g o n a d ,  o n e  p r e d i c t s  a n d  f i n d s  a 
h i g h  c o r r e l a t i o n  b e t w e e n  q u e e n  w e t  w e i g h t  a n d  n u m b e r  o f  e g g s  f o u n d  in  

t h e  c o l o n y  a t  t h e  t i m e  o f  d i s s e c t i o n  (r = 0.85, N = 41) f o r  m o n o g y n o u s  N. 
corniger. A f a i r l y  h i g h  c o r r e l a t i o n  c o e f f i c i e n t  is  a l s o  f o u n d  b e t w e e n  q u e e n  

w e t  w e i g h t  a n d  t h e  t o t a l  n e u t e r  p o p u l a t i o n  s ize  ( i n c l u d i n g  l a r v a e )  w i t h i n  

a c o l o n y  (table I). N o  i n t e r s p e c i f i c  d i f f e r e n c e s  in  s l o p e  o r  e l e v a t i o n  o f  

m o n o g y n o u s  r e g r e s s i o n  l i n e s  a r e  e x p o s e d  b y  a t t e s t .  T h e  c o r r e l a t i o n s  

w e a k e n  s l i g h t l y  b e t w e e n  q u e e n  w e t  w e i g h t  a n d  t h e  n u m b e r  o f  l a r v a e  in  a 

c o l o n y .  A g a i n ,  n o  d i f f e r e n c e s  a r e  s h o w n  w h e n  c o m p a r i n g  m o n o g y n o u s  N. 
corniger a n d  N. ephratae cases .  

Table II. - -  Individual soldier, large worker, and small worker  dry weights. 

Tabelle II. - -  Die Trockengewichte der individuellen Soldaten, groped Arbeiterinnen und 
und kleiner Arbeiterinnen. 

Meana Mean a Meana 
individual soldier individual large individual small 

Dry weight (x10--4g) worker  worker  
Dry weight (xl0--4g) Dry weight (x10-4g) 

N. corniger 1Q (41) x -- 35 - 7 (4 ~) x = 60 - 10 (41) x ' =  32 • 5 

r = 2 3 - - 5 5  r = 4 3 - - 8 7  r = 2 2 - - 4 9  

> 1Q (24) x = 33 • 5 (24) x = 56 • 8 (24) x = 30 • 4 

r = 23--55 r = 37--68 r = 23--37 

NOQ (35) x = 38 • 7 (34) x = 65 • 11 (32) x = 34 • 5 

r = 27-- 55 r = 49-- 110 r = 25 -- 46 

N. ephratae 1Q (29) x = 36 • 5 (29) .x = 60 • 9 (29) x = 31 • 4 
r = 2 6 - - 4 4  r = 4 4 - - 7 6  r = 2 1 - - 3 8  

a Mean -* S.D. is mean for all colonies of " a v e r a g e "  individual dry weights as described 
in Methods. Sample size (number of colonies) is given in parentheses, r = range. 
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Worker and Soldier Dry Weights 

" A v e r a g e "  large worker ,  small worker ,  and soldier individual dry  
weights (see Methods) in monogynous,  polygynous and queenless N. corniger 
Colonies, and in monogynous N. ephratae colonies are l isted in table II. 
There  is a large range of weights (sizes) wi thin  all castes : average individual 
weights wi thin  a given caste can di f fer  by a fac tor  of 2 or  more  among 
colonies. There  are no significant intra- or  interspecif ic  differences in caste 
weights,  except  tha t  queenless N. corniger colonies have higher  mean  large 
and small worke r  weights than those found in mono- or  polygynous conspe- 
cifics (de termined by  an analysis of variance followed by  a Student-Newman 
Keuls mult iple  compar ison  test). This may be because in colonies with 
a reduced  n u m b e r  of juveniles, a h igher  p ropor t ion  of the w o rk e r  popula- 
t ion is in la ter  instars. Later  instars have grea ter  pigmentat ion,  heavier  
sclerotization, and slightly larger  head capsules and body sizes. Soldiers 
do not  mol t  once they enter  the ma tu re  soldier stadium; so it is expected 
that  they do not  show this pa t te rn  of h igher  average weight in queenless 
colonies. 

Polygynous N. corniger colonies have lower mean  large worker ,  small 
worker ,  and soldier weights than monogynous  and queenless conspecifics, 
a l though the difference wi th  this sample size is not  statistically significant. 
This pa t t e rn  suggests, however,  tha t  polygynous colonies are younger  (skewed 
toward  younger  worker  instars ; small  soldiers) (see THORNE, 1982, 1984). 

