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ABSTRACT 
Ephen1eral aquatic habitats in Wupatki National Mon11111ent vary fro1n naturally forn1ed pools in­
arroyos over 5000 years old, to constructed catch1nent basins with ages estin1ated at 60-1 000+ 
years old, and borrow pits and stock ponds 30-60 years old. The different ages of these pools 
provide different histories of colonization by mnphibians and aquatic invertebrates, especially 
te1nporary pool specialists such as spadefoot toads and branchiopod crustaceans. Ten pools of 
five different origins and ages \Vere surveyed in August and/or Septen1ber 1997 for aquatic 
orgm1is1ns; a total of 13 surveys were conducted. A total of 22 taxa "''ere found, the nun1ber of 
species in a given pool during a given survey ranged fron1 1 to 10. Species con1position of the 
con1n1unities chm1ged fro1n one san1pling date to the next \Vithin individual pools. There appears 
to be son1e relationship between age of the pool m1d conu11unity structure, but it is not direct: 
species richness was not directly correlated with pool age. Other factors such as pool size ( = 

longevity) a11d distance from source populations n1ay also be i1nportant in structuring ephen1eral 
pool con1n1unities. 

INTRODUCTION 
Ephenleral pools can be found in tnany pm·ts of the \VOrld. These pools range in size frotn 

sn1all rock basins holding no n1ore than a litre or two, to large playa lakes covering hundreds of . 
hectares. They occur at high elevations, below sea level, on bedrock, on very old soils and 
recent volcm1ic stu-faces. They fill in different seasons depending on climatic patterns, and 1nay 
have a single annual wet phase, or fill and dry n1ru1y tilnes a yeru·. Ephe1neral pools forn1 through 
natural geo1norphic processes or they n1ay result frcnn humru1 activity (e.g., constructed catch 
basins, inadvertent drunn1ing by roadbeds, etc.) Many pools are heterotrophic, n1uch of the 
energy passing tlu·ough then1 con1es fron1 detritus, not direct photosynthetic production (I(uller 
and Gasith 1996). Pools supporting a \VetlandJterrestrial plant con1n1unity (e.g., vernal pools in 
California's Central Valley) n1ay be autochthonous in that vascular plant production during the 
dry phase provides detritus that supports the aquatic systen1 during the next \Vet phase. So1ne 
systen1s (e.g., rock pools and playas) lack significru1t vascular plant production, n1uch of their 
energy n1ay con1e fro1n allochthonous detritus blo\Vli in or catTied into the basin fi·on1 the 
surrounding \Vatershed, with prin1m·y production by algae in the basin varying in significance. 

Little is known in general about \vhat detern1ines species con1position of ephen1eral pool 
invertebrate con1n1tn1ities. Ephen1eral pools typically have a fairly sin1ple con1n1unity structure, 
bt1t species con1position can vary significantly (Thiery 1.991, Jeffries 1994, Anderson et al. 
1999)). !\1ost pools are populated \Vith "''idespread species, but son1e species are enden1ic to 
particular geographic regions, or pool conditions. Much of the diversity in ephen1eral pools n1ay 
still be undocun1ented, as evidenced by a recent survey of California Central Valley pools, '~rhere 



as n1any as 52o/o of the crustaceans encountered were reported fron1 California for the first tilne, 
and up to 44°/o n1ay be new species (King et al. 1996). 
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Ecologists hope to find patterns .an1ong con1n1unitites that indicate a fevv physical and 
biological paran1eters deten11ine con1n1tlnity stn:Icture. While there appear to be son1e 
con1n1onality in the structure of n1acroinvertebrate con1n1unities found in ephen1eral pools, it is 
not clear v.rhether ephe1neral pool con1n1unity structure is predictable. Pool inhabitants are either 
aquatic opportunists, species that occupy both ten1porary and pern1anent waters, or specialists 
vvith precise adaptations for living in ten1porary aquatic environn1ents (\Viggins et al. 1980, 
Willian1s 1985). Typically there is at least one large branchiopod crustacean, often a fairy 
shritnp, if only a single branchiopod is present. Branchiopods are one of the quintessential 
ephen1eral pool groups, lin1ited aln1ost entirely to te1nporary bodies of water. The presence of 
n1ore than one branchiopod, in particular, n1ore than one anostracan, in a single pool has been 
characterized as rare by n1any authors(Dexter and Kuehnle 1951, Dexter 1953, Moore 1970, 
Anderson 1974, Maynard and Ron1ney 1975, Donald 1982). Other studies indicate the 
occtuTence of three or n1ore branchiopod species in a single pool con1n1unity is fairly con1n1on, 
although there n1ay be only a single fairy shrin1p species present (I-Iorne 1967, 1974, DeBrey et 
al. 1991, Thiery 1991, Grahan1 1995). (Maeda-Martinez et al. 1997) report up to eight species.in 
three orders in a single pool in northern Mexico. Aquatic insects are represented by n1m1y orders, 
the species present depend on pool longevity, nearness to pennanent water, and abundance of 
other invertebrates as predators or prey. Groups usually fotu1d are beetles (e.g., Dytisci~ae and 
Hydrophilidae), backswin1n1ers, water boatn1en, m1d a variety of fly larvae (e.g., Chironon1idae, 
Ceratopogonidae, Culicidae). 

