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ABSTRACT 

Community structure in backswimmers (Hemiptera: Notonectide), 

was investigated via extensive sampling throughout southern Arizona, 

USA, and Sonora, Mexico, from 1980 through 1985. Co-occurrence and 

relative abundance data were collected in more than 65 ponds, and in 177 

rock basin pools (tinajas) in 21 canyons in the Southwest. 

Eleven species were collected in Arizona and Sonora, and were 

divided into two groups, species found in ponds and species found in 

tinajas. Only two species occurred significantly in both habitats. 

Tinaja species are largely Southwest endemics, and pond species are 

widespread or tropical in distribution. 

Data from artificial habitats suggest that the tinaja species 

use relatively high topographic relief, and pond species use relatively 

large surface area as cues to find their respective habitats. 

Two body size patterns are consistent with a competition 

explanation of local community structure. The body sizes of co

occurring species are relatively evenly distributed among species 

occurring in pond and tinaja habitats, and species of similar body size 

tend not to co-occur (body size ratio < 1.3). For example, Notonecta 

kirbyi and !. lobata only co-occur in tinajas at intermediate 

elevations; lobata is absent at high elevations and kirbyi is absent at 

lower elevations. N. indica occurs in ponds at lower elevations and !. 

unifasciata occurs at higher elevations. Buenoa hungerford"! and ~. 

arizonis both occur in tinajas, but not at the same time of year. 

xi 



xii 

Predation was shown experimentally not to be important in 

producing the body size pattern. Notonecta spp. preyed heavily on the 

smaller of two Buenoa species presented, an effect that would act to 

reduce the community-wide body size ratio. Because notonectid 

communities have larger body size ratios than expected by chance, 

predation would seem not to be involved in producing this pattern. 

However, predation does appear to reinforce microhab'1tat partitioning 

between the two genera in that Bue~ occupy deeper portions of the 

water column in the presence of Notonecta than in their absence. This 

further displaces coexisting individuals of the two genera in space, and 

reduces overlap in foraging for aquatic insect prey and promotes 
. 

coexistence. 



CHAPTER 1 

INTRODUCTION 

Understanding how biotic ~nd abiotic factors affect the local 

diversity of ecologically similar species, and determine the 

distribution and relative abundances of such species has been a central 

theme of ecology for decades (see Hutchinson 1959). Even so, the basic 

questions in field oriented research remain the same: what factors 

affect the distribution and abundance of species, what factors affect 

the co-occurrence of ecologically similar species, and what factors are 

important in structuring communities. The uncertainty is emphasized by 

the appearance of several recent symposium volumes and topic editions on 

community ecology, patterns and processes (e.g., Price et al. 1983, 

Diamond 1985, Strong et al. 1984). The bottom line is that the plethora 

of biotic and abiotic factors interacting to determine the distribution 

of a species is not understood for any species, let alone a community. 

Ecologists search for a single factor, or small number of factors 

that will be useful in making a first approximation at understanding the 

determinants of a species range or the effects on community 

characteristics. Robert MacArthur suggested that competition plays a 

pivotal role in explaining much of the community level patterns in 

evidence (MacArthur 1972). While this has been received with much 

enthusiasm, there is considerable debate over whether or not the current 

prominence of competition is justified by the evidence. 
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~cologically similar species, consuming similar resources in a 

similar fashion (i.e., guilds, sensu Root 1967) have been examined to 

determine ways in which species avoid intense competition, and thus, 

competitive exclusion. Among the insects, phytophages have by far 

received the most attention (see Strong et al. 1984, Lawton and Strong 

1982, Denno et al. 1981, Rathcke 1976, Wise 1981, Waloff 1979, Gibson 

and Visser 1982), predaceous insects being relatively little studied. I 

present data on the community structure and distribution of a group of 

predaceous insects in the Southwest, a region of overlap between 

temperate and tropical floras and faunas producing a wide diversity of 

species combinations permitting the examination of questions related to 

how such communities are structured. 

Backswimmers are predaceous aquatic insects (Hemiptera: 

Notonectidae). Fourteen species occur in Arizona, USA, and Sonora, 

Mexico (Hungerford 1933, Truxal 1953, Menke and Truxal 1966, Zalom 

1975). Yet no more than six are commonly found co~occurring in any 

aquatic habitat, and usually the number is less than four. What 

mechanisms are involved in maintaining the overall diversity, and 

limiting diversity within habitats? Does competition playa role, and 

if so, how? Do species avoid competition by habitat partitioning, 

selecting entirely different habitats, or by partitioning resources via 

body size differences? Because many of the habitats in the Southwest 

are ephemeral, requiring frequent immigration events, are the 

assemblages of notonectids random, with inter- and intraspecific 

interactions playing no important role? As many species of notonectids 



are known to be cannibalistic or prey on other species, what role does 

predation play in structuring this community of aquatic insects? 

The Notonectidae 

Backswimmers possess several ecological characteristics that 

make them model organisms for the analysis of community patterns. 

Notonectids are primarily still-water insects, meaning they live within 

well delineated habitats such as ponds or ephemeral pools (Truxal 1979, 

Hungerford 1933, Clark 1928, Gittleman 1975), with considerable 

variability in the quality of water (Barber 1913, Hungerford 1917a). 

The tropical genus Martarega is a notable exception as it occurs in 

eddies of slow moving streams or rivers. Its only reported site in the 

USA is in the Camp Verde region of the Verde River, Arizona (Menke and 

Truxal 1966). 

3 

Notonectids are not particularly di verse locally, are easily 

sampled as they occupy the upper to mid-range of the water column, are 

relati vely large (adul t lengths ca. 5 mm to 15 mm), and are easily 

identified accurately. They are distinctive aquatic insects in that they 

swim on their backs, hence the common name "backswimmmer". Their first 

two pairs of legs are adapted for grasping and the longer hind legs are 

flattened and fringed with hairs for swimming. 

Backswimmers feed on aquatic invertebrates and vertebrates of 

any size that they can overpower (Usinger 1956), often prey that are 

many times their own size (Lucas 1908, Essenberg 1915). The larger 

notonectids are known to prey on tadpoles and small fish (Imms 1951). 

Because notonectids must overpower their prey prior to injecting 
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digesti ve enzymes and subsequently sucking out the bodi J.. y f"l uids, they 

relate to their prey as whole particles, not as a portion of" a larger 

food item. In this respect notonectids use discrete or particulate 

resources. In contrast, herbivores that consume fol iage piecemeal, or 

sap suckers that pierce the vascular tissue of plants and f"eed on the 

fluid wi thin feed on a continuous resource. That is, :rood i terns are 

consumed irrespective of the size relat~onship between the predator and 

prey. It makes no difference to a herbivore how large the leaves are, 

if they are too large to ingest whole, it is injested in smaller bites. 

Some predators, such as the aquatic dytiscid beetles, consume their prey 

one bi te at a time, never actually subduing their prey so much as taking 

bites out of it as it still lives. These predators consume their prey 

as though they were a continuous resource, a relationship between 

predator and prey that has potential implications for the ability of 

potential competitors to partition food resources, or at 1 east, for 

ecologists to determine particular patterns in communi ty structure based 

on this relationship. 

Notonectids may partition resources between the two principle 

genera, Notonecta and Buenoa, on the basis of size because they occupy 

different locations in the water column (Notonecta the upper region, and 

Buenoa the middle region), and the former is generally much larger than 

the latter and hence capable of handling much larger prey. Notonecta 

are larger as adults than Buenoa and are positively buoyant, whereas 

Buenoa can maintain neutral buoyancy, resting at mid-levels in the water 

column wi thout effort. The larger Notonecta often rest at the water-air 
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interface, apparently hanging from the surface film with the first two 

pairs of legs, the third pair, the swimming legs, at rest extended to 

the side. While suspended from the surface film Notonecta readily prey 

on terrestrial insects (Fox 1975b, McPherson 1965, Zalc~ 1978b), often 

orienting to the vibrations produced by the struggling victim (Mari,l and 

Weise 1969, Murphey and Mendenhall 1973). Differing attack strategies 

among the Notonecta has suggested to several investigators that this is 

another mechanism of resource partitioning in this genus whereby 

competition is reduced (Giller and McNeill 1981, Zalom 1975). 

Buenoa has not been noted to prey on terrestrial insects, 

preying mostly on aquatic larvae of other insects, cladocera, and 

ostracods (Hungerford 1923, Zalom 1978a), and no predator size-prey size 

correlation has been documented for this genus. However, for Notonecta 

it has been demonstrated that the body size of predator and prey are 

positively correlated with broad overlap in prey sizes (Taylor 1968, 

Streams and Newfield 1972, Streams 1974, Fox 1975a, McArdle and Lawton 

1979). This is not to say that competition is responsible for the 

partitioning, but that the correlation suggests that, if the body sizes 

of particular species are different, the overlap in potential prey items 

will be less and, presumably. so will the intensity of the competition. 

The fact that there is broad overlap suggests that there is a basis, at 

least within genera, for competition to occur. 

Both genera prey on other notonectids, usually of smaller size, 

except when a larger instal' is particularly vulnerable after molting, 

and both exhibit cannibalism (Fox 1975a, Zalom 1978b, Streams and 
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Shubeck 1982). Their v~ntral-side-up orientation is considered an 

adaptation for specializing on mosquito larvae (Toth and Chew 1972, but 

see Pearson 1970), and their habit of occupying the water column rather 

than the bottom stratum or pond edge gives notonectids access to 

resources rarely available to other aquatic insects (Miller 1964, 1966). 

The unique use of the aquatic environment, the potential for 

competitive interactions for food via body size, and the observed 

intraspecific interactions are ample justification for considering this 

group as a distinct guild, or community, of predaceous aquatic insects. 

The differences between these two genera Notonecta and Buenoa, 

go beyond body size and location in the water column. All Buenoa males 

and the females of some species possess stridulatory surfaces on the 

first pair of legs, whereas the Notonecta do not. Sound production is 

accomplished by scraping the tibial comb across the rostral prong, by 

scraping scI erotized ridges on the inner surface of the fore femur 

against a coxal peg on the lateral face of the coxa of the same leg, and 

by plucking the scI erotized inner distal ends of the front femora and/or 

several stout hairs, also on the distal ends, against the base of the 

beak (Bare 1928). Acoustical properties of these structures have been 

reported by Hungerford (1924) and, in more detail, by Wilcox (1975). 

The chirping sounds produced by the males are associated with mating 

behavior, and the differences in structure of the various stridulatory 

surfaces used in identifying the species taxonomically (see Truxal 1953) 

is an obvious clue to the potential for species recognition via 

different sounds. 
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Life History 

Nearly all that is known of the life histories and ecology of 

notonectids in North America has been reported from the mid-West and New 

England. Interest in the Notonectidae appears to have been at its peak 

in the first hal f of the 19 th century when H. B. Hungerford, J. R. 

Torre-Bueno, and G. E. Hutchinson made major contributions to our 

knowledge of natural history. In the last 15 years, ecology has been 

emphasized, and again, most of the work has been done in New England by 

F. A. Streams and his associates. 

In the northern portions of a species range egg laying may be~in 

as late as mid-May (Ellis and Borden 1969), whereas in Kansas and New 

York the first eggs have been found in mid-March (Hungerford 1917a~ 

1917b). In southern Arizona in the Sonoran Desert Notonecta can be 

found laying eggs throughout the year, whereas Buenoa exhibits similar 

seasonality as in the more northern regions (E. Larsen, personal 

observation). Buenoa have drilling ovipositors and place their eggs 

within the stems of aquatic vegetation (Hungerford 1917a), with the 

possible exception of ~. hungerfordi which has been observed placing i ts·

eggs on the outer surface of styrofoam blocks (E. Larsen, personal 

observation). With the exception~. irrorata and~. lutea, Notonecta 

generally lack a drilling ovipositor, and glue their eggs to the stems 

of submerged vegetation or on other suitable firm submerged surfaces 

(Hungerford 1920). 

Notonectids seem to be generally unaffected by water chemistry 

(e.g., hardness, alkalinity, and pH) within a wide range of variability, 
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but develop problems with osmotic balance when salinities are higher 

than 7 0100, about 1/5 that of sea water (Staddon 1973, 1963, Frick et 

ale 1972). The nymphs of several species exhibit reduced survivorship 

at pH levels below 5 (Bell 1971, Bell and Nebeker 1969). Wier (1966) 

found no correlation between water chemistry and the presence or absence 

of notonectids in southern Africa, but there are two African endemics, a 

waterboatman (Corixidae) and a backswimmer (Notonectidae), that have 

adapted to life in pans and occur mainly in strongly alkaline standing 

water (Harrison and Elsworth 1955, Harrison 1962). 

In addition to tolerating wide ranges of water chemistry, 

notonectids are relatively tolerant of a wide range of temperatures as 

well. In one of the few examinations of temperature tolerance, Ellis 

and Borden (1969) found that~. undulata, one of the more widespread 

species, prefers water of 270 C in the lab. None was found in water 

that was greater than 370 and only one was found in water that was 160 

C. However, this species was found in water from 40 to 320 C in the 

field by Ellis and Borden (1969). In the current investigation in the 

Southwest, notonectids were found in water ranging from 80 to 340 C with 

no apparent ill effects. 

Notonectids were examined extensively in southern Arizona and 
------_ .. _--

Sonora, Mexico, in order to investigate patterns of distribution with 

respect to the physical setting and the co-occurrence of other 

notonectid species. There is evidence of habitat selection in this 

group of insects, where two nearly distinct groups of species occupy two 

different types of aquatic habitats. Superimposed upon the over all 
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pattern of habitat difference is a pattern in body size among coexisting 

species that is consistent with a competition hypothesis and 

inconsistent with hypotheses of community structure via random 

colonization or differential predation. Predation by notonectids is 

shown to affect use of the water column by notonectids that are 

potential prey, but it is argued that predation is unlikely to affect 

community composition. 

The pattern in body size is compared with predaceous diving 

beetles (Dytiscidae), a group that is more diverse locally. "Both groups 

are predaceous, but differ in their method of consuming prey. Dytiscid 

beetles are more accurately portrayed as continuous resource feeders, 

whereas, as previously mentioned, notonectids are discrete resource 

feeders. The results of this analysis suggest that local diversity and 

predatory habit (e.g., preying on continuous vs. particulate resources) 

playa role in affecting community structure. 

Study ~ 

The primary region of investigation was in southern Arizona 

(Pima and Santa Cruz Counties), USA, and Sonora, Mexico (Fig. 1), with 

infrequent collections made outside this area. Most of the sites in 

Pima County are in desertscrub, and much of Santa Cruz County is 

grassland. Those in desertscrub are within the geographic boundaries of 

the Sonoran Desert. Notable exceptions are sites in the White 

Mountains, Greenlee Co.; San Fransisco Peaks, Coconino Co.; and 

grassland regions of Santa Cruz Co.; southern and eastern Sonora, and 

along the western coast of Mexico (Fig. 2). With these exceptions, the 



Figure 1. The distribution of collection sites in Arizona, USA, and 
Sonora, Mexico, relative to the Sonoran Desert boundary according to 
Shreve (1942). 
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patterns discussed will be from communities subjected to seasonal 

extremes of temperature and the typical Sonoran Desert bi~modal rainfall 

pattern produced by frontal winter storms from the Pacific coast and 

summer monsoons, primarily from the Gulf of Mexico. 

Habitats 

The notonectids discussed here are found in two basic aquatic 

habitats, ponds and tinajas (rockbed pools in ephemeral streams). 

Tinajas are characteristic of the arid Southwest where periodic spates 

of runoff have scoured out basins in exposed bed rock of ephemeral 

streams (Bryan 1920), producing numerous pools between periods of stream 

flow and drought. Ponds, although far more permanent than tinajas, are 

also subjected to the effects of southern Arizona's bimodal rainfall 

pattern, two drought periods alternating with two rainy seasons. Many 

ponds contain water only for a month or two during each winter and 

summer rainy season, while a few others at higher elevations vary in 

water level with the seasons, never going dry in the process. As a 

result, many ponds and virtually all of the tinajas are ephemeral with 

no well developed aquatic plant communi ty, except in the larger more 

permanent ponds at higher elevations. This essential lack of aquatic 

vegetation is in considerable contrast with notonectid habitats in more 

mesic environments, and plays no significant role in assessing habitat 

characteristics here. 

No lake habitats were censused because notonectids, occurring in 

the mid- to upper portions of the water column, are subjected to high 

predation rates from large fish common in lakes (e.g., Macan 1976, 
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Campbell and Denno 1978). Perceived risk of predation from fish also 

alters habitat use among aquatic and semi-aquatic insects (Cooper 1984, 

Cook and Streams 1984). M6squito fish (Gambusia sp.) were common in the 

Redington Pass ponds and extremely abundant in a pond in Sonora, Mexico. 

The tiger salamander (Ambystoma tigrinum) was common in one pond in the 

Altar Valley and several ponds in Redington Pass. The Sonoran mud 

turtle (Kinosternon sonoriensis) was observed in Molino Canyon pools and 

in some ponds in Santa Cruz Co. However, in general, there were few or 

no aquatic vertebrate predators in most ponds and tinajas sampled. The 

impact of these predators, and the potential impact of terrestrial 

predators was not investigates, but is assumed to be relatively 

unimportant in determining patterns of relative abundance and co

occurrence among notonectids. 

Ponds were censused for notonectids at elevations ranging from 

about 330 m at Quitobaquito Springs in Organ Pipe Cactus National 

Monument (ORP!) to over 2400 m at the base of the San Fransisco Peaks. 

Most ponds were between 1000 and 1500 m in elevation. Tinajas, or rock 

pools in montane ephemeral streams ranged in elevation from 800 to 

2000 m. 



CHAPTER 2 

METHODS 

Notonectid communities were sampled with a standard wooden 

handled aquatic insect net and nylon aquarium nets. Ponds were 

primarily sampled with the wooden handled net, whereas small tinajas 

were primarily sampled with the smaller aquarium nets. Some large 

tinajas were also sampled with the wooden handled net. 

The sampling procedure in ponds and tinajas was essentially the 

same, except that in ponds the sampling regime was more formalized. In 

ponds, presence/absence data, as well as relative abundance data were 

collected by making standardized sweeps with the net. Each sample 

consisted of four sweeps in front of the collector in the direction of 

travel through the pond. Each sweep traversed an arc of approximately 

1.5 m. Usually 20 samples were collected from each pond, interspersed 

around the perimeter of the pond and usually in water less than 1.5 m 

deep. The tinaja habitat was generally small enough that a standardized 

sample of four sweeps was impractical, either for reasons of small size 

and irregular bottom or extremely high densities of aquatic insects 

making a four sweep sample unwieldy. Tinajas were often small enough 

that an aquarium net was sufficient not only to sample for 

presence/absence data, but to collect all of the notonectids in the 

pool. Hence many of the relative abundance records for tinajas are 

total counts rather than subsamples of populations. 

