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ABSTRACT 

For the first time Drosophila dispersal has been studied uti

lizing natural substrates. Populations of D. nigrospiracula and D. 

mettleri were passively marked with fluorescent dust as they fed upon 

their natural substrate, necrotic saguaro cacti. Subsequent capture of 

marked flies at the cacti provided estimates of the exchange rate be

tween cacti. Exchange rates of ten percent and greater were observed 

for cacti separated by 18.3 to 932 meters. D. nigrospiracula was 

estimated to have a mean dispersal rate of 372.7 meters per day. D. 

mettleri move at least as far. Such a rate of movement is an order of 

magnitude greater than had been observed for D^_ pseudoobscura and sever

al orders of magnitude greater than had been observed for other Droso

phila. The relative magnitude of the estimated dispersal rates may 

reflect the relative grain of the habitats of the Drosophila studied, 

but this can not be proven at this time. 

The rate of dispersal of IK. nigrospiracula was shown to be 

weakly correlated with temperature and density of saguaro cacti. Natural 

landmarks, such as hills, roads, and dry washes, proved no hindrance to 

dispersal. The condition of a necrotic cactus proved most important. 

Old cacti contributed a disproportionate number of migrants in an area, 

while newly rotted cacti attracted the majority of immigrants. D. 

nigrospiracula showed a preference for moving into the early morning 

wind. This was related to the observation that the flies at night leave 
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the necrotic saguaro to rest upon live saguaros. Returning each morning 

to necrotic cacti, the flies engage in a brief period of courting and 

mating. During the afternoon mating is confined to newly arriving indi

viduals. Migrants were shown to be a highly successful portion of the 

afternoon mating populations. Nighttime dispersal was shown to be re

lated in direction and extent to the density and distribution of live 

cacti. Response to the wind was shown to differ among eleven Drosophila 

species run through a wind-tube maze in the laboratory. D^ nigrospira-

cula was shown to greatly increase its activity in the presence of a 

wind, yet showed only a slight tendency to move into the wind. 

A strong note of caution is sounded for dispersal studies based 

upon baits. When baited, D. nigrospiracula moved an average of 4.8 

meters per day. This estimate is consistent with the estimated dis

persal of other Drosophila but is most unrealistic. It is concluded 

that baiting can produce a very biased estimate of dispersal, which is 

in fact an estimate of the feeding activity of flies. As such, baits 

provide no estimate of movement between areas of substrate abundance 

and of population peaks. Baited studies would suggest that desert Dro

sophila exist as local isolated populations, when in fact populations on 

cacti separated by 900 meters exchange so many individuals as to be ef

fectively one population. 



INTRODUCTION 

Understanding of the genetic structure of a population requires 

a thorough knowledge of the evolutionary forces acting upon the popula

tion. The rates of selection and mutation must be determined for 

specific genetic loci and for blocks of genetic loci. The size and 

breeding structure of the population must be known and gene exchange 

between populations must be determined. Further, it must be possible 

to relate evolutionary forces to genotypic frequencies observed in 

natural populations of an organism. No single organism has yet furnish

ed all the above information. Because of ease of rearing, world-wide 

distribution, giant polytene chromosomes, and the efforts of numerous 

workers, notably Dobzhansky and the Texas group under Patterson and 

Stone, Drosophila has become the workhorse of population genetics. As 

such, Drosophila populations have been intensively and extensively 

assayed for genetic makeup both at the chromosomal level and at the 

genie level. At the genie level, the frequencies of visible mutations, 

lethal mutations, and most recently allozyme polymorphisms have been 

determined in numerous populations and in numerous species. Mutation 

rates have been determined for the entire genome and for specific loci 

(Tobari and Kojima 1972, Mukai 1964, 1970). Selection values have been 

difficult to determine for specific loci, but excellent studies have 

been made using chromosome inversions, lethal and semi-lethal traits, 
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and estimates are being made for alleles at a single locus (Yamazaki 

1971, Wilson 1972). 

Two distinct schools of thought have arisen from the studies on 

dispersal to date. Baited field studies show very limited migration or 

dispersal. Studies on D. aldrichi (Richardson 1969), on D. willistoni 

Sturt. (Burla et al. 1950) and on D. funibris near Moscow (Timofeeff-

Ressovsky and Timofeeff-Ressovsky 1940a,-B,-c) show very short range 

movement. In all the above studies the majority of the flies moved 

five meters or less per day. Studies on D^_ pseudoobscura (Dobzhansky 

and Wright 1943, 1947) and D. funibris near Berlin (Dubinin and Tiniakov 

1946) give estimates ten times larger than the above, yet show that the 

flies are moving within a closely restricted range. There is evidence 

that Drosophila move much farther. Drosophila have been captured at 

many distances up to 430 kilometers out to sea (Gressitt, Coatsworth, 

and Yoshimoto 1962, Gressitt and Nakata 1964, Yoshimoto, Gressitt and 

Mitchell 1962). Tethered Drosophila melanogaster can fly for up to 4-5 

hours before becoming exhausted (Wigglesworth 1949), and have a calculat

ed intrinsic maximum range of 48 kilometers (Hocking 1953). It has been 

further suggested (Heed and Heed 1972) that whole populations of 

Drosophila exist as migrant individuals in areas where they have no 

chance of maintaining the population by reproduction. 

Studies on the migration and population structure of Drosophila 

have been hampered by the illusive ecology of the particular species 

studied. In the absence of extensive knowledge of the biology of a fly 

it is difficult to recapture a marked individual or to analyse the in

fluence of environmental variation on movement and population size. It 
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is not surprising then that the studies to date have concentrated upon 

structured field experiments in which flies are marked and released in 

large numbers and recaptured from a grid of artificial baits set out 

about a release site. Estimates based upon such studies depend upon: 

1) choice of a release site in which the movement of the fly will be in 

some sense typical of the species; 2) movement of the flies independent 

of the density or placement of the baits; 3) movement of the flies un

affected by the activities of release and recapture and unaffected by 

specific marking methods; 4) correction for non-random movement either 

toward or away from particular baits because of poorly known micro-

environmental factors. When making estimates of the size of natural 

populations from such studies it is necessary to determine the attrac

tive radius of the baits and the proportion of the flies in the area 

that is never attracted to baits. Finally it is necessary to make some 

assumption about the mating pattern in the population in order to cal

culate the effective size of the breeding population. 

The alternative to trapping flies is to know the biology of a 

species so well that the fly can be studied in its environment, on its 

natural substrate. All estimates are then made with respect to the 

structure of the population as it actually occurs. 

The present study is an attempt to extend our understanding of 

the ecological genetics of two desert Drosophila, D. nigrospiracula 

and mettleri. and to use this understanding to provide a basis for 

estimations of the migration and population structure of the two species. 

The species are first studied in association with other desert species 

upon artificial baits. It has been shown (Fellows and Heed 1972, 
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Johnston and Heed 1971) that the attractiveness of the bait depends upon 

the type of bait and that the known host plant is often not the most 

attractive bait. The factors that enter into the attractiveness of a 

bait are studied further here. Dispersal is studied first using re

leased flies and artificial baits. A comparison is made between these 

results and results from eight experiments with flies studied exclusive

ly upon naturally occurring substrates. The new desert niche of D. 

mettleri is described. Those aspects of the ecology of the two species 

which further influence the population structure are also described. 

Initial experiments are reported on natural mating patterns, response to 

wind currents, nighttime activities and response to predators. A com

parison is made between the results of the eight dispersal experiments 

utilizing a least-squares trend line and the population sizes at several 

cacti are estimated using several different estimation procedures. 



MATERIALS AND METHODS 

The Experimental Animals 

The following descriptions summarize essential background in

formation for the two species of Drosophila, D. nigrospiracula and D. 

mettleri. studied in the present research. A description of D_;_ nigro-

spiracula has been given previously (Fellows 1970). Unless otherwise 

noted, the information comes from the field notes compiled during the 

present research and from the extensive and largely unpublished notes 

compiled by Dr. W. B. Heed and his co-workers in the Ecological Gene

tics Laboratory, University of Arizona. Much of the description of the 

interaction of D^ nigrospiracula and IK_ mettleri depends upon experi

mental observations and is included as results below. 

Drosophila nigrospiracula Patterson and Wheeler 1942 

Drosophila nigrospiracula is a member of the repleta species 

group but does not fit clearly into any known subgroup (Heed, Russell 

and Ward 1968). In the desert surrounding Tucson D. nigrospiracula is 

an oligophagous species inhabiting chiefly saguaro (Carnegiea gigantea) 

but is occasionally reared from barrel cactus (Ferocactus wislizeni) as 

well. It is the largest of the cactophilic species, attaining a maximum 

body length of 3.5 mm. It is a robust fly able to live in a stoppered 

vial at 21° C for up to four days without food or water. The fly has 

been observed to take off from a cactus and return against a wind of 
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12 knots. The imago can withstand temperatures between -5° and -6° C 

(Lowe, Heed and Halpern 1967) to well over 40° C. The larvae live in 

necrotic saguaro where they presumably feed upon both yeast and necrotic 

tissue. D. nigrospiracula is an excellent competitor and, with the ex

ception noted below, can exclude all other cactophilic Drosophila from 

saguaro (Fellows and Heed 1972). The description of D. nigrospiracula 

as it occurs south of Tucson into Mexico is given in Fellows (1970). 

Drosophila mettleri 

D. mettleri is a manuscript name only and has not been described. 

Drosophila mettleri is found alongside D_j_ nigrospiracula throughout the 

entire known range of the species. D. mettleri looks identical to D. 

nigrospiracula but can be positively distinguished from the latter by 

the presence of numerous hairs dispersed across the very widefrons. 

D. nigrospiracula has a narrower frons and carina with only 6-8 hairs 

extending in a "V" from the base of the antennae. IK_ nigrospiracula and 

D. mettleri do not cross in the laboratory and probably never form hy

brids in nature. The eggs, larvae, and pupae of D. mettleri were found 

during the course of this study in the wet ground beneath a rotted sa

guaro. In contrast the imago can be found during the day feeding along

side D. nigrospiracula on liquid exudate from the necrotic cactus. 

Female D^_ mettleri are found more frequently near or on the wet soil 

beneath a necrotic saguaro so that trapping flies from the side of a 

necrotic cactus results in an apparent excess of D_;_ mettleri males and 

a nearly equal sex ratio for nigrospiracula. 
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Both species are unique among Drosophila in that they feed con

tinuously during the day. Adults of both species intermix seemingly 

randomly. On bright sunny days the flies feed only on the shady side 

of the cactus. They feed in large numbers packed together nearly as 

closely as physically possible around the limited extant areas of wet or 

dripping exudate. Further aspects of the behavior of these Drosophila 

which relate directly to the population structure are reported with 

specific experiments below. 

The Study Sites 

The Hill Study Site 

The study site for experiments in 1971 is referred to simply as 

the hill study area. The site is located in the foothills of the Santa 

Catalina Mountains, eight miles northeast of Tucson at an elevation of 

2900 feet. It is situated in a desert scrub community with an east-west 

ridge 100 to 300 meters high dividing the area into north and south 

slopes. Microphyllous short-tree and shrub vegetation dominate the area. 

The predominant plants are bur-sage (Franceria deltoidea), creosote bush 

(Larrea diveiricata) , paloverde (Cercidium microphyllum and Cercidium 

deltoidea), white thorn (Acacia gregei), mesquite (Prosopis juliflora), 

and desert hackberry (Geltus pallida). A census of the cacti and trees 

on the north and south slopes made in 1969 by Dr. W. B. Heed and members 

of the population techniques class is included here for reference in 

Table 1. 
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Table 1. Vegetation at the Hill Study Site 

A census of the cacti and trees at the hill study site per
formed by Dr. W. B. Heed and members of the 1969 techniques 
in genetics class. 

Species Low High Top High Low 
north north south south 

Mammalaria macrocarpa 83 178 72 372 537 

Opuntia fulgida, 0. 
versicolor, 0. spino- 69 161 36 98 129 
sior and biglovii 

Opuntia phaeacantha 44 66 18 89 182 

Carnegiea gigantea 24 87 18 108 150 

Fouquieria splendens 26 75 20 108 115 

Prosopis iuliflora 36 27 4 23 42 

Ferocactus wislizenii 9 19 6 31 58 

Echinocereus fasciculatus 2 19 9 27 21 
and E. fendleri 
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Silver Bell Study Site 

The Silver Bell International Biological Program (I.B.P.) Bajada 

study site 40 miles north of Tucson on section 21 R9E, T11S was studied 

during 1972. The site is being leased from the Bureau of Land Manage

ment by The University of Arizona. A remote controlled meterological 

station is in operation and. a van equipped as a field laboratory is 

stationed at the site. The 1971 annual report of the Tucson validation 

studies of the desert biome, International Biological Program, gives a 

detailed description of the invertebrates, birds, mammals, and vegeta

tion of the site. A detailed inventory of the vegetation from one 

hectare in the center of the site is reproduced from the above report 

with permission from the investigators J. Thames and W. Faust in Table 2. 

The Saguaro Cactus 

Because a saguaro cactus (Carnegia gigantea Britt. and Rose) 

plays the central role in the biology of both nigrospiracula and D. 

mettleri it is necessary here to give some details on a necrotic saguaro 

cactus. The cactus is found along rocky or gravelly soils of foothills, 

canyons, and benches and along washes in the desert at 600 to 3600 feet 

elevation. It is distributed from northern Arizona south to northern 

Sonora Mexico, and along the Colorado River in Riverside and Imperial 

Counties, California. Necrotic cacti and consequently D. nigrospiracula 

and D. mettleri are found throughout the entire range of saguaro. The 

saguaro rot is useful to Drosophila only as long as it is wet and retains 

some green or brown color. Once the cactus becomes black and no longer 

wet to the touch it becomes host to many desert insects, but not 
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Table 2. Vegetation at the Silver Bell I.B.P. Site 

A detailed inventory of the vegetation of one hectare located 
in the center of the untreiated area of the validation site at 
the Silver Bell I.B.P. site reproduced with permission from 
the annual report of the Tucson validation studies of the 
desert biome, I.B.P. 

Species No. per hectare 

Franceria deltoidea 1244 

Larrea divaricata 92 

Cercidium microphyllum 27 

Acacia constricta 24 

Olneya tesota 14 

Camegia gigantea 7 
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Drosophila. Saguaros rot either standing with the rot progressing from 

an initial wound, or fallen with the rot progressing from a break or 

from the ground. As the saguaro rots, liquid from the necrotic tissues 

flows down the side of the saguaro onto the ground. The liquid is clear 

to carmel to black and contains particles of tissue and numerous micro

organisms. The described microfauna include the soft rot bacterium 

Erwinia carneieana (Lightle, Standring and Brown 1942), the fungus Poria 

carnegianum (Gilbertson and Canfield 1972) and yeasts. The quantity of 

liquid released to the ground varies with the type and age of rot and 

the amount of water in the cactus, but has been seen to fill an eight 

inch deep hole (a total volume of approximately 3 liters) dug beneath 

the cactus and to keep the hole filled for several days. The ground be

neath the cactus can be wet further than eight inches down, providing a 

variable, but sizable niche for Dj_ mettleri. 

A large number of insects share the rotted saguaro with Droso

phila. A description of the larvae is given in the Master's Thesis by 

Frederick J. Santana (1961), while a sample of the adult insects has 

been given by Ryckman and Ames (1953). The predators of Drosophila ob

served during this study are described under evening dispersal studies. 

Marking Pigments 

Dispersal studies were made by marking flies with micronized 

fluorescent dust (Stern and Mueller 1968) produced by Helecon Lumines

cent Pigments, Radelin Division, U.S. Radium Corp., Morriston, New 

Jersey. The pigments used were numbered 1757, 2200, 2210, 2220, 2245 and 

2267 which fluoresced red, blue-white, green, orange, yellow-green, and 



yellow respectively. The effectiveness of the colors as markers varied. 

Pigments 2200, 2210 and 2267 were the most easily distinguished and 

proved to be effective life-time markers. Pigment 2245 was the most ef

fective in laboratory tests but was difficult to distinguish from either 

2267 or 2210 and proved to spread readily from fly to fly or cactus to 

fly. Pigments 1757 and 2200 became difficult to detect after 4-5 days 

and were similar to naturally occurring fluorescent particles of unknown 

origin. The use of these last two pigments was limited to very short 

term experiments. Both laboratory and field marked flies have been 

shown during the course of these studies to retain marking pigments over 

20 days. Marked flies quickly clean the pigment from the eyes and wings, 

yet the pigment stays permanently in the fissures of the thorax and head 

and on the dorsal portions of the thorax. 

Two methods were used to spray dust onto the flies. In the lab

oratory, flies were shaken together with a minute amount of powder in a 

shell vial. This marked them universally. In the field, flies were 

marked by spraying the powder through a powder insufflator. The insuf

flator consisted of a small glass jar to hold the powder with a stopper 

into which two holes had been bored. A bent disposable Pasteur pipette 

stuck into the stopper but not through it served as a nozzle, while a 

glass tube with an attached rubber bulb and a one way valve poked 

through the stopper nearly to the bottom of the glass jar served as an 

air source. When the rubber bulb was squeezed, air was forced up 

through the nozzle in a directed stream. The amount of powder sprayed 

could be controlled by the pressure applied to the rubber bulb. A 
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single fly or a large group of flies could be effectively marked in this 

manner. 

Marked flies were detected under a dissecting scope using two 

Mineralight U.V. light sources from Ultra-violet Products Inc. San 

Gabriel, California. A long wave SL-3660 and a short wave UVS-11 were 

used to light opposite sides of a CC^ diffuser onto which flies were 

placed for analysis. It was possible, with experience, to distinguish 

two classes of marks. Flies which were directly field marked glowed 

brightly under U.V. illumination. Flies which visited a cactus shortly 

after marking or which mated with or fed beside a heavily marked fly 

picked up particles of dust. These flies were clearly distinguishable 

from heavily sprayed flies and were scored as lightly marked. Flies 

with less than 6 particles were considered newly arrived or contaminated 

and were scored as not marked. Flies which bore more than one mark were 

scored as carrying either the most distantly derived mark or the most 

recent mark. Few flies were multiply marked, however, and nearly all of 

these were only lightly marked with a second color. It is of interest 

here that flies kept in the laboratory do not congregate and do not 

transfer color either from heavily marked individuals or from the vial 

onto unmarked flies. 

The pigments were extensively tested for toxicity and adverse 

behavioral effects. No effect has been found to exist, even with very 

heavy dusting. A dusted fly would begin cleaning shortly after marking 

and clean from 1 to 20 minutes. This behavior, however, was not demon

strably different from the cleaning behavior of a wild fly on a dusty 

day. 



