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Edited by John C. Lo

arval foraging Sirategies in Drosophila melanogaster were identified,
and “sitter.” “Rovers” traverse a large area while Jeeding whereas
tucover a small area. The difference between “rovers” and “sitters”
alyzed genetically by chromosomal substitutions between . isogenic
Differences in larval locomotor behavior (“crawling behavior”) can
ibuted to the second chromosome, _the “rover” strategy being
ihant over the “‘sitter” sirategy. Differences in feeding rate (“shoveling
") are affected additively by both the second. -and. third -chio-

ies. Natural populations of Drosophila larvae were sampled three
over a 2-month period; “rovers” and “sitters”

ies in these populations. The two Joraging strategies are discussed i

ously or discontinuously.

ORDS: foraging strategies;

chromosomal analysis; Drosophila melanogaster; larvae;
comotor behavior, i

INTRODUCTION

ng strategy reflects the relative amounts of feeding and locomotor
r, The utility of any one strategy is a function of the environment. A
ophila larva feeds by shoveling food with its moiith hooks, and moves
ternately extending its anterior end and retracting jts posterior end.
in foraging patterns may be an important factor in determining
1n exploiting different kinds of food resources,

liminary observation suggests two distinctive types of foraging pat-

ent of Zoology, University of Toronto, Toronto M5S 1A1, Ontario,
- 291
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terns in D. melanogaster larvae. One type of larva (*“‘rover”) traverses: desired pairs of second or third. chromosomes intact during successive

large area while feeding, whereas the other type (“sitter’”) covers a sm generations. The balanced lethal stock j172 (Bowling Green Drosophila
area. If the food distribution is discontinuous, a “rover” larval strateg: ck center designation) was used to make the chromosome substitutions
would have an advantage over a “sitter” larval one. In an environment wi iindsley and Grell (1967) describe the mutants. ‘
food evenly distributed, the advantage would be reversed. The success 0 - Four stocks were used in these experiments, two original stocks and.
species’ exploiting a given set of resources may be related to the types o chromosomally manipulated ones. The original stocks were e'* (ebony
foragers in its population, : k-body color) and w* (white-blood, wild-type mo& color); w* is a mox..
The outcome of competition between different species of Drosophil: ked mutation that was eliminated in the process of .Smwmsm...%o stock iso-
unpredictable (Miller, 1964a,b; Ayala, 1970; Gibo,.  1972; Hedrick, .19 The original stocks will be called E,E, and W;W,. The chro-
Parsons, 1975, 1977). Furthermore, factors involved in competitive abi mally manipulated stocks will be called E;W, and W,E,. The subscript
are at present poorly understood. Sewell, Burnet, and Connolly (1975) h Notes the chromosome number. The E,W, stock contains second chro-
_shown that D. melanogaster larvae feed continuously throughout devel omes from the original e stock and third chromosomes from the
ment but that feeding rate is age related. Feeding rate is thought ¢ inal w* stock. : :
important because it affects the rate of larval development. It increases’ Figure 1 describes the crosses used in preparing the chromosomall
ing the first and second larval instars, reaching a maximum during the fi ipulated stocks. Flies from each of the original stocks were crossed SEVM
half of the third larval instar, and then decreases as the larva searches fi rom the j172 (Cy Me; Sp D*) stock. The F 1 heterozygote was back-
pupation site. Bakker (1961, 1969) showed that pupation time is depend d to the j172 balancer stock. Stocks containing the desired
on feeding rate since a minimum larval weight is necessary for pupation nologues and marker chromosomes were then crossed with those
emergence. Ohnishi (1979) showed that larval feeding behavior measurabl; aining reciprocal homologues and marker chromosomes, Heterozygotes
affects egg-to-adult viability. Since feeding rate is intimately associated aining Me and Cy markers were crossed, and the F, flies containing fio
food acquisition, feeding-locomotor behavior is important to study i efs were selected. The first and fourth chromosomes in the ow_.o-
light of resource utilization and its possible effects on competitive ability ,
This study was performed to describe larval foraging strategies a
analyze the strategies genetically.
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MATERIALS AND ZHHEOUW