Arizona has a very diverse branchiopod fauna, vvith n1ore fairy shrilnp species than m1y 
other state except California (Belk 1 977, Eng et al. 1990, Eriksen and Belk 1999, Belk and 
Fugate 2000). The topographic diversity of the state, along with clin1atic m1d chen1ica.l 
(especially salinity) gradients are lm·gely responsible for this diversity (Belk 1977). (Sellers and 
I-Iill 1974) divided Arizona into six clitnatic physiographic sections, m1d (Belk 1977) found that 
fairy shrin1p distributions correlated well with these sections. Wupatki lies near the boundaries 
of Plateau and Northeast sections, and thus there is a potential for a relatively diverse fairy 
shrin1p fauna, and prossibly other branchiopods as well. Two species of Triops n1ay be fotmd in 
Arizona; T. longicaudatus has been recorded in northern Arizona, and (Sassm11an et al. 1997) 
identified a second species, T. newberryi, fron1 specin1ens collected in southern Arizona. 

Essentially nothing is known about the invetiebrate con1n1unities in ephen1eral pools of 
Wupatki NM. Tadpole slu·in1p v1ere collected fron1 a single location within Wupatki (Cinnan1on 
1989); it is not known if any \Vere collected or \Vhat species they were. No systen1atic surveys 
have been n1ade of ephen1eral pools at Wupatki National Monun1ents to detern1ine presence of 
branchiopods, or of other aquatic invertebrates. 

Distm1ce fron1 pern1anent ·water to m1 ephen1eral pool \Vill affect which species can 
colonize that pool, and thus structure of the invertebrate/mnphibain con1n1unity v,rill be driven by 
this distance to smne extent. Species capable of dispersing greater distances \Vill probably occur 
in n1ore pools overall, and are n1ore likely to occur in isolated pools than are species of lovler 
vagility. Species \Vith poor dispersal abilities are predicted to be more con11non in pools nearer 
n1ore pennanent water. Most branchiopod crustaceans are found only in ephen1eral pools. On 
the Colorad.o Plateau, branchiopods probably disperse prin1arily as cysts carried by wind. Cysts 



are predicted to be found in any pool that has been on the landscape long enough that cysts have 
had a chance to blovv into then1. Active branchiopod populations V~rill be found in pools that 
meet the life history requiren1ents of the particular species (\Villian1s 1987). 
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On a natural landscape, ephen1eral pools in an area are usually of approxin1ately the san1e 
age, and thus potential colonization is probably equivalent and con1n1unity structure of sin1ilar 
pools is probably driven by pool size and spatial arrangen1ent of pools. In htunan-altered 
landscapes, pools of different ages n1ay be in close proxin1ity, providing different opportunities 
for colonization over tin1e. Older pools will have had a longer tilne for species to colonize thetn, 
thus low vagility species (e.g., at11phibians) at1d passive dispersers (e.g., branchiopods) ru·e 
predicted to be found in older pools n1ore oftenthru1 younger pools. The invertebrate 
co nun unities of a catch basins n1ight be influenced not only by age of basin, but also proxitnity to 
pennanent water and/or older pools; a young catchn1ent near an old pool should be n1ore sin1ilar 
to the nearby older pools than if the i1npoundn1ent \Vas n1ore isolated. 

There is a gradient in distance to pern1anent water runong the pools surveyed at Wupatki 
NM as well as a ten1poral gradient in ages of the pools. Con1n1unity structure in these pools is 
probably influenced by dispersal abilityofthe different organisn1s. Older pools will have had a 
longer tin1e for species to colonize, thus species V\'ith low vagility are predicted to be found in 
older pools but less likely in younger pools. Species with poor dispersal ability are also predicted 
to be n1ore con1n1on in pools that ru·e near n1ore pennanent water bodies. Passive dispersers such 
as brru1chiopods would be expected to be found in older pool~, a11d possibly pools neru· old 
(usually natural) pools. Organisn1s that do not disperse readily (e.g., very aquatic insects, 
an1phibians, etc.) are n1ore likely to be lin1ited to pools nearer pern1anent \Vater thru1 strong Hiers 
such as backswin1n1ers and son1e beetles. 

Geologic conditions at \VUP A ru·e not conducive to the forn1ation of natural ephen1eral 
pools. There are fe\v exposures of rock strata that develop vveathering pits, and geomoqJhic 
processes have developed typical dendritic drainage patterns rather than closed basins. There 
were only two kinds of natural ephen1eral pools encountered in surveys at WUP A, both in 
drainages: 1) Sn1all rock pools eroded as washes cut through thin sandstone layers of the 
l\1oenkopi Forn1ation. 2) Cinder and mud flows have blocked larger washes such as Deadn1an 
Wash and Kana' a Wash, forn1ing long, relatively shallow pools behind these dan1s. (Cinnan1on 
1989) collected tadpole shrin1p fron1 at least one such pool in Dead.1nan1

S Wash (\Vupatki). 
I-lo\vever, the dan1s ru·e so nun1erous, there is very little effective watershed for any of the 
segn1ents. Precipitation n1ust be quite heavy directly over one of these segn1ents, or a side cru1on 
for it tq fill. Given the spatial unpredictability of sun1n1er thunderstorn1s, the filling of any given 
pool is very unpredictable. The only two containing water during either survey were both 
adjacent to, and downstremn fron1 the entrance road. They probably fill n1ore frequently now 
than other segn1ents of Dead1nan Wash because their \:Vatersheds include a large stretch of road. 