Dispersal Experiments 

Experiments on dispersal in D^_ nigrospiracula were conducted 

using three basic procedures. The procedures matured one into the other 

as the ecological relationships of the flies were unraveled. Specific 

procedures are described in each experiment. The first experiment used 

wild-caught flies counted and marked in the laboratory. The marked 

flies were released at a single naturally rotted cactus and recaptured 

on subsequent days at the rot and at artificial baits placed at measured 

distances from the rot. The flies were aspirated one at a time into 

test tubes, labeled and taken into the laboratory for analysis. These 

flies were remarked and released the following day. The next set of 

experiments involved only naturally occurring rots. Flies were marked 

on selected rots by spraying heavily with an insufflator. No attempt 

was made at this time to count the number of flies marked. Flies were 

aspirated singly from all rotted cacti in the area and taken to the lab

oratory for analysis. In these and in subsequent experiments flies were 

not rereleased. These experiments were primarily useful to study ex

change between populations at each cactus. Experiments during the final 

year of study used natural rots with flies sprayed directly on the cac

tus as before. In these experiments, however, the flies were sprayed as 

they sat feeding during the hot of the day, at which time it was pos

sible to count each fly prior to marking. The counted flies were each 

marked from 10 - 15 cm away by a single small spray from the insufflator. 

Elies so marked rarely moved or showed any signs of disturbance except 

to commence cleaning themselves. The number of flies of each species 

was never exactly determined, but the proportion of the two species 



subsequently captured along with the count of the number of flies marked 

permitted estimates of the numbers of each species originally marked. 

These studies then were used to estimate both dispersal and population 

size. 

The number of colors used in any one experiment depended upon 

the number and condition of the rots in the area at the time of the ex

periment. In general an attempt was made to mark the flies at the most 

densely populated cacti in the study area. Since it is difficult to 

distinguish some of the colors, the majority of the experiments utilized 

only two to four marked cacti. The total number of cacti studied in 

each experiment was entirely up to the nature of the study area. The 

study area was walked until a large rot was located. The area around 

this rot was searched for at least three days for at least one kilometer 

in all directions. Dispersal studies were limited to those situations 

in which two or more cacti could be located within the studied area. 

Only a few of the many isolated cacti found are reported here. The 

cacti studied were therefore somewhat closer together than one would ex

pect to find by chance. This leads to an underestimate of the distance 

that an average fly would have to move to find another cactus. This 

does not prove to be a serious problem. 

Distances between cacti were determined both by direct measure

ment using a 100 foot tape and by locating the cacti on an aerial photo

graph. The distances were determined on the photographs by comparing 

the distance between cacti to the distance between two known measured 

points. Photographs were taken by Cooper Aerial Survey, Tucson, on 

August 16, 1971. 
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Trapping Studies 

Trapping studies were conducted using traps of heavy 12 x 24 

inch clear plastic bags baited with 1800 grams of either bananas or 

artificially rotted cactus. The mouth of the bag was tied around a beer 

can with both ends removed and the can was thrust through a hole cut 

into a cardboard box. The cardboard box was set up so as to shade the 

bait from the direct rays of the sun. Flies were collected by aspira

ting. This trap was considered superior to open bait cans because it 

provided shade for the flies and retarded dessication of the cactus. 

Further, it was possible to collect all the flies at the trap, even when 

the wind blew or it was too cold for the flies to fly effectively. 

Rotted cactus baits were prepared after the method of Fellows 

(1970) using the soft rot bacterium, Erwinia camegieana (donated for 

this purpose by Dr. S. Alcorn, Dept. of Plant Pathology, University of 

Arizona). The cacti were cut into sections and placed in plastic bags, 

while the bacterium was stirred into a water solution and dumped onto 

the cactus. The cactus was then incubated in the plastic bag at 27°C 

for two to seven days. Each cactus had a characteristic odor and con

sistency when rotted. Saguaro was always very wet and soft, and attain

ed its characteristic odor only after several hours to a day out in the 

field. Senita was semi-soft and moist but not wet. The odor was always 

pungent sweet. 



RESULTS 

Effective Trapping Range of D. Nigrospiracula 

On January 16, 1971 a study was set up at the hill study site to 

determine the distance from which bait will attract nigrospiracula. 

Fermenting bananas were used as bait for two reasons: 1) bananas have 

been shown to be the best attractant for desert Drosophila (Johnston and 

Heed 1971), 2) the differences between individual traps can be minimized 

by plotting the ratio of D_̂  nigrospiracula captured to total flies cap

tured. A total of 15 traps were set out in 5 triangles with a minimum 

distance between baits of 20, 40, 60, 80, and 100 feet. A pattern simi

lar to the one used is shown in Figure 1. Traps were collected on 

January 18, 20, and 26. All captured flies were taken to the laboratory 

for identification and counting. It was anticipated that the number of 

flies per trap would increase with distance between traps until the maxi

mum attractive range of the traps was reached. 

The results are presented in Table 3. A total of 518 flies were 

captured, including 162 D. nigrospiracula. One of the baits at 20 feet 

developed a leak before the second collection and was noticeably odorous 

as a result. The corresponding collection of this trap contained 18 D. 

nigrospiracula. 1 IK_ hamatofila. 3 D̂ . mettleri. and 3 Ih_ pseudoobscura. 

This is nearly 7 times the average collection of D̂ _ nigrospiracula at 

this distance, yet an average number of the other species. The raw num

bers of flies captured show no clear trend with distance. Yet the 
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Table 3. Attractive Radius of Banana Traps 

The numbers are totals over three traps and three collections on January 18, 20 and 
26, 1971. The traps were set out in triangles at the hill study site. 

Distance D. nigrospiracula D. hamatofila D. mettleri D. pseudoobscura 
between traps male female total male female total male female total male female total 

20 feet 31 38 69 21 12 33 17 25 42 9 11 20 

40 feet 17 14 31 11 6 17 10 5 15 8 3 11 

60 feet 9 18 27 28 14 42 18 14 32 6 16 22 

80 feet 3 9 12 10 8 18 4 3 7 7 12 19 

100 feet 14 9 23 36 12 48 13 11 24 4 2 6 
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ratio of the numbers of IK_ nigrospiracula to the total flies captured 

gives: 

Distance between baits 20 40 60 80 100 

Per cent D. nigrospiracula 42.1 41.9 22.0 21.4 22.8 

The largest per cent nigrospiracula was with the traps closest to

gether, with a sharp decrease with the traps 60 feet or further apart. 

No.clear trend is present in the other species. The absence of rotted 

saguaro or other cacti in the immediate area of the study and the sharp 

decrease with distance in per cent of total catch argues against local 

conditions obscuring the expected increase. 

A necrotic saguaro suitable for rearing D̂ _ nigrospiracula is 

extensive and highly odorous. It is proposed that the amount of odor is 

very important in the attraction of this fly and only traps placed 

closely together stimulated D. nigrospiracula to seek them out. The in

creased number of D̂ _ nigrospiracula at the leaking bait at 20 feet is 

therefore explicable as a direct consequence of the increased odor. The 

flies which rear from rotting opuntia, hamatofila and IK_ pseudo

obscura, did not respond to the amount of odor and did not show a con

sistent decrease with distance. The response of mettleri to distance 

and baits was intermediate between EL_ nigrospiracula and IK_ hamatofila 

and D_j_ pseudoobscura. 

These results were not anticipated from the observations by 

Dobzhansky and Epling (1944) on pseudoobscura. In a much larger ex

periment, they showed a reasonably well defined attractive radius for 

banana bait of 30+ meters. The few D. pseudoobscura captured above do 

not vitiate this conclusion. The results of an experiment in which 
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large numbers of another desert adapted Drosophila, D. pachea, were cap

tured are included for comparison. 

Effective Trapping Range of D. Pachea 

At 3:00 P.M. on November 27, 1970 eighteen bag traps containing 

rotted senita cactus (Lophocereus schottii) were set out on an open 

thornscrub 30 miles northeast of Puerto Lobo, Sonora, Mexico. The traps 

were set out as shown in Figure 1 in a series of triangles. The trian

gles were constructed so that the minimum distances between each set of 

traps were from 10 to 60 feet with 10 feet increments. An attempt was 

made to minimize th.e effect of local variation in vegetation by choosing 

an area free of the local giant cacti - organ pipe (Lemairocereus thur-

beri). senita and saguaro - for 500 feet to all sides of the traps. The 

traps were collected at 7:00 P.M. November 28 by first closing all traps 

and subsequently aspirating flies from the traps. The number of flies 

per trap are given in Table 4. Flies that escaped during aspirating or 

became stuck in the cactus are listed as unidentified. The numbers of 

flies captured were very high for a desert collection. The numbers of 

flies per trap ranged from 39 in the number three trap at 10 feet to 356 

in the number two trap at 40 feet. Further, with the exception of 7 D. 

mojavensis. all of the 2497 identified flies were pachea. The 303 

unidentified flies are therefore included as D_;_ pachea in the total 

counts. The second and third traps at 30 feet and the second trap at 50 

feet were not collected until the morning of November 29, and are not 

included in the table. Overnight condensation in these traps killed the 

majority of the flies. 



• Location of a bag trap 

Figure 1. Trapping Pattern for Attractive Radius of Senita Bait 
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Table 4. Pachea Captured on Senita Bait 

Numbers of pachea captured on senita baited bag traps 
November 28, 1970 northeast of Puerto Lobo, Sonora, Mexico. 

Distance Trap Males Females Unidentified Totals 
between traps number 

10 feet 1 33 32 10 75 
2 17 29 29 75 
3 13 22 4 39 

20 feet 1 136 156 25 317 
2 39 42 7 88 
3 30 58 1 89 

30 feet 1 92 119 27 238 
2 
3 -

40 feet 1 56 96 10 162 
2 139 174 43 356 
3 84 156 22 262 

50 feet 1 106 124 18 248 
2 
3 82 138 53 273 

60 feet 1 55 76 11 142 
2 97 145 25 267 
3 55 89 18 162 
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When the average number of flies per trap per distance is 

graphed as in Figure 2, a smooth curve results. Competition between 

traps which reduces the number per trap at short distances decreases at 

greater distances between traps until a plateau is reached at or near 

the maximum attractive radius. This plateau is reached at 30 feet in 

the males and at slightly over 40 feet in the females. Since the female 

is responsible for choosing an oviposition site, the difference between 

the two plateaus may reflect a real difference between the sexes. Local 

field conditions do not seem to be a major factor in the results, as the 

two traps which were closest to each other in the 10 feet and 400 feet 

triangles gave the most disparate results. Further, the 20 feet traps, 

which were surrounded by other sets of traps, gave results which were 

consistent with both the 10 and 30 feet traps. The decline in numbers 

at 60 feet was not altogether unexpected. The flies' natural substrate, 

senita cactus (Heed and Kircher 1965) occurs in clumps up to 40 feet 

across. There are often a variety of new and old rot pockets within 

each, clump. A dispersing fly must first make a choice between clumps of 

cacti, and then a rot within that clump. It now seems reasonable to 

suppose that a clump of cactus will be by-passed if it does not produce 

a collective odor sufficient to induce the fly to seek a rot pocket 

within the clump. 

We find from the results of trapping that D̂ _ nigrospiracula and 

D. pachea have adapted to the different characteristics of their sub

strates. D. nigrospiracula breeds in one large arm (or the entire 

necrotic stem) of a giant saguaro cactus; D. pachea breeds in several 

small arms within a large clump of senita cactus. A saguaro arm gives 
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off a strong localized odor, the intensity of which is directly de

pendent upon the size and condition of the rot. In comparison it is 

possible to detect differences in the amount of odor coming from dif

ferent clumps of senita, as the odor is often from a combination of old 

and new rot pockets and can be generally detected throughout the clump. 

It is only with some difficulty that one necrotic senita arm can be 

singled out from the odor. We find that D̂ _ nigrospiracula is adapted 

to respond to an intense localized odor. It was captured in the largest 

relative numbers when the traps were closest together. In comparison 

D. pachea is sensitive to an odor which is spread over a wider area, and 

responded to traps 40 to 50 feet apart. 

The attractive radius of D̂ _ pseudoobscura is over 90 feet 

(Dobzhansky and Epling 1944). It breeds in the forest, and presumably 

upon oak tree slime flux and slime flux of other trees. The nature of 

the breeding sites is too poorly known to predict the response of the 

fly to the trapping scheme used for D̂ _ pachea and D̂ _ nigrospiracula, 

however there is no reason to believe that the attractive radius would 

differ from the 90 feet observed by Dobzhansky and Epling. We may postu

late that the attractive radius is larger for this species either because 

it is a generalist species and not keyed to one particular substrate, or 

because the substrate of pseudoobscura (let us assume it is slime 

flux) is patchy and either occurs in several trees in an area or is ab

sent from the area. The most efficient searching procedure for D. 

pseudoobscura in such a situation would be to respond only to a large 

area of attraction. A trapping scheme of the type used here would be 

helpful in determining the correct alternative. 
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Dispersal Studies Using Baits 

At 6:00 P.M. each evening of January 17, 18, 19 and 21, and on 

February 4, 1971, Drosophila niarospiracula were captured at a rotted 

cactus one mile east of the Catalina Highway on the south side of Sol

dier's Trail Road. The captured flies were analysed and marked with one 

of 4 fluorescent pigments in the laboratory at The University of Arizona. 

Marked flies were released at the capture site at 3:00 P.M. the day fol

lowing capture. The total flies released on January 18, 19, 21 and 21 

were 135, 115, 70 and 60. Each days release was marked with a different 

colored pigment. The marking pigments used on successive days were 

numbered 1757, 2220, 2225 and 2210. The flies were captured by aspira

ting from the rotted cactus and from plastic bag traps baited with 

rotted saguaro and placed 6.1 meters apart out to 48.8 meters to the 

east, west, and south of the rotted cactus. The road prevented placing 

traps to the north of the cactus. The southern traps extended into a 

small gravel wash, while the eastern traps extended into open land domi

nated by burr sage and creosote. The western traps extended into an 

area of saguaro, mesquite and paloverde. The weather over the 10 day 

period was very stable with highs in the afternoon from 27°C to 30°C and 

lows from 2°C to 4°C. The average temperature at 6:00 P.M. was 23°C. 

The wind did not blow measurably during the entire period and the rela

tive humidity at 5:00 P.M. was stable at 15 percent. 

Estimation of Mean Daily Dispersal 

A total of 1079 flies were captured in the 5 day collecting 

period, including 82 marked flies or 21% of the flies released. The 



captures were not randomly distributed among the traps. The baits to 

the west attracted more flies than the east and south traps combined. 

Fifteen of 97 flies captured in the western traps were marked, while 

only 1 of 30 flies was marked in the eastern traps and only 2 flies were 

marked of the 46 flies caught in traps to the south. All other flies 

were captured within 3 meters of the origin. The use of different mark

ing pigments on successive release days permits the data to be summarized 

as recaptures from the day of release (Table 5). Recaptures at 1.5 and 

3.0 meters represent flies captured on a large fallen arm beneath the 

standing rot, which attracted flies until it dried out after the fifth 

day. When movement is treated as essentially unidirectional, as is ap

propriate here, the mean distances moved are 1.4 meters, 4.8 meters, 10.5 

meters, and 19.4 meters for 3 hours, 1 day, 2 days and 3 days after re

lease respectively (Table 6). The standard errors for each of the above 

estimated means are 0.5 meters, 2.2 meters, 4.8 meters and 10.2 meters. 

There was a difference between the mean dispersal of males and females 

after three hours and after one day. During the first three hours males 

moved an average of 2.5 meters as against 1.0 meter for the females. 

After one day the males moved 8.8 meters and the females moved an 

average of only 1.5 meters. Movement was the same for both sexes after 

2 days or more. The maximum distance moved by any single fly was 36.6 

meters in one day by one male. 

Estimation of Population Size 

We can estimate the population at the origin using the samples 

captured from zero to three meters from the origin, noting that the 



Table 5. Results from Baited Dispersal Studies 

Marked males and females are listed first followed by the total D. nigrospiracula captured. 

Time 
after 
release 0 meters 5 m 10 m 

3 hrs 3,18-182 4,4-31 3,2-49 

1 day 3,7-91 0,3-31 0,0-32 

2 days 3,1-37 1,0-13 0,0-9 

3 days 1,1-35 1,0-7 0,0-0 

4 days 2,1-35 1,1-13 0,0-0 

5 days 1,0-21 0,0-0 0,0-0 

6 days 0,0-6 0,0-0 0,0-0 

7 days 1,0-6 0,0-0 0,0-0 

8 days 0,0-6 0,0-0 0,0-0 

Distance from point of release 

20 m 40 m 60 m 80 m 100 m 120 m 140 m 160 m 

0,0-15 1,1-10 0,0-6 0,0-10 0,0-8 0,0-5 0,0-0 0,0-0 

4,0-29 0,1-18 1,0-7 0,0-10 0,0-11 1,0-12 0,0-0 0,0-0 

1,0-30 0,1-20 0,1-13 1,0-15 0,0-14 0,0-15 1,0-8 0,0-10 

0,0-15 1,0-14 0,0-9 0,0-10 1,0-6 0,0-12 1,0-8 0,1-10 

0,0-15 0,0-10 0,0-8 0,0-10 0,0-6 0,0-11 0,0-8 0,0-10 

0,0-1 0,0-2 0,0-7 0,0-5 0,0-3 0,0-4 0,0-8 0,0-3 

0,0-3 0,0-1 0,0-0 0,0-2 0,0-0 0,0-0 0,0-11 0,0-2 

1,0-3 0,0-1 0,0-0 0,0-2 0,0-0 0,0-0 0,0-11 0,0-2 

1,0-3 0,0-1 0,0-0 0,0-2 0,0-0 0,0-0 0,0-7 0,0-2 

N3 oo 
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Table 6. Summary of Baited Dispersal. 

Saguaro baits set out at 6.1 meter intervals out to 48.8 
meters. Data from Table 5. 

Time from release to recapture 

3 hrs 1 day 2 days 3 days 4-8 days 

Total marked 380 

Total recaptures 36 20 10 7 9 

Mean distance 1.4m 4.8m 10.5m 19.7m -

Maximum distance 12.2 m 36.5 m 42.7 m 48.8 m 42.7 m 
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population had dispersed across this area in three hours. Since we 

expect little mortality in three hours, we can estimate the population 

from the Lincoln index P = a X n / r where a is the number released at 

time zero, n is the total capture at time zero, and r is the number re

captured at time zero. We get P = 380 X 262 / 34 = 2928 with a standard 

deviation of 684 (Southwood 1966). An estimate which is probably less 

biased is obtained if we consider only the marked flies that were avail

able for capture at 6:00 P.M. for the value of a, or total release. Two 

flies were captured at 40 feet and were therefore outside the 3 meter 

capture area being considered. We will assume that with a full circle 

of baits a total of four flies would have been caught in the traps. 

