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ABSTRACT

The balance is shifting from field studies in the Tucson basin, which relate
termite populations to the occurrence of dead plant material, toward laboratory
work on food-energy relationships and the role of termites in the detritus cycle.
Eleven species of termites have been found on the two sites:
two dry-wood and
three subterranean species at Sil erbell, and three dry-wood has now been accomplished.
Five major woody plants and many lesser species have contributed an estimated
accumulation of 2,589 kg/ha of fallen dead wood at Santa Rita. Foraging populations
and biomass estimates for the four most important species of termites are as follows:
Amitermes whceleri (subterranean), 19.0 foraging groups, 2,375 foragers or 1.1 g/ha;
Paraneotermes simplicicornis (dry-wood), 7.5 groups, 4,683 foragers or ll .0 g/ha;
Heterotermes aureus (subterranean), 95,750 foragers or 33.1 g/ha; Gnathamitermes
perplexus (subterranean), 705,200 foragers or 484.7 g/ha. Incipient colonies of
Marginiterme8 huhbardi (dry-wood), started from paired alates, attained a mean
colony size Jf 6.42 individuals (range 3-74) after one year at 32 C.
Paraneotermes consumed 6.70 mg wood/hr/g-dry weight; Heterotermes 4.98 mg, both
at 28 C. Alates of two dry-wood species contained ca. 10.5% total body nitrogen,
and a sample of immatures of one of these produced 5.73 kcal/g, all on a dry weight
basis. AminGacid analyses of two species of dry-wood termites indicated that termite
protein is imilar to other animal proteins in terms of amino acids present.
This continuing accumulation of data now requires that the facts be refined and
fitted together to assess the role of termites in the detritus cycle and their importance in producing large seasonal swarms of alates as food for a variety of predators,
both vertebrate and invertebrate.
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I NT RODUCT I ON
Complementaryfield and laboratory v10rkhas continued to provide new information
on the demography and activity of termite populations, including their relationships with
some of the biotic and abiotic factors in the Sonoran Desert. Research begun in 197071 for relating these populations to their food supply -- superficial and standing dead
wood -- is essentially complete for the Santa Rita site, while determination of annual
production rates of dead wood will continue into 1973. Other studies, begun during the
same period, have produced data of varying reliability
on the estimation of termite
populations and biomass, and the determination of foraging territories,
periods of foraging activity, plant hosts, and colony development characteristics.
Since such information
depends heavily on the abundance and accessibility
of the different species, refinement of
the data can be expected from an extension of pertinent studies well into 1973.
Both dry-wood and subterranean termites subsist on cellulose from a variety of
sources, so that it is obviously desirable to document their role in the comminution and
decomposition of plant debris. The decision to measure rates of wood consumption by
termites, as well as related details of wood utilization,
was mentioned briefly in the
1972 proposal and reinforced as a result of interaction with the Problem-oriented Modelling Group. This area of study will be expanded in 1973 and should provide information
which is directly related to other Desert Biome projects broadly concerned with the detritus cycle, nutrient cycling, soils, plant growth, and predators.
Further items of research proposed earlier, and to continue into 1973, include
analyses of accumulated data on daily and seasonal foraging activity, soil movementand
modification by subterranean termites, and seasonal alate production.

0 BJ ECT I VES
A number of lesser annual objectives combine to support broad, long-term objectives
of the continuing project.
Those for the whole project are:
l. To determine the patterns of growth, maturation and decline in colonies of a
representative dry-wood and subterranean termite as functions of environmental
variables in the Tucson Basin.
2. To study the annual production and dispersal of winged forms of the same
two species of termites as functions of colony size and environmental variables,
with reference to their availability as food for vertebrates and other arthropods.
Objectives detailed under previously proposed procedures, and which guided the
research in 1972 are:
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l.
2.

3.

4.

5.

6.