14 
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In both habitats initial sampling was conducted to establish the 

necessary sampling regime to account for all common species present. 

The sampling curve for all species (Coleoptera and Hemiptera) leveled 

off well before sample 20, and all species of notonectids eventually 

sampled were usually collected by sample 10; see Appendix 1 for selected 

representative samples of species-sample curves from ponds and tinajas. 

Su~sequent samples, if containing species not collected in the prior 10, 

usually contained single individuals of presumably rare species. 

Elevation, habitat type, general size, and presence of aquatic 

vegetation were noted for each aquatic habitat sampled. In 1981 water 

chemistry data (alkalinity, hardness, pH) were collected at selected 

sites using a standard Hach kit. 

Thirty-four ponds in Pima and Santa Cruz Counties, 2 ponds in 

Cochise County, 3 in Yavapai, 1 in Coconino, and 1 in Greenlee County, 

Arizona, and 13 ponds in Sonora, Mexico, were sampled, most of them more 

than once at several times of the year. Less intensive 3urveys were 

conducted in ponds in Baja California Sur (1), Michoacan (6), Guerrero 

(6), and Jalisco (2), and smaller samples from Mexico were contributed 

by colleagues. Artificial and natural pools on Barro Colorado Island as 

well as the shore line of Gatun Lake in the Panama Canal, Panama were 

sampled. More than 177 tinajas and smaller rock basin pools in 

ephemeral streams were censused in the Ajo, Bates, Coyote, Harquahala, 

Santa Catalina, Santa Rita, Quinlan, and Rincon Mountains in Arizona. 

Fewer than 10 rock basin pools were cenused in Sonora. See Appendix 2 

for sampling localities and dates. Place names for localities, ponds, 
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and tinajas were usually taken from recent USGS topographic maps. 

However, some pond names follow Cornejo (1985) in the Altar Valley, Pima 

Co., Arizona, and some tinajas follow Brown and Johnson (1983) for Organ 

Pipe Cactus National Monument, Pima Co., Arizona. 

In 1980 and 1981, voucher specimens were collected regularly for 

identification. In later years, only species difficult to identify in 

the field were consistently collected for identification in the 

laboratory. Other species were collected intermittently. Collections 

were preserved in 70% ethanol, and representative samples have been 

deposited in the University of Arizona insect collection curated by the 

Department of Entomology. 

All species of the genus Notonecta found in southern Arizona and 

Sonora have gross morphological differences, making field identification 

relatively easy. The same is true of the genus Buenoa, with the 

exception of ~. margaritacea, ~. scimitra, and ~. albida. These latter 

three species are nearly identical in size, shape and color pattern, but 

the configuration of the stridulatory surfaces on the inner surface of 

the foreleg on the femur and tibia, and the shape of the beak and 

rostral prong are distinctly different (Truxal 1953). These characters 

can be readily distinguished under a binocular dissecting microscope at 

12x, but most of the identification was performed at 24x. 

Habitat Selection, and Non-random Immigration 

Species occurrence records were compiled by habitat (tinaja, 

pond, or artificial stock tank), time of year, and elevation to 

determine general differences among the species. For a uniform sample 
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of habitats in 1982, multiple linear regression was performed on 

relative abundances of each species using water chemistry, elevation, 

and relative abundance of co-occurring species as independent variables 

to assess the relative importance of these biotic and abiotic factors in 

determining the distribution of individual species. 

Physical factors such as size, elevation, substratum, and 

surrounding topography are obvious characteristics that might be used by 

a colonizing insect in selecting a habitat, and they are easily 

measured. However, these factors are not independent of habitat type. 

Ponds are larger than tinajas and occur at lower elevations in valley 

floors. Tinajas are relatively small in surface area and occur at 

higher elevations in relatively narrow canyons. Thus, two sets of 

variables covary, surface area of the aquatic habitat and elevation, and 

surface area and local topography. 

Artificial habitats, such as stock troughs and cisterns for 

watering live-stock vary in size and were found in nearly all 

topographic settings comparable to ponds and tinajas. Occurrence of 

notonectids in these artificial habitats were used as an independent 

test of hypotheses regarding which variables notonectids may use as cues 

for determining the appropriate habitat for colonization. The 

occurrences of notonectids in these habitats were examined to assess the 

relative importance of elevation, topography, and surface area of the 

habitat to adult notonectids in the process of selecting an appropriate 

habitat. 
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A small experiment'was conducted to examine survivorship of 

species in geographic regions or habitats in which they were not usually 

found. Two species of Notonecta and three species of Buenoa were 

transplanted and censused over one month periods or more to determine if 

these species could survive in unusual habitats. N. lobata was 

transplanted from tinajas to lowland stock troughs in ORPI, Pima Co., 

and lie repanda was transferred from ponds in the San Rafael Valley, 

Santa Cruz Co., to tinajas in Pima Canyon, in the Santa Catalina 

Mountains, Pima Co., Arizona. B. arida from the Santa Catalina 

Mountains were transplanted into a pond in the Altar Valley in 

enclosures, and~. scimitra and B. margaritacea from Redington Pass, 

Pima Co., were transplanted into Pima Canyon. 

Incidence functions. Statistlcal significance of incidence 

functions (frequency of occurrence in habitats with increasing numbers 

of species) were analyzed using a contingency table where the columns 

were the number of co-occurring species in the habitat, and the rows 

were the frequency of occurrence by species (e.g., Whittam and Siegel

Causey 1981). The occurrence of species across communities of different 

size was tested for independence by a X2 statistic. Specific cells of 

the contingengy table were tested for significant deviation from random 

by residual analysis (Everitt 1977). 

Community Structure 

Body size patterns. Patterns in body size relations among 

coexisting notonectids were examined for large body size ratios among 

co-occurring species with a 2x2 contingency table and a simulation to 
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derive significance levels because assumptions of the x2 test were not 

met (e.g., Bowers and Brown, 1982). The pattern in coexisting 

notonectids was compared with common assemblages of carnivorous diving 

beetles (Dytiscidae) to contrast body size patterns in two predaceous 

insect groups with different predatory habits. The presence of uniform 

ratios among three or more co-occurring notonectid species was tested 

for by using a broken stick model developed by Barton and David (1956) 

(see Simberloff and Boecklen 1981). 

Samples of resident notonectids were measured for total body 

length with an electronic Lasico optical system attached to one ocular 

of a dissecting microscope and connected to a calculator for a printout 

of the measurement in mm. The average total length for each species was 

used in both tests, the contingency table and the Barton-David 

statistics. 

In the first test, using a contingency table, notonectid 

assemblages were examined in spring~summer collections made in 1981, 

1982, and 1983. Only species combinations observed during this time 

period were used in order to avoid confounding temporal variation within 

the analysis. Even so, asemblages observed at other times of the year 

do not differ from those present in the analyses. 

The data are from 77 ponds and tinajas censused during March 

through September in 1981, 43 in 1982, and 37 in 1983. Only species 

common enough for meaningful interpretation of results were used. B. 

margaritacea, ~. albida, and B. scimitra were lumped together to 

increase the sample size for this group, but are analyzed for 
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coexistence as individual species later. Species eliminated for rarity 

in the samples, other than those mentioned above are: li. repanda, which 

was found only in the San Rafael Valley of Santa Cruz County, and li. 

unifasciata, which was rare and only in a few ponds in Redington Pass. 

Species pairs were placed in two categories: species of similar 

size (BSR < 1.3) and species of dissimilar size (BSR ~ 1.3). The value 

1.3 was selected ~ priori as the critical value of BSR because it 

approxima tes Hutchinson's ratio (1959). 

To determine which species pairs were positively or negatively 

associated, the joint probabilities of two species co-occurring by 

chance was multiplied by the total number of tinajas and ponds in the 

sample. This was the expected number of pools the species of that 

species pair would co-occur in if colonization of aquatic habitats were 

random. If the observed number of co-occurrences was greater than the 

expected, the species pair was considered positively associated. If the 

number of co-occurrences was less than expected, the pair was considered 

negatively associated. Using BSR's and their respective association, a 

2x2 contingency table was constructed to test the hypothesis that pair

wise co-occurrence is independent of body size. The test statistic is 

calculated as a x2, but because assignment of species pairs to the 

contingency table is not independent, a simulation was used to determine 

the probability of getting a more extreme configuration of the table 

given the row and column totals (see Bowers and Brown 1981). This 

contingency table was compared with a similar table constructed from co

occurrence records for dytiscid beetles in ORPI. 
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The contingency tables above give a general picture of the body 

size relationships among coexisting pairs, not of entire assemblages. 

To examine assemblages a broken stick technique used by Simberloff and 

Boecklen (1981) is employed. In assemblages of three or more species 

ranked by body size, consider the largest and smallest species to be end 

points of a unit line and the intervening species to be scattered along 

the line appropriately for their lengths. We can ask if the the body 

size ratios (BSR's) are constant, which is equivalent to asking if the 

logarithms of the sizes are equidistant along the unit line (i.e., log 

(alb) = loga - 10gb). For the following test only the smallest segment 

of the unity line will be examined because, as the smallest segment gets 

large, approaching 1/n for n + 1 species, all other segments must also 

approach 1/n, indicating uniform ratios. 

The following test was used by Simberloff and Boecklen (1981) as 

a test for some minimum ratio, but as stated above it is also a 

conservative test for constant ratios. The test assumes that pOints 

thrown along the line are sampled from a uniform distribution, and we 

ask if the smallest l.ine segment (the smallest ratio) is larger than 

expected by chance. Barton and David (1956) have shown that the 

expected size of the smallest segment is 

E(g1) .,. 1 In2 , 

and the variance is 

Var (g1) .. n. (2) 



The probability that the minumum segment is smaller than any given 

number a is 

P(g1 < a) .. 1 - (1 - na)n-1, 

for a ~ 1/n (Irwin 1955). This is a specific test for whether an 

observed minimum ratio is larger than expected by chance alone, 

calculating the probability directly. 

Equation 3 was used on all possible combinations of three or 

more species within a habitat (pond or tinaja), considering only those 

species commonly occurring within that habitat (Table 1). Two species 

were considered to be present in both habitats, !. kirbyi and B. 

arizonis, because their minor habitat represented at least 25% of the 
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total number of pools occupied by these species (see Results, Table 1). 

Predation Experiments 

Differential predation. The hypothesis that differential 

predation rates produce structure in notonectid communities was tested 

by offering two sizes of victims (~. arizonis, 8.6 mm, and~. 

margaritacea, 6.6 mm) to a larger species of Notonecta in two 

experiments. By examining the relative rates of predation by two 

species of Notonecta on two sizes of Buenoa, the probable effect of 

predation on natural communities is approximated and then compared with 

the observed community patterns. 

Two predation experiments were conducted, each with five 

replicates. In the first experiment, 10!. lobata (13.5 mm) were placed 

in 27.8 liter tanks wi th 20 B. arizonis (8.6 mm) and 20 ~. mar gar i tacea 
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(6.6 mm) for 8 days. The number and identity of Buenoa preyed upon were 

recorded and removed each day. The tanks were replenished daily to 

maintain initial densities of predators and prey. Two control tanks 

with the same densities of Buenoa were maintained in the absence of 

Notonecta predators. The second experiment was identical to the first 

except that N. kirbyi (mean length = 15.24 mm) was used as the 

predator, and the experiment was run for five days. 

Predator-mediated habitat selection. In addition to predation 

experiments, simple behavioral experiments in depth selection were 

conducted to determine the depth preferences of single species of Buenoa 

alone and in the presence of a potential predator, li. lobata. Fifty 

individuals of B. arizonis were placed into a standard 15 gallon 
. -

aquarium with the back plate of glass covered with white paper gridded 

off in 5 cm squares. The individuals of B. arizonis were allowed to 

equilibrate for 15 minutes, after which a Polaroid picture was taken at 

30 minute intervals for 90 minutes to record the distribution of Buenoa 

throughout the tank. After this period, 10 adult Notonecta lobata were 
I 

added, and pictures were taken 5 minutes later, and twice more after 30 

min intervals to determine the effect of the larger Notonecta on the 

habitat use of B. arizonis. Each photograph was counted twice for the 

distribution of Buenoa and Notonecta and the distributions were compared 

by using a X2 test. 



CHAPTER 3 

RESULTS 

No more than 7 notonectid species were found in any tinaja or 

pond, even though 13 species are known to occur in Arizona, excluding ~. 

mexicana. No more than three species of Notonecta or four species of 

Buenoa were ever found together, but when the maximum was observed, at 

least one of the species of each genus was rare. Dates that sites were 

visited and species collected at each site are in Appendices 2 and 3, 

respectively. For brevity the following species notation will be used 

in tables: NOKI .. !:!. kirbyi, NOLO .. !:!. lobata, NORE =!:!. repanda, NOIN 

.. !:!. indica, NOUN .. !:!. unifasciata, BUHU .. ~. hungerfordi, BUAZ = B. 

arizonis, BUAR .~. arida, BUMA .. B. margaritacea, BUSC .. B. scimitra, 

and BUAL .. B. al bida. 

Distribution in Arizona 

There are more species of notonectids in Arizona than any other 

state in the USA or Province in Canada (Fig. 3). This is most likely 

due to the extreme environmental heterogeneity providing adequate 

habitats for the intermingling tropical and temperate fauna that come 

together in the Southwest. There have been 14 recorded species in 

Arizona, 7 Notonecta, 6 Buenoa (1 of them a new record for Arizona with 

this investigation), and 1 Martarega, the only record north of Mexico. 

Of these, 5 Notonecta and 6 Buenoa were encountered during this 

24 
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Figure 3. A latitudinal gradient of the number of species of 
Notonectidae in the genera Notonecta and Buenoa in States of the USA and 
Provinces of Canada. Arizona has an additional species of notonectid, 
Martarega mexicanus, the only member of this genus north of Mexico. The 
number of species per geographic unit are from Truxal (1953) and 
Hungerford (1933). Mean latitude is the median latitude of each 
geographic entity for which notonectid occurrences are relatively 
complete. 
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investigation of notonectid assemblages in southern Arizona. To produce 

distribution maps of Arizona Notonectidae (Figs. 4, 5, 6), records of 

notonect!ds in Arizona were compiled fromthe literature (Truxal 1953, 

Hungerford 1933, Menke and Truxal 1966, Zalom 1975), entomological 

collections at the University of Arizona, Arizona State University, New 

Mexico State University, and the Los Angeles County Museum. 

Notonecta kirbyi Hungerford.--The longest species overall (ca. 

14.5 mm), but more slender relative to its length than other Notonecta. 

This species occurs with greater frequency in ponds and tinajas at 

higher elevations than at lower elevations. It occurs across western 

Canada and western USA; the collections reported here from northern 

Sonora near Bacoachi are the first records for this species in Mexico. 

Its preference for higher elevations is reflected in the fact that only 

2-3 individuals were ever found in the relatively low Ajo Mountains (ca. 

950 m), or in the lowland valley ponds of the Altar Valley (ca. 1100 m), 

yet was found in abundance at higher elevation sites in the Quinlan 

Mountains (ca. 1400 m), a range to the west of the Altar Valley and east 

of the Ajo Mts. This species generally throughout Arizona (Fig. 4a). 

!. lobata Hungerford.--This robust species was found almost 

exclusively in tinajas and smaller pools of the Ajo, Santa Catalina, 

Santa Rita, Coyote, and Quinlan Mountains and in small stock troughs 

throughout the grasslands of Santa Cruz County in this investigation. 

This species occurs generally throughout Arizona (Fig. 4b). It is 

sexually dimorphic, the black of the membrane extending into the clavus 
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Figure 4a. The distribution of Notonecta 
kirbyi (closed circles) and N. repanda 
(open circles) in Arizona. 

----.. ------. T--··---··7-·---T---·--· 
I ! 

• 

"-

,I 
r" 
~ 

r 
( 
-~.-... , 

............ 

Figure ~b. The distribution of Notonecta lobata 
(closed circles) and N. hoffmanni (open circles) 
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and corium of the males is sometimes completely black, and in the 

females the corium and clavus is usually completely red. 
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li. repanda Hungerford.--Another robust backswimmer that is more 

brownish black and cream than the red and black lobata and kirbyi. This 

species was found exclusively in grassland ponds of the San Rafael 

Valley in Santa Cruz County (Fig. 4b), but not in the less extensively 

sampled grasslands of Sonora. 

N. indica Linnaeus.--One of the two smaller members of the 

genus, also common in ponds throughout the study area and in Arizona 

generally (Fig. 5a). Of nearly the same size as li. unifasc~~~, both of 

which are similar in their general black and white coloration; indica is 

more variable. 

N. unifasciata cochisiana Hungerford.--The smallest and least 

common member of this genus within the study area, apparently replacing 

N. indica at higher ele~ations in the White Mountains and around the San 

Fransisco Peaks (Fig. 5a). This species is rare in the study area but 

co-occurs with li. indica in' some of the higher po~ds. 

Buenoa hungerfordi Truxal.--The largest species of Buenoa (9.3 

mm), known from from the Santa Catalina (Truxal 1953) and Rincon 

Mountains (this investigation) in the US, and in Mexico from Districto 

Alamos (Sonora?), Lake Tepancuapa in Chiapas, and the Rio Mayo and San 

Luis Babarocos (~Barbacoas?) in Chihuahua (Truxal 1953). I have 

collected it in numbers in Molino Canyon and Bear Canyon in the Santa 

Catalina Mountains, Compass Tank in Redington Pass, and Box Canyon in 

the Rincon Mountains (Fig. 5b). The records in Truxal (1953) suggest 
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Figure 5a. The distribution of Notonecta indica 
closed circles), N. unifasciata (open circles), 
and N. undulata (open squares) in Arizona. 
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that these Arizona habitats may not be its usual habitat in Mexico. In 

Arizona, at the northern extent of its range it is present only in 

August and September, at the peak of the monsoon season. 

~. arizonis Bare.--A largely tropical species, it is a habitat 

generalist in Arizona, occurring in tinajas and lower elevation ponds 

throughout much of the State (Fig. 6a). 

B. arida Truxal.--To my knowledge, this species has not been 

collected outside of Arizona (Fig. 6a). It exhibits some seasonality in 

the Santa Catalina Mountains, being common during the summer months and 

uncommon otherwis~ 

~. margaritacea Torre-Bueno.--One of three macroscopically 

identical species in Arizona (Fig. 5b), the other two being ~. scimitra 

and ~. albida, all of which occur in ponds. This species occurs 

throughout the USA, the southern portion of Canada, and the northern 

states of Mexico. 

B. scimitra Bare.--This species is regionally sympatric with 

margaritacea (Fig. 6b). It does not appear to occur in the northern 

states of the USA, nor in Canada. It occurs in the West Indies, where 

margaritacea does not. 

B. albida (Champion).--This is a largely tropical species 

occurring throughout Mexico and apparently reaching the most northern 

extent of its range in Arizona (Fig. 6b). Collections made during this 

study are the first records of the species for Arizona. Here this 

species was found abundant only in the ponds of lower elevation in the 
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Altar and Ajo Valleys, even though individuals were found at higher 

elevations in Redington Pass and neal" Pena Blanca Springs. 