Biomass Caste Ratios 

Principal  axis correlat ion lines of two biomass caste rat ios (weight of 
all large workers  in a colony versus weight  of small workers ,  and weight 
of all workers  versus weight of soldiers)  are listed in table HI. Correla- 
t ion coefficients for  these relat ionships are high among queened N. corniger 
and N. ephratae colonies, and similar to the comparable  corre la t ion coeffi- 
cients f rom the numerical  caste rat io analysis (table I). Among monogynous  
and polygynous N. corniger colonies, 95 % confidence bands a round  r and 
the slope of the principal  axis are narrow,  indicating a t ight relat ionship 
between abcissa and ordinate.  Queenless N. corniger and monogynous N. 
ephratae caste rat ios are more  variable. Polygynous N. corniger colonies 
have a larger  biomass investment  in small workers  relative to large workers  
than  do queenless colonies. Similarly, monogynous  N. corniger societies 
have a higher  small worke r  : large w o rk e r  biomass inves tment  than do 
monogynous  N. ephratae nests. Monogynous N. corniger colonies have a 
larger  soldier  : worke r  investment  than  do e i ther  polygynous or  queenless 
colonies, bu t  show no significant di f ference f rom the monogynous  N. 
ephratae soldier  : worker  investment  pat tern .  
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D I S C U S S I O N  

Single queen N. corniger colonies tend to have a higher  rat io of the 
n u m b e r  of small : large workers ,  a higher  rat io of soldiers : workers ,  and 
a lower p ropor t ion  of presoldiers  : soldiers then do monogynous N. ephratae 
nests. 

Among monogynous,  polygynous,  and queenless N. corniger colonies, 
significant differences in numerica l  caste ratios are probably  associated 
with differences in colony growth  rates.  Polygynous colonies have a higher  
neuter  popula t ion size relative to a given nest  weight or  volume than do 
monogynous  conspecifics. Polygynous colonies also house a higher  rat io 
of larvae : workers ,  and a higher  ra t io  of presoldiers  : soldiers than do 
single queen colonies. These differences suggest differences in colony growth  
ra te  re la ted to single versus mult iple queens (see THORNE, 1982, 1984). 
Predictably,  bo th  monogynous and polygynous co lonies-have  significantly 
higher  rat ios  of la rvae:  workers  than do queenless nests. The n u m b er  of 
workers  (LW + SW) : n u m b e r  of soldiers is unlikely to depend on colony 
growth  ra te  and is statistically equivalent  in all three cases. 

The one intraspecific N. corniger difference which cannot  be direct ly 
a t t r ibu ted  to queen number  is the relat ionship between n u m b e r  of large and 
small workers ,  differing in slope between monogynous and queenless colo- 
nies, and in slope and elevation between polygynous and queenless colonies. 
This difference in large and small worke r  propor t ions  may suggest a sepa- 
ra t ion in nursing tasks between the two castes. 

Queen number  appears  to be an impor tan t  pa ramete r  inf luencing  N. 
corniger caste ratios, but  intraspecif ic  variance in caste ratios in o ther  
species has been a t t r ibu ted  to a n u m b e r  of sources. BOUILLON (1964, 3 spp. of 
Apicotermes) and NUTTING (1970, Pterotermes occidentis and Marginitermes 
hubbardi) repor t  a decreased pei 'centage of soldiers with increased colony 
size ; HAVERTY (1979, Coptotermes formosanus) and HAVERTY • HOWARD 
(1981, Reticulitermes flavipes and R. virginicus) found reduced propor t ions  
of soldiers in small exper imental  groups. Authors suggest that  caste pro- 
port ions differ  depending on colony age in Zootermopsis angusticollis and 
Z. nevadensis (CASTLE, 1934), Incisitermes minor (HARVEY, 1934), Cubitermes 
severus (BODOT, 1969), Cubitermes subcrenulatus (BoDOT, 1970) and in Macro- 
termes bellicosus (COLLINS, 1981). Ratios of the castes present  in por t ions  
of a nest  may  change with a diurnal periodicity,  as repor ted  in Trinerviter- 
rues ebenerianus (=  T. geminatus) (SANDS, 1965). The N. corniger and N. 
ephratae data  presented  in this paper  were  analyzed for seasonal f luctuations,  
bu t  none were apparen t  (the cur ren t  small  sample Size should be augmented 
for  a thorough examinat ion of seasonal variation).  