Some flies remained in the vials from which they were released and were 

therefore not part of the population sampled. The number of such flies 

was estimated to be one fourth of the total (based upon field notes 

taken at 6:00 P.M. each evening). The number of flies available for 

capture is estimated as 380 X 3/4 - 4 = 281. The revised population 

estimate is P = 281 X 262 / 34 = 2165 with a standard deviation of 346. 

Dispersal Time between Natural Substrates 

In the absence of rare rotting barrel cacti, the only breeding 

sites for D. nigrospiracula in the Tucson area are rotting saguaro cacti. 

Once a cactus dries out a fly must move to find a new breeding site. A 

sample from the cacti included in this study provides a minimal estimate 

of the distance between necrotic cacti: 51m, 60m, 61m, 88m, 92m, 110m, 

126m, 165m, 225m, 232m. 

Mean distance 121 ± 40.8 meters 
Mean travel time 10.6 to 48.3 days Mean 25.2 days 
Minimum time 1.4 to 6.3 days Mean 3.3 days 



The most mobile individual captured in the baited experiment would reach 

a neighboring necrotic cactus in 1.4 to 6.3 days, with a mean travel 

time of 3.3 days. In regions of low cactus density the travel time 

would be much higher. The time between cacti for the population as an 

average would be from 10.6 to 48.3 days with an average travel time of 

25.2 days. For the average fly, even the minimal estimate is well be

yond the physiological capability of food and water storage. 

When we seek a reason for the low estimated dispersal rate, we 

find that despite the excellent recapture rate of 21% of the total re

leased flies, the curve formed by plotting flies against distance is 

highly leptokurtic. The measured kurtosis is 11.91 as against 3.0 

expected for a normal distribution (Wright 1968). A leptokurtic dis

tribution is not only peaked in the center, but more importantly has a 

very long flat tail at the extreme of the distribution. With a lepto

kurtic distribution the total observed dispersal can be due to a 

minority of individuals which move relatively great distances. 

Leptokurtic distributions have been observed for all studies of 

this type to date. The leptokurtosis observed by Dobzhansky and Wright 

(1943) with D. pseudoobscura averaged 8.88 the first day after release. 

The kurtosis decreased on subsequent days until it was an average of 3.21 

or nearly Gaussian by the sixth day after release. Three separate ex

periments on D_j_ willistoni reported by Burla et al. (1950) gave observed 

kurtosis values of 4.56, 4.57 and 3.5 for the distribution of marked 

flies with distance after one and one half to three and one half days 

from release. A fourth experiment conducted at lower temperatures gave 



a kurtosis of 46.0. The extremely large kurtosis was almost certainly 

due to the cold temperatures. Very few flies moved from the release 

site, yet flies that did move made initial flights of sufficient dura

tion to account for most of the kurtosis. The origin of leptokurtosis 

in the remainder of the experiments has never been fully explained, but 

as pointed out by Burla et al. (1950, p 396), "it may arise if some of 

the released flies are stimulated to take at least one long flight, 

while most disperse at slower rates: it may come about also if some of 

the flies are weak and are unable to move at normal speed." An excep

tionally attractive site near the release site will also affect the 

kurtosis. Wright (1968, p 82) discussing the 1943 experiment which 

produced the greatest decrease in kurtosis with pseudoobscura (the 

third experiment) points out that the "point of release was in the cen

ter of a region (radius about 100 m) of low frequency of wild flies, 

surrounded in all directions by frequencies that rose by two or three 

times as much at 160 to 300 meters from the center." The extremely 

large decrease of kurtosis after the first day can be explained by the 

"U-shaped distribution of attractiveness." When the above experiment 

was omitted from the analysis, the differences between observed and 

expected kurtosis estimates could be explained as due partly to flies 

moving beyond the trap lines and partly due to excess movement from the 

highly crowded release site. We can contrast these results with those 

of Richardson (1969) on ID̂  aldrichi. Here flies were passively labeled 

as they fed on a central bait. There was no crowding effect due to 

released flies. Further dispersal seemed to be symmetrical about the 
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central bait. Yet, it was observed that "leptokurtosis is a distinct 

and consistent property of the dispersal distribution" (Richardson 1969, 

p 175). We conclude here that the kurtosis must have resulted from 

flies moving beyond the traps, or was caused by the tendency of some 

flies to move and some to stay at home ("movers" versus "home bodies") 

or both. 

D« nigrospiracula produced a leptokurtic distribution for a num

ber or reasons: 1) Flies certainly moved beyond the range of the traps. 

This is evident from the studies based upon natural substrates. Yet, it 

should be pointed out that the extent to which this was true could in no 

way be predicted from the results of the trapping studies. 2) The cen

tral cactus and the western trap line were clearly the most attractive 

areas. With larger numbers of flies it might have been possible to ob

serve a sharp decrease of kurtosis with time, as in the D̂ _ pseudoobscura 

experiments. However, the attractive cactus at the center piled the 

distribution up at the center and would probably have produced lepto

kurtosis even after several days from release. 3) The values used to 

calculate kurtosis were based upon flies released over four successive 

days. To the extent that the data was inconsistent from day to day the 

resultant compound distribution would be leptokurtic. Further, the 

small numbers captured each day produced sampling error which of itself 

increased kurtosis. 4) Finally our opinion is that the movement of 

flies is not the same for all subunits of the population; and there 

exists a portion of the population which will move in the presence or 

absence of suitable substrate. These flies are captured moving between 

natural substrates in subsequent experiments reported below. The 
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remainder of the population are "home bodies" whose movement depends 

upon the presence of an attractive site, or some other environmental 

variable. These "home bodies" are relatively sedentary as long as bait 

or natural substrates are available. This opinion is based upon obser

vations made upon insects moving between natural substrates and is 

discussed after the experiments based upon naturally occurring necrotic 

saguaros. 

Dispersal between Natural Substrates 

The First Experiment 

On January 26, 1971 the Drosophila on two rotting saguaros 100 

meters apart at the hill study site were sprayed with fluorescent powder 

from 1:00 P.M. until 1:45 P.M. and again at 4:00 P.M. until 4:30 P.M. 

The study was designed to determine the amount of exchange occurring be

tween two neighboring necrotic cacti, and was further intended to demon

strate the effectiveness of spraying marking pigments directly onto 

flies in the field. 

One of the sprayed cacti (1-H) was black with two fallen arms, 

yet had several hundred flies at the time of marking with pigment 2267. 

The other cactus (2-H) was north of 1-H on the south slope of the hill, 
* 

6 to 7 meters above the other. Cactus 2-H was only partially rotted and 

had less than 100 total flies. All of these were sprayed with pigment 

2210. A collection of four flies from each cactus at 5:00 P.M. showed 

that the flies were clearly marked on all parts of their bodies and es

pecially on their thoraxes. The yellow and green dusts were clearly 

distinguishable together or on separate flies. 
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Collections were made for equal periods of time at each cactus 

at 3:00 P.M. on each day of January 27, 28, 29 and 30 and again on 

February 4. The high temperatures for the collection days were 20, 22, 

23, and 22°C. The corresponding low temperatures were 1, 1, 2, and 

1°C. The wind blew from south to north every afternoon in puffs of 7 to 

10 knots, but settled to a gentle breeze or calm by 6:00 P.M. February 

3 was extremely windy with gusts over 30 knots. The collection on Feb

ruary 4 in a heavy wind produced only 4 flies. All four flies were on 

1-H and all four were heavily marked with pigment 2267. The results 

from the January collections are shown in Tables 7 and 8. The large 

proportion of marked flies reflects the finding that newly emerged flies 

and newly arrived flies soon pick up markings from the markings on the 

saguaro and on other flies. Unmarked flies are presumed to be very new 

arrivals. Heavily marked flies captured and placed onto banana food in 

the laboratory were compared to unmarked flies from a prior collection. 

Marked and unmarked flies did not differ in fecundity or in longevity. 

The heavily marked flies retained their markings for life. 

A total of 345 flies were captured over the four day trapping 

period, including 297 IK_ nigrospiracula and 48 mettleri. A total of 

12 D̂ _ nigrospiracula and 2 D̂ _ mettleri were exchanged between the cacti 

(Figure 3), with exactly even numbers of each sex. This represents an 

exchange rate of 1.0% per day for both species. The exchange between 

the two populations was nonreciprocal. Ten D. nigrospiracula moved 

against the wind from 2-H to 1-H, while only 2 moved from 1-H to 2-H. 

The difference is much more striking when one considers that the marked 



36 

Table 7. D. Nigrospiracula Captured at Cacti 1-H and 2-H 

Date Time Cactus Pigment on captured 
D. nigrospiracula 

2267 2210 None Total 

1-26-71 1:00 P.M. Sprayed 1-H 2-H 
4:00 P.M. As shown 1-H 2-H 

1-27-71 3:00 P.M. 1-H 45 1 0 46 
27 1 0 28 

5:00 P.M. 2-H 0 20 0 20 
0 6 0 6 

1-28-71 3:00 P.M. 1-H 13 0 2 15 
8 1 1 10 

5:00 P.M. 2-H 1 9 3 13 
0 13 3 16 

1-29-71 5:00 P.M. 1-H 22 3 1 26 
24 1 2 27 

3:00 P.M. 2-H 0 11 5 16 
0 9 7 16 

1-30-71 1:30 P.M. 1-H 23 1 3 27 
20 2 3 25 

2-H 0 2 1 3 
1 1 1 3 



Table 8. D_j_ Mettleri Captured at Cacti 1-H and 2-H 
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Date Time Cactus 

1-26-71 1:00 P.M. Sprayed 
4:00 P.M. As shown 

1-27-71 3:00 P.M. 1-H 

5:00 P.M. 2-H 

1-28-71 3:00 P.M. 1-H 

5:00 P.M. 2-H 

1-29-71 5:00 P.M. 1-H 

3:00 P.M. 2-H 

1-30-71 1:30 P.M. 1-H 

2-H 

Pigment on captured 
D. mettleri 

2267 2210 None Total 

1-H 2-H 
1-H 2-H 

2 0 0 2 
4 0 0 4 

0 0 0 0 
0 2 0 2 

1 1 0 2 
0 0 0 0 

0 4 1 5 
0 2 0 2 

2 0 1 3 
1 0 0 1 

0 1 3 4 
1 3 3 7 

7 0 0 7 
6 0 1 7 

0 0 1 1 
0 0 1 1 
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Figure 3. Observed Exchange Between Cacti l-H and 2-H 
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population on 1-H was estimated from field notes to be better than 5 

times larger than that on 2-H. Further, the collections on 1-H re

presented a sample of the total population, while equal collecting time 

at 2-H resulted in capture of the majority of the flies at the cactus. 

Two factors, a steady wind from 1-H to 2-H and drying out of cactus 2-H 

combined to make the exchange nonreciprocal. We see further examples 

of the influence of these two factors below. 

The Second Experiment 

On February 12, 1971 again at the hill study site but 1 mile 

northwest of 1-H a large necrotic cactus 4-H and an arm fallen from the 

cactus 5-H were separated into two rots 18.3 meters apart. The arm was 

carried south down a slope and placed on a flat clear area. Moving the 

arm caused a mass exodus of the resident population and flies could be 

seen flying about along the path traveled by the cactus. The cacti were 

separated at 1:00 P.M. but were not marked until the flies had settled 

down at 5:00 P.M. The main cactus 4-H had several hundred flies which 

were sprayed heavily with 2210. The arm 5-H was split open in moving 

and attracted about 60 very active flies which were marked with 1757. 

Collections were made at 8:30 P.M. on February 13 and on February 16. 

The temperature at the time of collection was 20°C to 22°C. A total of 

157 D̂ _ nigrospiracula and 57 D̂ _ mettleri were captured over the four day 

trapping period (Tables 9 and 10). At cactus 5-H, 13% (6/46) of the D. 

nigrospiracula were marked from 4-H. This represents an average migra

tion rate of 3.25% per day (Figure 4). No immigrant flies were captured 

at 4-H. The collections at 5-H represented nearly every fly at this 



Table 9. D. Nigrospiracula Captured at Cacti 4-H and 5-H 
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Date Time Cactus Pigment on captured 
D. nigrospiracula 

2210 1757 None Total 

2-12-71 5:00 P.M. Sprayed 4-H 5-H 

2-13-71 8:20 P.M. 4-H 33 0 0 33 
40 0 0 40 

9:20 P.M. 5-H 1 3 5 9 
1 7 6 14 

2-15-71 9:20 P.M. 4-H 2 0 0 2 
11 0 0 11 

8:20 P.M. 5-H 0 0 0 0 
3 0 1 4 

2-16-71 8:30 P.M. 4-H 4 0 1 5 
20 0 0 20 

9:30 P.M. 5-H 1 0 9 10 
0 0 9 9 



Table 10. D̂ _ Mettleri Captured at Cacti 4-H and 5-H 

Date Time Cactus Pigment on captured 
D. mettleri 

2210 1757 None Total 

2-12-71 5:00 P.M. Sprayed 4-H 5-H 

2-13-71 8:20 P.M. 4-H 21 0 0 21 
13 0 0 13 

9:20 P.M. 5-H 2 4 9 15 
2 2 4 8 

2-15-71 9:20 P.M. 4-H 0 0 0 0 
0 0 0 0 

8:20 P.M. 5-H 0 0 0 0 
0 0 0 0 

2-16-71 8:30 P.M. 4-H 0 0 0 0 
0 0 0 0 

9:30 P.M. 5-H 0 0 0 0 
0 0 0 0 
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cactus, while 5-H was only moderately sampled. This plus the fact that 

1757 was difficult to detect made it unlikely any flies from 5-H would 

be collected at 4-H. 

A total of 57 IK_ mettleri were captured on February 13, but none 

were captured subsequently. The breeding site of D^_ mettleri was not 

known at the time of the study, however it is reasonable to assume that 

the ground beneath the 5-H arm had been wet but dried up after the arm 

was moved. This would explain why no D. mettleri were captured after 

February 13. Flies leaving 4-H made up 17.4% (4/23) of the D. mettleri 

captured at 5-H on February 13. 

The Third Experiment 

On April 9, 1971 a study was conducted on the dispersal between 

5 necrotic cacti all within 256 meters of one another on opposite sides 

of a small ridge 2 miles south of the hill study site. Saguaros 11-H 

and 12-H were located 50 meters apart on the east side of the ridge. 

Saguaro 13-H was 90 meters west of 12-H and over the crest of the ridge. 

Saguaro 14-H was 60 meters west of 13-H and 15-H was another 90 meters 

west of 14-H (Figure 5). The southernmost cactus (11-H) was an old rot, 

completely black with intermittent dripping juice, but with up to a 

thousand flies. This cactus fell apart the night of April 11 exposing a 

large area of semi-wet necrotic tissue. Saguaro 12-H was necrotic over 

50% of the surface. Several small streams of juice ran down the northern 

side of the cactus. The flies were much easier to locate on this cactus 

than on 11-H because the surface was less broken up with dried out tis

sue, but even taking this into account, the number of flies at 12-H was 



estimated from field notes to be 1 1/2 times that at cactus 11-H. Cac

tus 13-H was very old with only 14 flies. Cactus 14-H was newly rotted 

and 3/4 green. Beneath arms on both the northeast and northwest sides 

the tissues were breaking down rapidly and liquid poured out in several 

small streams. Flies had collected at these streams in numbers equal to 

those at 12-H. Fifteen-H was an old rot and attracted flies only on the 

morning of April 11. Cacti 11-H, 12-H and 14-H were sprayed with pig

ments 2210, 2267 and 2200 respectively. The 14 flies at 13-H were 

sprayed with 1745. Fifteen-H was never sprayed. 

The cacti were collected by aspirating from 10:00 A.M. until 

2:00 P.M. on April 10, from 7:30 P.M. to 11:30 P.M. on April 11, and 

from 5:30 P.M. to 7:30 P.M. on April 12. A total of 842 flies were col

lected , including 816 nigrospiracula, 25 EL_ mettleri (Tables 11 and 

12). No migrant individuals of D. mettleri were collected. Five and 

five tenths percent (46 individuals) of the captured D. nigrospiracula 

were migrants. The total flies captured on 11-H, 12-H and 14-H were 

nearly equal (283, 273 and 269 respectively) but the exchange of flies 

between cacti was distinctly nonreciprocal (Figure 5). The largest num

ber of migrant individuals (24) came from cactus 11-H, which was drying 

out. Twenty flies moved from 11-H to the nearest cactus 12-H, 50 meters 

away. Three flies moved from 11-H to 14-H, 158 meters away and over the 

ridge. One of the flies captured at 13-H was from 11-H. Flies from 

12-H moved nearly equally to 11-H and to 14-H. Seven flies moved 50 

meters to 11-H, while 5 moved 155 meters and over the ridge to 14-H. 