32 

li. hoffmanni (Fig. 4a), li. undulata (Fig. 5a), and !1. mexicana 

(Fig. 5b) are apparently not common in Pima and Santa Cruz Counties, and 

were not collected within the study area. The remaining 11 species 

occurring in Arizona were collected frequently across most of Pima and 

Santa Cruz Counties. The notable exceptions are li. repanda collected 

only in the grasslands in southeastern Arizona, and~. hungerfordi 

collected only in the Santa Catalinas and Rincons neal" Tucson. 

It is clear that most of the species are found throughout the 

study area. Thus, patterns in co-occurrence and habitat selection are 

not due to habitats 01'" species being unavailable in the sense that the 

species are not sympatric 01'" that a species does not occur 

geographically where a given habitat occurs. 

Habitat Selection and Non-random Immigration 

Habitat Selection. There are two nearly distinct groups of 

species in the study area defined by their primary habitat use. N. 

indica, N. unifasciata, li. repanda, ~. margaritacea, ~. scimitra, and B. 

albida were found nearly exclusively in ponds,. whereas li. lobata, B. 

hungerfordi, and~. arida were found nearly exclusively in tinajas 

(Table 1). Notonecta kirbyi is more common in ponds, but occurs in 

tinajas during spring and summer. B. arizonis is about equally common 

in both habitats (Table 1). 

The frequencies for ~. margaritacea, scimitra, and albida are 

presented together because when only one individual was collected in a 
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Table 1. Frequency of occurrence of notonectids in tinajas and ponds 

during spring, 1982, in terms of number of pools occupied and number of 

individuals in each habitat in Arizona. 

Number of pools Number of indi v iduals 

occupied present 

ponds tinajas ponds tinajas 

Notonecta kirbyi 6 (.75) 2( .25) 30 ( .75) 10 ( .25 ) 

Notonecta lobata 1(.04) 22( .96) 1 (.004) 273(,996) 

Notonecta repanda 1(1.0) 0 31(1.0) 0 

Notonecta indica 15(,94) 1 (.06) 208(1.0) 0 

Notonecta unifasciata 2(1.0) 0 7 (1 .0) 0 

Buenoa arizonis 7 (.26) 20 ( .74) 1745 (.59) 1190(.41) 

Buenoa arida 2( .11) 16 ( .89 ) 5 (. 01 ) 511 (. 99) 

Buenoa margaritacea 15 505 

Buenoa scimitra 7 (. 93) 2(.07 ) 336 (,98) 2 

Buenoa albida 4 115 
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given pool or pond, it was returned to the pool, rather than being 

preserved in alcohol and identified in the lab. Therefore, the two 

individuals found in tinajas (Table 1) were unidentified as to which of 

the three species they were, and their proportions are presented as 

poo I ed samp I es. 

These habitat affinities correlate well with the geographic 

ranges of the species'. Nearly all of the pond species are temperate in 

distribution, or occur across a geographic area where ponds are the 

common natural aquatic habitat (Table 2). Those species found more 

frequently or exclusively in tinajas are nearly all endemic to the 

Southwest, an arid and semi-arid region where tinajas are common in the 

mountanous terrain (Table 2). 

How do these species recognize their "proper" habitats? 

Notonectids readily immigrate into artificial habitats such as metal or 

concrete stock watering tanks, a characteristic that permits a 

qualitati ve examination of probable variables involved in selecting a 

suitable habitat. The presence/absence records of notonectids for 24 

stock troughs and holding tanks, ranging in elevation from 380 m in ORP! 

(desertscrub in western Pima Co.) to 1460 m near Elgin (grasslands in 

Santa Cruz Co.), demonstrate that nearly all species will immigrate into 

artificial habitats (Appendix 5). These data were broken down by 

relative size of the tank, and its topographic location (i.e., whether 

it was on a valley plain or in an upland situation surrounded with hilly 

or mountanous terrain). Common species of notonectids were all well 

represented, and most were found in half or more of the tanks (Table 3). 



Table 2. Geographic distribution of notonectid species collected in 

southern Arizona, USA and Sonora, Mexico. 

Species 

Notonecta kirbyi 

Notonecta lobata 

Notonecta repanda' 

Notonecta undulata 

Notonecta indica 

Notonecta unifasciata 

Buenoa hungerfordi 

Buenoa arlzonis 

Buenoa arida 

Buenoa margaritacea 

Buenoa scimitra 

Buenoa albida 

Geographic Range* 

western Canada and USA; northern Sonora, 

Mexico 

Arizona, New Mexico, & Texas, USA; Sonora, 

Chihuahua, Mexico 

Arizona, USA; D. F., Mexico 

Canada; USA; San Antonio, (state?) Mexico 

North, Central, and South America 

British Columbia, Canada; western USA; 

Mexico, Central, and South America 

Arizona, USA; Sonora, Chihuahua, and 

Chiapas, Mexico 

Arizona, USA; Mexico 

Arizona, USA 

southern Canada, USA, and Mexico 

USA, Mexico, and West Indies 

Arizona, Texas, USA; Mexico 

* from Hungerford (1933), Truxal (1953), and E. Larsen (personal 

observation) • 
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Two easily tested hypotheses regarding the selection of aquatic 

habitats by dispersing notonectids using presence/absence data are: 

Hypothesis 1--As ponds are almost invariably larger than tinajas, 

suitable habitats are selected on the basis of size; Hypothesis 2--As 

ponds are nearly always in valleys, and tinajas in canyons or hilly 

terrain, the respective habitats are selected on the basis of terrain. 

All of the species identified as "pond species" occurred at 

higher frequencies in the "large" stock tanks, whereas the "tinaja 

species" occurred at higher frequencies in montane stock tanks, 

irrespective of surface area of the tank (Table 4). This suggests that 

species usually found in ponds select habitats on the basis of size, and 

that species occurring in tinajas are cued to appropriate habitats by 

the surrounding mountanous terrain, thus providing partial support for 

both hypotheses. 

Transplant experiments. The introduction of 30 adult!. lobata 

into Pozo Nuevo, and 19 adults and 5 nymphs irito Pozo Salado, ORPI, Pima 

Co., Arizona, on February 28, 1981, persisted through October, 1981. 

After which, !. lobata was apparently replaced by a natural colonization 

of !. indica in both tanks (Table 5). The inoculation of N. lobata did 

not eliminate ~. arizonis from the tank, but B. arizonis was at its 

lowest density subsequent to!. lobata's greatest density of nymphs and 

adults in May, 1981 (Table 5). The increase in N. lobata density in 

Pozo Salado, ORPI, was not nearly so dramatic, but the eventual decline 

of N. lobata density is again, concomitant with the arrival of N. 

indica. 



Table 3. Numbers of notonectids in artificial habitats (e.g., 
concrete and steel stock tanks) during 1982 in Arizona. 

NOKI NOLO NOIN BUHU BUAZ BUAR BUMA BUSC 

Number of 204 82 19 1700 68 9 14 
Individuals 

Number of 7 11 6 7 7 2 4 
Tanks 

Frequency 0.58 0.83 0.50 0.08 0.50 0.58 0.17 0.33 

* 

BUU* 

95 

7 

0.58 

not specifically identified, may be B. marsaritacea, B. sCimitra, 
B. albida 
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or 

Table 4. Frequency of occurrence in lowland and montane stock tanks as 
a, function of tank size. 

VALLEY MONTANE 

Large Small Large Small 

N 8 9 3 4 

NOKI 0.38 0.0 1.0 0.25 

NOLO 0.5 0.44 1.0 1.0 

NONI 0.62 0.22 0.67 0.0 

BUHU 0.0 0.0 0.33 0.0 

BUAZ 0.75 0.88 0.33 0.25 

BUAR 0.25 0.11 0.67 0.5 

BUMA 0.62 0.11 1.0 0.0 
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. lie repanda, a grassland species from southeastern Arizona, and 

B. sCimitra, were introduced into a single pool in Pima Canyon, Santa 

Catalina Mountains, in July, 1982, and censused through August until a 

spate occurred, ending the experiment. These transplants did not do as 

well as those in ORPI, persisting at least 2 weeks. The intent of the 

experiment was only to determine if non-resident species could survive 

in a habitat not usually colonized. Therefore, resident species were 

removed. N. lobata and B. arida were removed at the time of each 

census. Even so, approximately the same number of individuals had re-

immigrated in the intervening period (Table 5). I know of no data on 

immigration rates in aquatic insects other than incidental data, but 

more than 130 individuals of ~. arida colonized the pool after each 

census. This was accomplished in seven days or less each time, an 

immigration rate that seems to be fairly high, and may have affected the 

persistence of the introduced species. 

Two other introductions were performed, but over a shorter 

duration, 40 B. arida in Hidden Pond, Altar Valley, Pima Co., and lie 

indica in Molino Canyon. The Hidden Pond experiment was ended by 

a spate collapsing the enclosures after 17 days. Most of the introduced 

notonectids were recovered (32/40). In Molino Canyon, 39 N. indica were 
~-:-----:C-' .. -~--.-

introduced to two pools. Nine days later, only 5 were found, but 4 were 

still present 2 weeks later. Two more introductions were attempted in 

Molino Canyon, but frequent rains reduced the numbers of resident and 

transplant notonectids alike. The later transplants persisted less than 

10 days. 
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Table 5. Numbers of notonectid species sampled in three transplant 
trials using notonectids from the San Rafael Valley, Santa Cruz Co., and 
the Ajo Mountains, and Redington Pass, Pima Co., Arizona. 

POZO NUEVO, ORPI 

1981 1982 1983 
Date 2-@ 3 .... 4,... 4- 5ft 5- 6,- 7- 8- 8 ... 10 7- 9- 7-

28 20 5 27 2 20 3 18 4 28 23 11 27 9 
Samples 50 50 32 25. 50 50 50 50 40 15 20 - 10 

NOLO* 30 11 18 18 16 275 311 67 1 32 9 
NOIN 7 13 10 
NOny 411 580 92 60 11 
BUAZ 315 326 364 226 255 39 101 245 436 328 96 186 53 455 
BUMA 2 2 

POZO SALADO, ORPI 

1981 1982 
Date 2-@ 3- 4- 4- 5"" 5- 6- 7- 8- 8- 10- 7- 9-

28 20 6 27 2 20 3 20 4 29 26 11 27 

NOLO* 19 8 10 10 9 70 62 38 33 7 1 DRY 
NOIN 1 3 1 26 
NOny 5 5 150 175 85 53 33 3 4 
BUAZ 1 1 12 16 25 19 
BUMA 1 

PIMA CANYON, SANTA CATALINA. MOUNTAINS 

1981 1982 
8-22@8-29 Date 2"'27 7-12 3-27 7-24@7-31 8-1 8-7 

Samples - 25 25 20 20 25 20 10 

NOKI 2 1 
NOLO 22 12 6 23 23 21 14 3 
NORE/i 16 12 15 6 
BUAZ P 2 14 14 3 
BUAR P 64 5

1i 
132 131 134 44$ 2 

BUSC 86 4 30 21 87 4 

* = transplanted from the Ajo Mountains, ORPI, Pima Co., # = 
transplanted from the San Rafael Valley, Santa Cruz Co., $ = 
transplanted from Redington Pass, Pima Co., @ = date of inoculation 

~ .. 
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Incidence functions. The occurrence of notonectid species does 

not appear to be random with respect to habitat type (Table 1), nor with 

r~spect to the surface area and the surrounding terrain (Table 4). Is 

there any relationship between a species' frequency of occurrence and 

the diversity or number of species in the habitat? For notonectlds in 

southern Arizona, the answer is yes. The occurrence of notonectid 

species is not independent of community size, where size refers to the 

number of species present (Fig. 7, X2 ... 55.37, d.f. = 28, p < .001). 

This was determined by a contingency table analysis, and the 

significance of the deviation from the expected value for each cell was 

determined by residual analysis (Whittam and Seigel-Causey 1981, Everitt 

1977). In effect, the arrangement of species occurrences by pools of a 

given diversity is similar to Diamond's (1975) incidence functions for 

oceanic birds, except that statistical credence can be attributed to the 

distribution types with this method (Whittam and Siegel-Causey 1981). 

lie kirbyi, lie indica, and ~. margaritacea occur with three 

species or more, more frequently than expected by chance (Fig. 7). 

These species occur in ponds (Table 1). lie lobata, ~. arizonis occur 

with few other species more often than expected by chance, and~. arida, 

and ~. hungerfordi occur more frequently with three and four species 

than expected by chance, respectively (Fig. 7). All of these species 

occur in tinajas (Table 1). The discrepancy between the two groups of 

tinaja species is the result of only two species being common in the Ajo 

Mts. (li. lobata, and~. arizonis), and five species being common 



Figure 7. Incidence functions for six species of notonectids in 

southern Arizona. The plots reflect the frequency of occurrence for 

each species in communities of different species richness. 

Significant deviations from a random expectation were determined for 

each cell of a contingency table using residual analysis. Species 

occurring more often with a given number of species than expected by 

chance are denoted by a + sign, those occurring less often than 

expected by chance are denoted by a - sign, and where there is no 
. 

significant deviation from random there is no sign. 
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seasonal residents of the Santa Catalina Mts. (~. kirbyi, N. lobata, B. 

hungerfordi, !. arizonis, and!. arida). 

Elevation. All species were present in relatively high 

proportions between 800 m and 1700 m (Fig. 8). There are no obvious 

elevation trends with the exception of ~. kirbyi. Geographically, this 

species is common throughout the mountainous western USA and Canada 

(Truxal 1953). Conversely, B. arizonis achieves dominance in sites of 

relatively low elevation (Fig. 8). These trends may not be related to 

elevation per se, but may indirectly be the result of temperature 

tolerance, with~. kirbyi being adapted to cooler temperatures and B. 

arizonis to higher temperatures as suggested by their geographic 

distributions (Table 2). 

With the exception of Notonecta kirbyi, there were are no 

underlying qualitative characteristics of water quality studied that 

explain significant portions of the variation in abundance of individual 

species in pair-wise correlations from the limited treatment of relative 

abundance data from 1982 (Appendix 6). The abundance of ~. kirbyi is 

positively correlated with both elevation (p = 0.005) and alkalinity (p 

= 0.01) in multiple regression (Table 6), even though neither factor 

alone explains a significant portion of the variance in abundance 

(Appendix 6). 
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Table 6. Results of the multiple regression analysis of relative 

abundance of species considering chemical and physical variables. 

Notonecta kirbyi 

NOKI Abundance :::I -8.86 + 0.0023 (Elev) + 0.433 (Alka,..Mg) 

Notonecta lobata 

NOLO Abundance ... 8.87 + 2.66 (Alka-P) 

Notonecta indica 

NOIN Abundance ... N. S. 

Buenoa arizonis 

BUAZ Abundance :::I N. S. 

Buenoa arida 

BUAR Abundance ... -88.52 + 0.028 (Elev) + 7.85 (Alka-P) 

Buenoa margaritacea 

BUMA Abundance = N. S. 
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Seasonality ~ Abundance 

Tinajas 

There are obvious seasonal patterns in abundance in the more 

arid mountain ranges such as the Ajo Mountains (ORPI), due to the large 

scale disappearance of the tinaja habitat during the fall and spring 

droughts. The number of colonizable habitats in the two principle 

drainages of the Ajos--Alamo Canyon and Bull Pasture--ranges from an 

observed minimum of 4 in May, 1981 to over 200 during the summer rainy 

season. Generally, the number of tinajas sampled in a given month, and 

average monthly rainfall, follow each other closely, indicating an 

increase in the number of rock pools available to sample in rainy months 

over dry months (Fig. 9). There are three large and relatively 

protected tinajas in Bull Pasture and one in South Alamo that regularly 

retain water" throughout the year and are therefore the least likely to 

dry up in any given year. 

In 1981, tinajas in North Alamo were censused frequently from 

January through August to monitor the status of notonectid numbers in 

pools filled by winter rains, desicated during the spring drought, and 

refilled during the summer monsoon. ~. arizonis arrived first and was 

the only notonectid in North Alamo Canyon from February until late May, 

when N. lobata was first observed (Table 7). ~. arizonis, the smaller 

notonectid of the two, is usually far more common than lie lobata, even 

long after the pools have filled and lie lobata numbers have peaked 

through immigration and in situ reproduction. 
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Table 7. Temporal variation in the numbers of notonectids in the Ajo Mt. 
tinajas, ORPI, USA. 

NORTH ALAMO CANYON 

1980 1981 
Date 11- 12- 1- 2- 2- 2- 2- 3- 3- 4- 4- 5- 5-

13 17 24 1 14 21 28 16 21 13 26 8 22 

N 3 2 2 3 5 4 6 5 5 4 7 

NOKI 2 
NOLO 2 1 2 1 5 
BUAZ 1700 185 31 31 30 25 65 64 169 146 

SOUTH ALAMO CANYON 

1980 1981 
Date 11-16 12-17 2-29 5-7 7-3 10-25 

N 3 3 8 6 5 

NOKI 2 
NOLO 15 14 8 64 3 
BUAZ 951 1777 1097 1865 3697 4747 

BULL PASTURE 

1980 1981 
Date 8-17 11-7 1-16 3-17 4-12 5-3 5-21 7-5 7-19 8-3 8-28 10 .... 24 

N 31 . 6 19 12 15 8 7 5 12 8 9 7 

NOLO 7 134 4 43 39 15 42 112 51 12 27 99 
BUAZ 200 2605 670 2161 1412 12607 1989 2627 1034 440 125 260 



Table 7. Continued. 

NORTH ALAMO CANYON 

1982 1983 
Date 6- 8- 8- 11- 3- 7- 9- 2- lO- S- 3-

4 4 30 7 14 10 26 16 8 24 19 

N 7 3 8 14 13 7 5 13 7 

NOKI 1 
NOLO 3 12 6 17 92 1 3 27 1 
BUAZ 12 10P 70 843 230 91 272 96 13 90 114 

BULL PASTURE 

1982 1983 1984 
Date 7-11 3-18 5-25 7-10 2-18 

N 13 13 4 2 14 

NOLO 8 24 P 66 27 
BUAZ 376 1400 P 759 1000's 
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North Alamo tinajas are more accessible than those in South 

Alamo or Bull Pasture in terms of hiking time in and out and therefore 

were sampled more frequently. Similar immigration data are not 

available for these latter drainages, but the general sequence of ~. 

arizonis arriving first is likely to hold in these drainages, except in 

those large tinajas that do not dry up during the droughts. In 

addition, there are generally more!. lobata per pool in the South Alamo 

and Bull Pasture tinajas than in North Alamo (Table 7). The greater 

number of tinajas with larger holding capacities and larger surface 

areas in South Alamo Canyon and Bull Pasture may account for the higher 

number of !. lobata in these drainages, if there is a pool-size bias 

involved with immigration of !. lobata. 

