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Ahstraet-Energy budgets constructed for the puhnonate snails, Physa gyrina and Heh’soma trivoivis, 
indicate : 

1. Assimilation efficiency in wild type P&VU (88.9 per cent) and Helisomu (73.2 per cent) are 
exceptionally high when compared to reported values for invertebrates while assimilation efBciency 
in an albino strain of Heiisomu, although above average for most invertebrates, is comparatively low 
(598 per cent). 

2. With a single exception, there are no relationships between weight or weight gain and food 
(energy) ingested, wastes (energy) egested, assimilation efficiency or energy devoted to reproduction. 

3. Daily food energy ingested by wild P. gyrina (27.5 Cal/day) and H. frirolvis (27.6 callday) are 
similar and significantly higher than daily food energy ingested by albino H. rrj~fv~.(I5*9 Cal/day). 

4. Albino H. ~r~~~vis devoted more energy to egg production (2.1 &/day) than did the wild variety 
(1.1 Cal/day). 

5. Secondary productivity of both varieties of H. trivolvis were exceptionally high (17.8 and 32.6 
per cent). 

INTRODUCTION 

UNTIL recent years, investigations of energy budgets 
among metazoan invertebrates have been rare. 
Most of these studies of energy flow have utilized 
insects (Wiegert, 1964, 1965; Schroeder, 1973; 
van Hook & Dodson, 1974), although some have 
dealt with molluscs (Hughes, 1970; Burky, 1971). 
The fact that snails may be maintained indefinitely 
as well as grow and reproduce on a single defined 
diet in an isolated system (Mooij-Vogelaar & Steen, 
1973 ; Steen et al., 1973) suggests that some snails may 
provide excellent subjects for analysis of energy 
requirements and partitioning (Davis, 1962). 

Energy budgets are characteristically based on the 
premise that ingested energy is grossly partitioned by 
organisms into energy egested and energy assimil- 
ated. The quotient of energy assimilated divided by 
energy ingested is taken to be the apparent digest- 
ibility coefficient (Body, 1945; McDonald ef al., 
1966) or assimilation efficiency. Assimilated energy 
may be sub-divided into energy used in individual 
maintenance (metabolism), in individual growth 
and in population growth (reproduction). The 
present study yields data on gross energy use as 
well as energy partitioning in a laboratory strain and 
a wild population of Hetisomu trivolvis and a natural 
population of Physa gyrina. 

Snails of both species were collected from natural 
populations in early November 1973 from a small stream 

running adjacent to the campus. These snails, hereafter 
referred to as “wild” varieties, were maintained in 
aerated stream water and acclimated to room temperature 
(22°C) for 2 days prior to experimentation. The Physa 
used in this study were identified using the male genital 
cha~c~ristics as described by Clampitt (1970). In 
addition to these wild He~iso~ Tunis and Physa 
gyrina, individuals from an albino laboratory-raised 
strain of H. trivolvis maintained by Dr. G. L. Pace of this 
department were studied. These individuals were kept in 
commercially purchased spring water. In all cases, larger 
individuals were chosen for study to maximize data 
values. 

The initial wet weight was determined (OQOi g) and 
each snail was placed in a full doz. clear plastic con- 
tainer. About twenty individuals of each variety were 
used. An excess of pre-weighed head lettuce served as 
food. Snails were maintained in this aerated water for a 
period of 8 days. Evaporative water loss was replaced 
daily. The daily Ii& cycle was appro~ately 12 hr 
light : 12 hr dark, centered at 0800 hours local time. 

At the termination of the feeding trials, final wei@s 
of snails, iettuce, feces and eggs were determined and 
differences calculated. Lettuce, feces and egg samples 
were dried to constant weight at 6065°C and caloric 
contents determined with a Parr oxygen bomb calori- 
meter. 

RESULTS 

Caloric content of both wild and albino H. 
~rjvo~v~s feces was 4109 k&/g dry weight, while 
that of P. gyrina feces was 3506 kcal/g dry weight. 
Egg masses produced by H. trivolvis contained 
4.273 kcallg dry weight. No eggs were produced by 
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Table 1. Daily energy ingested (I), egested ( W) and assimilated (A) by W. trivolvis and P. gyrina. 
Assimilated energy is partitioned into energy used in growth (c), and reproduction (E = egg energy) 

with the remaining energy used in maintenance or metabolism (M) 

Species N A.E. Wt AWt I W A E G M 

P. gyrina 17 88.9 0.156 - 0.47 2753 3.07 24.46 0 -0.63 25.09 
H. trivolvis (wild) 19 73.2 0.468 f2.81 27.61 7.73 20.20 1.12 3.79 15.29 
H. trivolvis (albino) 20 59.8 0.398 +2.28 15.94 640 9.54 2.11 3.09 4.34 

Assimilation efficiency (A.E.) is expressed as a percentage (100 x ,4/Z); mean individual weight (Wt) 
is in g; growth (AWt) is in mg/day; and all other values are in Cal/day. 