\Vupatki National Monun1ent presents an unusual oppmiunity to explore the ecology of 
ephen1eral pool invertebrate con11nunities at1d exmnine the role of dispersal in structuring these 
con1n1unities .. There are no pern1anent surface water sources within Wupatki~ and n1ost relatively 
pen11anent water near the n1ontunent has been developed fron1 \Vells in the last 150 years (N. 
Tancredo, Wupatki NM, pers. con1n1.). The Little Colorado River, and a series of sn1all springs 
are the only natural \Vater sources in the area, and even the Little Colorado River does not always 
have surface v..rater near Wupatki Nl\1. Aquatic insects will disperse fron1 these pern1anent water 
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refugia to ephen1eral pools following rains, distance \Vill filter insect species with different 
dispersal abilities. Because n1any of the insects colonizing ephen1eral pools are predators, the 
species con1position of a pool n1ay be detennined in part by what other species are present. 

Native An1ericans constructed nun1erous check dan1s and other catchments within 
Vlupatki's boundaries (Bald,vin and Bren1er 1986, Anderson 1990) that have been colonized over 
titne by ephen1eral pools species. Branchiopods can be very nun1erous in a pool; up to 20,000 
fairy shrin1p have been estin1ated in pools containing only about 200 l ofvv'ater (T. B. Grahan1, 
unpublished data). It is not known if these crustaceans were used as food-by the Sinagua or 
Navajo, but there is evidence that branchiopods have been and still are used by son1e cultures for 
food (Sanoru11uang and Du1nont 2000), D. Belk, pers. con1n1.). Branchiopods represent an 
additional, readily available, source of protein and energy (Driver 1981 ). Construction of water 
catchn1ents \Vas n1ost likely to collect and store lin1ited precipitation, but these in1p~undn1ents 
increased available habitat for branchiopods, thus increasing their abundance and perhaps 
availability as a food iten1. 

A nun1ber of predictions can be 1nade about how ephen1eral pool conu11Unities n1ight be 
structtu·ed. Results of Wupatki surveys n1ay provide support for some or all of these predictions, 
evn though the \Vupatki study was not designed to explicityl test these theories. Predictions are: 
1. Older pools are n1ore likely to have slo\V dispersing species (e.g., an1phibians), and 

passive dispersers (e.g., _branchiopod crustaceru1s). 
2. Isolated yotu1g pools "''ill have silnpler con1111unities (fewer species) than young pools 

.., _,. 

4. 
5. 

6. 
7. 

8. 

nearer to pern1anent ~vater. 
Frequently disturbed pools (e.g., flow-through pools in washes) will have sin1pler 
con1n1unities. Disturbru1ce cru1 override other factors influencing con1n1unity structtu·e. 
Older pools will have higher species richness thru1 young pools, other factors being equal. 
"More aquatic" species will be n1ore con11non in pools near pern1anent vvater than in 
pools distant fron1 other \Vater sour~es. 
Ephen1eral pool con1n1unities vv-ill be n1ore diverse in lru·ger pools (typically last longer). 
Ephen1eral pool con1n1tn1ities will be n1ore diverse following lru·ge rains, or n1tilti.ple rain 
events (n1ore opportunities for dispersal). 
Larger cysts disperse n1ore slowly thru1 sn1aller cysts; higher wind velocities, which are 
less frequent, are needed to CatTy lru·ger cysts, thus species with large cysts should be 
lin1ited to older pools. 
The objectives of this research are to: 1) stu·vey Wupatki N~ to locate ephen1eral pools 

and classify then1 as natural or constructed; 2) 1neasure pool physical and chen1ical parruneters; 
3) san1ple and identify aquatic invertebrates in all pools with water; and 4) correlate invertebrate 
con1n1unity con1position \Vith pool size, distance to pern1anent "''ater, and pool type (natural or · 
constructed); \Vork with interpretive staffs of all three parks to develop interpretive materials 
describing the natural histo1y of ephen1eral poolecosysten1s, and the possible cultural 
significance of these orgru1isn1s. 



METHODS 
Studv Site 

\Vupatki National Montm1ent is located in north-central Arizona, about 50 kn1 (30 n1iles) 
:fi·on1 Flagstaff (Figure 1 ). The n1ontu11ent encon1passes n1ostly Pern1ian I(aibab Lin1estone and 
Triassic Moenkopi Fon11ation, vvith son1e lava and cinder deposits (Chronic 1986). Elevation of 
Wupatki NM ranges fron1 13 70 to 1680 111 ( 4500 to 5500 ft) above sea level (N. Tan credo, 
unpubl. GIS data fron1 Wupatiki NM) . 
Survey n1ethods 