) I%"\“

S Ye | M.mm
Laboratory Study ¥ e
Cultures of D. melanogaster were maintained on a standard yeast=ag SE . gF Die WM
medium at 25 + 1°C. Isogenic stocks homozygous for the second and t Spe [ Sp e oo’ | oo’ derived as
chromosomes were obtained from Dr. E. Rapport (Rapport and ‘S above from
1971). x BELER Ol ile , ZE ok g
To measure the contribution of autosomal genes, the two FEJED Pw: W o’ M% e lsp® kg
autosomes, chromosomes 2 and 3, were manipulated; the tiny fourth. ,
mosomes were not controlled. Substitution of the second or third ¢ G¥ Gk Gr¥e  Crle
mosomes of these stocks was accomplished with a breeding schemet BVl EW vE s
utilized the presence of crossover suppressors. The technique was that |
Muller and Oster (1963). The inversions that most effectively prevent'c ww - 50, wm - wE,

ing over between homologous chromosomes were used; they contain
(Cy) and Sternopleural (Sp) on the second chromosomes and Moir
and Dichaete (D®) on the third chromosomes. These balancers enable

&:muo—_ﬂ:n oBv_ov&aS obtain chromosome-substituted stocks from the original

mm:..n:_:m:wammoimina W,E, were derived fi i
ird chromosome pairs u“o m__;:ﬁom. ) erived from m.m. aid W Only
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mosomally manipulated lines were an unknown mixture of the origina
stocks and the balanced lethal chromosome stock. This unknown mixt
from the three stocks (j172, W,W,, E;E;) added “background noise” t
reconstructed stocks (E;Ws, W;Es). The X chromosome was further stud
by performing reciprocal crosses between the original stocks, T

In order to test for feeding-locomotor behavior, early third i
larvae (48-50 hr from hatching) were obtained as follows: Forty 5--to
day-old flies were placed in a 0.25-liter bottle. Females were allowed
eggs on a plastic teaspoon containing Drosophila medium. Two hours
the spoon and eggs were transferred to a petri dish containing med
seeded with a yeast solution and then incubated.

Test Procedure

A petri dish, 8.5 cm in diameter and 1.4 cm high, was covered
thin layer of aqueous yeast suspension (8 g of Fleishmann’s fast-rising v
dry yeast in 25 ml of distilled water). It was necessary for the yeast
be thin and pasty so that a moving larva would leave a visible trail. T
dish was then placed under a dissecting microscope. ‘A third instar
cither E,E,, W,W,, E;W,, or W,Es, was transferred to the test dish u
paintbrush, The test dish was covered with a petri dish lid which
centimeter grid marked on it. Both the animal and the grid wer
under the microscope. - _ ;

Two behaviors, shoveling and crawling, were defined operationa]
follows. A bout of shoveling was a single probe with the mouth hoo
bout of crawling was a wave of muscular contraction passing along th
of the larva. The number of bouts of crawling and shoveling was r
on a counter over a 6-min period. After the test period a copy of th
ing trail was drawn onto a data sheet marked with grids (see Fig.
length of the trail was measured by superimposing a string, 2
diameter, over the trail and then measuring the length of the
millimeters. The number of squares traversed was also recorded.,

In order to test large numbers of animals, a more rapid deter
of the behavioral phenotype was required. Since the number of cf’
directly correlated with path length, animals could be scored as ‘‘r
“sitters.” Two criteria, path length and the number of squares t
were used (see Fig. 5). Larvae crawling farther than 35 mm or cro
or more squares were classified as “rovers”; others were clas
*“sitters.” ;

In order to investigate possible effects of the X chromosome, te6
crosses of E,E; by W,W, were performed. The F, progeny fi

he number of squares traversed W, shan, neth of the

hereas E,F, shows the “sitter” strategy,
€re reared, sexed (Demerec, 1950),

and tested b i :
nd E,m number of Squares traversed, 7 o0 pait

Natural Population

mples of Drosophila larvae
t backyard in downtown
ears taken from a ]-m?
e fall of 1977, at 3-week
could be tested, Early

were -obtained from pear trees found in
Toronto, ‘Each sample contained eight
area. This area was sampled three times
Intervals, so that at least three successive
third instar larvae of approximately the

are clearly different, W.W, shows the “rover”

295
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same size were removed from the pears with a paint brush and tested withi
. 48 hr of bringing the pears into the laboratory. The larvae were sim
scored as being “rovers” or “sitters” by examining their foraging trail

a 5-min period.