CASTE PROPORTIONS IN  NASUTITERMES 423 

Sampling Techniques and Data Analysis 

Compar i son  of data  f rom different  studies is difficult  because  the me- 
thodology of caste  ra t io  sampl ing and  analysis var ies  marked ly .  The ideal, 
albei t  v i r tual ly  impossible ,  technique for  obta ining accura te  caste  propor-  
t ion da ta  would  be to capture  and count  every individual  f r o m  a large num- 
be r  of  colonies, all collected at the same  t ime on the same  day. Species 
wi th  small  colony sizes and relatively discrete  nest  and  foraging boundar ies  
are  m o r e  sui table  for  precise  counts than  are  te rmi tes  wi th  large popula t ion  
sizes, diffuse nests,  a n d / o r  wide-ranging foraging habits .  (However ,  see 
WOOD et al., 1977 who  describe a soil core technique for  sampl ing  diffuse 
nests  of  soil dwelling termites .  They r epor t  tha t  wi th  thei r  technique,  all 
pa r t s  of  the nests  (including foraging areas) have the same probabi l i ty  of 

�9 being sampled) .  
I t  is no t  feasible  to count  each individual  in a large colony, p a r t i c u l a r l y  

since it is desirable  to get popula t ion  and  caste  p ropor t ion  es t imates  f rom 
as m a n y  colonies as possible.  Popula t ion subsampl ing  techniques  are  thus 
impor tan t ,  and  should be  examined cri t ically to assure  accura te  results.  
Many  es t imates  are based  on part ia l  sampl ing  of t e rmi ta r i a  (by removing 
a sect ion of nest  mater ia l  or  by taking a core subsample) .  Termi tes  in the 
r e m oved  por t ion  are sor ted  and counted,  and  that  f ract ional  census is used 
to ex t rapo la te  total  colony size and composi t ion.  For  some species such 
techniques  m a y  be valid, but  one mus t  de te rmine  tha t  the subsamples  are  
not  b iased by  compar tmenta l i zed  occupancy  wi th in  the nest  (e.g. mos t  im- 
ma t u r e s  posi t ioned close to the royal cell), or  by caste-specific responses  
to the pre-sampl ing  dis turbance (e.g. worke r s  scur ry  away  while soldiers 
rush  towards  the site of sawing or banging vibra t ions  cause by  subsam- 
pling equipment ) .  

The technique used in this study, vo lumet r ic  subsampl ing  f r o m  a remo- 
ved, homogenized  nest  popula t ion assures  fa i r  popula t ion  and  caste rat io  
es t imates  of t e rmi tes  within the te rmi tar ia ,  bu t  excludes counts  of the 
foraging popula t ion.  Retr ieving foragers  f r o m  a field Nasut i termes  colony 
is vir tual ly  imposs ible  because of thei r  extensive gallery ne twork ,  around- 
the-clock foraging activity, and the inconvenience tha t  few rema in  at  wood  
bai t  blocks p laced in the vicinity of a r emoved  nest.  Although ent i re  colony 
popula t ion  es t imates ,  including foragers ,  would  be preferable ,  da ta  repor ted  
here  are  useful  for  compara t ive  purposes .  

Biological Implications of Intraspecific Variance in Caste Proportions 

Biologists a re  in teres ted  in social insect  colony caste  ra t ios  for  two 
m a j o r  reasons  : (1) to assess the popula t ion  s t ruc tu re  of a t e rmi te  species 
and  p ro jec t  its abundance  a n d / o r  consumpt ion  in a c o m m u n i t y  (e.g. BARONI- 
URBANI et al, 1978 ; COLLINS, 1981), o r  (2) to explore the e rgonomics  of  allo- 
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cat ing a m o n g  labor  specialists  : are  cas te  p r o p o r t i o n s  fixed, o r  are  there  
intra-  o r  in t e rpopu la t ion  differences in caste  ra t ios  which migh t  ref lect  dif- 
f e ren t  seasonal  o r  mic rohab i t a t  demands  on individual  colonies (e.g. HAWRTY, 
1977, 1979 ; OSTER & WILSON, 1978 ; HOWARD & HAVERTY, 1981) ? Measures  
of in t raspeci f ic  var iance  in caste p ropor t i ons  are  fundamen ta l  fo r  bo th  
purposes .  Caste ra t io  analyses m u s t  the re fore  be  evalua ted  critically. Tables 
of  r a w  data  listing the n u m b e r  of individuals  in each caste  are  of  little help 
to readers  who  mus t  m a k e  their  own calculat ions of  caste  percentages  or  
rat ios.  Repor t s  of the percentage  of soldiers or  worke r s  found  in a given 
species mus t  be accompan ied  by the n u m b e r  of  colonies sampled ,  and by 
the s t anda rd  deviat ion and  range a round  the m e a n  propor t ion .  Caste ra t io  
cor re la t ion  analyses  should not  use obviously dependen t  axes, such as total  
neu te r  popula t ion  size (including soldiers) versus  n u m b e r  of  soldiers. Cor- 
re la t ion  lines and  coefficients m u s t  be r epor t ed  and  in te rp re ted  wi th  their  
conf idence limits.  