Six ephen1eral pools \Vere surveyed on 16-1 7 August 1997 and seven pools \vere 
surveyed 17 Septe1nber 1997. Three of these pools were surveyed in both August and 
Septen1ber. All pools encountered with ·water on these dates were surveyed. Maxin1un1 size was 
esti1nated for each pool by nleastu·ing \vidths, lengths and depths. Pools \Vere classified as 
roughly circular, rectangular or triangular, and surface areas calculated vvith appropriate 
forn1ulae. Volun1es were esti1nated as half an ellipsoid: { (2/3)*n*(L/2)*(\V/2)*(D)} \Vhere L = 

n1axin1un1 p~ollength, W = n1axin1un1 pool \Vidth perpendicular to length and D = n1axin1un1 
pool depth (Haefner and Lindahl 1991, Anderson et al. 1999). Current pool surfac·e area and 
voltnne \Vere also estin1ated for each pool in the srune way. Pool locations vlere gee-referenced 
\Vith a GPS; elevation and distances to pern1anent \Vater sources were detern1ined with a GIS. 
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The age of each pool was assigned based on archeological ru1d historical records. The natural 
rock pools were given an arbitrary age of 5,000 years to distinguish then1 fl-on1 the newer pools. 
Cinder cones forn1ed fron1 eruptions beginning about 1064 A.D. and continuing for at least 100 
years (Chronic 1986), thus pools forn1ed fi·on1 cinder dan1s in Deadn1ru1 Wash were assigned an 
age of 700 years. Arrowhead Tank was constructed about 1960 (J. De Young, pers. con1n1.), but 
it is in a natural cloased basin--a kru·st feature resulting fron1 dissolution of l(aibab Li1nestone. 
Initial analyses used 40 years for the age of Arrowhead Tank, but data \Vere also analyzed \vith an 
age of 1000 years as an estin1ated age for the closed basin. 

Each pool was exhaustively surveyed for n1acroinvertebrates and an1phibians by sweeping 
\Vith an aquatic net. In 1nost pools, the entire pool was swept 1nore than once; in large pools, 
approxin1ately 20-50% of the pool stu-face area was swept. All organisn1s caught in the net were 
placed in a shallow pan of water. Sweeps continued until tlu·ee consecutive S\Veeps added no 
new species. Voucher specin1ens were collected and placed in 70% isopropyl alcohoL all other 
organisn1s \Vere returned to the pools. Neither absolute nor relative abundances "''ere estin1ated 
for organisn1s in pools, species were scored as present or absent fron1 a pool during a given 
survey. The branchiopods were identified to species using (Belk 1975, Belk 1989, Maeda­
Martinez et al. 2000). Insects \Vere identified to genus (except the Chironoi11idae) using (Thorp 
and Covich 1991, Merrit and Cun1n1ins 1996); chirono1nids were identified only to fan1ily. 
Tadpoles all had at least hind feet, thus they could be sepru·ated into either Spea or Buf(; in the 
field. Toadlets ·were identified using (Stebbins 1985), and tadpoles of the san1e genus were 
assun1ed to be of the san1e species. 

Conununity structure \Vas con1pared an1ong pools and san1ple dates using NMS and 
cluster analysis (McCtule and Mefford 1999, :rvrcGarigal et al. 2000). The Sorensen's sin1ilarity 
index: S = 2C/(A + B) (South\vood and Henderson 2000) \Vas used to com.pare con1n1unities in 
pools surveyed in both August and Septen1ber. Analyses \Vere n1ade using species 
presence/absence data, coupled with a n1atrix of environn1ental factors listed in Table 1. 



RESULTS AND DISCUSSION 
A total of 22 taxa v\rere found at least once in the 13 suTveys of 10 pools at Wupatki NM 

(Table 2). Five species of branchiopods \Vere found, three species of fairy shrin1.p, a single 
species of tadpole shrin1.p and a single clan1 shri1np species (Table 2). Tvlo runphibian species, 
:five genera in t~ro fan1ilies of Coleoptera (beetles), and tv·lO genera each ofNotonecticlae, 
Corixidae and Culicidae were found. 

Eleven species were found in both August and Septe1nber (Table 2). Five species were 
found only in August; three of these occurred in only one pool. The other two species were 
relatively con1n1on; the spadefoot Spea multiplicatus was found in five of the six pools surveyed, 
the beetle Hydrochus sp. occurred in three of six pools (Table 2). Six species \Vere found only in 
Septen1ber. Four taxa occurred in one pool each, the other two species were found in either two 
pools or three pools (Table 2). 

The n1osquito Psorophora sp. was found in six pools, 111ore than any other spec1es. 
Psorophora sp. occurred in three pools in August, two sn1all natural rock pools (NN1a and 
NN3a, see Table 2 for pool nrunes and abbreviations) and one sn1all i1npoundn1ent (Nil a), all in 
close proxilnity to each other. In Septen1ber, Psorophora sp. was fotmd in the t\vo large po~ls in 
Deadn1m1 \\lash (DM1s and DM2s) ru1d the very large stock tank, ATs. Psorophora n1osquitoes 
lay eggs that tolerate dessication, m1d it is the egg stage that carrys the population fron1 one rain 
to the next (Bohart ru1d Washino 1978). They are runong the first colonizers of an ephe1neral 
pool, since the eggs are already present, and only have to hatch (Bohart and Washino 1978). 

Tadpoles of the New Mexico spadefoot, Spea multiplicatus, \Vere found in five of the six 
pools surveyed in August (Table 2). It was absent only fron1 the sn1allest of the three natural 
rock pools (NN1a) in a sn1all wash. Since tadpoles were found in the t\VO larger pools (NN2a 
and NN3a) just below this little pool (within 5-10 n1), it is likely the pool \Vas too s1naJl for 
fe1nale spadefoots to choose to lay eggs in it. Tadpoles also occurted in DMla, CWa and Nil a. 
No spadefoot tadpoles, 1netrunorphs, or adults were found in any of the Septen1ber surveys. 