Determine the quantity of fallen dead wood available to termites by major
woody plant species/ha. Continue estimation of dead-wood production rates.
Provide best possible estimates of size, composition, density and biomass
of subterranean foraging groups. Data collection for similar estimates on
complete colonies of dry-wood species is in progress.
Determine daily and seasonal foraging intensities for two subterranean species
in terms of hr/yr, based on area foraged and limiting environmental factors
(continuing).
Evaluate the pattern of colony growth and development for one dry-wood species,
including reproductive capacity.of founding pairs, appearance, maturation and
longevity of castes at constant laboratory temperatures. Continuing, with some
data available for one year.
Make laboratory determinations of wood-consumptionrates by one dry-wood and one
subterranean species, in terms of mg wood consumed/hr/g of termite, on a dry
weight basis. Determine details of wood utilization by analyzing composition
of specific woods, termites, and their fecal material.
Continuing, with some
data available.
Determine chemical and physical changes in samples of soil moved to the surface
and worked by subterranean termites (continuing).

METHODS
Fallen Dead WoodAvailable to Termites
DSCODE
A3UNE02. All superficial dead wood in randomly chosen 50-m2 circles is
plotted, measured and weighed. Other dead plant material is not considered. Each item
containing a termite colony or foraging group is bagged in the field, and the termites
later extracted and processed according to DSCODE
A3UNE04.Data are analyzed to provide
estimates of the dead wood available to termites by major woody plant species/ha.
Fifty
circles have been completed, with several samples/mo between 71 05 03 - 72 06 06, on the
natural plot, Santa Rita site.
Termite data are recorded on A3UNE04.
Termite Co1ony or Foraging. Group Characteristics
DSCODE
A3UNE04. Complete groups of termites collected under A3UNE02
are extracted
from the wood, identified, sorted by sex and caste, and counted. Occasional samples of
each sex and caste are dri'ed to constant weight at 60 C. Data provide a basis for estimates
of size, composition, density and biomass of foraging groups or colonies according to
species.
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DSCODE
A3UNE06. Estimates of foraging populations of two subterranean species,
Heterotermes aUPeus and GnathcrfllitermesperpZexus, have a·lso been made from data collected
during activity-envfronmenta·1 studies on the Santa Rita chained plot between 71 10 15 72 10 13. Twelve 10 x 10-m plots of toilet paper rolls (100 rolls/plot)
were set out
with rolls on a grid at 1-m intervals (Figure l). The surface of the area was first
raked clear of all dead wood and each roll wrapped with tape to prevent raveling.
Heterotermes and Gnathamitermes began feeding on the rons vrithin the first week of the
study. Twelve plots were used so that rolls could be examined according to schedule with
a minimumof disturbance of the termites.
Every roll in a different block of 100 was
quickly examined visually at two-hour intervals, during one 24-hour period, once each
week. Evidence of past termite activity and an estimate of the number of foragers present
in each roll (in size classes of l-5, 6-50, 51-150, 151-250, 251 +) were recorded.
Several environmental variables were also recorded on DSCODES
A3UNE07-08.

Figure l.

Area for studying subterranean termite foraging behavior on the Santa
Rita Site. The lighter area in the foreground was chained about 18 months
previously to remove large standing vegetation.
(DSCODES
A3UNE06-8).
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Colony Growth and Development of Dry-woodTermites
DSCODE
not yet submitted. In the laboratory, alates of two dry-wood species (Marhuhhardi and Pterotermes occidentis)
were collected during summerflights and
paired on weighed pieces of appropriate species of wood (Figure 2). The development of
colonies from these pairs is being followed for periods varying from one to three years
at several temperatures and 100%RH. The time of appearance, maturation and, hopefully,
longevity of the instars and castes are being determined. Data on wood consumption and
fecal pellet production from these groups will be used in studies of wood utilization by
dry-wood termites.

ginitermes

Figure 2.

Incipient colony of Marginitermes huhhardi, started from reproductive
pair, after one year on birch disc at 32 C and 100%RH. The petri
dish is 5 cm in diameter and the small particles are fecal pellets.
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Food-EnergyRelationships
Woodconsumption rates of termites. DSCODE
not yet submitted. The dry-wood termite,
ParaneoteY'Jlles
simpZicicornis, and the subterranean HeteroteY'Jllesaureus were used to determine rates of wood consumption in the laboratory as functions of temperature and appropriate species of wood. Three replications were made for each species of woodat each of
six temperatures (4° intervals from 76-36 C) for 28 days.
ParaneoteY'llleswas tested on blocks of wood (Acacia greggii, Opuntia fuZgida, Prosopis
juZifZora) measuring 6 x 25 x 25 mmin pint jars containing 40 ml sterile sand moistened with
16 ml distilled water. Forty-four termites, in typical caste proportions, constituted individual test groups.
Heterotermes was tested on blocks of wood (the same species plus Cercidium fZoridum)
measuring 6 x 12 x 12 mmin five-dram vials containing 10 ml sterile sand and 4 ml distilled water. One hundred termites, in typical caste proportions, made up the test groups.
Drying the wood blocks to constant weight at 105 C before and after the tests provided the raw data for calculating consumption rates to varying degrees of refinement.