In the Ajos, only!. lobata and B. arizonis are common residents 

(Table 7), even though N. indica, ~. margaritacea, and ~. albida occur 

in the pond at Quitobaquito Springs, the stock tanks in the valley 

floor, and in Armenta Tank on the north boundary of ORPI (Appendix 3). 

This observation is corroboration on a smaller scale of the pattern of 

habitat selection observed for the entire study area (Table 1). 

In the Santa Catalina Mts., Molino, Sabino, Rattlesnake, 

Esperero, and'Pima Canyons were sampled, but Molino Canyon was sampled 

most frequently (Appendix 2). !. kirbyi and!. lobata, ~. hungerfordi, 

~. arizonis, and ~. arida were common residents,'but ~. hungerfordi is 

notable for its seasonal presence. It is abundant only in August and 

September, often in high numbers (Table 8). This seasonal high 

coincides with a seasonal low for B. arizonis, the Buenoa most similar 



Table 8. Temporal variation in the numbers of notonectids found in 
Molino Canyon, Santa Catalina Mountains, Pima Co., Arizona. 

1981 1982 

Date 1-23 6-6 6-13 6-22 7-31 8-6 11-22 2-7 4-10 6-13 6-29 7-3 8-1 

N 4 5 5 6 8 8 5 5 3 2 

NOKI 13 14 63 

NOLO P 115 47 42 27 134 255 86 98 p 164 17 8+ 

NOIN 

BUHU 2 22 2 

BUAZ P 5 1 286 3 301 11 5+ 

BUAR P 137 43 28 124 343 1580 180 P 356 53+ 52+ 

BUM-S 

49 

* experimentally added from ponds in Redington Pass, Pima Co., Arizona. 



Table 8. Continued. 

. 1983 

Date 8-8 8-17 10-10 10-16 5-21 6-6 6-9 6-18 7-1 7-19 7-22 7-29 8-2 

N 8 2 2 2 4 5 3 3 5 6 

NOKI 5 4 2 33 8 4 3 4 6 

NOLO 9 37+ 25 79 14 18 47 109 2 2 31 6 

NOIN 5* 4* 11 * 12* 

BUHU 

BUAZ 92 3 5 5 8 4 

BUAR 47 295+ 22 1104 5 4 30 33 8 3 30 2 30 

BUM-S 



Table 8. Continued. 

1984 1985 

Date 8-27 9-3 9-X 4-1 4-8 9-9 9-19 6-23 8-31 9-20 

N 2 6 2 6 6 3 7 3 3 8 

NOKI 3 16 75 4 4 

NOLO 12 25 27 68 15 45 188 41 37 150 

NOIN 

BUHU 40 3 26 44 310 25 

BUAZ 9 8 3 2 

BUAH 2 6 30 

BUM-S 
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in size to ~. hungerfordi. Even though the presence of ~. hungerfordi 

is predictable, appearing regularly in late summer and disappearing by 

October, there is no evidence that this species successfully reproduces 

here. Many pairs have been observed copulating in the pools in Molino 

Canyon, but no nymphs attributable to this species have been observed 

there. One Buenoa nymph, too large to be~. arizonis, was observed in 

the lower portion of Box Canyon in the Rincons, but not collected. 

The reason for the absence of nymphs is not known, but after 

several years of trying to get this species to oviposit in aquaria, I 

was successful only after providing styrofoam blocks floating on the 

surface. In previous years grass stems were provided for oviposition 

because the general habit for Buenoa is to insert the eggs into the 

stems of aquatic vegetation (Hungerford 1917a, Torre-Bueno 1920). This 

is apparently not the case for ~. hungerfordi as the eggs were laid on 

the styrofam rather than imbedded in it. Considering the relatively 

large size of this species (ca. 9.4 mm), the eggs may be too large to 

survive with only the narrow end of the egg extending out of the 

oviposition substratum and the eggs must be attached to the surface. .In 

this case, the absence of suitable substrata may be the reason for no 

evidence of reproductive success in Arizona. To my knowlege, this is 

the first report of the oviposition habit of this species. 

Contrast the occurrence of !. kirbyi in Molino Canyon with that 

in the Ajo Mts. This species was found only rarely in the Ajos, and 

even if it successfully reproduced, it did not persist (Table 7). Even 

the relative proportions of Notonecta to Buenoa are considerably 



different between the two localities, the former genus being more 

abundant in the Catalina Mountains than in the Ajos. 

Molino Canyon is the only locality where both~. kirbyi and N. 

lobata are found together in any abundance. ~. hungerfordi and B. 

arizonis are also occasionally present at the same time (E. Larsen, 

personal observation), but few ~. arizonis were collected when ~. 

hungerfordi was present in August and September. It is tempting to 
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infer that some negative interaction between hungerfordi and arizonis is 

responsible, but there is no direct evidence to support it. Because B. 