The fairy shri1np Streptocephalus dorothae was one of two species that occurred in four 
pools, and was found in both August and Septe1nber surveys. In August it was found in CWa 

· and Nil a; ATs, DM2s, and CWs all contained S. dorothae in Septe1nber. All these pools. except 
DM2s are n1an-n1ade impound1nents (although AT was constructed in a natural closed basin), 
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and even DM2 receives n1uch of its water fron1 the road. (Maynard and Ron1ney 1975) reportS. 
dorothae is prin1ru·ily found in sho11 grass steppe close to the foothills of the Rocky Mountains, in 
prairie swale pools. They refer to a population of S. dorothae in a sandstone pothole as "possibly 
unique for the species." (Maynard ru1d Ro1nney 1975, p. 1 0). At Wupatki NM, S. dorothae was 
found in both natural ru1d 111an-n1ade pools (Table 2), but all ofthe111 resen1bled prairie S\vale 
pools. \Vhile Mackin ( 1942) states S. -dorothae prefers clear \Vater with vegetation, none of the 
\\Tupatki NM pools fit this description--visibility in four of the five pools vvith S. dorothae was 
less than 1 cn1. In surveys of over 200 natural rock pools and stock tanks in southern Utah, I 
have fotn1d S. dorothae only in n1an-rnade basins (T. B. Grahan1, unpubl. data). Streptocephalus 
dorothae n1ay be dispersed by lighter winds (sn1aller and/or lighter cysts), and thus reaches pools 
before other species of fairy shrin1p, or perhaps it has broader tolerru1ce levels for \Vater 
c.hen1istry, since earth dmn catch1nents probably have higher solute concentrations than potholes 
in sandstone. 
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The other species that occurred in four pools, the \Vater boatn1an Callicorixa sp., also was 
found in both August and Septe1nber surveys. In August, Callicorixa sp~ occurred in C\Va and 
Nil a, it was found only in the t\VO borrow pits (WBs and SBs) in Septe1nber. The backsvv-in1n1er, 
llotonecta sp., occurred in four surveys, but only three pools. It occurred in the tvvo 
in1poundn1ents, CWa and Nil a, in August, and in DM2s and CWs in Septe1nber. 

The tadpole shrin1ps found at Wupatki NM were quite different fron1 those of 
southeastern Utah. Their bodies were n1uch shorter, although the nun1ber of body segn1ents still 
seen1s within the range for both Triops longicaudatus and T newberryi ~)assaman et al. .1997). 
(Maeda-Martinez et al. 2000) propose a third species, T oryzaphaga, differing n1orphologically 
fron1 the other two species in the total ntu11ber of body rings, and nun1ber of lin1bless abdon1inal 
segn1ents. Material fron1 Wupatki NM \~vas tentatively identified as T newberryi based on the 
total nun1ber of body rings, and the nun1ber of legless rings as established by (Maeda-Martinez et 
al. 2000). 

Triops newberryi, Branchinecta lindahli and Eulimnadia cylindT~ova ·were surprisingly 
rare. Triops newberryi ocCUlTed only in DM1a and DM2s, and ATs, which were the oldest 
pools, and largest except for the borrow pits. Eulim.nadia cylindrova was found only in NI 1 a in 
August, a·nd B. lindahli was found only in Septe1nber in WB. Dispersal to nev1 habitats by 
branchiopods is a passive process (Wiggins et al. 1980, Willian1s 1985, Willian1s 1987); on the 
Colorado Plateau, the prin1ary dispersal n1echanis1n is probably wind. Cyst size could inf1uence 
dispersal; higher \Vind speeds are required to n1ove larger particles . Thamnocephalus platyurus 
was also lilnited to the large, older pools (Table 2). Egg sizes of a nun1ber ofbranchiopods are 
given in Table 3, taken fron1 (Belk 1989, Brendonck et al. 1993). Triops newberryi, E. 
cylindrova, B. lindahli and T platyurus all have larger cysts than S. dorothae (Table 3 ), vvhich 
could explain the relative rarity of these four species at Wupatki NM. It is son1ewhat surprising 
that B. lindahli had such a lin1ited distribution, since it is quite con11non across \Vestern No1ih 
An1erica, being given the nan1e of "versatile fairy shrin1p" by (Eriksen and Belk 1999). (.Hill and 
Shepard 1997) n1easUI·ed 89 B. lindahli cysts, and found cysts that were as s1nall asS. dorothae, 
and as large as T. platytuus ((Hill and Shepard 1997), Figure 1 ). Long distance dispersal by B. 
lindahli n1ay be achieved by sn1aller cysts, larger cysts would be n1ore likely to ren1ain in pools 
where they were generated. Branchinecta lindahli and Streptocephalus dorothae are the two 
species n1ost often found in 1nan-n1ade ephen1eral pools in southern Utah (T. B. Grahmn, pers. 
obser. ), indicating that B. lindahli is capable of widespread dispersal. It is not clear V\'hY this 
species occurred in only one survey at Wupatki NM. 