Even when  stat is t ics  describing var iance  are  available,  scientists  face 
the difficult  j udgemen t  of deciding how m u c h  var iance  in a species '  caste 
p ropor t i ons  categorizes it as plast ic  ins tead of fixed. HAV~RTY (1977) reviews 
m e a n  numer ica l  soldier  percentages ,  and  their  ranges  when  available.  The 
range  span  (in pe rcen tage  points)  is g rea te r  than  or  equal  to the m e a n  soldier  
pe rcen tage  in 24 of the 33 species for  which  bo th  m e a n  and range  are  listed. 
In  the p re sen t  s tudy,  bo th  the numer ica l  and  b iomass  percen tage  of soldiers 
range  over  20 percen tage  points  in N. corniger, and  the ranges  fo r  the per- 
centage of small  and  large worke r s  are  even g rea te r  (fig. 1). All pr incipal  
axis cor re la t ion  coefficients  l isted in tables I and I I I  are highly significant,  
bu t  the 95 % confidence l imits on r and  on the slope of the pr inc ipa l  axis 
line show tha t  the var iance  can be considerable .  I f  invest igators  are  in- 
t e res ted  in caste  p ropor t ion  data  to e s t ima te  the n u m b e r  of  worke r s  pe r  
hectare ,  for  example,  and  then p ro jec t  consumpt ion ,  they migh t  view a 
m e a n  wi th  a s t anda rd  deviation spanning  10 percen tage  points  as suffi- 
cient ly t ight  to yield a reasonable  p ro jec t ion  of  species consumpt ion .  Resear- 
chers  s tudying intraspecif ic  pa t t e rns  of  e rgonomics  and  caste '  inves tment  
migh t  in t e rp re t  those same data  as highly variable.  

Biologists in te res ted  in whe the r  social insect  colony caste ra t ios  are  
genetical ly fixed or  set  in response  to env i ronmenta l  condi t ions should 
begin by  s tudying individual  lab or  field colonies over  t ime  (e.g. HAVERTY, 
1979 ; HOWARD • HAVERTY, 1981, JOHNSTON & WILSON, 1984). This requires  
a nondes t ruc t ive ,  accura te  sampl ing  technique.  I f  ra t ios  are  genetical ly 
de te rmined ,  a colony will main ta in  its caste  p r o p o r t i o n s  despi te  environmen-  
tal  pe r tu rba t ion .  Variat ion in caste ra t ios  a m o n g  colonies does not  rule out  
a genetic inf luence : i t  may  s imply  be a po lymorph ic  t rai t  or  suite of  t ra i ts  
varying wi th in  the populat ion.  Most  likely, a genetic m e c h a n i s m  fixing 
cas te  p ropor t i ons  and  a regula tory  sys tem dependen t  on t rack ing  environ- 



C A S T E  P R O P O R T I O N S  I N  N A S U T I T E R M E S  425 

m e n t a l  c o n d i t i o n s  w o u l d  invo lve  s o m e  t y p e  of  a f e e d b a c k  loop .  T h e r e  wi l l  
b e  a t i m e  l ag  b e t w e e n  " r e c o g n i t i o n  " t h a t  a p a r t i c u l a r  c a s t e  is  u n d e r s t a f f e d  
a n d  r e c r u i t m e n t  to  f i l l  t h o s e  r a n k s .  T h e s e  c o n t i n u a l  lags  m e a n  t h a t  des-  
t r u c t i v e  f i e ld  s a m p l i n g ,  e c l i p s ing  co lon i e s  d u r i n g  one  t i m e  w i n d o w ,  c a n n o t  
b e  u s e d  to  d e t e r m i n e  w h e t h e r  i n t r a s p e c i f i c  o r  i n t r a c o l o n y  c a s t e  p r o p o r t i o n s  
a r e  f ixed.  F i e l d  s t u d i e s  a r e  i m p o r t a n t ,  h o w e v e r ,  in  a s s e s s i n g  the  r a n g e  of  
p l a s t i c i t y  in  c a s t e  p r o p o r t i o n s  w i t h i n  a p o p u l a t i o n  o r  spec ies .  