arizonis was never abundant in Molino Canyon (Table 8), it is possible 

that the increased flow of water and repeated spates through the canyon 

resulting from the monsoon in late summer are responsible as much as the 

immigration of B. hungerfordi. B. arida also co-occurred with B. 
~~~~~- ---- -

arizonis in the canyons of the Santa Catalina Mountains, but were 

usually not found in high numbers in the same pools. Note that this is 

not evident in the summary of individuals censused in Molino Canyon 

because the numbers sampled in all tinajas for a given date are pooled 

Ponds 

Two ponds in the Altar Valley (Experimental and Hidden Ponds) 

were sampled repeatedly over a five year period beginning in 1981. 

Experimental Pond is smaller than Hidden Pond, and often goes dry even 

in the summer rainy season if the interval between rains is substantial. 

Hidden Pond is large enough that it may last through the year, but 

usually goes dry at least once a year. What is most notable about these 

ponds, and to a certain extent the pools in ORPI as well, is that the 



same species reinvade time and again, maintaining similar proportions 

year after year (Table 9, 10). In the case of the lowland ponds, 

however, the reinvasion is often within 24 hrs after the pond refills 

during the summer monsoon (D. Cornejo and E. Larsen, personal 

observations, see Table 10). 8y far the most common notonectid is 8. 

arizonis, even though!. indica and 8. margaritacea are usual 

inhabitants as well. 
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Redington Pass. Four ponds in the Redington Pass area between 

the Santa Catalina and Rincon Mountains were sampled intermittently from 

1981 through 1985 and an ephemeral pond was sampled once (Appendix 2). 

These ponds are all 400 to 600 m higher in elevation than the ponds in 

the Altar Valley ca. 100 km to the west. Possibly as a result of the 

base elevation change, and the flanking by 9000 ft forested peaks on 

each side of Redington Pass, several differences in the notonectid fauna 

are apparent. The relative abundances of 8. arizonis and 8. 

margaritacea are reversed (Tables 11, 12, and Tables 9, 10, 13), the 

latter being abundant and the former being uncommon in Redington Pass. 

Addit~onally, !. kirbyi and !. unifasciata are relatively more common, 

!. kirbyi exhibiting extremely high abundances in June and July in 

Youtcey and Race Track Tanks (Table 11, 13). 8. albida has also been 

collected, but no more than a few individuals, the predominant species 

of the three smallest notonectids being ~. margaritacea and scimitra. 

The dominant species in a given habitat, other than these three 

small whitish notonectids, are relatively constant in their appearance 

in the pools. However, the dominance within the three small species (~. 
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Table 9. Variation in the numbers of notonectids in Hidden Pond, Altar 
Valley, Pima Co., Arizona. 

1981 1982 1983 1984 1985 

DATE 7- 10- 11- 1- 2- 6- 7- 9- 10- 11- 3- 5- 9- 8-
23 28 6 31 20 12 28 6 2 6 9 30 15 3 

NOKI 1 2 
NONI 14 20 32 97 13 4 4 P 28 10 84 1 13 
BUAZ 110 811 412 308 900 900 280 449 263 412 32 105 87 
BUM-A 36 8 8 48 82 37 4 1 1 8 5 3 

Table 10. Variation in the numbers of notonectids in Experimental Pond, 
Altar Valley, Pima Co., Arizona. 

1981 1982 1983 1984 1985 
* * * 

Date 7- 8,... 8- 9- 1- 5'- 7- 9- 3- 7- 7- 7- 8-
31 13 22 27 31 19 28 6 9 28 11 28 4 

NOKI 1 3 2 
NOIN 2 3 7 3 3 9 6 
NOUN 1 
BUAZ 24 77 132 900 1325 375 113 4 853 957 544 100's 
BUM-A 14 5 3 1 4 64 12 2 3 4 2 5 

* Sample collected within three days of a filling rain 

- .. ----. 
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Table 11. -Seasona-.1-and- yearl:y variation in the numbers of notonectids 
in Race Track Tank, Redington Pass, Pima Co., Arizona. 

1981 1982 1983 1985 

DATE 5-16 8-8 1-30 2-14 6,...6 7-2 8-9 8-28 5-20 3-14 2-17 

NOKI 4 11 31 170 6 
NOLO 1 
NOIN 6 14 10 2 8 5 28 15 
NOUN 3 1 (1) 
BUAZ 17 3 
BUM-A 115 342 703 98 65 27 1127 7 583 261 

Table 12. Seasena-l-anci-}tearly---variation in the numbers of notonectids 
in Alambre Tank, Redington Pass, Pima Co., Arizona. 

1981 1982 1983 1985 

DATE 6-14 8-8 3-28 6-19 3-14 5-20 11-5 2-17 

NOKI 2 
NOLO 1 
NOIN 11 20 5 P 
NOUN 
BUAZ 5 
BUM-S-A 2245 886 700 18 18 

Table 13. SeaseRa-];--and-yearly- variation in the numbers of notonectids 
in Youtcey Tank, Redington Pass, Pima Co., Arizona. 

1981 1982 1983 1984 1985 

DATE 5-16 7-10 8-8 3-28 6-6 7-2 3-14 3-23 7-4 1-28 3-2 

NOKI 4 67 251 P 5 P 89 
NOLO 1 1 
NOIN 1 8 1 2 P 1 P 6 
NOUN 4 4 5 P 
BUAZ 
BUM-A 924 66 



margaritacea, scimitra, and albida) is not constant over time, a fact 

discussed below. 
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!. lobata, a tinaja species (Table 1), was also collected in 

these ponds on four occasions (Tables 11, 12, and 13). The proximity of 

Redington Pass to!. lobata habitat, the high canyons of the Santa 

Catalinas and the Rincons, in conjuction with the relatively high base 

elevation may be in part responsible for the occurrence of this species 

in the ponds. Other ponds at similar elevations (e.g., San Rafael 

Valley ponds, see Appendices 2, and 3), but farther from tinaja habitats 

have not been found to possess !. lobata, even in as few numbers as the 

ponds in Redington Pass. 

Community Structure and Body ~ Patterns 

It has been demonstrated that there are two relatively distinct 

groups of species, those that select ponds and those that select tinajas 

(Table 1, Fig. 7), indicating non-random patterns of immigration. In 

this section body size patterns among co-occurring species pairs are 

examined, thereby indirectly testing the hypothesis that notonectids of 

more similar size compete more intensely than species of dissimilar 

size. Body size ratios are computed from measurements taken from 

____ .. ~peE.imens collected within the study area during the course of this 

investigation (Appendix 7). 

The competition hypothesis predicts that, for species 

partitioning resources in some way with respect to the body size of the 

competitors, those species dissimilar enough in size will not 

competitivley exclude each other, and thus coexist. Those species too 



similar in size, such that their food resources overlap greatly, 

increasing the intensity of competition, will tend to exclude each 

other. With regard to the 2x2 contingency table analysis of body size 

pattern among coexisting pairs of species, the competition hypothesis 
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predicts the large BSH-positive association cell, and small BSH-negative 

association cell will have have more species pairs than the two 

remaining cells. (See Appendix 8 for co-occurrence matrices for 

notonectid species within the study area.) 

This is the case for notonectid species in the study area. 

Species pairs that are dissimilar in size, (i.e., have a BSH ~ 1.3), co-

occur less frequently than expected by chance, and pairs that are 

similar in size, or have BSH < 1.3, co-occur more frequently than 

expected by chance (Table 14). The statistical problem of all entries 

not being independent is avoided by performing simulations on the 

resultant contingency table, holding the row and column totals constant 

and generating a distribution of all possible alternate configurations 

of the observed table. This has been done by Bowers and Brown (1981) 

for a desert rodent community analYSiS, which I repeat here using the 

program they developed. In all cases, 1981, 1982, and 1983 the 
I 

3ssociation of species pairs of notonectids is highly dependent on the 

body size of the member pairs. 

Bug-Beetle Comparison.--The body size ratios of co-occurring 

dytiscid beetles were arrived at in like manner to the notonectids, 

measurements being taken from specimens collected in OHPI during this 

investigation (Appendix 7). There is no tendency within the dytiscid 
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beetle fauna of OHPI for species of dissimilar size (BSR ~ 1.3) to co~ 

occur more or less frequently than expected by chance, nor is there a 

tendency for species of similar size (BSH < 1.3) to co-occur more or 

less frequently than expected by chance (Table 15, see Appendix 8 for 

the co-occurrence matrix of the Dytiscidae). This is in stark contrast 

with the results for notonectid species, where relative large ratios 

among co-occurring species is the rule (Table 14). There are many 

similar sized dytiscids that live in the same microhabitat within 

tinajas and often feed on the same organism simultaneously, suggesting 

an even greater potential for interspecific competition among the 

dytiscids than among the notonectids. Even so, there is no apparent 

pattern in body size among the dytiscids as there is among the 

notonectids. 

Aside from the basic differences in ecology (e.g., 

holometabolism vs. hemimetabolism, substratum-dwelling vs. water-column 

dwelling), there are basic differences among adults in feeding 

strategies, biting and chewing among the dytiscids vs. piercing and 

sucking among the notonectids, that may be responsible for the 

difference in community structure between the two groups. 

Barton~David Statistics 

The lack of independence involved in the preceding analysis is 

avoided in the following analysis. The distribution of body sizes in 

communities of three or more species was examined for large ratios or 

uniform distribution of body sizes using Barton-David statistics (Barton 

and David 1956), where the smallest body size ratio among co-occurring 
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Table 14. Contingency table for association and body size ratio among 

the seven common notonectid species in southern Arizona .. (genera 

. No.tonecta· and· Buenoa-).-

1981 1982 1983 

Ratio Association Association Association 

+ + " + 

,?1.3 10 4 9 5 10 4 

<1.3 6 0 7 6 

X2 :a 6.04 X2 "" 7.64 x2 "" 6.04 

p < .01 P < .001 P < .01 

Table 15. Contingency table for association of species pairs and body 

size ratios for dytiscid beetles in Alamo Canyon, Ajo Mountains, Organ 

. Pipe Cactus National Monument, Pima C~wrty, Arizona. 

Association 

+ 
R 
A > 1.3 26 10 
T 
I < 1.3 4 5 
0 

2 X .. 2.5, p>0.1 
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species is the statistic of interest. In the method used the smallest 

ratio is translated into the shortest interval on a unit line segment. 

From this, using equation (3) of Chapter 2, the probability of random 

processes generating a larger "shortest interval" by chance is 

calculated, for all possible notonectid assemblages in the two habitats 

(Tables 16, 17). 

The most striking pattern observed from the distribution of 

probabilities for three, four and five species assemblages is that, as 

one would expect, the variance in the probability of achieving a shorter 

interval.by chance increases as the number of species in the assemblage 

decreases (Fig. 10). What was unexpected was that the probability for 

the two complete communities, the five species making up the tinaja 

community and the pond community, respectively, would have nearly the 

lowest probabilites of being produced by chance alone (p = .097 for the 

tinaja community, and p = .011 for the pond community). The only region 

within the study area where it is possible to obtain the five species 

pond community is in the San Rafael Valley; even so, ~. arizonis is 

uncommon there, leaving the four species assemblage only slightly less 

evenly distributed at p = .173 (Table 16). For low desert ponds the two 

most common combinations of species are the most even four-species 

combination (!. kirbyi; !. indica, ~. arizonis, and~. margaritacea, 

p = .029), and the second most even three-species combination (the same 

as the above without!. kirbyi, p m .069). However, the most even four

species (p = .021) and three-species (p = .041) assemblages (Table 16) 
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Table 16. All possible combinations of pond species, the natural log of 
total body length for each species, relative length of the shortest 
interval between species' lengths distributed along a unit line segment, 
and the probability of the shortest interval being longer by chance. 

Species 

NOKI NORE NOIN BUAZ BUMA 
Shortest 

In(length) 1.183 1.106 1.035 0.934 0.818 Interval 

N <l/n-l p 

5 + + * + + + 0.194 0.011 

4 + + * + + 0.285 0.021 

4 + + * + + 0.194 0.173 

4 + * + + + 0.211 0.135 

4 + + * + + 0.277 0.029 

4 + * + + + 0.246 0.068 

3 + + * + 0.480 0.041 

3 + * + + 0.309 0.382 

3 + * + + 0.211 0.578 

3 + * + + 0.413 0.173 

3 + * + + 0.246 0.507 

3 + * + + 0.465 0.069 

3 + + * + 0.403 0.194 

3 + + * + 0.406 0.189 

3 + * + + 0.405 0.189 

3 + + * + 0.318 0.364 

+ species present in combinations of 3, 4, or 5 species communities 
* shortest interval 
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Table 17. All possible combinations of tinaja species, the natural log 
of total body length, relative length of the shortest interval between 
species's lengths along a unit line segment, and the probability of the 
shortest interval being longer by chance. 

Species 

NOKI NOLO BUHU BUAZ BUAR 
Shortest 

In(length) 1.183 1.140 0.990 0.934 0.865 Interval 

N <1/n-1 p 

5 + * + + + + 0.135 0.097 

4 + * + + + 0.173 0.232 

4 + * + + + 0.135 0.353 

4 + *" + + + 0.135 0.353 

4 ~ + * + + 0.176 0.222 

4 + + * + + 0.205 0.148 

3 + * + + 0.223 0.554 

3 + * + + 0.173 0.655 

3 + * + + 0.135 0.730 

3 + + * + 0.225 0.550 

3 + + * + 0.393 0.214 

3 + + * + 0.217 0.566 

3 + + * + 0.272 0.456 

3 + *" + + 0.455 0.091 

3 + + * + 0.251 0.498 

3 + * + + 0.448 0.104 

+ species present in combinations of 3, 4, or 5 species communities 
* shortest interval 



were not observed within the study area; all of those commonly 

encountered were relatively even (e.g., p < .18). 

Within the tinaja habitat, the presence of two species of 

similar size, !I. kirbyi and !I. lobata, precludes virtually all 

combinations in which they occur, from being even (Table 17). Only if 

all five species are present, an eventuality only possible in late 

summer and early fall, is an assemblage with these two species 
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relati vely even (p :I .097). This considers all species to be present 

which is not often the case, even at the right time of year (Table 8). 

Interestingly, the common assemblage during the presence of ~. 

hungerfordi i~ the late summer is also the most even assemblage of any 

combination in this habitat (p :I .091). The close packing of species in 

this habitat with respect to body size, the relatively small size of the 

pools compared with ponds, and the ephemeral nature of the habitat, 

suggests that competition may be an extremely important factor in these 

communities. 

These data are not overwhelming support for the size ratios of 

co-occurring notonectid species being even, but it suggests that they 

tend towards larger ratios than expected by chance. Considering that 

the basic community for both habitats begins with a species group that 

is relatively evenly distributed body sizes initially, the construction 

of smaller assemblages must proceed in a specific fashion, deleting 

either the largest or smallest species from the tails, or alternately, 

every other species along a size-ranked scale in order to maintain the 

statistical evenness of the body size pattern. 
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Further Evidence for Body ~ and Competition 

Approximately half of the species pairs in the contingency table 

analysis with large BSR's and negative associations, are negatively 

associated due to occurrence in different habitats, ponds and tinajas, 

and not necessarily because of negative interspecific interactions. Are 

there negatively associated species residing in the same habitat? All 

similar sized Buenoa in tinajas are negatively associated (Appendix 7, 

and 8), and therefore suggest a strong influence of competition. By 

inspection of the numbers of individuals censused in Molino Canyon 

(Table 8) it is apparent that~. arizonis and~. arida co-occur at least 

temporally, but~. arizonis and ~. hungerfordi do not. In the latter 

case, the impact of seasonality on~. arizonis cannot be discounted 

without experimentation to determine if the appearance of B. hungerfordi 

is responsible. 

The three smallest species of notonectids within the study area 

make the strongest case. ~. margaritacea, scimitra, and albida are 

virtually identical. They are essentially the same size, have the same 

whitish coloration, frequently with a yellow-orange pronotum, and live 

in the same habitat, ponds. A classic situation where competition 

theory predicts the occurrence of intense competition and competitive 

exclusion. As the study was initially focused on the montane rock pool

tinaja habitat, the numbers of ponds sampled incidentally was not great. 

With the first indications from ponds that there were two small off

white species, the numbers of individuals per sample returned to the 

laboratory were increased. After discovering a third species in these 



larger samples, previously unknown to Arizona, a more extensive pond 

sampling effort was initiated. Extensive sampling for all notonectid 

species was the rule initially, to determine the rigor of the pond

tinaja dichotomy, after which sampling in the pond habitat focused on 

sampling for the relative frequencies of !. margaritacea, ~. scimitra, 

and B. al bida. 
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The number of ponds sampled during the spring and summer of 1982 

was 22. Of these 22 ponds 4 were found to have only one of these three 

species, and 11 were composed predominantly (95% or more) of one species 

(Fig. 11). Using a binomial test, considering an equal probability of 

colonization by all three species, the probability of 4 ponds in 22 

having only one species of three is 0.01, and the probability of 11 out 

of 22 being 95% or more of one species is 10-7• Even though all three 

species are found together in some ponds, they occur singly or as a 

dominant more often than expected on the basis of chance. 

The samples were repeated in many of the ponds from 1982 through 

1985 (Table 18). In most cases the species that was dominant initially 

remained so, and a few exhibited dramatic shifts in proportions of the 

three species (Table 18). Two general patterns in distribution and 

abundance of these three species are apparent. !. albida is common only 

in lowland desert ponds in Arizona, and in the most southern ponds of 

Sonora, and!. margaritacea and!. scimitra appear to partition the pond 

habitats spatially (Fig. 11), even though they also are the respective 

dominant species in ponds within a few kilometers and at similar 

elevations (e.g., ponds in Redington Pass, Table 18, see Appendix 2, and 
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Figure. 11. The relative abundances of the three smallest notonectid species in the study area, 
Buenoa margaritacea, ~. scimitra, and B. albida. 
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Table 18. Geographic and seasonal variation in relative abundances of 
Buenoa margaritacea, ~. scimitra, and~. albida in southern Arizona, 
USA, and Sonora, Mexico. Numbers are based on males only as females are 
not reliably identified to species. 

Pond BUMA BUSC BUAL Date 

ARIZONA 

Altar Valley 

Experimnental Pond 1 (1.0) 7:-18-81 
20 (.95) 1 (.05 ) 5-19-82 

41 9-6-82 
3 (1.0) 3-9-83 
41 7-28-83 
21 7-11-84 
0 0 0 9-14-84 

Hidden Pond 16 (.94) (.06 ) 5-19-82 
2 (1.0) 7-28-82 
11 9-6-82 
11 10-2-82 
2 (1.0) 3-9-83 
3 (1.0) 5-30-83 
0 0 0 9-15-84 
9 (.9) 1 ( .1) 7-28-85 

Papago Pond 30 (.65) 16 (.35 ) 2-3-84 
133 (.93) 10 (.07) 5-5-84 

9 (1.0) 7-28-85 

Little Papago Pond (.5) 1 ( .5) 8-7-85 

Dill Pond 9 (1 .0) 7-28-85 

Hayhook Pond 6 ( .67) 3 (.33) 8-3-85 

Indian Tank 7 (.54) 3 (.23) 3 (.23) 8-4:-85 

Bell Mountain Tank 14 (.45) 17 (.55) 3-15-82 

Morro Tank 38 (.64) 21 ( .36) 3-12-82 
9 (.14) 54 (.86) 6-2-84 

E. of Morro Tank 2 (1 .0) 6-2-82 

Quinlan Mts ( .01) 73 (.99) 8-4-85 

Quitobaquito Sprgs, ORPI 4 (1.0) 10-26-81 



Table 18. Continued. 

Armenta Tank (N of ORPI) 38 (.35) 71 (.65) 3-14-82 
2 (~03) 63 (.97) 7-11-82 
2 (.05) 19 (.95) 3-19-83 

11(1.0) 2-19-84 

Redington Pass 

Race Track Tank 27 (.96) 1 (.04) 6-6"82 
26 (.96 ) 1 (.04 ) 7-2-82 

131 (.97) 4 (.03) 3-3-83 