The proportion of surveys in which a species was found is an indication of how 
\Videspread species are, and of sin1ilarities that n1ay be found an1ong co1~1n1tmities. Figure 2a 
sho\VS the distribution of species in surveys; over half the species (54.5%) vvere found in less 
than 15% of the surveys (one or two surveys). Son1e of the species found in 1nore than one 
survey (e.g., GerTis sp.) \Vere actually only seen in one pool. Ten species occurred in only one of 
the ten ephe1neral pools surveyed. Figure 2b presents the proportion of surveyed pools in \Vhich 
each species was observed; this en1phasizes the lack of sin1ilarity between con1n1unities in 
'Nupatki NM ephen1eral pools. 

Nine of the 12 species occurring in only one or t\VO surveys are insects that can fly fron1 
n1ore pennananet vvater sources. T\vo of these species, Culex sp. and Callibaetis sp., were fairly 
nu1nerous in these pools, but other species ·were represented in net S\veeps by only one or a few 



individuals. Individuals dispersing fron1 pern1a.nent water probably n1ove in all directions, fevv' 
individuals n1ay actually arrive at the san1e pool. The single speci1nen of 1-Iydrophilus sp. was 
found trying to burrow under an algal n1at in about 1 cn1 of '\Vater in the Wukoki borro'v pit 
(WB). This individual likely probably dispersed shortly after recent rains, and selected \VB 
when there 'vas 1nore water in it. \VB has a large surface area (Table 1 ), 'vhich n1a:y be used as a 
cue to select ne"\v habitats. Volun1e of water in WB was actually quite st11all, and evaporation 
qujckly ren1oved 111ost of the 'vater. 

·The n1ajority of species observed in the August and Septen1ber surveys 'vere rare, 12 of 
22 species occurred in only one or tvvo surveys (Figure 2a). The n1osquito, Psorophora sp., was 
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. found in six stu·veys, three of six pools in August, and three different pools of the seven pools 
sw·veyed in Septen1ber. When pool surveys of the san1e pool in August and Septen1ber are 
con1bined, the rarity of n1ost species is even n1ore apparent. Figure 2b shows that ten of 22 
species V~7ere found in only one pool. ~ine of the 12 species occurring in only one or t'vo surveys 
are insects that can fly fron1 n1ore pern1a11anet 'vater sources. TV~ro of these species, Culex sp. a11d 
Callibaetis sp., were fairly nun1erous in these pools, but n1m1y Vl'ere represented in net svleeps by 
only one or a fe,v individuals. Individuals dispersing fron1 pern1anent 'vater probably 1i.1ove in all 
directions, fe,v individuals n1ay actually arrive at the san1e pool. The single specin1en of 
Hydrophilus sp. was found trying to burrow under an algal n1at in about 1 c1n of water in the 
Wukoki borrow pit (WB). This individual likely probably dispersed shortly after recent rains, 
and selected WB when there was n1ore water in it. WB has a large surface ru·ea (Table 1), Vl'hich 
n1ay be used as, a ctw to select new habitats. Volun1e of water in WB was actually quite sn1all, 
and evaporation quickly re1noved 111ost of the '\Vater. 

Three species with relatively poor dispersal abilities occtu-red in single pools: 
Branchinecta lindahli, Eulimnadia cylindrova, and Bufo punctatus. The tvvo branchiopods, B. 
lindahli a11d E. cylindrova, were each fow1d in one n1m1-n1ade pool. Both pools were long 
dista11ces fron1 pen11a11ent water, and V~rhile not very far fron1 natural pools, the branchiopods 
Vlere fow1d only in these individual pools; the nearest pools 'vith populations of these species is 
unknown. Branchiopod dispersal on the Colorado Plateau is thought to be prin1arily via wind; 
establish1nent of a population in any particular pool is probably a stochastic event. 

The red-spotted toad, Bz4'o punctatus, 'vas present in both surveys of Coyote Water, but 
found in no other pools. Coyote Water is much closer to pen11m1ent 'vater than the other pools 
surveyed (Table 1 ), and thus B. punctatus dispersing fron1 a n1ore predictable habitat n1igh be 
able to reach Coyote Water. They are not typically found very far fron1 predictable ·water sources 
(Degenhardt et al. 1996), and 1nay not be capable of travelling far enough to colonize pools 
farther fro1n pern1anent water. 

Cluster analysis (McCune and tvlefford 1999, M_cGarigal et al. 2000) resulted in four 
clusters of con1n1unities at a dissin1.ilarity distance of 1.3 (Figure 3). Two pools, NN2a, and 
Nils, \Vere identified as quite different fron1 all other pools; NN2a contained only spadefoot toad 
tadpoles, Spea multiplicatus, in August, and Nils contained only Chironon1idae larvae in 
Septen1ber. The two borrow pits were clustered, but widely separate fron1 the rest of the surveys. 
These two pools 'vere the only pools containing the water boatn1m1 Callicorixa sp. in Septen1ber, 
and both had sin1ple con1n1unities (e.g., 1 species and three species). Callicorixa sp. 'vas found 
in C\Va and Nil a, but these pools had diverse con1n1unities ( 10 species and 8 species, 
respectively), thus Callicorbca sp. played a stnall role in the cluster analysis. T'vo pools \Vith 
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sin1ple con1n1tmities sharing the n1osquito larvae of Psorophora sp. \Vere also identif-ied as fairly 
sin1ilar; NNla contained only Psorophora sp., and DMls contained this 111osquito and larvae of 
the beetle Dibolocelus sp. 