P. gyrina during the experimental time period. 
Caloric content of several lettuce samples which 
had been water-soaked for varying periods of time 
remained constant at 152.4 Cal/g wet weight. Daily 
energy consumption and partitioning among the 
tested snails are shown in Table 1. 

Values for M (maintenance or metabolism) in 
Table 1 are the only numbers derived by difference, 
having not been specifically determined experi- 
mentally. Converting this caloric data for M into 
oxygen consumption values, we find approximate 
values of 1.39 ems 0*/g per hr for P. gyrina; 0.273 
cm3 OJg per hr for wild H. trivolvis; and 0.094 cm3 
0,/g per hr for albino H. trivolvis. These values 
fall reasonably close to expected oxygen consump- 
tion values as predicted from data for other snails 
(Fitch, 1975). Energy devoted to growth is estimated 
by assuming 80 per cent of wet weight change to be 
water (Fitch, 1975) and assuming a caloric content 
of 5.0 kcal/g dry weight (Hughes, 1970; Studier, 
unpublished data). 

Analyses of variance and regression analyses were 
performed on initial weight, final weight and rate of 
weight change (growth) as affected by or related to 
food or energy ingested, waste or waste energy 
egested, number of eggs deposited, egg weight or egg 
energy and assimilation efficiency. In only one case 
was a significant relationship found: for wild H. 
trivolvis, food or energy ingested was directly 
related to initial weight (F= 7.20; 1 and 18 d.f.; 
P = 0.0152) and final weight (F= 7.80; 1 and 18 
d.f.; P = 0.0120). No other significant relationships 
were found. 

DISCUSSION 

Hughes (1970) summarized most of the previously 
published data concerning energy budgets and 
partitioning among invertebrates, including values 
for assimilation efficiencies (100 x A/Z); net growth 
efficiencies [lOtI x (E+ G)/A] and ecological efficiency 
or secondary productivity [lo0 x (E+ G)/Z]. Values 
for the assimilation efficiencies (A.E.) of the snails 
presently under consideration have been given in 
Table 1. The A.E. for wild-type Physa and Helisoma 
are considerably higher than those reviewed by 
Hughes (1970) or reported for other invertebrates 
(Wiegert, 1965; Schroeder, 1973 ; van Hook & 

Dodson, 1974), and in fact fall into normal ranges for 
ectothermic vertebrates (e.g. see Throckmorton, 
1973; Kepenis & McManus, 1974) and even small 
mammals (see O’Farrell et al., 1971). The extra- 
ordinarily high assimilation efficiencies of the wild 
varieties tested may be reflective of excessive 
activity or relatively higher weight specific oxygen 
consumption of these small species, particularly 
evident in Physa. The low A.E. of the albino variety 
of Helisoma falls among the higher literature reports 
for invertebrates and would seem to indicate a 
system which is relatively efficient when compared 
to other invertebrates. These albino Helisoma 
comprise a small percentage of natural populations 
of this species (Pace, personal communication). 
The significantly lowered A.E. in albino Helisoma 
may account for the inability of this variety to 
compete with wild Helisoma under natural condi- 
tions. 

Net growth efficiency and ecological efficiency or 
secondary productivity approximated zero for Physa 
during this experimentation even though excess food 
was provided. Previous studies by van der Schalie & 
Berry (1973) indicated that significant growth in both 
Physa and Helisoma could be expected over an 
8-day period at 22°C. Net growth efficiency of wild 
and albino Helisoma were 24.3 and 54.5 per cent, 
respectively; while ecological efficiency for the wild 
and albino varieties were 17.8 and 32.6 per cent, 
respectively. These indices of relative energy tiation 
or secondary productivity are among the highest 
values thus far reported, particularly the 32.6 per 
cent for albino Helisoma. Both wild and albino 
Helisoma partitioned large amounts of energy into 
egg production, 4.1 and 13.2 per cent of total daily 
energy ingested, respectively, which accounts for a 
major portion of secondary productivity in this 
species. 

It is surprising that there are so few relationships 
between body weight or growth and food (energy) 
ingested, waste (energy) egested or assimilation 
efficiency. As indicated for other snails (Fitch, 1975), 
a partial explanation for this phenomenon may 
involve excessive activity and, therefore, excessive 
food requirements for smaller individuals coupled to 
lowered activity and maintenance energy in larger 
individuals. The lack of a relationship of weight 
or growth rate to either ingested or egested energy 
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apparently precludes any relationship of these MOOIJ-VOGELAAR J. W. & VAN DER Srrn+r W. J. (1973) 
parameters to assimilation efficiency. In view of the Effects of density on feeding and growth in the pond 

relatively large amounts of energy relegated to egg snail Lymnaea stasis @.) Froc. K. Ned. Acad. Wet., 

production in Helisoma, the lack of a relationship Ser. C 76,61-&S. 

between size (weight) and energy devoted to repro- 
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duction is also surprising. 
Energy utilization and water requirements of captive 
Myotis thysanodes and Myotis lucifugus (Chrioptera). 
Coma. Biochem. Phvsiol. 39A. 549-552. 
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