Nitrogen content of termites. No DSCODE
submitted. Total nitrogen content of the
alates of two species of dry-wood termites, Pterotermes occidentis and Marginitermes hubbardi,
was measured in several different groups of each species by the micro-Kjeldahl method.
AminoAcid Analyses of termites. No DSCODE
submitted. The amino acid balance of
total termite protein was determined with a BeckmanAutomatic AminoAcid Analyzer, Mod. 121.
Alate samples of two dry-wood termites, MaPginitermes hubbardi and Pterotermes occidentis,
were prepared for analysis by hydrolysis in constant-boiling HC1(ca. 6N) under nitrogen
for four hours at 145 C. Several adequate samples of each species were used which varied
in dry weight from 5.2-85.7 mg, depending on the availability of the alates during the
flight season.
Caloric content of termites. No DSCODE
submitted. Gross energy content of a single
sample of larvae and nymphsof Marginitermes hubbardi, with a dry weight of 0.881 g, was
determined in a Parr OxygenBombCalorimeter.
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RESULTS
List of Termites Found on Sonoran Desert Sites

Data filed in DSCODES
A3UNEOl-04have provided the following list of four dry-wood
and seven subterranean termites found on the Santa Rita (SR) and Silverbell (SB) sites
to date. The most important species are starred (*).
DRY-WOOD
SUBTERRANEAN
Incisitermes
banksi (SR)
Amitermes emersoni (SR)
*Marginitermes
hubbardi (SB)
Amitermes ~inimus (SR)
*Paraneotermes simplicicornis
(SR)
Amitermes silvestrianus
(SR)
*Pterotermes
occidentis
(both
sites)
Amitermes wheeleri (both sites)
*Gnathamitermes perplexus (both sites)
*Heterotermes aureus (both sites)
Tenuirostritermes
tenuirostris
(SR)
Several species,
particularly of Gnathamitermes, Heterotermes, Marginitermes,
Paraneotermes and Pterotermes,
have been used rather opportunistically in experimental
studies depending on their abundance, ease of maintenance, and survival or other characteristics.
Fallen Dead WoodAvailable to Termites
Analysis of the dead-wood data from the 50 circles completed on the natural plot at
Santa Rita is presented in Table l. This part of the study is complete, but additional data
in A3UNE02,locating the wood in each circle, might eventually be used to relate the
dispersion of termite colonies to that of the dead wood.
Table l.

Field weights of fallen dead wood by species, based on fifty 50-m2
circles completed. Santa Rita Undisturbed Site DSCODE----A3UNE02

Species
Acacia greggii
Opuntia fulgida
Prosopis juliflora
Opuntia joints
Opuntia spinosior
Cercidium floridum
Celtis pallida
Opuntia engelmannii
Ephedra trifurca

Cowchip
Other*

Total

Meanwt/circle
+ 95%Cl

Range/circle
kg

Est kg/ha

3.534 ± 2.515
2.303 ± l .419
2.046 ± l .490
l . 942 ± 0.998
l. 936 ± 0.635
0.858 ± l. 225
0.105±0.167
.068 ± 0.063
.060 ± 0.047
.009 ± 0.012
.084 + 0.084

0-42.412
0-21.489
0-33.680
0-15. 621
0- 9.724
0-30.873
0- 4.224
0- l .077
0- 0.964
0- 0.225
0- 2. 031

707
461
409
388
387
172
21
14
12
2
17

12.945

±

3. l 20

* "Other incl u~es _Alo~~ia
Ferocactus

0.595-45.303

wr~ghtii,
drift Echinocereus fendleri,
W&Sl&zen&&,Gut&errezia sarothrae,
rabbit pellets,

perennials.
t Biomass based on the following dry weights:
nymph, l.053 mg; larva, 0.264 mg.