The other two con1n1unity clusters involved n1ore pools, and n1ostly n1ore diverse 
con1n1unities. Three pools, NN1a, Nil a, and DM1a, all shared Chironon1idae larvae, and S. 
multiplicatus. These three pools were first linked to NN2a, based on sharing S. multiplicatus, 
and then linked at a distance of about 1. 8, with NI 1 s which contained only Chironon1idae larvae. 
The other n1ajor cluster included the two surveys of Coyote Water, DM2s, and ATs (Figure 3). 
These \Vere the four n1ost diverse con1n1unities, characterized by the fairy shrin1ps, 
Streptocephalus dorothae and Thamnocephalus platyurus. The two Coyote \Vater con1n1unities 
were n1ore sin1ilar to each other than any other paitwise con1parison an1ong the 13 surveys, and 
were linked in the cluster analysis at a distance of only 0.08. The other two pools in this cluster, 
ATs and DM2s, '"'ere also very sin1ilar, linked at a distance of only about 0.2. These two pools 
were the only two \Vith both the tadpole shrin1p, Triops newberryi, and the n1osquito larvae of 
Psorophora sp. (Table 2). 

Con1n1unity analysis of species cotnposition and physical characterisitics of the pools 
using NMS (Figure 4a and 4b ), revealed patterns sin1ilar to cluster analysis. The first t"'ro axes 
explained 4 3.1% of the variability an1ong con1n1unities, adding a third axis accounted for 78 .1 °/o 
of the variability in the data. The two borro\v pits were grouped together on the first t\VO axes 
(Figure 4a), but separated by the third axis (Figure 4b ); they \Vere distant fron1 all the other 
con1n1unities in ordination space. Diverse con1n1unities (six or n1ore species), \Vere located to the 
left of the center of the two-din1.ensional space, those pools containing T. newberryi \Vere in the 
lower left quadrat, those ·without T. newberryi were in the upper left quadrat. Despite the 
differences in size (Table 1) these five con1n1tuuties re1nained fairly close together in three­
din1ensional NMS space (Figtu·e 4b ), pri1narily because they shared a nun1ber of species (Table 
2). DMls, ·which only had t"''O species, was located very close to DMla with only the first two 
axes, but the third axis separated these two con11nunitied con1pletely (Figure 4b ). Si1nple 
con1n1unities were scattered across the plot, depending on presence/absence of spadefoot toad 
tadpoles (Spea multiplicatus), n1osquito larvae (Psorophora sp.), or Chironotnidae larvae (Figure 
4, Table 2). 

Pool characterisitics that influenced arrangetnent of pool surveys in NMS included 
distance to pern1anent \Vater (r2 = 0.392), current area (r1 = 0.263) and current area-to-depth ratio 
ce = 0.249) on Axis 1; 111axin1Un1 surface area to volun1e ratio (r1 = 0.491) and n1axin1Un1 depth 
(r2 = 0.316) on Axis 2; and cunent depth (r1

· = 0.117) on Axis 3. None of these factors were 
particularly strong. Con1n1unity locations appear to be structured n1ore by species co1nposition 
than physical sin1ilarities of the pools. The relatively high in1portance of distance to water 
con1pared to n1ost pool size parruneters indicates that con1n1unity con1position tnay be inf1uenced 
tnore by colonization events (insect dispersal t1ights, ·wind dispersal of cysts, etc.) than 
predictable paran1eters such as pool size. 

Three factors appeared to be in1portant in detern1ining \vhich species vlill sho\v up in an 
ephen1eral pool con1munity. Pools in s1nall washes that are frequently scoured by runoff had 
very sin1ple con1n1unities, consisting of species that escape the pool environn1ent and re-colonize 
follo,ving re-filling. Pool size, \Vhi.ch n1ay be 111anifested in analyses as volun1e, surface area, 
depth, or area to depth or volun1e ratios, is representative of ho\v long a pool can hold \Vater, and 
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is correlated vvith which species can con1plete their life cycle before a pool dries. Distance fron1 
pern1anent water represents the likelihood of colonization, especially by aquatic insects. Age did 
not show up in the analyses as an in1portant factor, yet there were some species, notably those 
\¥ith passive dispersal, that \¥ere found only in the older, natural pools. 

Three pools contained water in both August and Septe1nber surveys. Deadn1an \A! ash 1 
(DMI) and the Navajo in1poundn1ent (NI) both had very depauperate con1n1unities in Septen1ber 
(Table 2). The Septen1ber surveys in these t\VO pools revealed very different con1n1unities :ti-on1 
those found in August. Sorensen's sin1ilarity indices bet~reen August and Septen1ber \Vere 0 for 
DM1, which shared no species between the two surveys, and 0.111 for NI, \Vhich shared one 
species between the t~ro surveys. Coyote Water (CW) was the third pool containing \iVater during 
both August and Septen1ber surveys. This pool had the n1ost diverse aquatic con11nunity of any 
pool, \Vith 10 species in August and nine species in September (Table 2). Six species were 
present during both surveys (Table 2) and the sin1ilarity between the tw·o con1n1unities \;vas n1uch 
higher than the other con1parisons (S = 0.632). 