The 14 flies marked at 13-H left the drying cactus before the next days 
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Table 11. Ih_ Nigrospiracula Captured at Cacti 11-H, 12-H, 13-H, 14-H 
and 15-H 

Date Time Cactus Pigment on captured 
D. nigrospiracula 

2210 2267 2225 2200 None Tot; 

9:30 A.M. Sprayed 11-H 12-H 13-H 14-H 

10:00 A.M. 11-H 36 0 0 0 0 36 
44 0 0 0 0 44 

11:00 A.M. 12-H 8 49 0 0 0 57 
2 44 0 0 0 46 

12:00 A.M. 14-H 0 0 1 47 0 48 
0 2 0 60 0 62 

10:30 P.M. 11-H 41 1 0 0 0 42 
42 0 0 0 0 42 

9:30 P.M. 12-H 5 36 0 0 0 41 
4 63 0 1 1 69 

11:30 P.M. 13-H 1 0 0 0 0 1 
0 0 0 0 1 1 

8:30 P.M. 14-H 2 2 0 53 0 57 
1 1 0 64 0 66 

7:30 P.M. 15-H 6 0 0 2 0 8 
6 0 0 0 0 6 

5:30 P.M. 11-H 1 0 0 2 31 34 
3 6 0 3 67 79 

7:30 P.M. 12-H 1 15 0 0 1 17 
0 36 0 0 5 41 

6:30 P.M. 14-H 0 0 0 0 4 4 
0 0 0 2 13 15 
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Table 12. D. Mettleri Captured at Cacti 11-H, 12-H, 13-H, 14-H and 15-H 

Date Time Cactus 

4-09-71 9:30 A.M. Sprayed 

4-10-71 10:00 A.M. 11-H 

11:00 A.M. 12-H 

12:00 A.M. 14-H 

4-11-71 10:30 P.M. 11-H 

9:30 P.M. 12-H 

11:30 P.M. 13-H 

8:30 P.M. 14-H 

7:30 P.M. 15-H 

4-12-71 5:30 P.M. 11-H 

7:30 P.M. 12-H 

6:30 P.M. 14-H 

Pigment on captured 
D. mettleri 

2210 2267 2225 2200 None Total 

11-H 12-H 13-H 14-H 

1 
2 

0 
1 

1 
1 

0 0 
0 0 

0 0 0 
0 2 0 

0 0 0 
0 0 0 

0 0 
0 0 

0 0 0 
0 0 0 

0 0 0 
0 0 0 

0 0 0 
0 0 0 

0 0 0 
0 0 0 

0 0 
0 0 

0 0 0 
0 0 0 

0 0 0 
0 0 0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

2 
5 

0 
0 

0 
0 

0 
0 

1 
0 

0 
0 

0 
0 

8 
1 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

1 
2 

0 
2 

8 
1 

0 
1 

0 
0 

0 0 
0 0 

2 
5 

0 
0 

1 
1 

0 
0 

1 
0 
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collections. One of these flies was collected at 14-H. Only 8 flies 

were captured as migrants from 14-H. The majority of these (5) moved 

163 meters and over the ridge to 11-H. One fly moved from 14-H to 12-H 

and 2 moved from 14-H to 15-H. 

One observation stands out from a comparison of daily migration 

records. Cactus 11-H had attracted only 2 migrants out of 187 flies by 

April 11, and had contributed 23 of the 34 migrants captured to that 

time. After 11-H fell apart on the night of the 11th the large area of 

cactus exposed attracted a large number of flies. One hundred thirteen 

of the 190 flies collected on April 12 were at 11-H. Of the 14 migrants 

captured April 12, 11 were captured at 11-H. Further out of 116 new un

marked flies captured that day, 98 were captured at 11-H. The marked 

differences in the captures at 11-H prior to and after the cactus fell 

apart underscores the danger of studying migration using artificial 

baits. Again it is suggested that movement is highly keyed to the 

amount and availability of food. 

The.Fourth Experiment 

On April 11-15, 1971, a study was conducted on five cacti in two 

groups separated by 871 meters at an area five miles south of the hill 

study site. Now a residential area called Indian Hill number 2, the 

area was formerly unmarked by roads or traffic with vegetation typical 

of the hill site. The site was chosen because the saguaro were at a low 

density compared to the hill. Saguaros 17-H, 18-H and 19-H were due 

south of saguaros 20-H and 21-H. Eighteen-H and 19-H were healthy cacti 

10 meters south of the large rotting cactus 17-H. Twenty-H was a large 



fallen one on a small hill 15 to 20 meters high. Twenty-one-H was a 

healthy cactus 5 meters east of 20-H. The flies at 17-H were sprayed 

heavily with 2210 at 6:00 P.M. April 11. Collections were made at 20-H 

on April 12 and 13. Cactus 21-H was collected on April 12. No col

lections were made on April 14. Cactus 20-H was sprayed heavily with 

2267 at 7:00 P.M. April 13. On April 15 all the cacti were collected 

from 8-10:00 P.M. The high temperatures for April 11, 12, 13, 14 and 

15 were 34, 33, 33, 32, 28 and the low temperatures were 7, 10, 8, 17, 

6 and 6°C. 

A total of 327 flies (including 246 Ih_ nigrospiracula and 81 D. 

mettleri) were captured over the 4-day collection period (Tables 13 and 

14). Twenty-nine flies were migrants for an overall migration of 8.9%. 

Two facts stand out from these collections. First, the collections at 

the live cacti differed from collections at rotted cacti. Immigrants at 

rotted cactus 20-H accounted for 8.7% of the D. nigrospiracula and 2.7% 

of the D. mettleri (Figure 6). At rotted cactus 17-H immigrants made up 

3.8% of the total catch of 26 D. nigrospiracula. In contrast 21-H had 

16.6% immigrant D. nigrospiracula and 28.6% immigrant D. mettleri. Cac

tus 18-H and 19-H had 12.5% and 35.7% D. nigrospiracula from the distant 

20-H cactus. It is possible that local of "home-body" flies do not 

leave the rotted cactus as readily as migrant individuals. The converse 

is that migrants are particularly active flies and leave the rotted cac

tus at night more frequently than the population as a whole. Another 

possibile explanation is that the nighttime dispersal of several members 

of one rotted cactus took them to the cactus where they collected as 
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Table 13. D^_ Nlgrospiracula Captured at Cacti 17-H, 18-H, 19-H, 20-H 
and 21-H 

Date Time Cactus Pigment on captured 
D. nlgrospiracula 

4-11-71 6:00 P.M. 

4-12-71 10:00 P.M. 

4-13-71 6:00 P.M. 

7:00 P.M. 

4-15-71 8:00 P.M. 

9:00 P.M. 

10:00 P.M. 

11:00 P.M. 

Sprayed 

20-H 

21-H 

20-H 

Sprayed 

20-H 

19-H 

18-H 

17-H 

2210 

17-H 

1 
0 

1 
0 

1 
1 

20-H 

10 
2 

3 
3 

5 
5 

7 
4 

2267 

0 
0 

0 
0 

0 
0 

66 
19 

3 
2 

1 
1 

1 
0 

None 

18 
1 

3 
2 

25 
26 

8 
6 

2 
1 

3 
1 

9 
5 

Total 

19 
1 

4 
2 

26 
27 

84 
27 

8 
6 

9 
7 

17 
9 
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Table 14. D^_ Mettleri Captured at Cacti 17-H, 18-H, 19-H, 20-H and 
21-H 

Date Time Cactus Pigment on captured 
D. mettleri 

4-11-71 

4-12-71 

4-13-71 

4-15-71 

6:00 P.M. 

10:00 P.M. 

6:00 P.M. 

7:00 P.M. 

8:00 P.M. 

9:00 P.M. 

10:00 P.M. 

11:00 P.M. 

Sprayed 

20-H 

21-H 

20-H 

Sprayed 

20-H 

19-H 

18-H 

17-H 

2210 

17-H 

0 
0 

0 
2 

0 
0 

2 
0 

0 
0 

0 
0 

0 
0 

2267 

0 
0 

0 
0 

0 
0 

20-H 

8 
0 

0 
0 

0 
0 

0 
0 

None 

21 
8 

3 
2 

5 
28 

2 
0 

0 
0 

0 
0 

0 
0 

Total 

21 
8 

3 
4 

5 
28 

12 
0 

0 
0 

0 
0 

0 
0 



52 

21 - H 6 N 
7 M 

20-H 

tn W 
4> 
0> 
E 

£ 
oo 

" " " f t  

W 
lr I-

25N 
OM 

Figure 6. Observed Exchange Between Cacti 17-H, 18-H, 19-H, 20-H and 
21-H 

N = D^_ nigrospiracula, M = EL_ mettleri. Arrows with numbers 
represent direction and number of dispersing individuals. 



migrants. The difference between the live and rotted cacti is so large 

that both of the above may be operating. A second observation, that must 

be made is that the above exchange rates are very high for cacti 871 

meters apart. This experiment was sandwiched between experiments 3 and 

5 at the hill site. No comparable exchange was seen in either of these 

experiments although the weather conditions were similar for the three 

experiments. The low density of saguaro in the area is the most likely 

explanation for the high exchange rate. In particular, it seems likely 

that in an area of low density, flies leaving the cactus at night will 

move greater distances to find a live saguaro, and consequently move 

greater distances in search of a rotted cactus in the morning. This is 

discussed further below. 

The Fifth Experiment 

On April 22, 1971 cacti 11-H, 12-H, 14-H and 15-H were resampled 

at the hill study site. Cactus 11-H was nearly dry. The top had fallen 

from cactus 12-H. A sample of 44 flies from 14-H showed that none of the 

flies at this cactus retained their markings, supporting the conclusion 

that 2200 is a poor permanent marker. Cacti 11-H and 12-H were resprayed 

on April 23 with 2210 and 2267 - the same pigments used in experiment 

three. Collections were made on April 24, 25, 26 and 27 at all the cac

ti. In addition, a live cactus 16-H, 2 meters south of 11-H was collect

ed on April 26. The wind blew east to west during the entire collection 

period at average speeds of 2 to 5 knots. The high temperatures for 

each day of April 22, 23, 24, 25, 26 and 27 were 22, 28, 29, 27, 22 and 

28°C. and the low temperatures were 8, 8, 10, 13, 8 and 7°C. 
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The results from the collections are given in Tables 15 and 16 

and are summarized in Figure 7. Only markings from 2210 and 2267 could 

be determined with certainty. A total of 927 flies were captured in

cluding 808 Ih_ nigrospiracula and 119 mettleri. Ninety D_j_ nigrospira-

cula and 14 D^_ mettleri were migrant individuals. This represents an 

exchange rate between cacti of 11.2 and 11.8 for the two species. The 

large rate of exchange is in part due to the accumulation of migrants 

from the third experiment on April 9. However, the majority of the mi

grants reflect the fact that 11-H, which had supported a large popula

tion, dried out. Fully 12.3% (65/527) of the D. nigrospiracula at 12-H 

were from 11-H. This percentage is particularly impressive when we 

consider that the flies caught at 12-H represent a small sample of the 

flies at the cactus and the true number of migrants was in the hundreds. 

In comparison, only 6.7% (3/45) of the D. nigrospiracula at 11-H were 

from the larger and more populated rot 12-H. D_;_ mettleri movement was 

opposite that of D. nigrospiracula in that 4.1% of the D. mettleri at 

12-H (3/73) were from 11-H, while 12.2% of the flies at 11-H (1/8) were 

from 12-H. The disparity between 11-H and 12-H is clearly not because 

flies refused to leave 12-H. Sixteen flies flew to 14-H from 12-H as 

opposed to 5 from 11-H. One fly flew 240 meters from 12-H to 15-H, 

where it made up one quarter of the captured flies. Dispersal to 14-H 

and 15-H was with the prevailing wind. Dispersal against the wind could 

not be estimated. 

These results show that when nigrospiracula are forced to 

move because its substrate dries up, large numbers of flies move to the 



Table 15. Nigrosp iracula Captured at Cacti. 11-H, 12-H, 14-H, 15-H 
and 16-H 

Date Time Cactus Pigment on captured 
D. nigrospiracula 

2210 2267 None Total 

4-22-71 12:00 P.M. 14-H 0 0 20 20 
0 0 22 22 

4-23-71 2:00 P.M. Sprayed 11-H 12-H 

4-24-71 5:45 P.M. 11-H 13 2 0 15 
8 0 0 8 

5:00 P.M. 12-H 12 77 0 89 
6 45 0 51 

6:30 P.M. 14-H 0 2 23 25 
0 0 22 22 

4-26-71 8:00 P.M. 11-H 10 0 0 10 
8 1 0 9 

7:00 P.M. 12-H 6 43 0 49 
10 59 0 69 

5:00 P.M. 14-H 0 3 31 34 
1 1 57 59 

6:00 P.M. 15-H 0 0 2 2 
0 1 1 2 

9:00 P.M. 16-H 15 0 0 15 
5 0 0 5 

4-27-71 10:00 P.M. 11-H 2 0 0 2 
1 0 0 1 

11:30 P.M. 12-H 17 86 0 103 
13 82 0 95 
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Table 15. Continued. 

Date Time Cactus Pigment on captured 
D. nigrospiracula 

2210 2267 None Total 

4-27-71 1:00 A.M. 14-H 1 5 20 26 
2 3 26 31 

5-02-71 11:00 P.M. 12-H 0 8 8 16 
1 9 45 55 

12:30 A.M. 14-H 1 1 6 8 
0 1 6 7 

2:00 A.M. 16-H 0 0 1 1 
0 1 0 1 
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Table 16. D. Mettleri Captured at Cacti 11-H, 12-H, 14-H, 15-H and 
16-H 

Date Time Cactus Pigment on captured 
D. mettleri 

2210 2267 None Total 

4-22-71 12:00 P.M. 14-H 0 0 2 2 
0  0  1 1  

4-23-71 2:00 P.M. Sprayed 11-H 12-H 

4-24-71 5:45 P.M. 11-H 4 0 0 4 
3 0 0 3 

5:00 P.M. 12-H 0 24 0 24 
0 11 0 11 

6:30 P.M. 14-H 0 0 0 0 
0 0 0 0 

4-26-71 8:00 P.M. 11-H 0 0 0 0 
0  1 0  1  

7:00 P.M. 12-H 0 2 0 2 
0 0 0 0 

5:00 P.M. 14-H 0 10 1 
.0 0 0 0 

6:00 P.M. 15-H 0 0 3 3 
0  0  1 1  

9:00 P.M. 16-H 0 0 0 0 
0 0 0 0 

4-27-71 10:00 P.M. 11-H 0 0 0 0 
0 0 0 0 

11:30 P.M. 12-H 3 20 0 23 
0 13 0 13 



Table 16. Continued 

Date Time Cactus Pigment on captured 
D. mettleri 

2210 2267 None Total 

4-27-71 1:00 A.M. 14-H 1 5 13 19 
0 3 11 14 

5-02-71 11:00 P.M. 12-H 0 0 0 0 
0 0 0 0 

12:30 A.M. 14-H 0 0 0 0 
0 0 0 0 

2:00 A.M. 16-H 0 0 0 0 
0 0 0 0 



14- H 12-H 

527N 
2I2N < 
34M 

!6Nr9M 

ro in 

16-H 

N 
A 

11.3% observed exchange Wind^-

Figure 7. Observed Exchange Between Cacti 11-H, 12-H, 14-H, 15-H and 16-H 

N • JD;_ nigrospiracula. M = mettlerl. Arrows with numbers represent direction and 
number of dispersing individuals. In 



nearest suitable substrate. The 65 migrants from 11-H to 12-H are 

a portion of the flies that moved from 11-H to 12-H. In contrast a 

steady low level of migration occurs between cacti which are suitable 

substrates. These migrants move effectively between cacti 50 meters a-

part or 200 meters apart. Three flies (6.7% of the capture) moved 50 

meters from 12-H to 11-H, while 16 flies (7.5% of the capture) moved 163 

meters from 12-H to 14-H. There is a suggestion that the low frequency 

migrants pass up suitable food sources as they move, as shown by the one 

individual who passed 14-H in going from 12-H to 15-H. In addition we 

note that these individual migrants will move with a prevailing wind, 

and will travel over a ridge to a suitable substrate in preference to a 

closer but drying cactus. 

The Sixth Experiment 

On January 17, 1972 dispersal and population structure were 

studied at four necrotic cacti in the Silverbell I.B.P. site. Flies 

were counted at each cactus prior to marking. The four cacti studied 

formed a north-south line. The northernmost cactus 1-S was large and 

green. This cactus was studied over several experiments until it dried 

up the first week of May. Cactus 2-S was an older cactus 243 meters to 

the south which supported a population until the second week of February. 

Cactus 3-S was a small fallen arm which maintained a wet central core 

until the first week of February. Cactus 4-S was a large green cactus 

with a necrotic section on the southeast side of the cactus extending 

from 1 meter up to 4 meters. This cactus was unique in that it was 

never really wet, yet maintained enough moisture to support a population 



of flies until the second week of May. Further, the flies on 4-S were 

found hiding beneath spines on the east side of the cactus. Only a 

portion of the population fed on the several wet areas available. This 

behavior avoided the afternoon sun which struck a large portion of the 

necrotic area. Flies at 1-S and at 2-S were marked on two separate oc

casions. Three hundred flies at 1-S were marked with 2210 on January 

17, followed by 418 flies marked with 2245 on January 19. At cactus 2-S, 

230 flies were sprayed with 2267 on January 17, while 152 flies were 

sprayed with 2220 on January 19. The high temperatures for January 17, 

18, 19 and 21 were 23, 21, 21, 20, and 20°C. and the low temperatures 

were 7, 9, 8, 8 and 8°C. The wind averaged 3-5 knots north to south for 

most of the daylight hours. 

The results of the experiments are shown in Tables 17 and 18 and 

summarized in Figure 8. A total of 1510 D. nigrospiracula were captured 

over five days. A total of 59 of these flies were migrants, which gives 

an observed population exchange of 3.9%. Cactus 1-S contributed 59% 

(35/59) of the migrant D. nigrospiracula. Flies from 1-S made up 4.5% 

(20/445) of the population at 2-S, 243 meters away, 9.7% of the popula

tion at 3-S, 290 meters away, and 2.9% (9/314) of the population at 4-S, 

485 meters away. In contrast D. nigrospiracula from 2-S made up 2.1% 

(15/689) of 1-S, 243 meters away, 8.1% (5/62) of 3-S, 51 meters away 

and 1.3% (4/314) of the flies at 4-S, 262 meters away. Cactus 3-S had 

the largest percentage of migrants, because it had a small resident 

population, and was a suitable stopping point for moving flies. A 



Table 17. D. Nlgrosplracula Captured at Cacti 1-S, 2-S, 3-S and 4-S 

Date Time Cactus 

1-17-72 12:00 A.M. Sprayed 
as shown 

1-18-72 1:00 P.M. 1-S 

12:00 A.M. 2-S 

2:00 P.M. 3-S 

3:00 P.M. 4-S 

1-19-72 2:00 P.M. 1-S 

1:00 P.M. 2-S 

3:30 P.M. 4-S 

Pigment on captured D. nigrospiracula 
2267 None Total 

300 
2-S 230 

0 14 49 
0 2 14 

17 12 29 
12 17 29 
0 5 5 
0 4 4 

0 25 25 
0 18 18 

0 11 125 
0 7 59 

2 4 25 31 
0 4 16 20 

0 49 50 
0 35 35 

2210 

1-S 

35 
12 

0 
0 
0 
0 

0 
0 

16 98 
6 46 

0 
0 

1 0 
0 0 



Table 17. Continued. 