RESULTS
Hu_g.c;::.w Study

Figure 2 shows a random sample of the trails made by each or
stock, The W,W, stock foraged over a much larger area than did the
stock. The length of the W,W, trail was longer, as might be expec
view of their high crawling score (see Fig. 2). I have called the W,W,
forager the “rover” larval and the EE, type forager the “sitter” |
strategy.

Figure 3 illustrates that the feeding-locomotor behaviors of the
and E,E, stocks were phenotypically different, especially crawling behayio
W.W, crawled significantly more than E;E; (z = 5.0, p < 0.0001, Man
Whitney U test). There was a much smaller difference between the
of shoveling performed by the two stocks (z = 1.6, p = 0.1, Mann-

U test).

i
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Fig. 3. Shoveling and crawling scores-of W,W, and E,E,.
mean number of behaviors « the standard

Each. histogram
error per test. Twenty-five animals

TEST GROUPS

SM“M.W. ﬂwﬂ .Mahuﬁmw:mmwmcnwmaom the oﬂw_._..m_ stocks (W, W, and EE,) compared to the
. r ) pulated stocks (W,E, and E;W,). Each histo,
Umber of c%»ioa = standard error per test, Hia_.mw-mé »aammﬁﬂnwﬂﬂ.“ﬂw%

the four stocks tested, W i i v
not significantly &Qo_.gmawwﬂnﬂuummwﬂwwm Mmﬂnmm%_smhom_.wm
itney U test). The E,E, and E,W, had oy crawling soores g
mEnoE_.:w different (z < 1.2, p =02, gmzn-gmgg U mowﬁv A
n of the amount of crawling performed by the two chro-
»manipulated stocks E:W; and W,E; showed m‘m_.mamomi dif-

=40, p < 0.0001, Em::-QESo% U test). The difference in
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as the crawling behavior. There were significant differences (p < 0,000
Mann-Whitney U test) between shoveling performed in all two-way ¢or
parisons except E;E; by W,W, (z = 1.6, p = 0.1, Mann-Whitney U

Table I illustrates the chromosomal contributions to each behavior.
! Table I shows the mean number of behaviors performed per
_broken down by chromosome. An E,E, larva has isogenic chromosomge
and 3 from the original ebony population. The mean number of ,
performed by E,E; was 27.7 + 5.8. The mean number of crawls perf
by E;W, was 58.2 « 11.5. As stated previously, there was no significan
ference between the number of crawls performed by E:E, and E;W; a
W:W; and W,E,. Differences in crawling behavior therefore appea
attributable to the second chromosomes. Shoveling (Table IB) ca
localized on one chromosome. The second and third chromosome:
this behavior additively. The presence of W/W third chromosomes
the amount of shoveling, and the presence of W/W second chrom
halves the amount of shoveling behavior performed. The chromoso
contributions to each behavior are clear.
Figure 5 shows the distribution of path length in W,W, and E
“rover” and “sitter” foragers. The path length scores were first divid
categories of 20 mm. The number of larvae in each' category wg
plotted on the vertical axis for each stock. A test for the on.ﬁw
variances showed that the variances in path length in the two stock
j significantly different (F = 72.02, p < 0.01). In E,E, the distrib
path length was skewed to the right, whereas in W,W, the path len
o tribution was platykurtic. A single data transformation was not app
: Indeed, the larvae of W,W; and E,E, have different path le
tributions. The “rover” larva (W,;W,) has a longer path length tha
ter” larva (E,E,;). The point that separates “rovers” and “sitter