15 (.75 ) 5 (.25 ) 6-19-83 
21 ( .33) 42 (.67 ) 2-17-85 

Alambre Tank 38 (.22) 129 (.75) 5 (.03) 3-28-82 
19 (1.0) 3-14-83 

79 (.59) 54 (.41) 2-17-85 

Youtcey Tank 193 (.98) 3 (.02) 3-28-82 
8 (1.0) 7-2-82 

30 (.81) 6 (.16) 1 (.03) 3-14-83 
60 (.95) 3 (.05) 3-2-85 

Upper Tank 44 (.36) 76 (.63) 1 ( .03) 3-14-83 
75 (.88) 6 (.07) 4 ( .05) 1-28-84 
34 (1.0) 3-2-85 

The Lake 2 (.03) 72 ( .97) 3-23-82 
6 (.06) 98 (.94 ) 2-17-85 

Hwy 83, S I-10 80 (.95 ) 3 (.04) 1 ( .01 ) 12-4-82 
3.6 Km 27 (1 .0) 3-16-82 

12 ( .75) 3 (.19) (.06 ) 7<~0-82 
11 (.79) 3 (.21) 

Santa Cruz Co. 

Highway Tank 11 (.92) (.08) 5-15i-184 
----

Mesa Tank 2 (.08) 23 (.92) 3-18-82 

Gardner Canyon Tank 1 (.04) 23 (.96) 3-17-82 
3 (.02) 176 (.98) 5-20-84 

San Rafael Valley 

Grass Tank 41 (.98) 1 (.02) 3-18-82 
51 ( .96) 2 (.04) 7-22-82 
87 (.70) 37 (.30) 12-5-82 
32 (.35) 58 (.64) 1 (.01) 11-25-83 
90 (.66) 47 (.34) 5-20-84 



Table 18. Continued. 

Mile Post 25 11 (1 .0) 3-16-82 
16 (.75 ) 4 (.20) 1 (.05) 7-20-82 

9 ( .35) 16 (.62) 1 (.04 ) 11-25-82 

N of Lochiel 7 (.24) 22 (.76) 11-25-82 

Santa Cruz River 20 (1 .0) 11-25-82 

W of S. Cruz River 4 ( 1 .0) 7-21.-82 

Summit Reservoi~ (.02) 56 (.86 ) 8 ( .12) 10-24-82 
71 (.97 ) 2 (.03) 6-1-84 

W of Pena Blanca Sprgs. 3 (.05) 52 (.95) 3-6-82 
25 (.23) 78 (.72) 6 (.05) 6.-1-84 

Road Crossing W PBS 7 (1 .0) 6-1-84 

W of Arivaca Lake 16 (.59) 11 (.41 ) 10-24-82 
7 (.78) 1 ( .11 ) 1 ( .11) 6-1-84 

Cochise Co. 

Turkey Creek 8 (.29) 20 (.71) 11-24·-83 

Yavapai Co. 

7 km NW Wickenburg 16 (.59) 11 ( .41) 9-30-84 

SONORA, MEXICO 

Pasture Pond 2 (.67) 1 (.33) 11-27-82 
11 ( .61 ) 3 (.17) 4 (.22 ) 3-3-84 

Gambusia Pond 1 ( .01 ) 3 (.03) 113 (.96) 11-27""82 
1 ( .2) 1 (.2) 3 (.6) 7-22-84 

Adobe Pond 7 ( .18) 9 (.24) 22 (.58) 7-23-84 

San Carlos (.33) 2 ( .67) 7-21-84 

Guaymas 1 (.25) 3 (.75) 7-22-84 

Navojoa 9 (1 .0) 7-21-84 

Tesopacho 9 (1 .0) 7""21-84 
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for elevation). Currently, the direct effects of the environment that 

may make some ponds more attractive than others for anyone of these 

three species is unknown. The working hypothesis, however, must involve 

the indirect effects of elevation and temperature on differential 

immigration and persistence among the species. 

The Effect of Predation 

In both experiments, the first where!. lobata served as the 

predator and t~e second where!. kirbyi was the predator, more 

individuals of the smaller species of Buenoa were preyed upon than the 

larger (Table 19, and 20). An average of 24.0 ~. margaritacea were 

consumed per day, whereas less than 1 B. arizonis was consumed per day 

per tank by!. kirbyi in the first experiment. In the second experiment 

an average of 32.4 B. margaritacea were consumed and 3.4 ~. arizonis by 

N. lobata. During these experiments only one B. margaritacea died in 

the control tanks. 

These data provide a strong indication that under field 

conditions it is not likely that predation per se can produce the body

size pattern exhibited by co-occurring species (Table 14). However, 

there is evidence that predation may affect the co-occurrence of species 

under special circumstances. 

In small metal stock tanks, usually less than 2 m in diameter, 

N. lobata is commonly the only notonectid present. In cases such as 

these it is not impossible that, in the absence of high rates of 

immigration, the predation rate of Notonecta on Buenoa could eliminate 

the latter from local stock watering tanks. 
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Table 19. Interspecific predation experiment~ among notonectids with 
two victim species of Buenoa and Notonecta lobata as the predator. The 
probability of more extreme !f~ults (i.e., a greater number of minus 
signs) by chance .. 1.82 x 10 • 

Numbers of Buenoa Consumed 

Tank 

2 3 4 5 

ail m* a m a m a m a m 
Day 

@ 

0 3 - 0 4 0 3 - 0 1 - 0 4 

2 0 1 - 0 5 - 0 5 - 0 5 - 0 

3 0 9 ,... 0 7 - 12 - 0 14 - 5 -

4 0 9 - 0 8 - 0 8 ,.. 0 9 - 1 7 -

5 0 8 - 0 10 - 0 9 - 0 8 - 1 7 -

6 0 10 - 0 9 - 0 12 - 0 8 .. 5 -

7 0 9 - 0 7 - 0 7 - 0 8 - 6 -

8 0 9 - 0 11 - 0 8 - 0 8 ,.. 0 7 -

# Buenoa arizonis 

* Buenoa margaritacea 

@ sign of the difference between the numbers of the two species consumed 
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Table 20. Interspecific predation experiment among notonectids with 
two victim species of Buenoa and Notonecta kirbyi as the predator. The 
probability of more extreme ~1sults (i.e., a greater number of minus 
signs) by chance .. 1.78 x 10 • 

Numbers of Buenoa Consumed 

Tank 

2 3 4 5 

all m* a m a m a m a m 
Day 

@ 

9 - 8 - 12 - 3 12 - 0 7 -

2 0 7 - o + 0 8 - 1 4 - 0 5 -

3 0 14 - 0 3 - 3 - 0 3 - 2 2 0 

4 0 8 " 4 ,.. 0 3 - 0 5 - 0 4 -

5 0 11 - 2 8 - 2 7 - 0 6 - 5 -

II Buenoa arizonis 

* Buenoa margaritacea 

@ Sign of the difference between the numbers of the two species 

consumed 
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Predation and Habitat Use 

Even though predation has not been shown to be important in 

structuring this community in terms of species composition or body size 

relationships, it never the less may be important in affecting the 

habitat use of potential victims. In aquaria experiments using ~. 

arizonis and N. lobata the habitat use of the former species was 

different in the absence of the potental predator li. lobata. In trials 

with~. arizonis alone its distribution throughout the aquarium was not 

uniform along a depth gradient, more individuals being found in the 

upper 5 cm of the tank 1 hr and 30 min prior to adding li. lobata (!2 .. 

2 11.6, d.f ... 4, p < .025,! .. 12.9, d.f ... 4, p < .025, respectively, 

Table 21). However, when li. lobata were added to the aquarium the 

distribution of ~. arizonis shifted away from the upper levels of the 

aquarium, away from the positively bouyant li. lobata. After 20 min with 

li. lobata, approximately 76% of the Buenoa were in the bottom 10 cm of 

2 the tank (! .. 35.6, d.f ... 4, p < .005). The distributions of B. 

arizonis before and after the addition of N. lobata are also 

2 statistically different (! .. 28.05, d.f. :I 4, p < .005, Table 22). 
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Table 21. Numbers of Buenoa arizonis across a depth gradient before and 
after the addition of Notonecta lobata. 

30 min prior Depth Interval (5 cm) 

1 2 3 4 5 

Observed 19 10 7 5 9 

Expected 10 10 10 10 10 

X2 '" 11.6, d.f. - 4, p < .025 

15 min prior Depth Interval (5 cm) 

1 2 3 4 5 

Observed 17 10 6 2 10 

Expected 10 10 10 10 10 

X2 .. 12.9, d.f. - 4, p < .025 

N. lobata added Depth Interval (5 cm) 

1 2 3 4 5 

Observed 18 19 6 6 

Expected 10 10 10 10 10 

X2 .. 25.8, d.f ... 4, p < .005 

15 min after Depth Interval (5 cm) 

1 2 3 4 5 

Observed 3 2 7 13 25 

Expected 10 10 10 10 10 

X2 .. 35.6, d.f. '" 4, p < .005 
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Table 22. Comparison of Buenoa arizonis distribution across a gradient 
of depth before and after the addition of Notonecta lobata. 

Before 

After 

19 

3 

Depth Interval (5 cm) 

2 

10 

2 

3 

7 

7 

4 5 

5 9 

13 25 

x2 
:z 28.05, d.f. = 4, p < .005 



CHAPTER 4 

DISCUSSION 

The occurrence of notonectid species in the two habitats, ponds 

and tinajas, is non-random (Table 1). The co-occurrence of species in 

particular communities is non-random (Fig. 7), and co-occurrence of 

species with respect to body size relationships is non-random (Table 14, 

Fig. 10). Most of the species appear to prefer a specific habitat type 

in Arizona consistent with the habitats available within their overall 

geographic ranges, and two species use both habitats (Tables 1, 2). 

Habitat selection and the greater diversity of the pond habitat, 

account for the non-random association of species occurrence records 

with assemblage size (Fig 7), but do not account for the non-random 

occurrence of species with other species of significantly larger or 

smaller body sizes (Table 14, Fig. 10). 

The pattern in body size is consistent with an exploitation 

competition hypothesis, where competitors with similar ecological 

requirements compete more intensely than those that are more dissimilar; 

if competition is intense enough, the poor competitor is excluded (Gause 

1924, Volterra 1936, MacArthur 1972). I have produced no direct 

evidence that this is the case with notonectid species of similar size, 

but the pattern is compelling for at least three reasons: it is an 

apparently robust pattern across a sizeable geographic region where all 

species that could falsify the non-random hypothesis fail to do so, even 
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though they have access to habitats censused; the species considered are 

insects, a group not generally considered to be greatly affected by 

competition at the population or community level; and the pattern 

appears to be inconsistent with other plausible explanations, such as 

stochastic processes, and differential predation. 

Recently, the role of competition in structuring communities has 

become the focus of controversy--not that competition occurs, but 

whether or not it plays a pervasive role in determining the dynamics of 

ecological communities (Connell 1975, 1980, Strong 1981, Simberloff and 

Boecklen 1981, Strong et ale 1979, Wiens 1977). Considering that 

Hutchinson (1959) was inspired by differences in body size of co

occurring aquatic insects when he proposed that coexistence among 

competing species is enhanced by some minimum difference in trophic 

structures or body size, it is ironic that vertebrate ecologists have 

provided the vast majority of examples purporting to demonstrate that 

competitive exclusion is avoided in some communities by differences in 

body size or trophic apparatus (see Simberloff and Boecklen 1981). 

Strong (1981) has suggested that if competition is generally not 

important in insect communities as it appears to be in vertebrate 

communities, this fact should be recognized in our ecological theories 

ot community organization. In part, the reason for questioning the 

importance of competition in insect communities is due to the documented 

absence of its effect in ecological studies of phytophagous insects (see 

Strong et ale 1984, and Lawton and Strong 1981 for reviews). This does 

not of course mean that competition is not important in other insect 
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groups, among the predators for example. But if it is generally true of 

insects, why is it so? Could this be for the simple reason that there 

are so many coexisting species in many insect guilds that it is nearly 

impossible to measure the competitive effect of one species on another? 

If it is difficult to measure the effect of competitors on one 

species in the midst of many, would it not be even more unlikely that 

character displacement should coevolve among many coexisting species, or 

that species of inappropriate size (i.e., producing BSR's between 

adjacent species that are too small for coexistence) should be regularly 

excluded in ecological time? If so, the relatively high di versi ty of 

insect communities may account for the apparent absence of the 

competitively derived body size pattern in insect communities. In this 

eventuality, communities of low diversity are more likely places to look 

for community-wide character displacement than high diversity 

communities. The data presented here suggest that this is a strong 

possibility. Even so, what is the potential for predation to overwhelm 

competitive effects on community structure? 

Although predation and cannibalism (Fox 1975a, 1975b, Sih 1980) 

are important interactions within notonectid populations and have been 

shown to be involved in shifting patterns of habitat use of potential 

notonectid prey species (Streams and Shubek 1985, Sih 1980, Table 24), 

it is not likely to be important in affecting the species composition, 

and thereby, the body size ratios of a widespread community. In 

predation experiments among adults, the effect of predation on community 

structure was to eliminate the smaller of the two prey species, thus 
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reducing the potential range of body sizes (Table 22, 23), and thus the 

potential community-wide body size ratios. 

The proximate cause of large BSR's in ponds and tinajas is 

undoubtedly due to differential immigration of species. When considered 

as a group, separated by habitat, notonectids are already relatively 

evenly distributed along a scale of body sizes (Fig. 10). Considering 

species that are likely to colonize a given pond or tinaja, there are 

few combinations that could falsify the competition~body size 

hypothesis. Those few are !. lobata-!. kirbyi, !. indica-!. 

unifasciata, B. hungerfordi-~. arizonis, ~.arizonis-~. arida, and B. 

margaritacea-~. scimitra-B. albida. Of these combinations, all but one 

group of species (~. hungerfordi-~. arizonis) appear to exhibit some 

degree of elevational partitioning. That is, !. kirbyi and N. lobata 

co-occur to a great extent only in tinajas of intermediate elevation in 

the Santa Catalina, Rincon, and Santa Rita Mountains, but not in the lower, 

desertscrub surrounded, Ajo Mountains, or the higher pools of the Santa 

Catalina Mts. !. unifasciata and !. indica were occasionally collected 

together in ponds in Redington Pass, a locality at an intermediate 

elevation, while only li. indica was collected at lower elevations and N. 

unifasciata at higher elevations (Appendix 3). 
---------

The last group, the three smallest species and of great 

morphological similarity, ~. margaritacea, ~. sCimitra, and B. albida, 

also exhibit some degree of elevational separation. B. albida, the more 

tropical species, is the only one of the three collected in the most 

southern localities in Sonora and is most common in the USA in the low 
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desert ponds of western Pima Co. (Appendix 3, Table 18, Fig. 11). B. 

scimitra is more common in the higher grassland sites and B. 

margaritacea is more common in the lower sites. The pond below Kitt 

Peak Observatory in the Quinlan Mountains demonstrates this 

dramatically. Ponds in the Al tar Valley in the immediate vicinity of 

the Quinlans, but at considerably lower elevation, contain predominantly 

~. margaritacea, whereas the higher pond is mostly ~. scimitra (Table 

18). This is in contrast to ponds in Redington Pass, all at 

approximately the same elevation, that are a checkerboard of B. scimitra 

and ~. margaritacea. Both species occur in ponds as dominants at this 

intermediate elevation. 

. Habi tat Selection 

It appears that notonectids in the Southwest select habitats 

using two cues, the surface area of the target, and the surrounding 

topography of the target. In the natural setting, species found nearly 

exclusively in tinajas are occasionally collected in ponds in 

mountainous terrain, and species found nearly exclusively in ponds are 

occasionally found in large tinajas or large stock watering tanks in 

valleys (Table 4). A first approximation of the habitat cues used by 

adult notonectids was obtained by examining the incidence of these 

species in large and small stock tanks in open and mountanous terrain. 

Pond species were found principally in large tanks irrespective of 

surrounding topography, and tinaja species were found principally in the 

smaller tanks in the mountainous terrain, suggesting a combination of 

the two factors is used in selecting aquatic habitats for colonization. 
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Transplant experiments indicate that "pond" species can survive 

in tinajas, and that "tinaja" species can surv i ve in lowland tanks 

(Table 5). A short term introduction of 40 ~. arida, a "tinaja" 

species, into an Altar Valley pond was terminated after 17 days by a 

spate collapsing the enclosures containing the notonectids. Of the 

original 40, 32 individuals were recovered, apparently in good 

condition. These transplants are of limited usefulness, however, 

because they do not indicate anything of survivorship from egg through 

the adult stage, or even if non-resident species will copulate and 

successfully lay eggs, only that adults can tolerate an al ternate 

environment for several days to months. 

The matter is not settled, but the persistence of species in the 

alternate habitat after transplantation and the relative rarity of some 

species in one habitat and commonness in the other are good reasons to 

suggest that selection takes place prior to immigration. Otherwise more 

individuals in the "wrong" habitat would be found. To assume that they 

make their choice, assess the habitat and leave if it is not suitable, 

contradicts the evidence regarding the persistence of transplants (Table 

5) • 

Corixids have been found to select pools so as to minimize the 

contrast between the substratum and the dorsal surface of the insect 

(Popham 1941,1942 in Fernando 1959), an antipredator strategy of more 

importance to an insect that rests on the bottom than one in the water 

column or at the surface. In Scandinavia, Pajunen and Jansson (1969) 

found that arriving adult corixids (water boatmen) seem to depend 
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directly on the size of the pools, and that surface area may reflect the 

usefulness of the pools for reproduction (Pajunen 1979). Fernando 

(1958) found that dytiscid beetles would immigrate readily into 

artificial pools, apparently assess the habitat and if found unsuitable, 

emigrate, suggesting that habitat quality was assessed after first 

immigrating into the tank. Notonectids do not need to immigrate into a 

pool if surface area is an accurate indicator of pool depth, a more 

important cue for an insect using the water column than for beetles 

using the pool substratum. 

Competition 

It is likely that little interaction takes place between the two 

sets of species occupying pond and tinaja habitats because there is 

little overlap in species composition between the two habitats (Table 

1). Also, habitats appear to be chosen for colonization by adult 

notonectids while still airborne, rather than after immigrating (Table 

4). The consistency between the habitat that a species is most 

frequently found in, in this investigation, and the association between 

habitat type and the geographic centers of the species (i.e., Southwest 

endemics and tinajas, and tropical or temperate species and ponds) 

(Table 2) suggests that the observed habitat selection is an evolved 

response, and not subject to local interactions between species. 

Therefore, the use of the 2x2 contingency table (Table 14), including 

all species present in the study area, is arguably inappropriate; a 

criticism not suffered by the analysis of dytiscid BSR's as it was 

confined to a single locality and habitat (Table 15). However, the 

~I 
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intent of using the contingency table was not to indicate that all 

species interact to produce the pattern, but to ask the question~-if a 

body size-mediated interaction takes place, is it strong enough to 

produce a body size pattern in notonectid communities in the Southwest? 

The fact that not all species occur together, that some degree of 

habitat selection occurs, makes the test conservative in that it 

produces combinations that tend to falsify the competition hypothesis 

(species of similar size in different habitats) as well as support it 

(species of dissimilar size in the same habitat) (Table 1, Appendices 7, 

8). All intergeneric comparisons, Notonecta with Buenoa, show large 

BSR's and no negative associations within a habitat, ponds or tinajas, 

even though there is a negative association within the water column 

(Table 21, and 22). Differences in body size and in microhabitat 

(separation within the water column) indicate that there is little 

competition, if any, between these two genera. However, the risk of 

predation on Buenoa by Notonecta causes a shift in Buenoa's use of the 

water column away from the upper few centimeters where Notonecta 

concentrates its foraging and resting (Table 21). 

In spite of the recent criticism of inferring process from 

pattern, particularly the suggestion that large BSR's is indicative of 

competition, the data for notonectids and other hemipteran predator 