Date Time Cactus 
2210 

1-19-72 6:00 P.M. Sprayed 
as shown 

1-20-72 7:00 P.M. 1-S 0 5 
1 1 

2-S 1 1 
0 0 

3-S 1 0 
1 0 

4-S 1 0 
0 0 

1-21-72 3:00 P.M. 1-S 4 2 
1 1 

2-S 0 2 
1 3 

3-S 0 0 
1 0 

4-S 0 0 
1 0 

1-22-72 4:20 P.M. 1-S 0 3 
0 0 

Pigment on captured D. nigrosplracula 
2267 2245 2220 None Total 

1-S 2-S 

.1 0 19 17 0 0 51 93 
0 0 6 8 0 0 25 41 

0 2 0 0 4 16 16 40 
0 2 0 0 0 20 17 39 

0 0 1 0 0 0 12 14 
0 0 0 0 0 0 10 11 

0 0 2 0 0 0 28 31 
0 0 2 0 0 0 36 38 

1 0 1 19 0 2 23 52 
0 0 1 10 0 2 25 40 

2 0 1 0 5 12 23 45 
0 1 1 0 3 7 13 29 

00 10 00 9 10 
0 0  1 0  0 0  . 3  5  

1 0 0 0 1 0 28 30 
0 0 0 0 0 0 17 18 

0 2 1 16 3 0 92 117 
1 1 0 4 0 0 48 54 



Table 17. Continued. 

Date Time Cactus Pigment on captured D. nigrospiracula 
2210 2267 2245 2220 None Total 

1-22-72 4:20 P.M. 2-S 0 2 4 13 2 1 1 2 31 56 
1 0 3 12 0 0 2 4 22 44 

3-S 00 00 00 00 1 1 
0 0  0 0  0 0  1 0  1  2  

4-S 0 1 1 0 0 0 0 0 13 15 
00 00 00 00 15 15 

1-23-72 2:00 P.M. 1-S 1 2 0 0 0 4 0 0 14 21 
0 0" 0 1 0 8 0 1 14 24 

2-S 0 0 1 8 0 3 1 3 44 60 
10 14 00 00 17 23 

3-S 00 00 00 01 3 4 
00 00 00 13 2 6 

4-S 0 0 0 0 0 0 0 1 26 27 
0 1  0 0  0 1  0 0  1 0  1 2  



Table 18. D. Mettlerl Captured at Cacti 1-S, 2-S, 3-S and 4-S 

Date Time Cactus Pigment on captured D. mettlerl 
2210 2267 None Total 

1-17-72 12:00 A.M. Sprayed 1-S 300 
as shown 2-S 230 

1-18-72 1:00 P.M. 1-S 11 0 3 14 
3 0 1 4 

12:00 A.M. 2-S 0 2 2 4 
0 12 3 

2:00 P.M. 3-S 0 0 0 0 
0 0 0 0 

3:00 P.M. 4-S 0 0 0 0 
0 0 0 0 

1-19-72 2:00 P.M. 1-S 1 8 0 2 11 
1 3 0 0 4 

1:00 P.M. 2-S 10 2 0 5 8 
0 0 0 0 2 2 

3:30 P.M. 4-S 0 0 0 12 12 
0 10 1 1 



Table 18. Continued. 

Date Time Cactus 
2210 

1-19-72 6:00 P.M. Sprayed 
as shown 

1-20-72 7:00 P.M. 1-S 0 1 
0 0 

2:00 P.M. 2-S 0 0 
0 0 

3:40 P.M. 3-S 0 0 
0 0 

5:20 P.M. 4-S 0 0 
0 0 

1-21-72 6:00 P.M. 1-S 0 1 
0 0 

5:00 P.M. 2-S 0 0 
0 0 

4:00 P.M. 3-S 0 0 
0 0 

3:00 P.M. 4-S 0 0 
0 0 

Pigment on captured D. mettleri 
2267 2245 2220 None Total 

1-S 
2-S 

00 34 00 5 13 
00 13 00 4 8 

12 00 14 4 12 
00 00 02 7 9 

0 0  0 0  0 0  0  0  
0 0  0 0  0 0  0  0  

00 00 00 4 4 
00 00 00 3 3 

00 31 01 1 7 
00 13 00 0 4 

12 01 03 9 16 
02 00 0 0 3 5 

0 0  0 0  0 0  1  1  
00 00 00 0 0 

0 0  0 0  0 0  8  8  
0 0  0 0  0 0  1  1  



Table 18. Continued. 

Date Time Cactus Pigment on captured D. mettleri 
2210 2267 2245 2220 None Total 

1-22-72 3:00 P.M. 1-S 0 0 0 0 2 16 0 1 1 20 
00 01 03 01 0 5 

4:00 P.M. 2-S 0 1 0 0 0 0 0 6 3 10 
00 00 00 02 3 5 

5:00 P.M. 3-S 00 00 00 00 1 1 
0 0  0 0  0 0  0 0  1  1  

6:00 P.M. 4-S 00 00 00 00 0 0 
0 0  0 0  0 0  0 0  0  0  

1-23-72 2:00 P.M. 1-S 00 00 00 00 0 0 
0 0  0 0  0 0  0 0  0  0  

4:00 P.M. 2-S 0 0 0 0 0 0 1 1 10 12 
00 00 00 10 4 5 

5:00 P.M. 3-S 00 00 00 00 0 0 
00 00 00 00 3 3 

3:00 P.M. 4-S 00 00 00 00 5 5 
00 00 00 00 4 4 
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larger absolute number of migrants was captured in the samples from 

other cacti. In particular, 9 flies passed 3-S in going from 1-S to 

4-S. 

A total of 225 D. mettleri were captured in the same collections. 

Eight of these were migrant giving an observed exchange of 3.6%. Cactus 

1-S contributed 37.5% (3/8) of the migrants. These were all captured at 

2-S where they made up 3.3% (3/91) of the population. Four flies were 

migrants from 2-S to 1-S where they made up 4.4% (4/90) of the popula

tion. Four flies were migrants from 2-S to 1-S where they made up 4.4% 

(4/90) of the population. One of the 38 D^_ mettleri at 4-S was from 

2-S, 262 meters away. 

The population estimate for 1-S for January 19 is 354 (40 D. 

mettleri and 314 D. nigrospiracula) with a standard deviation of 26.2 

while the total flies counted at this cactus on January 19 at 6:00 P.M. 

was 418. The population estimate at 2-S for January 19 is 189 (33 D. 

mettleri and 156 D. nigrospiracula) with a standard deviation of 21.3, 
\ 

while the counted population at 6:00 P.M. was 152. Two conclusions can 

be drawn from the close agreement between the counted and estimated pop

ulations. Either the population estimates are biased and the popula

tions at the cacti were larger than estimated, or the population at the 

saguaros at this time of year represent the total population in the 

immediate area. In other words, very few flies are flying or sitting 

between cacti during the day, and a visual count of the flies at the cac

tus provides a census of the flies in the immediate area. 

There is an indication that flies at 2-S moved preferentially 

into the wind. Nineteen flies moved upwind to 1-S, a total distance of 



70 

243 meters, where they were captured in a sample of the total flies at 

the cactus. Only 10 flies were captured downwind, 5 of which were cap

tured in the exhaustive census of flies at 3-S, 51 meters away, and 5 of 

which were captured in the nearly exhaustive samples taken at 4-S, 262 

meters away. The large dry wash (60 meters wide bank to bank) was not 

a barrier to dispersal, since 14 flies moved from 1-S to 2-S across it. 

The Seventh Experiment 

On February 16, 1972, 5 old necrotic cacti at the Silverbell 

site provided the first extensive study of mettleri dispersal and 

population structure. A very wet cactus 10-S located 506 meters east of 

1-S had several large fallen sections rotted on the ground surrounding 

a short black very wet stump. Cactus 11-S was very old with all but the 

bottom 2 meters rotted away. Cactus 12-S and cactus 13-S were young 

cacti 22.9 meters apart which rotted after being pushed over and smashed 

during recreational vehicle studies at the site. Cactus 14-S was a very 

large cactus 512 meters east of 10-S which had fallen into many large 

pieces about a short, stout central stem. Several pieces were rotting 

and supporting flies. The cacti were sprayed from 3:00 P.M. until 5:30 

P.M. on February 16 and the number of sprayed flies recorded. Two hun

dred fourteen flies were sprayed with 2210 at cactus 10-S. Fourteen 

flies were sprayed with 1757 at 11-S. One hundred fifteen flies were 

sprayed with 2245 at 12-S, while 75 flies were sprayed with 2210 at 13-S. 

Finally 260 flies were sprayed at 14-S with pigment 2220. It was pos

sible to collect all the cacti using two collectors on February 17. On 

February 18 the two largest, most distant cacti 10-S and 14-S were 



collected from 3:00 P.M. until 6:00 P.M. Cactus 1-S was sprayed with a 

mixture of 1757 and 2200 at 6:30 P.M. Cactus 1-S was collected on Feb

ruary 19 along with cactus 10-S and 14-S. The high temperatures for Feb

ruary 17, 18 and 19 were 23.6, 27 and 29.4°C. and the low temperatures 

o 
were 6.0, 6.3 and 8.7 C. respectively. The wind each day was from the 

south at 2-3 knots during the mornings but made a complete switch to the 

north at 4-5 knots by 3:00 in the afternoon. 

A total of 1370 flies were collected, including 701 D. nigro-

spiracula and 669 D_;_ mettleri (Tables 19 and 20). Five hundred D. 

mettleri were captured along with 228 EL_ nigrospiracula at 10-S. The 

larvae of D^_ mettleri were first discovered here in the soil beneath a 

fallen arm of cactus 10-S. 

The total captures at each cactus and the movement between the 

cacti are summarized in Figure 9. The observed exchange of D. nigro-

spiracula between cacti was 6.1% (43/701), while the observed exchange 

of D. mettleri was 4.7% (32/669). The overall observed exchange rate 

was 5.5% in three days. The two species did not behave the same during 

this experiment. The movement of D. mettleri was entirely toward cac

tus 10-S. D. nigrospiracula moved among most of the cacti. A total of 

7 D. nigrospiracula and 15 D. mettleri (7cf, 8?) moved from 1-S to 10-S, 

a distance of 506 meters in one day. The movement in the opposite di

rection, from 10-S to 1-S, was limited to one heavily marked female D. 

nigrospiracula. Three nigrospiracula flew 512 meters from 14-S to 

10-S the first day after marking. The total movement between the two 

cacti after three days was by 9 EL_ nigrospiracula and 1 IK_ mettleri. 



Table 19. D. Nlgrosplracula Captured at Cacti 1-S, 10-S, 11-S, 12-S, 13-S and 14-S 

Date Time Cactus Pigment on captured D. nigrospiracula 
2267 2220 2210 2245 1757 None Total 

2-16-72 3:00 P.M. Sprayed 10-S 14-S 13-S 12-S 11-S 

2-17-72 3:00 P.M. 10-S 4 30 20 00 00 00 3 39 
4 26 10 00 00 00 7 38 

4:00 P.M. 11-S 00 00 00 00 01 0 1 
0  0  0 0  0 0  0 0  0 1  0  1  

5:00 P.M. 12-S 00 00 13 3 18 00 1 25 
00 00 33 5 28 00 6 45 

6:00 P.M. 13-S 00 00 26 00 00 0 8 
00 00 3 12 00 00 1 15 

7:00 P.M. 14-S 00 4 44 01 01 00 5 55 
00 4 41 00 00 00 7 52 

2-18-72 3:30 P.M. 10-S 36 01 11 11 00 15 29 
3 13 02 11 11 00 20 42 

5:30 P.M. 14-S 00 2 15 00 01 00 10 28 
00 5 22 03 00 00 17 47 

6:30 P.M. Sprayed -- -- -- -- 1-S 

2-19-72 3:00 P.M. 1-S 0 0 0 0 0 0 0 0 9 37 15 61 
10 00 00 00 8 45 19 73 



Table 19. Continued. 

Date Time Cactus Pigment on captured D. nigrospiracula 
2267 2220 2210 2245 1757 None Total 

2-19-72 5:00 P.M. 10-S 3 21 0 1 0 0 0 0 2-2 17 46 
1 12 00 00 00 03 18 34 

4:00 P.M. 14-S 10 23 10 00 00 19 26 
01 1 10 00 01 00 20 36 



Table 20. D. Mettlerl Captured at Cacti 1-S, 10-S, 11-S, 12-S, 13-S and 14-S 

Date Time Cactus Pigment on captured D. mettlerl 
2267 2220 2210 2245 1757 None Total 

2-16-72 3:00 P.M. Sprayed 10-S 14-S 13-S 12-S 11-S 

2-17-72 3:00 P.M. 10-S 18 73 0 0 3 0 0 0 0 0 12 106 
4 61 00 10 10 00 4 71 

4:00 P.M. 11-S 00 00 00 00 00 0 0 
0 0  0 0  0 0  0 0  0 0  0  0  

5:00 P.M. 12-S 00 00 00 19 00 3 13 
00 00 00 1 13 00 3 17 

6 : 0 0  P . M .  1 3 - S  0 0  0 0  3 2  0 0  0 0  0  5  
00 00 03 00 00 0 3 

7:00 P.M. 14-S 00 0 18 00 00 00 2 20 
00 05 00 00 00 0. 5 

2-18-72 3:30 P.M. 10-S 14 45 0 0 2 0 0 2 0 0 39 102 
6 44 12 00 20 00 35 90 

5:30 P.M. 14-S 00 04 00 00 00 5 9 
00 05 00 00 00 3 8 

6:30 P.M. Sprayed 1-S 

2-19-72 3:00 P.M. 1-S 0 0 0 0 0 0 0 0 2 20 14 36 
10 00 00 00 2 19 8 29 



Table 20. Continued. 

Date Time Cactus 
2267 

2-19-72 5:00 P.M. 10-S 10 32 
2 20 

4:00 P.M. 14-S 0 0 
0 0 

Pigment on captured D. mettleri 
2220 2210 2245 1757 None Total 

0 0 0 0 0 0 4 3 23 72 
0 1 0 0 0 0 1 7 28 59 

0 2 0 0 0 0 1 0 10 13 
0 1 0 0 0 0 0 0 10 11 
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Ten nigrospiracula flew from 13-S to 12-S, while 5 Ih_ nigrospiracula 

flew 340 meters from 13-S to 14-S and 3 Ih_ nigrospiracula flew 378 

meters from 12-S to 14-S. Four D. nigrospiracula were captured at 10-S 

from each of cacti 12-S and 13-S, while 5 and 6 D_;_ mettleri were captur

ed at 10-S from the respective cacti. 

The extremely directed movement of D^_ mettleri can be seen if we 

consider that 5.4% of the flies at 10-S were migrants, while no D. met

tleri were captured out of 167 at other cacti. If we assume equal move

ment between all the cacti, the probability of capturing zero D. mettleri 

among the 167 flies captured at all other cacti is given by a binomial 

expansion to be less than .00013. The percent movement between the 

other cacti must be less than 1.8% before the probability of catching no 

migrants out of 167 flies raises even to 5%. We can safely conclude, 

therefore, that p^_ mettleri movement is extremely directed toward those 

cacti which provide suitable substrates. 

The population sizes at cacti 10-S, 12-S, 13-S and 14-S are 

estimated by several methods in Appendix B. Cacti 14-S had the largest 

population, estimated at 3718 with the Lincoln index and 12% migration 

per day. The range in the estimated population size at this cactus, 

from several other estimation procedures was 1967 to 4225. The popula

tion at cactus 10-S was estimated to one half as large, or 1541. Cacti 

12-S and 13-S were estimated to have populations of 912 and 256 respec

tively. These estimates depend upon a rather arbitrarily chosen migra

tion rate of 12% and cannot, therefore be given a suitable variance 

estimate. The relative magnitude of the estimates should be correct, 



however, even if the accuracy of the estimates is in doubt. These pop

ulation sizes lie squarely between those for Experiment six in January, 

and those from Experiment eight in March, and reflect the build up of 

the populations at all the saguaros as the weather warms. Unfortunately 

these experiments terminated in April and the time of the corresponding 

population decline cannot be accurately placed. The flies counted on 

the cacti prior to marking represented only one third or less of the 

total estimated populations. It is not known if this fraction repre

sents the fraction sampled or the margin of error in the estimates. 

Again, however, the relative sizes should be correct. 

The Eighth Experiment 

Beginning March 9, 1972, a month long study was conducted on 

flies at six cacti at the Silver Bell I.B.P. site. The nucleus of the 

studies was conducted with 3 cacti - cacti 1-S and 10-S from previous 

studies and a new cactus 21-S. Cactus 21-S was a large fallen cactus 6 

meters in length and 1 meter across, which was rotted across two- thirds 

of the cactus. A large dry wash (60 meters from edge to edge) ran along 

the southern border of the study site. Cactus 21-S was at the inter

section of the large wash and Silver Bell road. Cactus 22-S was an old 

cactus toward the western end of the wash, 927 meters from 21-S and 445 

meters southwest of 1-S. A small fresh cactus 23-S started rotting dur

ing the course of the experiment. Cactus 23-S was 98 meters north of 

1-S and supported a large population by the end of the experiment when 

1-S was drying out. Cactus 24-S was discovered the last day of the 

study, April 3. Cactus 24-S was 524 meters east of 10-S on a straight 



line with 1-S. An outline of the area is provided in Figure 10. Cacti 

1-S, 10-S and 21-S were marked from 2-6:00 P.M. March 9. Five hundred 

eighty flies were marked with 2210 at 1-S. Two hundred seventy eight 

flies were marked with 2267 at 10-S, and 520 flies were marked with 2220 

at 21-S. 

Collections were made on March 12, 17, 18, 19, 20 and on April 

2 and 3, 1972. The temperature and wind for these days are listed in 

Table 21. It was generally warm (30°C) each afternoon. Each morning a 

1-3 knot breeze blew from the southeast. By the late afternoon, the 

wind shifted to the north and blew at speeds of 5-8 knots. 

It was not possible to collect every cactus at each of the sam

pling occasions. Cactus 10-S was collected on March 12, but dried up by 

March 17. Cactus 21-S was collected on March 12, 17, 20 and on April 2. 

Cactus 22-S provided a collection only on March 18. The cactus was vi

sited again on March 20, but it had dried out and no flies were found. 

Cactus 23-S was first populated in sizable numbers on March 16, and was 

collected on March 18, 19 and on April 2. Cactus 24-S was collected 

April 3. The collections at 24-S provided both the oldest flies captur

ed and the greatest distance moved. One D. mettleri was deeply and 

heavily marked on the thorax at 24-S. This fly can be identified with 

certainty as one of the flies directly marked at 21-S - 25 days and 433 

meters earlier. The collections also provided the longest migration 

studies. One male D. nigrospiracula and one male D. mettleri traveled 

932 meters between 1-S and 24-S. 