C O N C L U S I O N S  

D a t a  p r e s e n t e d  h e r e  d e m o n s t r a t e  i n t r a s p e c i f i c  v a r i a b i l i t y  in  n u m e r i c a l  
c a s t e  r a t i o s  a m o n g  f i e ld  co lon i e s  of  P a n a m a n i a n  N. corn iger  a n d  N. ephratae .  
C o r r e l a t i o n s  b e t w e e n  nes t  c h a r a c t e r i s t i c s  a n d  p o p u l a t i o n  size,  a n d  a m o n g  
s o m e  c a s t e  r a t i o s  a r e  h igh ,  b u t  the  v a r i a n c e  can  a lso  be  la rge .  Q u e e n  s t a t u s  
o f  t h e  n e s t  is  i m p o r t a n t ,  y e t  r e m a i n s  u n k n o w n  u n l e s s  t he  co lony  is d i s s e c t e d .  
A l t h o u g h  s a m p l i n g  e r r o r  m a y  c o n t r i b u t e  to  e s t i m a t e s  of  v a r i a n c e ,  a l a ck  
o f  p r e c i s e ,  s t a t i c  c a s t e  p r o p o r t i o n s  is  n o t  s u r p r i s i n g .  Co lony  size,  age,  
p r o x i m i t y  to  r e s o u r c e s ,  i n d i v i d u a l  h i s t o r y ,  s eason ,  a n d  v u l n e r a b i l i t y  to  p re -  
d a t o r s  c o u l d  a l l  s i m u l t a n e o u s l y  a f f ec t  c a s t e  c o m p o s i t i o n .  F u r t h e r ,  t h e r e  
is no  r e a s o n  to  e x p e c t  t h a t  e r g o n o m i c  c o n s t r a i n t s  a r e  so u n i f o r m  a n d  s eve re  
a s  to  r e g u l a t e  c a s t e  p r o p o r t i o n s  p r e c i s e l y  a n d  s t a t i s t i c a l l y  w i t h i n  a spec ies .  
D e v i a t i o n s  a r o u n d  a " b a s i c "  r a t i o  p r o b a b l y  e n a b l e  co lon i e s  to  f u n c t i o n  
w i t h  a p p r o x i m a t e l y  e q u a l  p r o d u c t i v i t y  a n d  success .  Th is  p r o b l e m  m a y  b e  
a m e n a b l e  to  e x p e r i m e n t a l  a p p r o a c h e s  in  f u t u r e  i nve s t i ga t i ons .  

ACKNOWLEDGEMENTS. ~ I thank Smithsonian Tropical Research Institute (STRI) for use of 
facilities and for logistical support. H. IACOBSON kindly gave permission to cite unpu- 
blished observations. I thank N.M. COLLINS, T.J. GIVNISH, B. H/JLLI?OBLER, S.C. LEVINGS, 
K.P. SEBENS, E.O. WILSON, and particularly M,I. HAVERTY for constructive comments on 
earlier versions of this manuscript. This research was supported by Harvard University, 
predoctoral fellowships from STRI and the American Association of University Women, 
and by NSF dissertation improvement grant DEB-80-16415 to E.O. WILSON and B.L. THORNE. 

References 

BARONI-URBANI C., JOSENS G., PEAKEN G.J., 1978. - -  Imperical data and demographic para- 
meters, pp. 5-44, in :  Brian, M.V. (ed.), Production Ecology o~ Ants and Termites, 
Cambridge University Press. 

BECKER G., 1961. - -  Beobachtungen mad Versuche fiber den Beginn der Kolonie-Entwick- 
lung yon Nasutitermes ephrates Holmgren (Isoptera). Z. Angew. Ent., 49, 78-94. 

BODOT P., 1969. - -  Composition des colonies de Termites:  Ses fluctuations au cours du 
temps. Insect. Soc. 16, 39-54. 

BotmT P., 1970. - -  La composition des colonies de Cubitermessubcrenulatus Silvestri 
(Isoptera, Termitidae). C.R. Acad. Sci., Sdr. D 271, 327-330. 



426 B.L.  T H O R N E  

BOUILLON A., 1964. - -  Etude de la composi t ion des soci6t6s dans trois esp~ces d'Apico- 
termes Holmgren,  pp. t81-196, i n :  Bouillon A. (ed.), E t u d ~  :sur les'Termites Afri- 
cains, Mass0n. 