2,589
Encelia

frutenscens,

and a few unidentified

larva-worker, 0.336 mg; soldier,

0.479 mg;
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Termite Colony or Foraging Group Characteristics
A detailed analysis of the foraging population of Heterotermes
at Santa Rita is
presented in Table 2. Although this termite is extremely coITTnon
in the Sonoran Desert,
estimates of mature colonies numbering in the tens of thousands and of the underground
force outnumbering foragers by 10:1 remain rather speculative.
Table 3 summarizes our best estimates on populations of the four species which are
apparently most abundant on the Santa Rita site.
The two foraging population estimates
for Heterotermes
are encouragingly close in spite of the different experimental designs
of the two methods of estimation.
The same certainly cannot be said for the estimates for
Gnathamitermes.
The disparity in the estimates made by the tv10methods may reflect differences in foraging behavior patterns:
Het;crotermes
forages intensively ~1ithin relatively
stable and limited areas, 1vhile Gnatha-nitermes
seems to forage over wide and changing areas.

Table 2.

Composition, dens~ty ~nd bioma~s ?f 40 foraging groups of Hcterotermes
collected in fifty 50-rn circles.
Santa Rita Undisturbed Site.
DSCODE- A3UNE02,-04

aureus

No. circ·les
Avg. no. groups/circle
Avg. group composition:
Larva-workers
Soldiers
Nymphs
Larvae
Total
Ave. group weight, mg
Est. groups/ha
Est. termites/ha
Est. biomass/ha,gt

50
0.80
418.8 ± 195.7 (±95%CI)
6.7 ± 3.3
4.6 ± 6.2
0.5 ± 0.7
430.5 ± 198.7
148.9
160
68,880
23.824
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Table 3.

Foraging group size, density, biomass and nitrogen content 1 of four
-04,
species of termites on the Santa Rita Site. DSCODES---A3UNE02,
-06
/!we

Group
Size

Species
Gnathami term
perplexus

0

Ave
Group
wt, mg

Egt
Groups
/ha

'S

Heterotermes
aureus

55

37.8

64. 0

Est
Termites
/ha
705,2002
3,520 3
95,7502

431

148.9

160.0

Paraneotermes
simpZicicornis

624

l ,470. 9

7.5

68,8803
4,683 3

Amitermes
uJheeZeri

125

57.4

19.0

2,375 3

Est
Biomass
/ha,g
484.i

Est N
In Biomass
/ha ,g
50. 891

2.4

0.25

33. l

3.48

23.8

2.50

11 .0

1.20

l. l

0.12

1
see METHODS
a~d RESULTS
sections on Food-Energy Relationships:Nitrogen Content of
Termites.
2Based on maximumno. of foragers found in Plot l of Toilet Paper Plots, A3UNE06.
3Based on average figures from groups found in fifty 50-m2 circles, A3UNE02.

Colony Growt· and Development of Dry-woodTermites
Of 145 pa,,-·s of Marginitermes set up in August, 1971, 61 survived for one year at
32 C and 100 RI-!. Someof these were then terminated and the rest examined and allowed
to continue for another year. Fifty-three of these contained one or two reprodt,cti ves and
should continue '.or should have continued) as viable colonies. The remaining eight contained no reproductives and probably would not have survived. Eggs appear to be laid periodically, even under constant conditions, since initial production occurred within approximately the first three weeks and resumed eight to ten months later for several weeks. The
composition of an average one-year colony is given in Table 4. Colony development of
termites beyond the first two or three years can probably be worked out from complete
counts of natural colonies.
Such data are being accumulated in A3UNE04.
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Table 4.

Average caste composition of an incipient colony of Marginitermes
after one year at 32 C and 100%RH, based on 53 colonies

Range

Caste

Mean no.,

Reproductive
Larva
Soldier
Egg

l. 53
4.04
0.85
0.28

±
±
±
±

0 .17
0. 61
0 .15
0.25

0- 2
0-11
0- 2
0- 5

Total

6.42

:!.