The collection records are shown in Tables 22 and 23 and are 

summarized in Figure 10. A total of 2059 flies were captured, including 
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io-s 
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Figure 10. Observed Exchange Between Cacti 1-S, 10-S, 21-S, 22-S, 23-S 
and 24-S. 

N = IK. nigrospiracula, M = IK_ mettleri. Arrows with numbers 
represent direction and number of dispersing individuals. 
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Table 21. Weather Data from the Eighth Experiment 

Date Time Air 
Temp. 

Rel. 
Humid. 

Lang. Wind 
Speed 

Wind 
Dir. 

3-09-72 14:00 34.4°C 9% 1.1 6.7 204 

3-12-72 Not available 

3-17-72 17:00 29.2 8% 0.3 8.4 334 

18:00 27.8 8% 0.1 0.2 339 

3-18-72 10:00 26.3 11% 1.1 4.4 123 

16:00 30.9 7% 0.7 7.8 329 

17:00 30.3 9% 0.4 7.1 313 

3-19-72 10:00 26.1 12% 1.0 0.4 144 

16:00 29.0 10% 0.7 12.6 317 

3-20-72 8:00 17.5 37% 0.5 4.7 144 

9:00 21.5 27% 0.8 6.2 144 

10:00 25.2 19% 1.0 0.5 111 

4-02-72 10:00 25.8 9% 1.2 4.3 119 

11:00 28.4 8% 1.4 3.9 119 

4-03-72 14:00 29.1 11% 1.0 6.2 99 
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Table 22. Nigrospiracula Captured at Cacti 1-S, 10-S, 21-S, 22-S, 
23-S and 24-S 

Date Time Cactus Pigment on l captured 
nigrospiracula 

2267 2220 2210 None Totai 

3-09-72 2:00 P.M. Sprayed 10--S 21 -S 1 -S 

3-12-72 11:30 A.M. 10-S 2 5 0 1 1 0 14 23 
0 3 0 0 2 1 19 25 

12:30 P.M. 21-S 4 1 4 34 2 8 13 62 
0 3 0 6 3 11 29 52 

3-17-72 5:00 P.M. 1-S 0 1 0 1 5 18 118 143 
0 7 0 6 3 8 100 124 

6:00 P.M. 21-S 0 0 0 0 0 1 14 15 
0 1 0 0 0 1 14 16 

3-18-72 4:00 P.M. 22-S 0 3 2 0 0 1 25 31 
0 3 1 0 0 0 19 23 

5:00 P.M. 23-S 0 4 1 3 3 3 73 87 
0 2 1 2 1 0 100 106 

3-19-72 4:00 P.M. 23-S 0 0 1 2 4 1 182 190 
0 0 0 1 0 0 108 109 

3-20-72 8:00 A.M. 1-S 0 0 0 0 1 0 3 4 
1 1 0 0 0 3 8 13 

9:00 A.M. 21-S 0 1 2 7 0 2 6 18 
1 1 2 7 0 1 2 14 

4-02-72 10:00 A.M. 1-S 0 0 0 0 0 0 2 2 
0 0 0 0 0 0 1 1 

11:00 A.M. 23-S 0 0 0 0 0 2 27 29 
0 0 0 1 0 2 19 22 

4-03-72 2:00 P.M. 24- S 0 1 0 0 0 1 45 47 
0 3 0 0 0 0 25 28 
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Table 23. D. Mettleri Captured at Cacti 1-S, 10-S, 21-S, 22-S, 23-S 
and 24-S 

Date Time Cactus Pigment on captured 
D. mettleri 

2267 2220 2210 None Total 

3-09-72 2:00 P.M. Sprayed 10--S 21 -S 1 -s 

3-12-72 11:30 A.M. 10-S 10 5 1 1 3 1 16 37 
0 1 2 1 0 0 15 19 

12:30 P.M. 21-S 0 1 2 11 0 7 8 29 
0 1 3 11 0 8 8 31 

3-17-72 5:00 P.M. 1-S 0 2 2 4 24 34 116 182 
0 0 0 6 2 19 84 111 

6:00 P.M. 21-S 0 0 0 0 0 0 2 2 
0 1 0 0 0 0 1 2 

3-18-72 4:00 P.M. 22-S 0 2 1 1 3 4 74 85 
0 2 0 1 0 3 31 37 

5:00 P.M. 23-S 0 0 0 0 1 3 10 14 
0 1 0 1 0 1 2 5 

3-19-72 4:00 P.M. 23-S 0 0 0 0 1 0 0 1 
0 0 0 0 0 0 0 0 

3-20-72 8:00 A.M. 1-S 0 0 0 0 2 8 6 16 
0 0 0 0 1 2 14 17 

9:00 A.M. 21-S 0 0 0 4 1 0 2 7 
0 0 0 4 0 1 0 5 

4-02-72 10:00 A.M. 1-S 0 0 0 0 0 3 3 6 
0 0 0 0 0 1 1 2 

11:00 A.M. 23-S 0 5 1 2 1 2 105 116 
0 0 0 1 0 2 42 45 

4-03-72 2:00 P.M. 24-S 0 0 1 1 1 0 46 49 
0 0 0 0 0 0 57 57 



1184 Ih_nigrospiracula and 875 D^_ mettleri. One hundred and ninety 

seven flies were migrants. This gives an overall exchange rate of 9.6% 

(197/2059). The observed exchange for the two species was nearly iden

tical. The observed exchange of D. nigrospiracula was 112/1184 or 9.5%, 

whereas the observed exchange of D. mettleri was 85/875 or 9.7%. 

The estimated population at cactus 1-S on April 9, 1972 was 

3258, with a range in estimated size of 2012 to 27,000 (Appendix B). 

The estimated population at 10-S was 1642, or one half that of 1-S, 

while the population estimate at 21-S was 4928 or half again larger than 

that at 1-S and three times that at 10-S. If we take these as estimates 

of relative magnitude of the populations, if not of absolute size, and 

note that 1-S was much more heavily sampled than 10-S or 1-S, we can 

make several important observations. 

First, the largest number of D. nigrospiracula captured at 

22-S and at 24-S were from the cactus with the smallest population, 10-S. 

This reinforces the previous observation from Experiment 5 that a drying 

cactus contributes a disproportionate number of migrants to the popula

tion. Second, the large dry wash at the southern border of the area 

does not seem to hinder the movement of the population. Flies captured 

in Experiment 6 had flown across the same wash in moderate numbers. 

Here 6 flies moved between 21-S and 22-S, which are both on the wash and 

927 meters apart. Six flies becomes a more significant number when we 

note that only six flies moved 453 meters from 21-S to 10-S and only 2 

moved 932 meters from 1-S to 24-S. Note also that only 2 flies moved 

932 meters from 1-S to 24-S. With this scanty evidence, then it is 



attractive to suggest that the wash can serve as a flyway. The wash 

could increase the number of migrants along it either by directing the 

movement of the flies, by holding the odor of cacti along it, or simply 

by providing an edaphic zone favorable to flying insects. Third and 

last, the wind has influenced the pattern of dispersal. Of the 87 

migrants 46 flies moved 683 meters into the wind from 1-S to 21-S, yet 

only 22 flies moved the 98 meters to 23-S, and only 8 moved 408 meters 

to 10-S and 11 moved 408 meters to 22-S. The movement was directed into 

the gentle morning breeze. It is very satisfying to find this, because 

the morning dispersal from live cacti to rotted cacti discussed below 

provides a mechanism by which flies could respond in larger numbers to 

the morning wind. This is discussed further under evening dispersal and 

response to wind. 

The population density of nigrospiracula and D_^ mettleri can 

be estimated from the distance between cacti in Figure 10 plus the pop

ulation estimates for experiment eight. The estimate is made as follows. 

The six cacti in Figure 10 are each located within one hectare of land 

(10,000 square meters). Assuming that the population at each cactus is 

3200 or roughly the mean of the estimated populations at 1-S, 10-S and 

21-S, then the population density is 3200 flies per hectare or 829,000 

flies per square mile. Saguaro cacti in Arizona cover 26,590 square 

miles (based upon the distribution data in Benson, 1969, p. 111). The 

total population of the two species in Arizona is then 22 billion flies. 

Since both species extend into Sonora, Mexico and occupy cacti other than 

saguaro, the estimate of the entire population of D. nigrospiracula and 



D. mettleri throughout their range is on the order of 100 billion in

dividuals. The ratio of D. nigrospiracula to D. mettleri over the eight 

experiments was 5680 to 2080 or a little over 2 1/2 to 1. It remains 

for future studies to determine the effective populations these enormous 

numbers of flies can and do form. 

Supplementary Experiments 

Evening Dispersal 

At night a rotted saguaro is crawling with predators. Several 

species of Staphylinid bettles, pseudoscorpions, spiders, and even ants 

have been observed capturing and eating Drosophila during the course of 

these observations. The majority of Drosophila escape the cactus each 

night by flying to a nearby healthy saguaro to sit at the tip of a spine, 

facing inwards, with the tip of the abdomen even with the tip of the 

spine. From this position, the flies have been observed to watch for 

and avoid predators. On May 2, 1971 at 2:00 A.M. a large number of Dro

sophila remained at cactus 1-H, which was an old necrotic cactus. Two 

wolf Spiders (family Lycosidae) were seen feeding. One clearly had a 

Drosophila in its mouth parts. A path 10 cm. wide could be traced be

hind each spider where Drosophila had been chased away or eaten by the 

advancing spiders. On March 9, 1972 at cactus 1-S a small unidentified 

grey spider was observed from 8:00 P.M. until 12:00 P.M. During this 

period the spider made repeated attempts to capture Drosophila. As the 

spider approached a fly, the fly would turn and orient toward the spider. 

When the spider came within several centimeters, the Drosophila made a 

short flight to a nearby spine and again oriented toward the spider. 



The conclusion that the flies were watching for predators is unavoid

able. If this is true, it would seem a double advantage to a fly to 

seek out a healthy saguaro, where the predators are fewer and where 

darkly colored predators and shadows stand out against the light cac

tus surface. Several flies were observed sitting in the base of the 

groove between the saguaro ribs. These flies were frequently chased to 

the base of a spine by the spider, but in each case returned to the base 

of the groove. In strict contrast, the one fly chased from the spine to 

the groove, returned to the spine as soon as the spider had gone. This 

behavior has been observed on subsequent occasions and may represent a 

behavioral polymorphism. 

Both Ih_ nigrospiracula and mettleri sit on live saguaros at 

night. No other vegetation is used as a resting site. On April 11 and 

12, 1971, flies were collected at night from a 100-meter area about cac

tus 19-H. All vegetation was extensively searched for flies. A total 

of 21 flies were captured including 8 male and 5 female D_;_ nigrospira-

cula and 4 male and 4 female IK_ mettleri. Marking pigment on 2 D. 

nigrospiracula and on 1 D^_ mettleri proved they had once been marked at 

19-H. On August 15, 1971, Dr. Heed and members of the ecological gene

tics laboratory captured 29 male and 12 female Dj,_ nigrospiracula. All 

were captured at night and all were on healthy saguaros. 

Distance of Evening Dispersal. On March 16, 1972, at 5:00 P.M., 

580 flies on cactus 1-S were marked green. The flies were not visibly 

disturbed by the marking. At 8:00 P.M. the original cactus and all vege

tation for 46 meters about 1-S were searched for marked flies using a 



portable U.V. light. Flies were found exclusively on the 11 healthy 

saguaro in the area. Thirty-four of the original 580 remained at the 

origin, while 30 others were found on live cacti (Table 24). The mean 

observed distance was 26.0 ± 3.0 meters. The flies had been observed 

to leave the rotted cactus one half hour before dusk and fly up to a 

height of 8 to 10 meters before leaving. This behavior suggests that 

the flies seek out live cacti by visual cueing. Two pieces of evidence 

support this conclusion: 1) The live cacti were bunched to the south

west of 1-S with the mean distance 5.4 meters west and 10.64 meters 

south of 1-S. The mean distance the flies moved was similarly skewed 

9.6 meters west and 13 meters south of 1-S. The difference between the 

cactus and fly means are not significant, yet both are significantly 

skewed. 2) Only tall heavily spined cacti are sought out at night. In 

this experiment, the cactus at 21.3 meters was old and brown with few 

spines, and attracted no flies. The cactus at 31.4 meters was the 

shortest cactus in the area (2.7 meters) and attracted less flies than 

other taller cacti at 30 meters. The kurtosis measurement for nighttime 

movement is 3.2 versus 3.0 for a normal distribution. This is in strict 

contrast to the very large kurtosis (11.91) found for baited daytime 

movement. 

Mating A ctivity 

Preliminary evidence suggests that mating in IK_ nigrospiracula 

and D. mettleri is confined to newly arriving flies. Each morning as 

flies arrive from nearby healthy saguaros, mating activity is extensive. 

Old local males were successful in early morning mating. Mating 



Table 24. Evening Dispersal in D. Nigrospiracula and D. Mettleri 

Distance to Flies on Mean distance of fly 
cactus cactus from rotting source 

0.0 meters 34 26.0 3.0 meters 
8.8 meters 6 
11.3 3 
15.2 3 
21.3 0 
31.4 2 Kurtosis =3.2 
32.6 4 
32.6 3 
32.6 3 
37.5 3 
40.2 2 
45.7 2 



activity during the remainder of the day is limited to rare new ar

rivals. Migrant individuals are highly successful during afternoon 

mating. 

Crepuscular Mating Frenzy. On March 18 and 19, 1972, from 6:30 

A.M. until 9:00 A.M. flies were observed as they arrived at cactus 1-S 

from surrounding healthy cacti. The ambient temperature at 6:30 was 

o 
15.2 C and the temperature just under the surface of the cactus was 

16.2°C, as measured with a Schultheis Rapid Adjusting Thermometer. The 

fly population built up from 50 individuals at 6:30 until well over 400 

individuals by 9:00 A.M. Flies arriving at the cactus spaced themselves 

evenly across the available necrotic tissue. Males courted frantically. 

Wing flicking and chasing were universal. Each new arrival was met by 

4-6 courting males, which courted briefly but very actively. All cases 

of persistent courting resulted in mating. A total of 25 matings were 

carefully observed during the two mornings. Nearly all females fed 

passively during the duration of the matings. Four pairs were observed 

from mount to dismount, a period of 25 to 30 minutes in each case. 

Eight pairs were captured and analyzed for residual marking pigment from 

spraying on March 9. Six of the eight males were marked. Several males 

had missing bristles and all were heavily pigmented. Two of eight fe

males were marked. The frequency of mating D^_ nigrospiracula to D^_ met-

tleri (3/8) was consistent with the observed frequency of the species in 

the population. Feeding flies captured along with the mating pairs con

sisted of nigrospiracula (1 male and 9 females) and mettleri (3 

males and 12 females). The males were all unmarked, and had very little 
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pigment and bright eyes; they were probably immature. Two females were 

marked. The above observations have been corroborated on several sub

sequent occasions. 

Midday Migrant Mating Advantage. Mating activity during midday 

is confined to newly arriving flies. With careful observation it is 

possible to detect a fly as it arrives at the cactus and to observe a 

local and brief period of mating activity involving a total of 5 to 10 

flies. Mating pairs were captured at midday from 9 marked cacti over 

12 capture periods extending from January 18, 1971, to March 18, 1972. 

Twenty percent of the captured females (4/20) were migrants, while 10% 

of the males (2/20) were migrants. An additional 10% of the females 

and 15% of the males were newly arrived, unmarked individuals. The 

percentage of migrants in mating pairs is well above the one to five 

percent migrant individuals usually observed at the cacti. Intensive 

effort would be required to provide larger numbers of mating pairs, yet 

such a study is possible and could test the significance of the above 

observations. 

Response to Wind 

Wind Tube Experiments. The wind tube experiments were initially 

set up to study factors affecting the activity of D^_ nigrospiracula 

after Narise (1966). Eight experiments were conducted under different 

conditions of temperature and humidity, and under different levels of 

crowding, but with no air current. Less than 4% of the flies moved even 

one vial in 24 hours. At the suggestion of R. H. Mac Arthur an air cur

rent was added to the system. With a wind between 2 and 6 knots all, or 
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nearly all, of the flies moved at least one vial. The response of 11 

species of Drosophila over 3 replicates are shown in Table 25. The 

values given are total numbers of choices into each wind condition, for 

example, a fly which moved into the vial requiring two upwind choices 

was scored as two under the upwind column. The analysis of variance for 

the data from Table 25 based upon a two-way factorial experiment with 

replicates gives: 

Source Degrees of freedom Mean square 

Species 10 116.1818 

Air current 2 800.4345** 

Species X Air 20 509.6455** 

Error 66 97.9697 

** = significant at the .01 level 

The relatively large error term is due to a difference in total activity 

of the flies between mazes placed at the top or bottom of the incubator. 

This effect, (discovered after the experiment was run) was confounded 

with species effects and served to obscure what were certainly real dif

ferences in activity between different species. The effects of the wind 

direction both across all species and within each species were not af

fected by the level of the maze and were both highly significant. The 

significant air effect is due to an overall tendency of flies to move 

downwind. The air effect is nearly all due, however, to the very strong 

downwind response of three species - hamatophila, D. melanogaster, 

and Ih_ arizonensis. 

The most interesting effects are the significant species by air 

interactions. Species did not respond the same to air currents. D^_ 
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Table 25. Numbers of Decisions in Wind Tube Experiments 

One hundred flies released in a central tube were given a 
choice between moving upwind, downwind, into still air, or 
did not move. The total number of decisions made by the 
100 flies are listed by species. The three sets of numbers 
represent three replicates. 