CASTLE G.B., 1934. - -  The damp-wood termites  of the western United States, genus 
Zootermopsis (formerly, Termopsis), pp. 273-310, in : Kofoid, C.A. (ed), Termites 
and Termite Control, 2nd Edition, Univ. of Calif. Press, Berkeley. 

COLLINS N.M., 1981. - -  Populations,  age s t ructure  and survivorship of colonies of Macro- 
termes bellicosus ( Isoptera :  Macrotermitinae).  J. Anim. Ecol., 50, 293-311. 

HARVEY P.A., 1934. - -  Life history of Kalotermes minor, pp. 217-233, in :  Kofoid, C.A. (ed), 
Termites and Termite Control, 2rid Edition, Univ. of Calif. Press, Berkeley. 

HAVERTY M.I., 1977. - -  The propor t ion of soldiers in termite  colonies:  a list and a 
bibliography (Isoptera). Sociobiol., 2, 199-216. 

HAVERTY M.I., 1979. - -  Soldier product ion and maintenance of soldier propor t ions  in 
laboratory experimental  groups of Coptotermes formosanus Shiraki. Insect. Soc., 
26, 69-84. 

HAVERTY M.I., HOWARD R.W., 1981. - -  Production of soldiers and maintenance of soldier 
propor t ions  by laboratory experimental  groups of Reticulitermes flavipes (Kollar) 
and Reticutitermes virginicus (Banks) ( I soptera :  Rhinotermitidae).  Insect. Soc., 
28, 32-39. 

HOWARD R.W., HAVERTY M.I., 1981. - -  Seasonal variation in caste propor t ions  of field 
colonies of Reticulitermes flavipes (Kollar). Environ. Ent., 10, 546-549. 

JOHNSTON A., WILSON E.O., 1985. - -  Correlates of variation in the ma jo r /mino r  ratio 
of the ant  Pheidole dentata (Hymenoptera :  Formicidae). Ann. Ent. Soc. Am., 78, 
8-11. 

MATHEWS A.G.A., 1977. - -  Studies on Termites ~rom the Mato Grosso State, Brazil. Aca- 
demia Brazileira de Ciencias, Rio de Janeiro, Brazil. 

NOIRDT C., 1969. - -  Format ion of castes in higher termites.  In Krishna K., Weesner F.M. 
(eds.), Biology of Termites, 1, pp. 311-350. Academic Press, New York. 

NurriNc W.L., 1970. - -  Composit ion and size of some termi te  colonies in Arizona and 
Mexico. Ann. Ente. Soc. Am., 63, 1105-1110. 

OSTER G.F., WILSON E.O., 1978. - -  Caste and Ecology in the Social Insects. Princeton 
Univ. Press; 

SANDS, W.L., 1965. - -  Mound populat ion movements  and fluctuations in Trinervitermes 
ebernerianus Sjos tedt  (Isoptera, Termitidae, Nasuti termit inae).  Insect. Soc., 12, 49-58. 

THORNE B.L., 1980. - -  Differences in nest  archi tecture between the Neotropical  arboreal 
termites  Nasutitermes corniger and Nasutitermes. ephratae ( Isoptera ;  Termitidae). 
Psyche 87, 235-243. 

THORNE B.L., 1982. - -  Polygyny in t e rmi tes :  Multiple pr imary queens in colonies of 
Nasutitermes corniger (Motschulsky) (Isoptera : Termitidae). Insect. Soc~ 29, 
102-117. 

THORNE B.L., 1983. - -  Alate product ion and sex ratio in the Neotropical termite  Nasuti- 
termes corniger. Oecologia, 58, 103-109. 

THORNE B.L., 1984. - -  Polygyny in the Neotropical termite  Nasutitermes corniger: Life 
history consequences of queen mutualism. Behav. Ecol. Sociobiol., 14, 117-136. 

WIECERT R.G., COLEMAN D.C., 1970. - -  Ecological significance of low oxygen consumpt ion 
and high fat  accumulation by Nasutitermes costalis ( Isoptera :  Termitidae) Bio- 
science, 20, 663-665. 

WOOD T.G., JOHNSON R.A., OHIAGU C.E., COLLINS N.M., LONCHURST C., 1984. - -  Ecology and 
importance  of termites  in corps and pastures  in Northern  Nigeria - Project Report 
1973-1976. Centre for  Overseas Pest Research,  London. 