0.69

3-14

+

95%CI

hubbardi

Food-Energy Relationships
Woodconsumption rates of termites.
Consumption rates of different woods by test
groups of Paraneotermes ( 44/ group) and Hete.rotermes ( l 00/ group) were determined in three
different ways: mg of wood consumed/group/28 days, mg of wood consumed/group/days survived,
and mg of wood consumed/hr/g-dry weight of termites.
Total test means of these rates at
each temperature, and of each host species at all temperatures, are listed in Table 5.
Total group consumption rates are not especially accurate since they do not consider termite
survival.
Percent survival (Table 5) was rather low, especially for Heterotermes, but
certainly considerably lower than in a field situation.
However, survival has been accounted
for in the daily and hourly rates so that these values should be more accurate.
Consumption/
hr/g-dry weight of termites will permit direct comparisons on a species basis and can serve
as rates for modelling purposes.
As expected, both species consumed more wood as temperature increased. The increase
appears to be linear within the limits of 16-32 C (Table 6). Although survival of Paraneotermes decreased with rising temperature, there is little suggestion of an optimum temperature l'lithin this range for Heterote1°mes. This may be related to Paraneotermes' habit of
working buried wood, and Heterotermes' apparent preference for superficial wood.
Woodconsumption has also been measured for 20 of the 53 colonies of Marginitermes
completed one year of development. The me~n value of
wood consumed by these one-year colonies at 32 C was 622.24 ± 96.03 mg (CI ). For eight
95
other colonies, wood consumption and fecal pellet production were measured and plotted in
Figure 3 to show the positive correlation between the two processes.
hubbardi which have successfully
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Table 5.

Treatment

Woodconsumption by two species of termites, Paraneotermes simplicicornis
and Heterotermes aureus, at several temperatures, on various species of
wood, for 28 days
Mgwood
Consumed/grp
(Survival
Disregarded)

Percent
Survival

Paraneotermes simplicicornis

Mgwood
Consumed
/grp/day
(Survival
(group size=

Mgwood consumed
/hr/g-dry wt
of Termite
Considered)

44)

All woods at:
16 C
20
24
28
32
36

97. 16
95.71
91. 92
61 .36
66.92
53.79

a*
a
a
ab
ab
b

151.40
243.79
321.52
324.04
345.76
298.01

b
a
a
a
a
a

5.398
8.684
11.484
16.439
13.971
15.739

C

be
ab
a
a
a

2. 21
3.56
4.70
6. 70
5.82
6.54

C

be
ab
a
a
a

All temperatures on:
PR0JUL**
ACAGRE
0PUFUL

68.56 a
77. 50 a
84.34 a

303.37 a
306.37 a
232.40 b
Heterotermes aureus (group size=

15.088 a
11 .899 b
8.870 C

6.20 a
4.88 b
3.68 b

100)

All woods at:
76 C
20
24
28
32
36

26.08
47.67
59.42
44.92
58.92
55.83

a
a
a
a
a
a

50.18
55.53
77 .85
78.23
97.53
97.97

C

ab
a
a
a

2.34
2.93
4.06
4.98
5.09
4.33

b
b
a
a
a
a

a
b
b
b

6.23
3.44
3.21
2.93

a
b
b
b

l .89 c
2. 37 be

be
ab
ab
a
a

3.27
4.04
4 .13
3.51

140.77 a
65.69 b
42.02 C
56.37 be

5.05
2.78
2.60
2.37

All temperatures on:
CERFL0
0PUFUL
PR0JUL
ACAGRE

53.83
58.67
39.39
43.33

a
a
a
a

*Means followed by the same letter are significantly
different at the 95% level by StudentNewman-Keuls' test.
**Species of wood: ACAGRE,
Acacia greggii; CERFLO,Cercidium floridum; 0PUFUL,Opuntia
fulgida; PR0JUL,Prosopis juliflora.
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Table 6.