Species Direction of movement 
Upwind Downwind Still Air 

hamatofila 2, 0, 8 43,28,21** 6, 2, 14 

IK. pseudoobscura 1, 5, 1 3,15, 6 0, 1, 2 

IL- nigrospiracula 30,23, 2 19, 8,18 33, 6, 9 

IK_ melanogaster 4, 1, 0 79,32,39** 19, 5, 2 

IK arizonensis 3, 0, 1 74, 5,31** 11, 1, 8 

JL. simulans 15,26,13 15,16,17 20,29, 6 

IK_ grisea 5, 3, 0 6, 4, 0 3, 1, 0 

IL. moiavensis 15, 0, 0 0, 0, 0 4, 0, 1 

IL. persimilis 6, 0,12 2,10,18 4, 7, 9 

ih_ brooksae 0, 0, 0 0,13, 1 3, 1, 1 

IK. loneicornis 3,30,44** 0, 2, 0 1,17, 9 

** Denotes significance at the .01 level 
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hamatofila and arizonensis and IK_ melanogaster showed significant 

downwind movement, whereas D. longicornis showed a significant tendency 

to move upwind. No species showed a significant tendency to move into 

still air. The most striking observation is that the largest dif

ferences occurred between sibling species. D. mojavensis was nearly 

sedentary, yet tended to go upwind, with no movement downwind. D. 

arizonensis. moved extensively and almost exclusively downwind. The 

differential response is highly significant between the two species. D. 

melanogaster was very active and moved almost exclusively downwind. Its 

sibling, simulans. was also active but moved equally into all three 

air conditions. D. persimilis was slightly more active than its sibling 

species, D. pseudoobscura. yet here, the two siblings performed the 

same. D. hamatofila and longicornis, which in Tucson are very simi

lar, if not siblings, and which frequently are reared from the same cac

tus, moved in opposite directions in the maze. D. hamatofila moved 

actively downwind, whereas D. longicornis moved equally actively upwind. 

Both responses are highly significantly different between the two spe

cies. The differences suggest that the response to wind is important 

for the coexistence of sibling species and for the maintenance of sym-

patry between similar species. Yet to my knowledge, a wind has never 

been specifically included in the many Drosophila behavior experiments 

performed to date. 

The original purpose of the experiment, to show a significant 

response of D. nigrospiracula to wind, was not achieved. D. nigro-

spiracula moved equally to all three air conditions, but slightly 



favored moving upwind. This response is comparable to the response ob

served in the field. 

Field Response to Wind. On January 26, 1972, at 12:20, 95 male 

and 80 female D_;_ nigrospiracula were marked with 2267 and released 40 

meters upwind of a newly rotting saguaro near red hill 5 miles south of 

the Silver Bell site. An equal number of flies were marked with 2220 

and released 40 meters downwind of the rot immediately after the release 

of the upwind batch. The flies were observed to fly upwards and dis

appear downwind. The wind blew steadily at 4-8 knots with little change 

in direction until 5:00 P.M. The average temperature at the cactus was 

19°C while ambient air temperature was 20.9°C. Flies were collected 

from 1:00 P.M. until 5:00 P.M. The total number of flies attracted to 

the cactus was very low. Only 43 flies (15 marked and 28 wild) were 

captured, and of these 3 had moved downwind, while 12 had moved upwind. 

The difference between the responses is significant at the .05 level 

(based upon the binomial distribution). Subsequent attempts to repeat 

these observations were vitiated by sharp changes in wind direction 

shortly after release. 

Reality ofWind Tube Experiments. D. mimica has been shown to. 

move almost exclusively into the wind. This has been shown to be true 

both in the field, and in the laboratory in a wind tube similar to the 

above (Dr. R. H. Richardson's personal communication). D_;_ melanogaster 

was shown to move only in one direction from a release site by 

Timofeeff-Ressovsky (1940 b,-c), however no wind data was given. D. 

melanogaster and simulans in unknown proportions were shown to move 



downwind by Richardson (1969)• He reports that among 1700 flies sam

pled from the 270° arc 36 m. away, about 1% were labeled, and these were 

all found down-wind from the label. Of the two species, however, only 

D. melanogaster showed a down-wind response in the wind tube. The re

sults are consistent if melanogaster is more mobile than D^_ simulans 

and was the only species captured at 36 meters, or if the frequency of 

D. simulans was low at the time of the experiment. 

D. nigrospiracula showed only a slight tendency to move upwind 

in the wind tube. The response was more sharply upwind in the release 

experiment, and may reflect the fact that it is easier to detect a rot

ted cactus from downwind. Experiments based upon natural substrates 

further suggest a tendency to go upwind. In experiments one and six, 

the exchange bwtween cacti 1-H and 2-H, and between 2-S and cacti 1, 

3 and 4-S was greatest from the downwind cactus to the upwind cactus. 

Again, however, the response was not overly strong. The response to 

the wind in the eighth experiment was striking enough. In the eighth 

experiment, more flies moved from cactus 1-S to 21-S against a gentle 

morning breeze than moved to all the other cacti in the study area 

(46 versus 41). The strong response to the wind in this experiment 

suggests that there is a strong interaction between the wind the con

ditions of light and perhaps even time of day. The alternative is to 

suppose that the response is sensitive to the amount of wind, given a 

certain light and temperature, and this too can be tested. 



DISCUSSION 

Although most of the experiments were discussed as they were 

presented, there are a number of comparisons which must be made between 

various experiments. 

Baiting Effects 

D. nigrospiracula was shown to respond to the amount of odor 

generated by one or a small group of traps. The relative number of D. 

nigrospiracula decreased when traps were placed over 20 feet apart. D. 

pachea was shown to have an attractive radius of 30 to 40 feet for males 

and females respectively. Decreased capture at traps 60 feet apart sug

gested that the attractive radius may be a reflection of the natural 

substrate of the flies, and the attractive radius of the bait is related 

to the extent of the substrate in the field. The affect of an attractive 

cactus on dispersal was observed repeatedly in the dispersal studies 

based upon naturally occurring cacti. The observed exchange of individ

uals was usually nonreciprocal. In each experiment there was at least 

one cactus which attracted a disproportionate number of immigrants. 

These highly attractive cacti were usually the cause of the nonrecipro

cal exchange. The attractive cacti probably were characterised by a 

larger attractive radius. However a cactus would also collect more im

migrants if flies arrive at cacti randomly, but make a choice to stay 

or leave based upon a chemotactile response to the necrotic tissue at 

the cactus. 
97 
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The observation that the exchange of individuals between cacti 

is dependent upon the attractiveness of the cacti involved, makes sus

pect the results obtained with baited dispersal studies. In particular 

the assumption that dispersal is independent of the placement and den

sity of baits, seems to be invalid. The one experiment reported here 

which was based upon baits set out at even intervals from a rotting 

saguaro gave estimated dispersal rates too low to permit average flies 

to move between rotting saguaros. Further, the distribution formed by 

the few flies that did move was skewed and leptokurtic. It appears that 

the attractive central cactus held the bulk of the population at the 

origin. The few flies which did move were captured nearly exclusively 

in the western traps, which were located among saguaros. Nighttime dis

persal to live saguaros was shown to be directed toward the area with 

the greatest cacti in a separate experiment described under nighttime 

dispersal. It is proposed therefore that the nightly dispersal of flies 

was toward the west, where the cacti were most dense, and that the trap

ping results reflected the nightly movement. Considering the many ob

jections to dispersal studies based upon recaptures at baited traps 

which have been voiced here, it is reasonable to ask what such a study 

does show. It shows the feeding range of flies. And to the extent that 

the dispersal of flies is part of the feeding activity of the flies, it 

reflects the dispersal of those flies which do not move beyond the range 

of the baits. An interesting observation which came out of the baited 

dispersal studies on nigrospiracula was that males moved several 

times farther than females, both after 3 hours and after one day from 

release. This is probably a realistic assessment of the activities of 
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the flies, since female D̂  nigrospiracula feed all day and show very 

little movement until evening, while the males court and fly about to a 

limited extent. It is unrealistic, however, to conclude that the males 

of D. nigrospiracula normally move 8.8 meters in one day as observed in 

the experiments, because such behavior would have placed the fly squarely 

in the middle of the desert with no food. Baits placed in the field for 

the experiments were the only food within 150 meters of the marked cen

tral cactus. 

Saguaro Experiments 

Using mean values obtained from the experiments on dispersal 

between rotting cacti, and using least squares regression models, it is 

possible to obtain an indicator of the distribution of flies with dis

tance. Using the speed of the CDC 6400 computer at the University of 

Arizona Computer Center it was possible to test the fit of numerous re

gression models to the observed dispersal at given distances. A number 

of models are presented in Tables 17, 18 and 19 for comparative purposes. 

Dispersal with Distance 

Three distributions which can be given a biological interpreta

tion are the uniform, exponential, and normal distributions as discussed 

in MacArthur and Wilson (1967). The uniform distribution would be ex

pected to result if the mean dispersal distance of a fly is very much 

greater than the distance between saguaros. A highly mobile individual 

which disperses only to visual targets would approach a uniform distri

bution. An exponential distribution would result if the flies move a 

constant direction and if the probability that they cease moving in a 
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fixed interval of time is constant. Flies moving into a gentle wind 

which stop upon reaching a rotted saguaro would approach an exponential 

distribution. A normal distribution would result if individuals do not 

fly in a straight line, but change directions randomly after short 

directed flights (in the manner of particles in a diffusing gas). The 
2 

fall off of numbers with distance will be as e-c* , with a normal dis

tribution and as e ̂  with exponential distribution. The uniform dis

tribution does not show a decrease with distance and was inappropriate, 

at least for D̂ _ nigrospiracula. 

The model for a least squares fit to an exponential distribution 

is y = a+b lnd+e, where a is the immigration rate expected at a 

neighboring cactus directly next to the source (i.e.*at zero distance), 

b = the regression of immigration against distance, e is the experimen

tal error associated with each observation, and y is the weighted mean 

percent immigration (migration) per day as calculated in Appendix A. 

The model for the exponential distribution gives a significant reduction 

in the sums of squares about the least squares trend line for immigra

tion of nigrospiracula males or females and for the combined sexes 

(Table 26). The calculated models for nigrospiracula males and fe

males are y = 8.66 - 1.180 In d + e, and y = 8.75 - 1.9 In d + e 

respectively. Both intercepts and both regressions are significantly 

different from zero at the .05 level, while the values do not differ 

between males and females. Combined male and female data fit the least 

squares trend line y = 8.72 - 1.886 In d + e. The reduction in the total 

sums of squares is significant at the .01 level. The slope and inter

cept are both significantly different from zero at the .01 level. 
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Table 26. Immigration. versus Distance for D. N.jgrospiracula 

See Table 28 for explanation of symbols. 

Model 

Males only 
y = a + b In x 

Females only 
y = a + b In x 

Both males 
and females 

y = a + b x2 

y = a + b In x 

y intercept 
a 

8 .66  % 

8.75 % 

4.39 % 

8.72 % 

y = a + b(In x)2 15.32 % 

In y = a + b x' 1.11 % 

regression x intercept F value for 
b y = 0 fit of 

regression line # 

- 1.180 1541 meters 

- 1.190 1595 m 

0.133 

1.186 

8.523 

6.040 

1191 m 

1563 m 

1698 m 

5.947* 

5.457* 

5.984* 

11.803** 

13.768** 

6.889* 

* Denotes significance at the .05 level 
** Denotes significance at the .01 level 
// degrees of freedom for F are 1, 33 for males or females only and 

1, 68 for both males and females 
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The model for a least squares fit to a normal distribution is 

y = a + b(ln d) 2 + e. This model gives the greatest reduction in the 

sums of squares about the least squares line for D. nigrospiracula males, 

females and for the combined data. For the combined data the model be-

comes y = 15.32 - 8.523 (In d) 2+ e. The intercept, regression, and 

reduction of total sums of squares are all significantly different from 

zero at the .01 level. Several points fit the trend lines very poorly. 

The lack of fit is due to both experimental error and variation in tem

perature, saguaro density and individual cacti odor differences. These 

are discussed below. 

D. mettleri did not show a decrease with distance. The uniform 

distribution fits the data no better and no worse than the other distri

butions considered (Table 27). The best fit obtained was with In y = 

a + b In d + e. Here a negative regression of 1.24 gives an F. 1Q of 
1 • Xo 

1.24 which is well below the .05 significance value of 4.41. The ex

tremely attractive cactus 11-S gave values which departed furthest from 

the trend lines. This suggests that the flies are keying strongly on 

suitable substrates and large numbers of migrants are seen only when the 

substrate is indeed suitable. 

All the above models were based upon per cent immigration, since 

that was in fact the measured value at each cactus. The proportion of 

flies exchanged between a set of two marked cacti, however, can be 

scored equally as immigration or migration. The data for migration is 

limited to fourteen sets of cacti. The experimental error associated 

with each observation is reduced because the data points represent the 
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Table 27. Immigration versus Distance for D. Mettleri 

See Table 28 for an explanation of the symbols. 

Model y intercept regression x intercept F value for 
a b y = 0 fit of regression 

line 

Males only 1 

y = a + b In x 0.74 % + 0.069 - 0.013 

In y = a + b In x 2.50 % - 1.10 - 1.2911 

Females only 1 

y = a + b In x -1.40 % + 0.51 - 0.381 

In y = a + b In x -0.42 % +0.12 - 0.015̂  

Combined males 
and females _ 

y = a + b x h 2.85% +0.14 - 0.062 

y = a + b In x -0.66 % + 1.12 - 0.0722 

l n y = a + b l n x 2 . 6 1 %  - 1 . 2 4  -  1 . 2 4 1 ^  

1 Degrees of freedom for F are 1, 16. 
2 Degrees of freedom for F are 1, 18 for combined sexes. 
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largest collections and all points are the means between two cacti. The 

best least squares fit is again produced by the model based upon the 

normal distribution, while the model based upon the exponential distri

bution gives the next best fit (Table 28). The model In y = a + b(d)̂  + 

e is interesting precisely because it gives a poorer fit than the above. 

Wallace (1966, 1968) proposed this model for D. pseudoobscura. Wright 

(1968) has heavily criticised this model as an artifact of combining the 

results from three experiments "with widely different rates of disper

sion." Wright further points out that the model so defined would have a 

kurtosis of 22, or well above the observed kurtosis for D. pseudoobscura 

which ranged from 10.41 to less than 3. The kurtosis for the distribu

tion of percent migration per day, based upon the combined data for D. 

nigrospiracula, is 3.66. This value is still representative of a lepto-

kurtic distribution, but is closer to normal than has been found for D. 

pseudoobscura, D. willistoni, and D;_ aldrichi (Dobzhansky and Wright 

1943, Burla et al. 1950, Richardson 1969). The percent migration defined 

here, however, was based upon mean values and the kurtosis measurement 

may only reflect the fact that mean values tend toward a normal distri

bution as pointed up by the Central Limit Theorem. 

The observation that the "best" fit to the data is obtained with 

a model based upon a normal distribution is not per se adequate to imply 

that the flies move randomly. There is no test criteria to prove that 

the normal distribution model fits better than any other model. The 

greater reduction of the total deviations about the least squares trend 

line for the model based upon the normal distribution, as given by the F 
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Table 28. Migration versus Distance in D̂  Nigrospiracula 

Using data from experiments 1-8, a least squares trend line 
is fit for the general model f(y) = a + b g(x), where f(y) 
is a function of per cent migration, g(x) is a function of 
distance from the marked source cactus, a = the y intercept, 
and b =» regression or slope. 

Model y intercept regression x intercept 
a b y ~ 0 

F value for 
fit of 
regression 
line # 

y = a + b x 4.41 % - 0.006 737 meters 4.908 

 ̂ % y = a + b x 6.35 % - 0.245 673 m 9.240* 

y = a + b In x 12.57 % - 1.945 640 m 21.434** 

y = a + b(In x)2 22.14 % -13.200 653 m 25.632** 

In y = a + b x 0.52 % -11.010 - 9.040* 

h In y = a + b x 0.82 % - 4.070 - 13.671** 

* Denotes significance at the .05 level. 
. ** Denotes significance at the .01 level. 
# Degrees of freedom for F are 1, 12. 
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test, is only an indication that the model is better than the other 

models tested. We can however take the fit and the kurtosis estimate 

of 3.66 as evidence that the movement of the flies is not entirely di

rected. It would seem that the flies are dispersing to a great extent 

by making short, straight flights with random changes in direction. 

Cody (1971) showed that the search pattern of flocks of finches, which 

may appear to be random, in fact consists of short directed flights with 

directional changes which provide the flock with several optimal search

ing characteristics. In particular by limiting the extent of direction

al changes the flock covers an area, yet avoids researching over an area 

which was previously covered. While flies almost certainly do not flock, 

this suggests that a searching pattern which is seemingly random can 

with modification have optimal properties. In D. nigrospiracula and D. 

mettleri a moderate orientation into the wind plus a moderate response 

to windborne olfactory cues would probably be adequate to make seemingly 

random motion a very efficient searching behavior. 

Other Factors Which Affect Dispersal 

The models above were expanded to include temperature and sagua-

ro density measurements in an attempt to decrease deviations from the 

least squares trend lines. The partial correlation of percent migration 

against saguaro density given distance is -.2601. The partial correla

tion of percent migration against maximum temperature is +.1275. No 

model which included distance and density and/or temperature gave a 

better fit than the models based upon distance alone. The largest de

viations remained due to cacti which were in some way identified as the 
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most attractive and the best rots. A quantitative measure of these 

cacti (e.g. percent liquid, percent yeast, or total flies reared from 

a sample) is needed to provide the best possible description of mi

gration or immigration at a cactus. 

Dobzhansky and Wright (1943) found with IK_ pseudoobscura that 

the correlation of temperature and the increment of variance was 0.75. 

There was little dispersal below 60°F but increasing amounts with higher 

temperatures. Yet, the correlations were based upon the increment of 

variance in the population, and as such were dependent upon the move

ment of flies at all distances. One of the four experiments by Burla 

et al. (1950) can be interpreted to show that dispersal at extreme dis

tances is less sensitive to temperature, than the overall dispersal. 

In the fourth reported experiment, temperatures were generally low and 

"a majority of the released flies failed to move away from the point of 

release." Yet, in these experiments a kurtosis of 46 resulted primarily 

from 5 flies which had moved 50 to 80 meters. For D. willistoni these 

represent nearly the maximum observed dispersal of individual flies, and 

suggest that when one concentrates on movement only at larger distances, 

as done here, the effect of temperature is less pronounced and is easily 

obscured by the sampling error associated with the low numbers obtained 

in these experiments. 

In general it has been observed that dispersal is increased in 

areas of low saguaro density. While the partial correlation of dispersal 

with saguaro density given distance is small at -.2601, it suggests that 

the study of a range of sites which included a wide range of densities 
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would show a significant effect on dispersal. The primary reason to 

suspect increased dispersal with decreased density comes from the fourth 

experiment in which 9.8% exchange was observed between cacti 871 meters 

apart. Much of the exchange occurred after one day from release, and 

many of the migrants were captured at night on live cacti. This sug

gests that nighttime dispersal, which is of necessity greater when live 

cacti are farther away from the source, may be the primary reason for 

the observed increased dispersal. 

Dispersal Rate of D_;_ nigrospiracula 

Given that one must use a great deal of reservation when saying 

that the distribution of migrants with distance is normal, we find that 

the model so defined is useful to describe expected dispersal over time. 