groups is highly suggestive of the influence of competition for food as 

a structuring force in these communities. 

In Costa Rica, Gittleman (1975) found that~. antigone was 

significantly smaller where it co-occurred with fewer species of Buenoa. 
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He concluded that the decrease in size was due to release from 

competition from smaller notonectids. However, two other extensive 

examinations of notonectid communities known to me do not support the 

body size-competition scenario at first glance. Taylor (1968) surveyed 

Notonecta populations in New England, breaking down the pond habitat by 

size and aquatic vegetation. Of the six species of Notonecta he found 

commonly co-occurring, BSR's differed by less than 1.15. Streams and 

Newfield (1972) repeated the survey, resampling many of the ponds used 

by Taylor and adding several more. Their conclusions were much the 

same. Notonecta of the most dissimilar size do not co-occur more 

frequently than those of similar size. However, in both surveys those 

species of similar size occurred in different microhabitats within the 

same pond. In contrast with ponds in the Arizona study area, New 

England ponds have a well developed aquatic vegetation habi tat allowing 

habitat selection to evolve within a pond. Two species in New England, 

~. margaritacea and B. confusa occurring in the same microhabitat, 

partition their common space by depth. The former species appears to 

prefer more shallow depths than the latter, and this may reflect their 

respective oxygen requirements and access to the surface (Gittleman and 

Severence 1977). In southern Arizona ponds, depth-selection is often 

not a viable factor in habitat partitioning, as many ponds are usually 

shallow, or depth is so highly seasonal that should depth-selection 

occur it would be difficult to measure. 

There is evidence among the Gerridae that segregation among the 

species in terms of habitat use is determined by interspecific 
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competition (Andersen 1982, Vepsalainen 1973) and that some component of 

body size is important in mediating competitive interactions among 

species. In British Columbia, Spence and Scudder (1980) found that only 

the two most dissimilar species in body size co-occurred in ponds with 

homogeneous emergent vegetation. Several species of gerrids were 

present within the study area, but all occurred in different vegetation 

types. Spence et ale (1980) determined that all species preferred the 

same habitat, and in fact, each species exhibited the highest 

reproductive success in this preferred habitat. However, this habitat 

was usually occupied by only one species. This species, similar in size 

to two others, by beginning egg laying earlier, and having higher 

development rates at lower temperatures, was able to form monospecific 

populations in the optimal habitat. Apparently, the head start gained 

by this species prevented other species from being able to use the best 

habitat. In ponds of diverse vegetative habitats, two or more species 

co-occur. In ponds containing only one kind of habitat, only the 

largest and smallest species co-occur. No experiments have been 

conducted to examine the effect of body size in these interactions to my 

knowlege, but the system seems an ideal one for such an effort. 

Obviously, body size is not the only factor important in 

determining co-occurrence between species, if in fact it is involved at 

all. It has not been the intent to suggest otherwise, except to 

demonstrate that in some predaceous insect groups, notably aquatic and 

semi~aquatic hemipterans, body size does seem to playa role in 

structuring communities. The patterns in body size are consistent with 
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an exploitation competition mechanism, but no direct tests of the 

hypothesis have been successfully attempted. I suggest that notonectids 

are a prime group for further work and experiments designed to determine 

the nature of competition and its role in determining the structure of 

this community. 

There has been much discussion regarding the effects of various 

single biotic factors on diversity, either increasing or decreasing 

diversity as the factor varies. Among sessile intertidal invertebrates 

(Paine 1966), and in many plant communities (Harper 1967), predation is 

known to decrease diversity, whereas in some systems where victims are 

mobile the effect of predation is to increase diversity (e.g., Addicott 

1977). Similarly, competition is thought to be more intense in the 

tropics than in temperate regions (Diamond 1976), or in situations where 

there is greater overlap in resource use (MacArthur 1972). It seems 

clear that to date, not near enough data have been gathered to make a 

strong case for either of these latter situations to be considered the 

rule. Global patterns across continents and taxa make nice stories, but 

are they to be believed? 

With that in mind, I present the following broad pattern, 

restricted to aquatic and semi-aquatic hemipterans, and suggest a 

mechansim. Notonectids have been examined in a community context before 

(e.g., Taylor 1968, Streams and Newfield 1972, Giller and McNeill 1981, 

Gittleman 1975), and body size has been inferred to be one basis for 

partitioning resources and reducing competitive intensity. However, 

large ratios have not been reported among coexisting notonectlds. In 
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fact, the ratios among co-occurring notonectids have been quite small 

heretofore. In New England, and England the ratios are less than 1.2 

(data from Taylor 1968, Hungerford 1933), and in Costa Rica, less than 

1.3 (data from Gittleman 1975). In Arizona the ratios are over 1.3 for 

co-occurring species. Why? I suggest that it is an interaction between 

habitat diversity and body size-mediated competition, where co-occurring 

species diverge in body size if there is no other avenue for 

partitioning resources. In the Southwest, the aquatic habitats are 

simple, with little or no aquatic vegetation in most ephemeral habitats. 

If the species are to reduce competition, an obvious strategy is to be 

different in body size and reduce overlap in resources. In England, New 

England, and Costa Rica, all far more mesic regions than Arizona, the 

aquatic habitats are relatively permanent and some may have well 

established aquatic vegetation providing microhabitat differentiation 

(see Taylor 1968, and Giller and McNeill 1981). In these situations, by 

selecting different habitats within a pond (e.g., bullrushes vs. pond 

weed vs. open water, etc.), divergence in body size is unnecessary, and 

it is not observed. 

The diverse assemblage of gerrids in British Columbia exhibit 

patterns in body size and co-occurrence (Spence and Scudder 1980, Spence 

et ale 1980) that are similar to those discussed above for Arizona 

environments, but aquatic dytiscid beetles do not (Table 15). This is 

not the case for all beetle communities, however. Recall that earlier I 

argued that, in part, the likelihood of observing a body size pattern in 

a given community is a function of local diversity, and whether or not 
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food resources are handled as descrete particles or as small portions of 

an essentially continuous resource. For ecological character 

displacement to be observed in the commonly viewed sense of acquiring 

food (Cody 1973) it seems that there needs ~o be a correlation between 

some measure of predator size and prey size. This is the case for 

Notonecta (Streams 1974), and presumably for Buenoa and gerrids, but 

not for dytiscids (E. Larsen, pers. observation). No body size pattern 

is indicated for this latter group. However, among tiger beetles 

(Coleoptera: Cicindelidae) in southern Arizona (Pearson and Mury 1979) 

and tropical rainforests (Pearson 1980) there is a correlation between 

mandible gape and the size of prey captured, and large body size ratios 

among coexisting species. These patterns are highly suggestive of the 

operation of competition on community structure of predaceous insects. 

The obvious next step is rigorous experiment. 

As is r~adily apparent, the preceding data tell only a small 

part of the story regarding notonectid community structure. 

Interactions between nymphs and adults and among nymphs were not 

investigated, and therefore remain an area open for potential study. 

I chose to concentrate on adult distributions and potential interactions 

because of the high probability of obtaining positive results in a 

system that is essentially unknown with regard to patterns and 

mechanisms of community structure. Further questions that would be 

interesting to pursue are: 1) How important are interspecific 

interactions among nymphs or between nymphs and adults in affecting 

adult densities and therefore local diversity? 2) Do adult notonectids 
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engage in dispersal flights more than once? How is this affected by 

habitat longevity or the availabity of prey? How variable is this 

between species? 3) Is the major factor affecting adult distribution, 

adult choice or the survivorship of nymphs? Are there any interactions 

between habitat type and nymph survivorship? 4) Given the bimodal 

rainfall pattern of the Southwest and concomitant availability of the 

tinaja habitat, how are dispersal flights for tinaja species triggered? 

Are "tinaja speciesll more likely to have mul tiple dispersal flights than 

"pond species" due to greater ephemerality of the habitat? And lastly, 

5) are notonectid communities in tinajas and ponds ever at equilibrium 

during the anual cycle of rain and drought in the Southwest? It appears 

that with respect to local diversity and density, this quality 

may fluctuate seasonally, the accumulation of species and individuals 

lagging behind the filling of pools by hours, days, and sometimes weeks. 

It is not clear what this means, if anything, to the interpretation of 

the patterns examined here. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

The backswimmers (Hemiptera, Notonectidae) are predaceous 

aquatic insects that are excellent subjects for ecological studies. 

They are locally abundant, easily sampled and exhibit several ecological 

patterns that are indicative of underlying species interactions that 

determine local community structure. It is argued that because this 

group of notonectids appears to be organized via competitive 

interactions, the current speculation regarding the differences between 

the effects of competition on vertebrate vs. insect community structure 

is misdirected. The criteria for competitively derived character 

displacement and community structure is argued to be based on trophic 

level, particulate vs. continuous resources, and community diversity, 

rather than phyletic position; these points being emphasized by the lack 

of similar patterns in dytiscid beetles as demonstrated in notonectids. 

Considering body size relations among coexisting notonectid 

species two patterns obtain: 

Pattern Analysis 1.--Body size relationships among co-occurring 

species of notonectids are not random, but tend to be larger than 

expected by chance. Species-pairs with body size ratios ~1.3 co-occur 

more often than expected by chance, and pairs with ratios <1.3 co-occur 

less often than expected by chance (X2 = 4.03, with Yate's correction, 

p = .035, Table 14). The community-wide body size ratios in the most 

diverse assemblages of notonectids in tinajas and ponds are quite 
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uniform considering that the probability of obtaining a more uniform 

distribution by chance is low (Fig. 10); P = .10 in tinajas (Table 17) 

and p •• 01 in ponds (Table 16). 

Pattern Analysis £.~-The distribution of species between 

habitats, tinajas and ponds, and across the range of observed species 
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richnesses of assemblages is not random. Most species (i.e., all but 2 

of the 11 species) exhibited a strong tendency to occur in either ponds 

or tinajas, but not both habitats. Ponds usually possessed more species 

than tinajas and this was reflected in the incidence function analysis 

2 (sensu Whittam and Siegel-Causey 1982)(Table 1, Fig. 9, X = 49.5, 

p < .05). 

Habitat selection and diversity of communities are related as 

expected on the basis of the geographic and ecological distributions of 

the species. The tinaja inhabitants tend to be southern in their 

geographic distributions (Table 2). All species but one occur primarily 

in the border states of the USA and Mexico. One species is known only 

from Arizona (~. arida), two from the border states (!. lobata and ~. 

hungerfordi), and the last (~. arizonis) is largely tropical (Table 2). 

The species that occur in the pond habitat in southern Arizona tend to 

be temperate and widely distributed across North America (Table 2). Two 

of eight pond species occur throughout North and South America (!. 

indica and N. unifasciata), one is distributed across the western U.S. 

and Canada (!. kirbyi), two occur throughout Mexico and the USA (~. 

margaritacea and ~. scimitra), and three (!. repanda, ~. arizonis, and 

~. albida) occur in Mexico reaching the northern limits of their range 
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in the southwestern portion of the USA; the records in this study for B. 

albida are the first for Arizona and the first for N. kirbyi in Sonora, 

Mexico. 

The two groups of species apparently do not recognize or accept 

the other habitat as a viable situation for colonization. Very few 

individuals «1%) of the total number observed from 1980 through 1984 

were found in both habitats, ~. arizonis being the exception (Table 1). 

This observation is consistant with the fact that the montane ephemeral 

pool is not a major aquatic habitat throughout the range of the 

temperate species, and man~made stock ponds have only been available to 

the southwest endemics relatively recently. These facts suggest that 

habitat selection is the result of local adaptation and not competitive 

exclusion. Experiments with reciprocal transplants, though not 

statistically rigorous, indicate that in the absence of resident species 

the introduced species can survive at least for the experimental period 

(two months), or until the experimental pool was disturbed by runoff 

(Table 5). Apparently, notonectid species can live in more habitats 

than they are observed in, but they do not. The effect of resident 

notonectid species on introduced species was unexplored. 

Wi th the e.xception of li.. kirbyi, there are no underlying 

qualitative characteristics of water quality studied (e.g., pH, 

hardness, alkalinity) that explain the variation in abundance of 

individual species (Table 6). li.. kirbyi has the nothern-most 

distribution of the backswimmers present and is at the southernmost 

extent of its range in the study area. The abundance of this species is 
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positively correlated with both elevation (p = .005) and alkalinity 

(p = .01) in multiple regression (Table 6), even though neither factor 

alone explains a significant portion of the variance in abundance 

(Appendix 6). Given its northern geographic dist~ibution it is not 

surprising that it is the only notonectid found in the high mountain 

pools in the Santa Catalina Mountains, Arizona, and is virtually absent 

from the low desert ponds (Tables 9 and 10). 

The abscence of significant correlations between the abundances 

of species and physical factors other than the general characters of the 

two habitats, tinajas and ponds, suggests that the only ecological 

separation between the two groups of species occupying tinajas and ponds 

is non-interactive habitat selection, that is, habitat selection due to 

an evolved response to the major habitat type within the major portion 

of the geographic range of the species, not due to avoidance of the 

other habitat due to negative interactions between the two species 

groups. This also suggests that the relatively body size ratios for 

assemblages in each habitat evolved independently in the two habitats, 

and interspecific competition for food is the hypothesized mechanism. 

Geographically, there appears to be a correlation between 

environmental variability and heterogeneity and the existence of a body 

size pattern in notonectids. Temperate and tropical environments, 

either have no semblance of large body size ratios or the ratios are 

smaller than those reported here for the Southwest. In environments 

with significant habitat heterogeneity (i.e., permanent ponds in New 

England and England) there is pronounced habitat partitioning within a 
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pond and virtually no character displacement between species (BSR's < 

1.1). This is true within a geographic region among water striders as 

well (Spence et al. 1980), demonstrating that the pattern is not unique 

to the Notonectidae. The absence of the body size pattern in the 

locally more diverse dytiscid beetles, a group that treats prey items as 

a continuous resource, suggests that predation habit and community 

diversity are important in determining whether or not the community is 

structured via body size relationships. 

---_._----



APPENDIX 1 

Table 1. Selected species-sample curves from tinajas and ponds in 
southern Arizona. 

Organ Pipe Cactus National Monument, Pima County, Arizona 

North Alamo Canyon, Snake Trap Tank, May 22, 1981 

Deronectes aequinoctialis 
Hydrena sp. 
Laccophilus vacaensis 
Notonecta kirbyi 
Notonecta lobata 
Laccophilus fasciatus 1 
Laccophilus pictu8 1 
Rhantus gutticollis 1 
Deronectes striatellis 4 2 
Deronectes roffi 1 
Graptocorixa abdomenalis 4 6 
Buenoa arizonis 3 2 
Hydroporus vilis 20 24 

June 4, 1981 

Berosus salvini 
Hydreana sp. 
Deronectes roffi 
Rhantus atricolor 
Laccophilus pictus 
Notonecta lobata 
Deronectes aequinoctialis 
Laccophilus tasciatus 
Berosus rugulosus 
Deronectes striatellus 
Hyroporus vilis 1 
Copelatus distinctis 1 
Grapto. abdomenalis 5 
Notonecta kirbyi 1 
Buenoa arizonis 5 

1 

3 

1 
3 

1 
1 

1 1 
68 11 
3 2 

9 4 

1 
1 

2 

2 
1 
5 

2 3 
1 

2 2 

1 1 1 
5 16 28 5 2 20 

3 4 2 

18 50 40 2 40 
• 10 

Sweep Samples 

2 

3 

1 
10 

2 

26 
2 

2 4 
11 

7 2 4 

1 

1 
28 
7 

3 

1 
5 

22 
20 

2 8 

2 5 

2 
• 15 

1 
39 
13 

1 
3 

2 
4 

1 5 • 10 • 15 16 
Sweep Samples 
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Table 1. Continued. 

February 16, 1983 

Neocylpeodytes cintellu5 
Laccophllus fasciatus 
Hydroporus vilis 
Notonecta lobata 
Deronectes striatellus 
Berosus salvini 
Dinuetes 
Berosus rugulosus 
Graptocorixa abdomenalis 

1 
1 

1 
1 

2 1 
1 

94 

5 • 10 • 15 
Sweep Samples 

Red Spot Pool, February 15, 1981 

Neoclypeodytes cintellus 
Hyproporus vilis 
Deronectes aequinoctialis 
Deronectes striatellus 1 

1 
4 3 

2 
1 
1 
5 . 

1 
1 1 2 2 2 1 1 

• 10. . . .15 • • 20 
Sweep Samples 

Hidden Pond, Anvil Ranch, Altar Valley, Pima County, Arizona 

September 6, 1982 

fairy shrimp 
Lethocerus medius 
Buenoa margaritacea 
Helophorus sp 
Notonecta indica 
Berosus miles 
Laccophilus sonorensis 
Ranatra quadradenta 
Laccophilus fasciata 
Eretes sticticus 
Daphnia C 
mayfly niads 1 
Tropisternus later. 2 
Corisella edulis 3 
Buenoa arizonis 3 

1 

* hundreds 

1 1 
1 1 

1 
1 1 
1 1 
C C C C C C 

2 1 
5 13 4 2 3 
8 11 1 6 1 6 1 3 22 

5 

2 

1 
3 2 

C C C C C C C C C C C* 

10 19 2 1 
6151 32 23- 1 

10 11 19 23 29 50 14 19 50 - 61 75 
• 10 • 15 •• 19 

Sweep Samples 
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Table 1. Continued. 

South Alamo Canyon, ORPI, Pima Co., Arizona 

Sheep Tinaja, February 29, 1981 

Deronectes aequlnoctlalls 
Berosus salvini 3 4 2 
Rhantus guttlcollls 1 
Rhantus atricolor 
Notonecta lobata 2N 1 IN IN 
Laccophllus fasciatis 1 2 1 
Graptocorixa abdomenalis 1 4 1 1 
Hydroporus vllls 3 6 2 1 1 2 7 1 4 4 3 4 6 2 1 4 3 5 
Deronectes strlatellls 2 1 13 9 2 4 12 7 8 23 12 8 9 4 4 10 3 6 4 6 1 7 
Buenoa arlzonis 7 15 2 13 70 43 3 29 24 7 4 6 26 70 4 3 6 6 13 11 

1 5 10 • 15 . 20 • 25 
Sweep Samples 

May 7, 1981 

Rhantus gutticollls 
Laccophllus fasclatls 
Berosus salvlni 
Berosus miles 
Neoclypeodytes clntellis 1 1 1 
Deronectes striatellis 1 15 16 9 7 40 4 4 18 9 9 12 14 16 