Regression equations and coefficients for wood consumption (all wood species
lumped) by Pa:r>aneoteY'!71es
simplicicornis
and Heterotermes aureus against tern~
perature (16-36 C)

Variable

Coefficient

Equation
Paraneotermes

y = 7.45x-87.06

Mgwood consumed/grp
(Survival disregarded)
Mgwood consumed/grp/day
(Survival considered)
Mgwood consumed/hr
/g-dry wt of termite
(Survival considered)

y

= 0.52x- 1.52

.90**

y

=

0.22x- 0.73

.91**

HeteroteY'!71es

y = 2.6lx+l0.98

Mgwood consumed/grp
(Survival disregarded)
Mgwood consumed/grp/day
(Survival considered)
Mgwood consumed/hr
/g-dry wt of termite
(Survival considered)

.97t

y

O.l Ox+ 0. 58

.84**

y

O. l 2x+ 0. 73

.84**

*NS= non-significant regression
**Regression significant at the 95%level.
tRegression significant at the 99%level.

700

CJ)

~

600

z:
0

I-<

I-

CL

~

:=,

500

•

(/)

z:
0

u
Cl
0
0

:;:

•

•

400

y = 70.77 + 2.48X
r = .78

•
300

100

125

150

175

200

225

250

FECES(mg)
Figure 3.

Regression of wood consumption on fecal material production for eight
one-year colonies of MarginiteY'l71es hubbardi reared on birch discs at
32 C.
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Nitrogen content of termites.
The studies included below on nitrogen content, amino
acid balance and caloric content are only a beginning but, since such information is scarce
or simply not available, the results are considered important enough to include here. The
percentages of nitrogen in winged forms of two dry-wood species are given in Table 7. The
best current estimate of total body nitrogen, ca. 10.5%, has therefore been taken as a
basis for reporting grams of nitrogen/ha for the four important species in Table 3.

Table 7.

S12ecies
Pterotermes
occidentis
Marginitermes
hubbardi

Total body nitrogen (N) on a dry weight basis for alates of two dry-wood
termites

Sex

No. of
Alates

No. of
gr12s

Total
Dry wt
mg

Total N,
mg

M

32

4

266.4

26.48

F

24

3

207.0

21. 36

10. 32

±

7.54

M

194

9

586.4

64.09

70.93

±

0.66

F

92

8

283.3

31 . 05

l 0.96

±

0. 51

Total N%
± 95%CI
9.94 ± 0.85 **

*Numberof Pteroter~es alates used, 8/group; of Marginitermes, 8 to 80/group.
**Meanpercentage of total N based on group means of each species.

AminoAcid analyses of termites.
The amino acid balance of total protein in two
species of dry-wood termites has been determined (Table 8). The balance for each species
is very similar although absolute values differ, perhaps as a result of differences in
fat content.
Caloric content of
of the dry-wood termite,
5.73 kcal/g-dry weight.
caste, and with seasonal

termites.

The heat of combustion produced from a single sample
MarginiteYmes hubbardi, (larvae and nymphs) was equivalent to
This value may be expected to vary considerably from caste to
changes in body fat content.
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Table 8.

Analysis of total body amino acids present in alates of two species of
dry-wood termites
Mean % of Dry Height, A11 Samp1es

AminoAcid
Lysine
Histidine
Arginine
Aspartic acid
Threonine
Serine
Glutamic acid
Praline
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

Pterotermes

occidentis*

3.540
1. 702
3.419
4.669
2.262
1.973
7.303
3.833
6.955
5.011
3.720
0.920
2.692
4.427
3. 311
2 .181

Marginitermes

hubbardi**

1 .805
0.855
1.677
2.369
1 .155
1. 005
3.691
2.000
2.664
2 .401
l. 901
0.450
1.200
2.203
l. 723
1. l 42

*Based on four samples ranging from 10.0-18.3 mg (dry wt).
**Based on six samples ranging from 5.2 - 85.7 mg (dry wt).