Under strictly random movement, the distribution of marked individuals 

after n days will have a variance of n and a mean distance of n r, where 

2 r is the mean distance traveled in one day. The values for r and a 

after Wright (1968) for the percent migration per day defined here are 

372.7 meters and 179,266.5 meters respectively. These values are ob

tained without assuming a normal distribution, however the variance 

estimate is almost certainly inflated by the difficulty of assigning a 

value to the number of flies which never left a cactus during the period 

of study. If we now assume that the distribution is normal, we estimate 

that the mean distance traveled by the flies goes up as the square root 

of the days after release, and the average fly so defined would take less 

than 19 days to move one mile. Dispersal of D. nigrospiracula is there

fore an order of magnitude greater than that observed for IK_ 
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pseudoobscura, and is several orders of magnitude greater than that of 

D. aldrichi. D. melanogaster and willistoni. D. mettleri is at least 

as mobile as IK_ nigrospiracula and may be much more so, but an exact 

rate could not be determined for this species. The effect of the great 

dispersal rates within these species is to make what had seemed to be 

isolated populations at different saguaros effectively just a part of a 

much larger population which encompasses a number of miles. 

Relationship of Habitat and Dispersal 

A possible explanation for the differences in observed dispersal 

rates among different Drosophila lies in the expected distance between 

suitable substrates in the habitat of each species, or roughly the 

"grain" of the habitat (Levins 1968). Those species which live in a 

relatively course grained habitat such as D_;_ nigrospiracula and D. 

mettleri are highly mobile, whereas IK_ melanogaster. a polyphagous spe

cies, lives in a relatively finer grained environment and is sedentary. 

The analogy extends to D_;_ willistoni in that it is a tropical species 

and is likely to have a finer grained habitat for that reason alone. 

The relative grain of the habitat of pseudoobscura remains to be 

determined, but it seems reasonable to assume that it lies well within 

the range exemplified by IK_ nigrospiracula and EL_ melanogaster. D. 

aldrichi lives upon rotting opuntia cacti, and as such its habitat is 

probably relatively coarse or fine depending upon the density of the 

cacti. For aldrichi two alternative conclusions seem possible. 

Either the dispersal of the flies is dependent upon the density of the 

cacti, and increases as the density of the cacti decreases, or the fly 
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is replaced in areas of low density by more mobile species. An estimate 

of D̂ _ aldrichi dispersal from a number of different localities with dif

ferent cactus density is needed to determine the correct alternative. 

I 



SUMMARY 

The dispersal of two desert-adapted Drosophila, D. nigrospira-

cula and mettleri. have been estimated using baits and using natural 

substrates. Several of the factors which affect dispersal have been 

studied and their relative roles determined. Because Drosophila studied 

to date were so poorly known ecologically, it was necessary to use baits 

in dispersal studies. Accordingly, the effect of bait was studied using 

two desert-adapted Drosophila whose ecology was relatively well known. 

D. nigrospiracula was shown to respond to the amount of odor produced 

by a bait, and was captured in the highest proportions when baits were 

closest together. Because this agreed poorly with observations on D. 

pseudoobscura, D. pachea a Sonoran Desert Drosophila was studied for com

parison. D. pachea responded to baits placed 40 to 50 feet apart. This 

response and the response for D̂ _ nigrospiracula were consistent with the 

known properties of size and odor of their natural substrates. It could 

be concluded, therefore, that baits can mimic natural substrates. As 

was shown, however, the ways in which they do is not always favorable 

for dispersal studies. 

Dispersal was estimated for flies released at a necrotic saguaro 

and recaptured in baits set out about the saguaro. The mean estimated 

dispersal of the flies was 4.8 meters per day. This value was shown to 

be so low that very few flies could move between necrotic saguaros. 

This suggested that populations at saguaros are effectively isolated. 

Ill 
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Such results were consistent with the results from previous baited 

studies. Both the range of dispersal and the distribution with distance 

(measured here by kurtosis) were within the ranges estimated for other 

Drosophila. However, after consideration of studies based upon natural 

substrates, it was clear that the value 4.8 meters per day is absurdly 

low. The value so obtained was a reflection of the feeding activities 

of the flies, and in no way measured the dispersal of flies between 

cacti separated by 100 meters and more. 

Flies studied on their natural substrate, rotting saguaros, 

showed unprecedented mobility. The distances between necrotic cacti 

ranged from 18.3 to 932 meters. Yet, it was frequently observed that 

10 percent or more of the population at a cactus could be ascribed to 

individuals marked at neighboring necrotic cacti. The average movement 

of D. nigrospiracula was 372.7 meters per day. D. mettleri movement 

could not be estimated, except to say that it is at least as great as 

that obtained for nigrospiracula. The movement so calculated is an 

order of magnitude greater than had been estimated for D̂ _ pseudoobscura, 

and is several orders of magnitude greater than had been calculated for 

any other Drosophila. The great movement observed for the desert Dro

sophila may be correlated with the relatively coarse grain of the habi

tat. At the same time, the relative dispersal rates of all the species 

studied to date were shown to agree with the expected distance between 

the natural substrates of the species. However, the extent to which the 

dispersal values in the literature reflect the nature of the species, 

and the extent to which they reflect artifacts of baiting, must be de

termined by further studies using natural substrates. 
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The factors influencing the rate of dispersal within each spe

cies were several and varied. Dispersal was not hindered by the crest 

of a ridge, by a road, or by a large dry wash. Relatively great move

ment was observed across and down the length of all three landmarks. 

Percent migration at a distance was weekly correlated with temperature, 

and only a little more strongly with density of saguaros. Both effects 

were small compared to fluctuations from cactus to cactus. The attrac

tiveness of particular cacti influenced the rate of dispersal both to 

and from the cacti. Old cacti contributed disproportionate numbers of 

migrants to the population, while large newly rotted cacti attracted 

the majority of the immigrants in an area. The wind was shown to affect 

dispersal. D. nigrospiracula showed a tendency to move into the wind -

particularly the morning breezes. Eleven Drosophila species were ex

posed in a maze through which air was passed. Three species, D. hamato-

fila, IK_ melanogaster, and D_j_ arizonensis showed a strong preference to 

move downwind, while D. longicornis showed a strong preference to move 

upwind. Sibling species generally showed very different preferences, 

and the preferences made no phylogenetic sense. The preferences, how

ever, agreed well with the limited field data available. The activity 

of D. nigrospiracula was nil until wind was added to the tubes. It then 

became active, showing a slight preference for moving upwind. The mat

ing activity of D̂ _ nigrospiracula and D̂ _ mettleri was generally confined 

to a brief frenzied period in the mornings as flies returned to necrotic 

cacti. Mating in the afternoon was confined to newly arriving individ

uals. Migrants were shown to be a successfully mating portion of the 
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population. Each evening the flies fly to live saguaro cacti. The 

direction and distance of movement was shown to be directly related to 

the direction and distance of live saguaros from the necrotic source. 

Populations at a saguaro were shown to range from a few hundred flies to 

10,000 flies. The population in the desert in March 1972 was estimated 

at 3200 flies per hectare, which gave a total population estimate for 

the Sonoran Desert of 100 billion nigrospiracula and D̂ _ mettleri. 

The estimates of dispersal between saguaros were based upon 7760 

flies (5680 D̂  nigrospiracula and 2080 Dj_ mettleri), each of which was 

individually aspirated from a cactus. Of these 7760 flies, fully 480 

(360 D̂ _ nigrospiracula and 120 D_;_ mettleri) or six percent of the flies 

were migrants. Migrant individuals were captured at distances up to 932 

meters, and flies were captured up to 25 days after release. These ob

servations extend the known properties of natural populations and serve 

to show that Drosophila populations are not sedentary isolates, but are 

interacting population peaks between which there is extensive individual 

exchange. With a suitable choice of species, Drosophila can be studied 

in their natural habitat. The total numbers of flies captured and the 

conclusions that can be drawn from them justify the time and effort in

volved . 



APPENDIX A 

DISPERSAL PER DAY PER DISTANCE FROM RELEASE 

We wish here to find a means to use data from all eight disper

sal experiments which were based upon natural substrates to determine 

common factors influencing the numbers of migrant flies. Because the 

experiments involved different numbers of flies captured and different 

recapture periods, it is necessary to provide a statistic which is a 

measure of the proportion of migrant (immigrant) individuals per day per 

distance from release. In an attempt to find a known distribution which 

describes immigration we will confine our attention to the exchange be

tween pairs of cacti. We note that: 1) On any given day we can expect 

that the probability an immigrant will arrive at a given cactus in any 

specified portion of the day is fixed for a useful period of observation. 

2) The number of immigrant individuals arriving at a cactus in a given 

period of time is independent of the numbers of other individuals ar

riving in this or any other period of time. The numbers of new immi

grants at a given cactus on a given day can be expected therefore to 

describe a Poisson distribution. Further, the total immigrant flies 

after "n" days describes a cummulative Poisson distribution in which the 

sum is from 1 to n. We see therefore that to properly describe the num

ber of migrants per distance per day we should use some function of At, 

the parameter of the Poisson distribution. It is not clear how a suit

able estimate of At can be made from the data, and as it turns out such 
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an estimate is not necessary. In all the experiments performed, the 

numbers of immigrants captured and/or the numbers of recapture days are 

low. For these low numbers and short time periods we can approximate 

the cumulative Poisson distribution with a straight line. The error in 

this approximation is expected to be small compared to the sampling 

errors of the observations. 

In order to compare between samples of different sizes, the im

migration is best expressed as per cent immigration per day. This is 

given by m./i/N , where i = number of days from marking to capture, N. = 
i i 1 

total capture at a particular cactus on day i, and m̂  = immigrants at 

that cactus from a given distance on day i. The value so obtained no-

longer depends upon the number of days from marking to recapture. We 

obtain our estimate of the number of immigrants (or migrants) per day as 

the weighted mean per cent immigrants per day per distance or 

n 
N. m./i 

y 1 1 n 

~T I V1 
mi = X 100% = X 100% 

n n 

I Ni I N± 
where = total captured on day i, m̂  = total immigrants (migrants) 

from a given distance on day i, and n is the number of days between 

marking and the last recapture. 

We can illustrate the above with data on movement of flies from 

cactus 1-S to 2-S in Experiment 6. 
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Total flies Immigrants Days after marking 

58 0 1 
51 0 2 
79 2 3 
74 6 4 
100 3 5 
83 1 6 

m± = 2/3 + 6/4 + 3/5 + 1/6 X 100% = .66% at 243 meters. 
58 + 51 + 79 + 74 + 100 + 83 

Similar calculations for all eight experiments permit experical least 

squares curve fitting to the general model g(y) = a + b f(x) + e. 



APPENDIX B 

POPULATION ESTIMATES 

The principle underlying the estimation of population size by 

mark-release is that in a sample representative of a population the 

ratio of marked to total capture is an estimate of that ratio in the 

whole population. Known as the Lincoln index this ratio is expressed as 

p _ an 
r 

where n = total number of individuals in the second sample, a = total 

number marked and r = total recaptures (numbers of marked which are sub

sequently captured). The Lincoln index is only valid for a closed sys

tem. When flies are leaving and entering the system, it is necessary to 

analyse the system further. Attempts to account for population dynamics 

are based upon multiple markings and multiple recaptures to account for 

daily differences in the population. One such method developed by Jolly 

(1965) is illustrated here for the data from the sixth experiment. The 

method is designed to estimate the number of marked flies which are 

actually available for recapture on any given day. This estimate is 

based upon the assumption that the ratio of the total released flies 

available for capture on day i to the number released on day i should be 

equal to the ratio of total flies recaptured to the recaptures of flies 

released on day i. The estimate is only valid if the markings used on 

subsequent days are equally effective and if the rate at which flies 
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leave the population is constant day to day. The population estimates 

for cactus 1-S are given as: 

Total Total Day When Day i 
Captured Released Last Captured 

n. a 
1 i 

300 300 1 1 
280 418 85 2 85 2 
258 - 6 35 6 41 3 
214 - 1 3 1 4 4 

r± = 92 38 zi = 72 4 

Mo = 418-7 + 85 116.8 P„ = 116'258 = 354.5 
92 85 

v(p2/p2) = 354.5(354.5-258)((116.8-258+418)/116.8(1/92-1/418) 

+ (1-85/258)/85) = 690.0 

where M2 = the estimated number of marked flies available for recapture 

at 1-S, P2 = the estimated population size and V(P2/P2) = estimated 

variance given a constant population size. The flies marked were the 

sum of both species present. The estimates for cactus 2-S are: 

Total Total Day When Day i 
Captured Released Last Captured 

ni ai 

230 230 1 1 
127 152 37 2 2 
195 - 4 13 4 17 3 
217 - 1 7 1 8 • 8 

= 42 20 Zj =72 4 

M, = 152-5 + 37 = 55.1 P„ = 55.1-127 = 189.1 
42 37 

V(P2/P2) = 189.1(189.1-127)((55.l-127+152)/55.1(l/42-l/152)+(l-37/127)37) 

= 454.13 

where the symbols are given above. The ratio of D. mettleri to D. 

nigrospiracula at cacti 1-S and 2-S were 90/689 and 91/445 respectively. 
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We use these ratios as the ratio in the real population and estimate 

that the population at 1-S was 41 D̂ _ mettleri and 314 D̂ _ nigrospiracula 

on January 19, 1972. The estimated population for the same day at 2-S 

was 33 .D̂  mettleri and 156 Ih_ nigrospiracula. The estimates are about 

the same as the number of flies counted at the cactus at the time of 

marking on January 19, 1972. 

It was desired to study dispersal between the maximum possible 

number of cacti during experiments seven and eight. This of necessity 

meant that no population could be multiply marked. This makes it im

possible to estimate daily fluctuations in the population, but does not 

eliminate population estimates. Multiple marking experiments are justi

fied only to cover the changes in the population from the day of marking 

to the day of recapture. If these changes can be independently estima

ted then the multiple-phase experiments are unnecessary. 

We wish therefore to develop an estimation procedure which is 

based upon a single marking occasion and multiple captures. There have 

been a number of methods of handling the data for estimation of numbers 

proposed in the literature. Many of these are not applicable to low-

incidence recapture characteristics of insect work. Three main methods 

have generally been applied to insect work. These have been developed 

by Bailey (1951, 1952), Fisher (Dowdeswell, Fisher and Ford 1940, Fisher 

and Ford 1947), and by Jackson (1937, 1939, 1940, 1944, 1948). These 

methods have been criticized for use in low-incidence recapture data by 

J. Mac Leod (1958). A salient objection is that the methods "take no 

account of any component of the population for which there is a nil 
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catch for marking." Further, the methods do not permit use of informa

tion obtained on the dispersal of the organisms. We will consider, 

therefore, only the "positive" method of Jackson (1939, 1940) which is 

based upon an extrapolated recovery at day zero or the day of release. 

It is assumed that the rate of change of the proportion of marked flies 
•'•y. 

should be regular from day to day, and the ratio of the hypothetical 

recovery at day zero rQ/r̂ , should be the same as the day one to day two 

2 ratio, and so on. The relations are expressed by TQ = and TQ = 

rlr2̂ r3' anc* so on* îe estimates f°r populations sampled on several 

occasions are given in Table 29. The alternate methods cited above were 

not appropriate for the data and were not used to estimate the population. 

It is possible to derive other estimators, based upon several 

lines of reasoning. First, the Lincoln index estimates are given as a 

reference point in Table 29. Then, the possible sources of bias are 

systematically removed. The Lincoln index is biased by any and all fac

tors which make the ratio of the total population to the total marked 

differ at day zero and at the day of recapture. The number of immigrants 

(i) in the sample and the proportion of migrants (m) clearly affect the 

ratio. On a given day, therefore, we will consider only non-migrant 

individuals or part of the original population. We will also remove all 

known migrants from the estimate of the total marked individuals avail

able for recapture. Our Lincoln index is now given by PQ = aQ(l-m)r/(n-i) 

where the symbols are as defined above. The estimates are given in 

Table 29 with the migration rate of 12% per day. The estimated migra

tion rate is arbitrary, but is based upon the proportion of migrants we 
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Table 29. Population Estimates for Selected Cacti 

Date and Lincoln index Jackson method Regression 
Cactus 0% mig. 12% mig. r { / v  2 rlr2/r3 0% mig. 12% mig 

1-17-72 
1-S 398 354 63 21 neg. 2940* 

1-19-72 
1-S 2193 1941 720 572 neg. 8187* 

2-16-72 
10-S 1812 1541 1540 1414 1719 1467 
12-S 1035 912 - - - -

13-S 291 256 - - - -

14-S 4225 3718 5461 1967 3441 3678 

3-09-72 
1-S 9058 3258 27,267 11,133 - 2012* 
10-S 2409 1642 - - - -

21-S 7180 4928 - - neg. neg. 

* When the regression coefficient was zero, the mean value was 
used as the estimator. 
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would expect to leave a cactus and be available for capture at a cac

tus next to the source. This proportion is estimated by the "y" 

intercept of the least squares regression lines of Table 28. The inter

cept of the exponential model was 12.5%. The intercept of the model 

based upon the normal distribution was 22.14%, which seemed too high. 

The effect of the choice of one value over the other is to change the 

absolute value, but not the relative value, of the estimates. The 

proportion of births and deaths in the population are next considered. 

The right hand side of the Lincoln index becomes 

a (l-m-f-b-d)r/(n-i) (1+b-d). 
o 

If we assume that the quantity b-d is small, we get 

a (l-m)r/(n-i) - a (b-d)r/(n-i)(1+b-d). 
o o 

We can not predict the magnitude or even the sign of the second fraction, 

so we express the above as a linear relationship including P̂ , the Lin

coln index population estimate for day i, and as BD̂ , where is days 

after marking, and where B is the direction and magnitude of the second 

fraction above (or actually B is the regression coefficient in the model). 

We assume the model = Pq +B(D̂ -D) + ê , where the symbols are as de

fined above and ê  is the error associated with sampling and lack of fit 

by the model. We solve for B and then for Pq by least squares after 

Model 1 in Graybill (1961). The estimates are given in Table 29 both 

for the Lincoln index with dispersal adjustments. The model seemed 

attractive, because least squares can provide a best linear unbiased 

estimator (blue) for a model of full rank, and can provide variance 

estimates. As can be seen, however, the model adapted here gave many 
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negative estimates. This is clearly due to the fact that the change in 

the second fraction above per day was not linear. An independent esti

mate of this change, or of the type of change, whether linear, quadratic, 

or whatever, is needed. The alternative is to fix the model on a step

wise regression, but this requires more extensive data than were 

available here. 
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