Graptocorixa abdomenalls 2 3 1 1 2 
Bueona arlzonis 64 64 46 11 3 25 1 14 10 50 6 5 
Deronectes aequlnoctialls 1 1 2 1 1 2 2 3 
Hydroporus vilis 5 2 2 1 2 1 1 

1 5 10 15 20 
Sweep Samples 



Table 1. Continued. 

Jacuzzi. South Alamo Canyon. February 29. 1981 

Laccophilus pictus 
Laccophilus fasciatis 
Deronectes striatelus 
Hydroporus vilis 
Berosus salvini 
Notonecta lobata 
Graptocorixa abdomenalis 
Bueona arizonis 

May 7. 1981 

Berosus rugulosus 
Laccophilus pictus 
Notonecta lobata 
Deronectes striatellis 
Graptocorixa abdomenalis 
Laccophilus fasciatus 1 
Berosus salvini 5 
Buenoa arizonis 60 

1 

1 2 1 
2 2 2 2 2 5 2 3 3 10 
2 1 1 1 1 
1 1 1 3 
1 2 

3 1 8 8 2 4 14 2 13 3 
3 9 37 14 140 49 15 17 11 79 79 13 30 
1 5 • 10 

Sweep Samples 

1 3 
4 1 

1 2 
20 12 57 22 8 

5 
5 8 8 

1 
3 130 11 35 23 39 

10 15 
Sweep Samples 
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2 

4 

15 

1 5 3 
2 1 

1 1 
1 1 1 

30 30 25 20 
20 
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Table 1. Continued. 



Appendix 2. 

Table 1. Collecting localities and dates for species of Notonecta 
and Buenoa, 1980 through 1985. 

Locality Elev(m) 1980 1981 1982 1983 

Arizona, USA, Pima County 

Organ Pipe Cactus National Monument 

Aj 0 Mountains 
North Alamo 950~50 5/18-19 1/19,24, 3/14 2/16 

Canyon 7/5,16 25 7/10 3/19 
29,30 2/1 ,5,6, 9/26 5/24 
9/5,6 14,15,21 10/8 
11/9,15 3/16 
12/17 4113,26 

5/8,22 
6/4 
7/20 
8/4,30 
11/7 

South Alamo 950~50 5/18 2/29 
Canyon 6/25,26, 5/7 

27 7/4 
7/18,31 10/25 
10/5 
11/16 
12/17 

Bull 950~50 5/25,26 1/17,18 7111 3/18 
Pasture 717,17 3/17 5/25 

8/17,18 4/12 719 
11/8 5/4,21 10/9 

7/5,19 
8/3,29 
10/24 

Wild Horse 732 1/17 10/9 
Tank 5/21 

7/19 
8/3 
10/24 

98 

1984 

6/28 

2/18 
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Table 1. Cont'd. 

Locality Elev(m) 1980 1981 1982 1983 1984 

Organ Pipe Cactus National Monument, Cont'd. 

Dripping 610 5/24 5/22 
Springs 7/5 7/3 

8/28 
11/4 

Quitobaquito 329 7/6 7/20 
Springs 10/4 10/26 

11/9 

Bates Mountains 

Estufa 610 3/18 

Acu1'ia 610 3/18 

Hidden Gorge 610 3/18 

Stock Tanks 

Alamo Corral 750 6/25 1/19 3/14 
11/16 5/22 

7/4 
11/7 

Bates Well 415 5/24 2/28 
8/16 5/20 
11/9 7/3 

Blankenship 413 5/24 1/18 9/27 
Well 7/6 3/20 

5/3,20 
7/20 
11/6 

Bonito Well 413 5/24 1/16 7/11 7/9 
7/6 3/20 
8/16 4/5 
10/4 5/2,22 

6/3 
7/18 
8/4,28 
10/23 
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Table 1.· Cont'd. 

Locali ty Elev(m) 1980 1981 1982 1983 1984 

Gachado 424 5/24 1/16 
Well 7/6 2/28 

8/16 5/3,20 
10/4 7/6,18 
11/7 8/2 

10/23 

Pozo Nuevo 386 7/6 1/18 9/27 719 
8/16 2/28 7111 
10/4 5/3,20 

4/5,27 
5/2,20 
6/3 
7/3,18 
8/4,28 
10/23 

Pozo Salado 380 5/24 1/18 7/11 
8/16 2/28 

3/20 
4/6,27 
5/2,20 
6/3 
7/6,20 
8/4,29 
10/26 

Tiger Cage 512 11/9 4/26 
6/4 
7/6,20 

Armenta Tank 488 3/13 3/19 2/19 
N of ORPI 7/11 

Coyote Mountains 

tinajas 1067 8/9,13 9/15 
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Table 1. Cont'd. 

Locality Elev(m) 1981 1982 1983 1984 1985 

Quinlan Mountains 

tinajas 1524 8/9 9/15 8/4 

pond 1768 8/4 

Altar Valley 

Bell Tank 859 8/16 3/13 

Experimental 814 7/11,31 1/31 3/9 6/29 7/28 
Pond 8/13,22 5/19 7/28 7/11 8/4 

9-27 9/6 
10/28 11/6 
11/27 

Hidden Pond 808 7/23 1/31 3/9 7/28 
10/28 2/20 5/30 8/3, 

5/19 11 ,18 
6/11 ,12 
7/28 
8/15 
9/6 
10/2 
11/6 

Willow Pond 799 8/1 

Papago Pond 802 2/3 717 ,28 
5/5 8/11 

Lil Pagago 804 817 

Rana Pond 820 5/1 7/14 
7/27 . 

Dill Pond 829 7/28 

Mendoza Tank 1026 8/3 

Indian Tank 939 8/4 

Morro Tank 1109 3/12 6/2 

E of Morro T 1140 3/12 
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Table 1. Cont'd. 

Locality Elev(m) 1981 1982 1983 1984 1985 

Altar Valley, cont'd 

Middle Tank 826 7/15 

Santa Catalina Mountains 

Pima Canyon 1220+50 5/27 3/27 
6/15 7/24,31 
7/12 8/1,7,22,29 

Esperero 1340+50 7/29 7/28 

Sabino 2200 6/22 
8/6 

1200 8/18 

Rattlesnake 869 3/31 

Bear Canyon 1070+50 8/5 4/18 

Soldier Can 1350+50 . 2/27 

Molino Can 1280+50 1/23 2/7 3/10,11 4/1 ,8 1/5 
6/6,13,28 4/10 5/21 ,23 6/9 6/23 
7/31 6/6,13,29 6/6,9,18 9/9,19 8/31 
8/6,7 7/4 7/1,19,22 9/20 
11/15,23 8/4,8,17 24,29 

10/10,16 8/2,27 
Redington Pass 

Race Track 1290 5/16 1/30 3/13,23 2/17 
Tank 8/8 2/15 5/31 

6/6 6/19 
7/2 
8/1 ,9,28 

Alambre Tank 1290 6/14 3/28 3/14 2/17 
8/8 6/19 5/20.31 

8/28 11/5 

Compass Tank 1290 5/16 5/14 3/13 3/3 
6/14 6/6 5/31 
8/8 7/26 
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Table 1. Cont'd. 

Locality Elev(m) 1981 1982 1983 1984 1985 

Redington Pass, cont'd 

The Lake 1220 7/14 2/14 3/14,16 2/17 
6/19 

Upper Tank 1439 7/26 3/14,16 1/28 3/2 
8/28 6/19 

Youtcey Tank 1414 5/16 3/28 3/14,23 1/28 3/2 
7/10 6/6 7/4 
8/8 7/2,26 

8/28 

Rincon Mountains 

Aquila Corral 1200+50 4/18 
7/26 

Box Canyon 1200+50 8/17 4/16 

Chimenea Can 1400+50 11/27 

Grass Shack Sp 1600 11/27 

stock tank 866 11/27 

Hwy 83, 3.6 km S 1180 3/16 
1-10 7/20 

12/4 

Santa Cruz County 

Santa Rita Mountains 

Madera Can 1524 5/19 10/23 
11/12 

Hog Canyon 1370 7/22 6/6 3/18 

Adobe Canyon 1490 7/22 6/21 3/18 

Mesa Tank 1600 6/21 3/18 
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Table 1. Cont'd. 

Locality Elev(m) 1981 1982 1983 1984 1985 

Gardner Canyon 

Stock tanks 1440 6/20 3/18 5/20 
7/22 

Highway Tank 1463 5/15 

Goat Canyon 1341 5/15 

Pefia Blanca 1146 9/12 3/6 6/1 
Springs 10/23 

3.2 km W PBS 1220 9/13 3/6 6/1 
10/23 

Summit Res 1353 10/24 6/1 

1.6 km W 1164 10/24 6/1 
Arivaca Lake 

Yanks Spring 1219 10/23 6/1 

San Rafael Valley 

Grass Tank 1554 3/18 11/25 5/20 
7/5,21 
12/5 

Santa Cruz R 1414 7/21 
3 km E Lochiel 11/25 

16 km N Loch. 1646 11/25 

NFS Tank 1455 7/21 
11/25 

W Santa Cruz R 1414 11/25 

Coconino County 

Fremont Peak 

Schultz Tank 2400 8/14 



105 

Table 1. Cont'd. 

Locality Elev(m) 1981 1982 1983 1984 1985 

Greenlee County 

Hannagan Meadow 

2 km N Beaver 2438 4/10 
Head Lodge 

Yavapai County 

6.5 km NW 859 9/30 
Wickenburg 

Pitts Tank 792 10/1 

1.6 km NW Jct 872 10/1 
Hwy 93-Alamo Rd 

Cochise County 

Huachuca Mountains 

Peterson Ranch 1845 8/6* 
Scotia Canyon 
Big Pond 

Chiricahua Mountains 

Turkey Creek 1658 11/24 
16 km E Rgr St 

Maricopa County 

Harquahala Mountains 

Brown Canyon 747 4/21 

Kansas 

Sedgwick County 

Wichita 740 6/14,15 
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Table 1. Continued. 

Locality Elev(m) 1981 1982 1983 1984 . 1985 

MEXICO 

Sonora 

3 km W Kino 50 12/22 

10 km S Nogales 11/26 

16 km NE 270 11/27 
Hermosillo 

26 km SW Ures 320 11/27 
Rio Sonora 

16 km N 540 11/27 
Mazocahui 

3 km S Arizpe 800 11/28 

3 km N Arizpe 840 11/28 
Rio Bacanuchi 

13 km S 1080 11/28 
Bacoachi 

37 km N Arizpe "Bull Pasture" 11/28 3/3 7/1 

Sierra de Pintos 

Arroyos los 1440 10/26* 
Yaquis 

N Frk Pinto Ck 1300-1350 -----. 9/11,12 

24 km E Los 1100-1160 10/12* 
Hoyos, Arroyo La Cueva 

18 km W Yecora 1600-1700 10/12* 

16 km E Yecora 1500-1600 10/18* 

10 km W Yecora 1600 7/22 

Guaymas, E 7/22 
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Table 1. Continued. 

Local1 ty Elev(m) 1981 1982 1983 1984 1985 

Sonora, cont'd 

Banamichi, 14 km N 7/23 7/1 

La Palmitas 7/22 

Navojoa, 10 km N 7/21 

Hermosillo, 25 km NE 7/21 

San Carlos, 11 km E 7/21 

Tesopacho, 29 km S 7/21 

Alamos, 13 km W 7/22 

Anoles Canyon 11/11* 

Aduana, 5 km 11/8* 
W Alamos 

Baja California Sur 

San Ignacio 12/20 
3/14 

Esperitu Santo 2/12 

Michoacan 

Colola Beach 5 5/27 
10 km W Maroata 

Arroyo de la Noria 10 5/28,30 

Maroata 5 5/29 

12 km W Maroata 10 5/30 

Motin Beach, 8 km W Coloa Beach 5/30 

La Llorona Beach 5 5/31 

~; , 
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Table 1. Continued. 

Locality Elev(m) 1981 1982 1983 1984 1985 

Jalisco 

98 km SE Pt. 10 5/31 
Vallarta 

10 km N Pt. 20 1/17 
Vallarta 

Guerrero 

Rio Tikla 200 12/23 
(Ostula) 

6.4 km SE 300 12/23 
Zihuatanejo 

73 km SE Petatlan 200 12/25 

24 km E Acapulco 400 12/25 

20 km E Tecpan 200 1/15 

5 km SE Petacalco 200 1/15 

Puente San Jeronimo 200 1/15 

Puebla 3/24 

PANAMA 

Barro Colorado 3/17-26 
Island 4/1-4,9 

12-14, 
17-23 
5/1-4 
10/2,10 

Gamboa 4/24 

* collections made by colleagues using less intense sampling methods than 
those used by the author. 



APPENDIX 3. 

Table 1. Localities for species of Notonecta and Buenoa collected 
during 1980 through 1985. Species are listed irrespective of relative 
abundance. 

N N N N N B B B B B B 
0 0 0 0 0 U U U U U U 
K L R I U H A A M S A 
I 0 E N N U Z R A C L 

Arizona, Pima County 

Organ Pipe Cactus National Monument 

Ajo Mountains 

North Alamo Canyon X X X 
South Alamo Canyon X X 
Bull Pasture X X 
Wild Horse Tank X X 
Dripping Springs X 
Quitobaquito X X X X X 

Bates Mountains 

Estufa X 
Acu1'1a X 
Hidden Gorge X 

Stock Tanks 

Alamo Corral X X 
Bates Well X X? 
Blankenship Well X 
Bonito Well X 
Gachado Well X X 
Pozo Nuevo X X 
Pozo Salado X X X? 
Tiger Cage X 

Armenta Tank X X X X 
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Table 1. Cont'd. 

N N N N N B B B B B B 
0 0 0 0 0 U U U U U U 
K L R I U H A A M S A 
I 0 E N N U Z R A C L 

Coyote Mountains X X X 
Quinlan Mountains X X X X X 

Altar Valley 

Bell Tank X X X X 
Experimental Pond X X X X X 
Hidden Pond X X X X X 
Willow Pond X X X 
Papago Pond X X X X 
Little Papago Pond X 
Rana Pond X X X 
Morro Tank X X X X 
E. Morro Tank X X X 
Dill Pond X X ? 
Mendoza Tank X X ? 
Indian Tank X X ? 
Middle Tank X X 

Harquahala Mountains 

Brown Canyon X X 

Santa Catalina Mountains 

Pima Canyon X X X 
Esperero Canyon X X X 
Sabino Canyon X X X X X 
Bear Canyon X X X 
Soldier Canyon X X X 
Molino Canyon X X X X X 
Rattlesnake Canyon X X 

Redington Pass 
Race Track Tank X X X X X X 
Alambre Tank X X X X X X X 
Compass Tank X X X X X X X X X? 
The Lake X X X X X X X 
Upper Tank X X X X X X 
Youtcey Tank X X X X X X X X 
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Table 1. Cont'd. 

N N N N N B B B B B B 
Locality 0 0 0 0 0 U U U U U U 

K L R I U H A A M S A 
I 0 E N N U Z R A C L 

Rincon Mountains 

Aquila Corral X X X 
Box Canyon X X X X 
Chimenea Canyon X X 
Grass Shack Spring """x X X X 
stock tank X X 

Hwy 83, 3.6 km S 1-10 X X X X X X X 

Santa Cruz County 

Santa Rita Mountains 

Madera Canyon X X X X 
Hog Canyon X X X X X X X X 
Adobe Canyon X X X X X X 
Mesa Tank X X X X 

Gardner Canyon 

Stock tanks X X X X X X X 
Stream X X 

Goat Canyon X X 

Highway Tank, N of X X X X 
Sonoita 

Pena Blanca Springs X X X 
1.6 km W PBS X X X X X X X 
Ruby Road X X X X 
Summit Reservoir X X X X X X 
1.6 km W Arivaca Lake X X X X X 
Hank and Yank Spring 
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Table 1. Cont'd. 

N N N N N B B B B B B 
Locality 0 0 0 0 0 U U U U U U 

K L R I U 'H A A M S A 
I 0 E N N U Z R A C L 

San Rafael Valley 

Grass Tank X X X X X X X X 
Santa Cruz R 
3 km E Lochiel X X X X 

30 km N Lochiel X X X 
Boundary Tank X X X X X 

.5 km W Santa Cruz River X X 

Yavapai County 

65 km NW Wickenburg X X X X 
1.6 km NW Alamo Rd & Hwy 93 
Hwy 93, Milepost 184 

Coconino County 

Fremont Peak 
Schultz Tank X X 

Greenlee County 

Hannagan Meadow 
2 km N Beaver Head X X 

Lodge 

Cochise County 
Huachuca Mountains 

Peterson Ranch, Scotia Canyon 
Big Pond X 

Chiricahua Mountains 
Turkey Creek X X X 

Maricopa County 
Harquahala Mountains X X 

Kansas 
Sedgwick County 

Wichita X X 



113 

Table 1. Cont'd. 

N N N N M B B B B B B B B 
Locality 0 0 0 0 A U U U U U U U U 

K L I U M S A A A M S G .p 

I 0 N N E P Z N L A C R L 

MEXICO 

Sonora 

3 km W Kino X X 
10 km S Nogales 
16 km E Nogales 
16 km NE 
Hermosillo 

26 km SW Ures 
Rio Sonora 

La Victoria . X X X X 
16 km N Mazocahui 

16 km N Banamichi X X 
3 km S Arizpe 
3 km N Arizpe X X 
Rio Bacanuchi 

La Palmita X X 
13 km S X X X X X X 
Bacoachi 

Sierra de Pintos 

Arroyos Los Yaquis X 
Pinto Creek X 
North Fork 

24 km E Los X X 
Hoyos, Arroyo la Cueva 

18 km W Yecora X 
16 km E Yecora X 
SW Yecora X X ? 
11 km E San Carlos X X 
40 km NE Hermosillo X X 
Guaymas X X 
27 km N Navojoa X X 
29 km S Tesopacho X 
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Table 1. Continued. 

N N N N M B B B B B B B B B 
Locality 0 0 0 0 A U U U U U U U U U 

K R I U M S A A R M S G P T 
I 0 N N E P Z N 0 A C R L H 

Michoacan 
Colola Beach X X X 

10 km W Maroata 
Arroyo de la Noria X X 
Maroata X X X 
12 km W Maroata 
Motin Beach, 8 km W Coloa Beach 
La Llorona Beach X X 

Jalisco 
98 km SE Pt. Vallarta X X X X X X 
10 km N Pt. Vallarta X X X X X 
17 km S Playa Azul X X X 

Guerrero 
Rio Tikla (Ostula) 
6.4 km SE Zihuatanejo X X 
73 km SE Petatlan X X X 
24 km E Acapulco X X X 
20 km E Tecpan X X 
5 km SE Petacalco X X X 
Puente San Jeronimo X X 

Baja California, Sur 
San Ignacio· X X 
Espiritu Santo X X 

Puebla X X? 

PANAMA 
Barro Colorado Is X X 

? only 1 female specimen 

NOKI=Notonecta kirbyi, NOLO"N. lobata, NORO .. !. robusta, NOIN=!. indica, 
NOUN=!. unifasciata, MAME=Martarega mexicana, BUSP=Buenoa undescribed, BUAZ=B. 
arizonis, BUAN=B. antigone, BUAL=~. albida, BURO=~. rostra, BUMA=~. 
margaritacea, BUSC=B. scimitra, BUGR=B. gracilis, BUPL=~. platycnemis, BUTH= 
B. thomasi 



APPENDIX 4. 

Table 1. Water chemistry of ponds and tinajas in southern 
Arizona. 

Habitat pH H Akl Am/N Date 

Ponds 

Redington Pass 10 6 2 0.3 6-14-81 
4 4 6-14-81 

Ruby 8 2 5 0.3 8-13-81 
10 5 4 8-13-81 

Altar Valley 6.5 2 3 9-27-81 

Tinajas 

Ajo Mts. 7.0 21 13 7-5-81 
8.0 4 4 10~24-81 
8.0 5 4 10-24-81 

10.0 3 3 10-24-81 
7.5 8 7 10-25-81 
7.5 5 6 10-25-81 

Santa Rita Mts. 7.5 18 16 6-21-81 
7.5 18 16 6-21-81 
8.0 5 7 6-20-81 

Santa Catalina Mts. 7.0 8 12 11-15-81 
7.5 3 .7 6-13-81 
6.5 3 3 .5 6-13-81 
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Appendix 5. 

Table 1. Stock tanks and cisterns in southern Arizona and associated 
notonectids collected during 1981-1983. 

Tank 12345 6 789 10 11 12 13 14 15 16 17 18 19 20 21 

* Terrain VVVMMMVVV V V V V M M M M V V V V 

SPECIES 

NOKI X X X X X X X 

NOLO X X X X X X X X X X X X 

NOIN X X X X X X X X X 

BUHU X 

BUAZ X X X X X X X X X X X X X 

BUAH X X X X X 

BUM-S-A1F X X X X X X X X 

* M ~ terrain surrounding the tank is mountainous or of greater 
topograp.hic relief than a valley plain. 

22 23 

V V 

X X 

X 

X 

X 

V = terrain surrounding the tank is relatively level as in a valley 
floor. 

# samples contain any or all of the morphologically similar species ~. 
margaritacea, B. scimitra, and B. albida. 

1 1 6 

24 

V 

X 

X 

X 



Appendix 6. 

Table 1. Correlation coefficient matrices of chemical parameters and 
abundance of notonectid species in southern Arizona. N.S. 

Notonecta kirbyi 

ALKA-Mg 0.196 
HARDNESS -0.155 0.827 
pH 0.219 -0.026 "'0.073 
NOKI -0.144 -0.46 0.279 -0.090 
ELEV -0.389 0.149 0.24 -0.288 0.498 

ALKA-P ALKA-Mg HARDNESS pH NOKI 

Notonecta lobata 

ALKA-Mg 0.196 
HARDNESS -0.155 0.827 
pH 0.219 -0.026 -0.073 
NOLO 0.337 0.003 -0.193 0.131 
ELEV -0.389 0.149 0.240 -0.288 -0.021 

ALKA""P ALKA-Mg HARDNESS pH NOLO 

Notonecta indica 

ALKA-Mg 0.196 
HARDNESS -0.155 0.827 
pH 0.219 -0.026 -0.073 
NOIN 0.097 -0.200 -0.300 -0.191 
ELEV -0.389 0.149 0.240 -0.288 0.117 

ALKA-P ALKA-Mg HARDNESS pH NOIN 

Buenoa hungerfordi 

ALKA-Mg 0.196 
HARDNESS -0.155 0.827 -_. ----

pH 0.219 -0.026 -0.073 
BUHU 0.143 -0.120 -0.123 -0.079 
ELEV -0.389 0.149 0.240 -0.286 0.171 

ALKA""P ALKA ... Mg HARDNESS pH BUHU 
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Table 1. Cont'd. 

Buenoa arizonis 

ALKA-Mg 0.196 
HARDNESS -0.155 0.827 
pH 0.219 -0.026 -0.073 
BUAZ -0.116 -0.107 -0.060 0.122 
ELEV -0.389 0.149 0.240 -0.288 -0.131 

ALKA-P ALKA-Mg HARDNESS pH BUAZ 

Buenoa arida 

ALKA-Mg 0.196 
HARDNESS -0.155 0.827 
pH 0.219 -0.026 -0.073 
BUAR 0.14 0.173 0.155 "';0.163 
ELEV -0.389 0.149 0.24 -0.288 0.475 

ALKA"'P ALKA-Mg HARDNESS pH BUAR 



Appendix 7. 

Table 1. Total body lengths of Notonectidae collected in southern 
Arizona and northern Mexico. 

Species N X + S.E. Range 

Notonecta kirbyi 34 15.24,!,.107 15.84-12.94 

Notonecta lobata 44 14.18+.086 15.42-12.51 

Notonecta repanda 6 12.75+.142 13.16 .... 12.11 

Notonecta indica 31 1 0'.8 4,!,. 1 71 11.28-10.34 

Notonecta unifasciata 7 11.4+.188 11.68-10.08 

Bueno.~ hungerfordi 52 9.75,:!:..043 10.37-8.93 

Buenoa arizonis 16 8.57,!,.176 8.64-8.09 

Buenoa arida 19 7.30,!,.031 7.91-6.40 

Buenoa margaritacea 63 6.73,!,.047 7.02-6.17 

Buenoa scimitra 74 6.52,!,.027 7.14-6.05 

Buenoa albida 59 6.50,!,.084 7.27-6.12 

1 1 9 



Appendix 7. Cont'd. 

Table 2. Total body lengths of twelve common Dytiscidae 
Coleoptera) in Organ Pipe Cactus National Monument, Arizona. 

Species N X + S.E. (mm) Range 

Rhantus atricolor 2 15.6 15.76-15.45 

Rhantus gutlcollis 11 11.01 ~0.093 11.51-10.48 

Agubus lugens 8 9.54~0.168 9.02-10.34 

Copelatus distinctus 8 6.21+0.104 5.73-6.53 

Laccophilus maculosus 10 5.46 ~0.180 4.91-5.71 

Laccophilus pictus 5 4.81 4.65-5.03 

Laccophilus fasciatus 17 4.85~0.073 4.51-5.16 

Laccophil us vacaensis 3 4.43 4.16-4.73 

Deronectes striatell us 21 4.42~0.1 05 3.98-4.73 

Desmopachria portmani 7 2.65~0.602 2.53-2.75 

Hysrotus vilis 15 3.32~0.187 2.24-3.69 

Neoclypeod;:£tes cintellus 15 2.12+0.048 2.02-2.28 
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Appendix 7. Cont'd 

Table 3. Body size ratios of all notonectid species collected in 
southern Arizona, USA and Sonora, Mexico, and dytiscid beetles collected 
in ORPI. 

N N N N B B B B B B 
0 0 0 0 U U U U U U 
L R I U H A A M S A 
0 E N N U Z R A C L 

NOKI 1.15 1.07 1.45 1.34 1.58 1.80 2.11 2.40 2.34 2.35 

NOLO 1.11 1.27 1.24 1 .41 1.60 1.88 2.10 2.18 2.18 

NORE 1.18 1.12 1.31 1.49 1.75 1.89 1.96 1.96 

NOIN 1.18 1.07 1.26 1.48 1.65 1.66 1.67 

NOUN 1.17 1.33 1.56 1.69 1.75 1.76 

BUHU 1.16 1.35 1.52 1.50 1.50 

BUAZ 1.17 1.30 1.32 1.32 

BUAR 1.11 1.12 1.12 

BUMA 1.03 1.04 

BUSC 1.003 

BUAL 



Appendix 7. Cont'd. 

Table 4. Body size ratios of co-occurring dytiscid beetles in Organ 
Pipe Cactus National Monument, Pima Co., Arizona. 

RHAT 

RHGU 

AGLU 

CODI 

LAMA 

LA FA 

LAPI 

OEST 

LAVA 

OERO 

HYVI 

OEPO 

NECI 

R 
H 
G 
U 

A C 
G 0 
L 0 
U I 

L 
A 
M 
A 

L 
A 
F 
A 

L 
A 
P 
I 

o 
E 
S 
T 

L 
A 
V 
A 

o 
E 
R 
o 

H 
Y 
V 
I 

o 
E 
P 
o 

N 
E 
C 
I 

1.42 1.61 2.51 2.83 3.22 3.33 3.52 3.52 3.64 4.70 5.89 7.36 

1.77 2.00 2.27 2.35 2.48 2.48 2.57 3.32 4.15 5.19 

1.56 1.89 1.99 2.02 2.18 2.18 2.26 2.91 3.65 4.56 

1.13 1.28 1.33 1.40 1.40 1.45 1.87 2.34 2.93 

1 .14 

1 .14 1.15 1.24 1.24 1.29 1.66 2.08 2.60 

1 .04 1 .09 1.09 1.13 1.46 1.83 2.29 

1.06 1.06 1 .12 1.41 1.77 2.21 

1.00 1.04 1 .33 1.67 2.09 

1.04 1.33 1 .67 2.09 

1.29 1.622.02 

1 .25 1.56 

1.25 

RHAT • Rhantus atricolor, RHGU = !. guticollis, AGLU = Agubus lugens, 
COOI = Copelatus distinctus, LAMA = Laccophilus maculosus, LAFA = k. 
fasciatus terminal is, LAPI = k. pictus, OEST = Oeronectes striatellis, 
LAVA ~ L. vacaensis, OERO = O. roffl, HYVI = Hydroporus vilis, OEPO = 
oesmopachria portmani, and NECI = Neoclypeodytes cintellis. 
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Appendix 8. 

Table 1. Co-occurence matrices for common notonectids in 1982, 1983, 
and 1984 in southern Arizona. 

1981 N"'71 pools Expected No. Observed No. 
of Co-occurrences of Co-occurrences 

Species n 1 i h z a m 1 i h z a m 

NOKI 20 11.1 1.2 .6 10.4 7.9 3.9 12 7 1 5 13 5 
NOLO 38 8.7 1.2 21.4 16.2 8.1 4 2 15 24 4 
NOIN 12 .4 7.8 5.9 3.0 0 8 1 6 
BUHU 3 1.0 .8 .4 0 2 0 
BUAZ 38 14.6 7.3 4 9 
BUAR 28 5.5 3 
BUMA 8 
BUSC 5 

1982 N",44 pools Expected No. Observed No. 
of Co-occurrences of Co-occurrences 

Species n 1 i h z a m 1 i h z a m 

NOKI 9 4.7 2.0 1.2 6.5 2.2 1.8 4 4 2 3 4 5 
NOLO 23 5.3 3.6 5.7 5.7 4.7 0 6 14 11 0 
NOIN 10 1 .4 7.3 2.5 2.0 0 7 0 7 
BUHU 6 4.4 1.5 1.2 1 6 0 
BUAZ 32 8.0 6.5 2 7 
BUAR 11 2.2 0 
BUMA 9 

1983 N"'37 pools Expected No. Observed No. 
of Co-occurrences of Co-occurrences 

Species n 1 i h z a m 1 i h z a m 

NOKI 9 7.0 1.2 0.2 5.1 2.2 1.0 5 3 1 5 6 3 
NOLO 29 3.9 .8 16.4 7.0 3.1 0 1 18 9 0 
NOIN 5 • 1 2.8 1 .2 .5 0 4 0 4 
BUHU 1 .6 .0 • 1 0 1 0 
BUAZ 21 5.1 2.3 5 3 
BUAR 9 1.0 0 
BUMA 4 
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Table 2. Co-occurrence matrix for common beetles in 37 tinajas of Organ 
Pipe Cactus National Monument, Pima Co., Arizona during July 1980. 

Species N Observed Co-occurrences 

RHGU LAPI LAFA DEST HYVI CODI LAVA NECI DEPO LAMA DERO 

RHAT 9 8 7 6 8 8 5 0 5 3 2 2 
RHGU 16 11 8 7 4 4 7 5 2 2 
LAPI 24 11 7 12 9 7 15 5 2 1 
LA FA 16 6 6 6 3 7 5 2 2 
DEST 10 9 6 1 5 4 1 1 
HYVI 13 6 2 8 4 1 1 
COD I 12 3 9 1 1 1 
LAVA 7 5 2 0 0 
NECI 18 4 2 2 
DEPO 12 1 0 
LAMA 3 1 
DERO 2 
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