DI S CUS S I ON
Segments of work on the Santa Rita site begun in 1971 or earlier are practically
complete, namely those dealing with the population characteristics
of the termites, and
with the quantities of superficial dead wood available to them. As a natural extension of
these subjects, emphasis shifted during 1972 to several details related to the role of
termites in the detritus cycle. Mark Westoby's model "TERMITE",designed to answer questions
about the interactions between termites (4 species), dead wood (4 species) and critical
abiotic factors (temperature at present) for a period of something like 20 years, has provided a helpful framework for much of the field and laboratory work.
The list of ten species of termites for Santa Rita contains most of the species
expected, except perhaps for two or three highly specialized subterranean species of
Amitermes.
Good estimates of foraging populations and biomass have been made for four
of the important species; however, the best that can be said about total populations of the
subterranean species is that the foragers may represent about 10%of the total.
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Although termites apparently attack all types of dead plant material, the accumulation
of superficial dead wood at Santa Rita (2,589 kg/ha) and its production rate (current estimate, 349.4 kg/ha/yr) are impressive. Determinations of wood consumption rates by a
subterranean species (Heterotermes),
4.98 mg/hr/g-dry weight of termite, and by a dry-wood
species (Pa:raneotermes), 6.70 mg/hr/g-dry weight of termite at 28 C, compare favorably with
rates reported in the literature.
Mastotermes darwiniensis
(closely related to the drywood termites) consumes l.96 mg/hr/g-dry weight (Gay et al., 1955), and Reticulitermes
flavipes
(subterranean), 7.08 mg/hr/g-dry weight of termite (Smythe and Carter, 1970).
These values have been adjusted for comparison with our own, although they were determined
at 26 C and do not include corrections for survival.
In general it appears that wood
consumption rates are inversely related to termite body weight. What is next needed is to
relate termite populations to the availability and dispersion of dead wood, and to determine
their share in its decomposition.
A search for details of food-energy relationships among the invertebrates reveals a
broad information gap for the insects in general and the termites in particular.
In order
to describe or predict increase in biomass for the problem-oriented models - - "TERMITE",
for example -- one should know the portion of gross food energy ingested which is available
to a termite population for maintenance and production, i.e., net energy. Studies on the
year-by-year development of dry-wood termite colonies, reported on here for one year, will
eventually provide data on the metabolizable energy available in one species of wood.
Nitrogen retention studies in progress will be useful in determining the nitrogen requirements
of termites.
Amino acid balance is being determined in anticipation of further work on amino
acid requirements, sources of amino acids in wood, quality of termite protein as food for
predators, and related nutritional studies.
The rather high percentage of nitrogen reported here indicates that the nitrogen
requirements of termites are comparable to those of other animals. All amino acids tested
for have appeared in appreciable quantities in the two species examined, indicating that
termite protein is similar to other animal proteins in terms of amino acids present. A
suitable conversion factor for adjusting total nitrogen to total protein has not yet been
established for termites.
An estimate of food energy content, calculated by the Atwater factors for protein,
fat and total carbohydrate by difference, was given for a dried sample of unstated caste and
species of an African termite ( Leung, 1968, p. 175). The value reported, 6.56 kcal/g-dry
weight, cannot be compared directly with our figure as it represents metabolic rather than
gross energy. The dr1e~ termites contained a high percentage of fat (54.3%), suggesting
that alates were used for the caloric determination.
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The continuing accumulation of facts in all of these areas requires that the facts
be refined and fitted together to assess the role of termites in the detritus cycle
and their importance as producers for a variety of predators, both invertebrate and
vertebrate.
This can probably best be done within the framework of a submodel, such as
"TERMITE'~
which has not only sharpened the direction of certain studies but improved
the basis for assessing their priority and required levels of accuracy as well.

EXPECTATIONS
The following research, largely an extension of work begun in 1972 or earlier,
is planned for 1973. A substantial amount of time needs to be spent in analyzing and
preparing for publication the data already at hand.
1. Complete data collection and determine production rates, by species, of
fallen dead wood at Santa Rita.
2. Refine information on foraging group and colony characteristics:
composition,
size, density and biomass based on field data, and dynamics of early colony
development from laboratory colonies of selected dry-wood species.
3. Determine rates of wood comsumption for additional species and relate rate
to body weight for these and other species reported in the literature.
4. Analyze activity-environmental
data (toilet paper plot) on Heterotermes and
GnathCJ)11itermeswith respect to:
a. Environmental restraints on foraging activity.
b. Foraging intensity, area covered, time of day and year.
c. Cellulose consumption.
d. Soil movement, and modification of its chemical and physical characteristics
by termites.
5. Alate production per colony and per hectare for some of the important species.
6. Investigate certain food-energy relationships,
with emphasis as follows:
a. Determine metabolic energy values for several termite-wood combinations.
b. Conduct nitrogen retention studies and relate nitrogen requirements to
sources of nitrogen for at least one dry-wood termite.
c. Determine gross energy values for several species and castes.
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