100 5
Path Length (mm) 0

f path lengths in W.W; and E;E;, the “rover” and “sitter” foragers

ignificantly longer paths than do “sj ” istri
i 3 tters. io
ation, aithough there js some oiim%& e distrlbucons are clearly

40 M.E:. There 18, however, some overlap in path length scores. The

squares :méaom can also be used to provide information mco_:
%sw.non_ c« a ».om,mm_.nm larva, This correlates highly with path length
e following criteria are used to distinguish the behavioral types. if
Tawled farther than 35 mm or crossed five or mor o
naa as a “rover.” If neither of these criteria are met va i

By testing a larva’s foraging trail, its genotype (W, W, or EE;) can

: , ibuti Each Strain: M d Stand . , , "
Table L. - Chromosomal os.mmw%ﬁww%amma Strain: Means and Standa o 4 any effect on the crawling behavior. Reciprocal crosses of E.E
, : : showed no mox.._E_Sm differences in the crawling behavior ,:.M
v "Third chromosome t ,,Homw was dominant over the “sitter” strategy. In each cross 809
Second a¢ performed “rover” paths whereas 20% perfo d “si o
chromosome E/E wW/W as concluded that th perlormed “sitter
, A at the X chromosomes had no significant effect
A. Crawls ) w,.,
E/E 27.7+58 (E;E,) 582+ 115 (E,W
W/W 137.1 2 12:6 (W.Ey) 1372178 (W,W, Natural Population
: : B. Shovels ,: de the s
B/E 1295112 Gy 017222 EW e mmEswuw_ﬂBSm Emn‘ the “rover” and “sjtter” foraging types
W/W 07291 (WiE) 15722220 (W, ell as among Ewoﬁ:e@ stocks. Seventy-two percent of

s

arvae test “ s” whi i
ed were “rovers while 28% were *“sitters,” There were no
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Table I Natural Population nuity of the feeding substrate varies with the abiotic factors over space
al .

time. It is therefore not surprising to find two different approachies to

Date N Phenotypic Frequencies ing (the “rover” and “sitter” strategies). It is hypothesized that the
er” strategy would be advantageous when food is -distributed dis-
ITTERS ot
ROVERS S lnuously, whereas the “sitter” strategy would be advantageous when
2 \e.\d 100 80 20 § distributed continuously. Each strategy would provide a larva with-a
13/10/77 100 68 . wm - titive advantage when the environment is consistent with the strategy.
3/11/77 50 3 , . ,
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significant differences between the samples taken (X =436, p = o&
the 9-week period.

The differences between the two isogenic stocks in the E_z i
crawling and shoveling have a genetic component. .O,E.ochoBﬂ anal;
“demonstrated that differences in crawling are mnn_cﬁwmﬂﬁaﬁomm.m% .

: i in cted addr
chromosome, whereas differences in shoveling are affe 1. (1970). Competition, coexistence and evolution. In Hecht, M. K., and Stecre, W.
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SHORT COMMUNICATION

Y Resemblances in Serum Uric Acid Level

‘M. Ahern,! Ronald C. J ohnson,* and Geoffrey C. Ashton?

ORDS: uric acid; family resemblance; achievement.

mZ.—,w.QUGQEOZ

idual differences in circulating uric acid level have been of interest to
logists and to educators as a result of the fact that uric acid level has
orted to show a small positive association with ahility level and a
ratively strong positive association (e.g., correlations in the 0.40°s or
) :with achievement and moEméEoE-oani& ‘behavior (for reviews,
ueller et al., 1970; Kasl, 1974). Comparisons of the resemblance in
d.level of monozygous and dizygous twins and of parents and off-
suggests that this variability is, in part, under genetic control (Boyle
1967; French er al., 1967; O’Brien et al., 1966): Gulbrandsen ot al.,
und a: heritability of 0.25 for Plasma uric acid level in'a Japanese-
population in Hawaii, no evidence for a major gene, and no evi-
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