Prior to the ±irst suxveys, 27.2 111n1 of rain fell between 3 and 14 August 1997 at the 
Wupatki NM Visitor Center (Anonyn1ous 1997). DM1a \¥as surveyed on 15 August, the other 
tive pools \Vere surveyed on 16 August 1997. Ivfaxin1un1 \Vater depth ofDMla on the 15th was 3 
cn1, and volu1ne was estin1ated to be approxin1ately 126 1 of \Vater ·with a surface area of about 
4.2 n12

• By the evening of 16 August, this pool had shrunk to about 5 1, and was probably 
con1pletely dry by the evening of the 17th. The Navajo In1pound1nent was estin1ated to contain 
about 467 1 on 16 August, with a n1axin1un1 depth of 20 cn1 and a surface area of about 2.3 n12

. 

This pool was also probably dry within a week of being surveyed in August, since only 6.6 n1n1 
of rain fell at the Visitor Center in the week following the August survey, and daily high 
ten1peratures were above 32oC for the week (Anonyn1ous 1997). 

Coyote Water had an estin1ated surface area of 33.8 n12
, \Vith a n1axin1un1 depth of about 

54 cn1, and an estin1ated vohu11e of 10,740 1. Given the volun1e ofvvater in Coyote Water, it is 
unlikely that this pool dried con1pletely before the Septen1ber survey. On 18 August, 6.6 n1n1 of 
rain were 1neasured at the visitor center; no rain fell for a vveek after that (Anonyn1ous 1997). 
Betv1een 25 August and the 17 Septen1ber surveys, 62.5 n1111 of rain fell, which probably kept 
Coyote Water fron1 drying up before the Septen1ber survey. 

If DMI and NI dried co1npletely bet,veen filling rain events, their aquatic co1nn1unities 
would have to be re-asse1nbled entirely. This probably accounts for the lack of sin1ilarity 
bet\veen August and Septe1nber con1n1tn1ities in these pools. Both pools had branchiopod 
crustaceans present in August (Table 2), no branchiopods \¥ere observed in either pool in 
Septen1ber. Presun1ably there \Vere still cysts of these species in the sedin1ent. All other species 
found in August would have to disperse out frotn DMl and NI as these pools dried, and disperse 
back to the pools following n1ore rain. It rained 13 tilnes bet~;een 17 August and 17 Septen1ber 
at the visitor center, a total of 69 mn1 (Anonyn1ous 1997). Over half of the rain falling in this 
period fell in the seven days in11nediately prior to the 17 Septen1ber stu·vey. The survey probably 
took place as con1n1unities \Vere still fanning, son1e species had not dispersed to the pools yet, 
son1e species had only recently hatched and were too sn1all to be caught in the net. It is also 
possible that the phenology of so1ne species does not involve dispersal in late sun11ner or fall. No 
spadefoot toads were seen in or near any pool in Septen1ber, and only one red-spotted toad 
n1etan1orph ren1ained at Coyote Water in Septen1ber. The beetles Berosus sp., I-Iydrochus sp. and 
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Rhanlus sp. \Vere present only in August~ \Vhile Dibolocelus sp. and I-!ydrophilus sp. \Vere found 
only in Septen1ber. Both Buenoa sp. and Cenocorixa sp. were likevv'ise found only in Septe1nber · 
surveys (Table 2). 

The si1nplicity of the con1n1unities in DMl and NI in Septen1ber n1ay have been due to 
less ti1ne available for dispersal and gro\vth or to the lack of appropriate cues for colonization or 
hatching. The fact that DM2s, only about 200 111 downstrem11 fron1 DMls contained seven 
species (three species of branchiopods and 4 species of insects) would indicate that conditions for 
breaking diapause and sti1nulating dispersal had been1net in the vicinity of Dlv11. There was 
n1uch n1ore water in DM2 than in DMl in Septe1nber (Table 1). 

The difference in quantity of water in DMl and DM2 eluTing the t\VO surveys also points 
out th~ extre1ne variability in spatial coverage of precipitation events at Wupatki N:tvL These tvvo 
pools receive runoff fron1 the entrance road as well as fro1n side cafions and sections of the n1ain 
cru.1on. Rain in early August fed DMl, but DM2 was con1pletely dry, ·while in Septen1ber, DMl 
had very little water ru.1d DM2 was a very large pool. The cinder darn separating these two 
segn1ents of Dead1nan Wash is slightly upstremn of a side cafion flowing fron1north to south; 
n1ost of the side channels flow fron1 south to north. The rain that fed DM2 n1ay have fallen 
1nostly north ofDead1nan Wash, runoff coining into DM2, but little rain fell in the watershed of 
DMI during that san1e period. 

lf Coyote Water did not dry con1pletely between the August and Septen1ber surveys, 
species present in August \Vere not forced to leave, thus con11nunities in August and Septen1ber 
were 1nore sin1ilar thm1 if all species had been forced to leave between the two surveys. The four 
species present in August but absent fro1n Septen1ber con1n1unities at Coyote Water included the 
spadefoot S. multiplicatus, the beetles 1-!ydrochus sp. and Berosus sp., and the \Vater boatn1an 
Callicorixa sp. (Table 2). Of these four species, only Callicorixa sp. was observed in any 
Septe1nber survey, being found in the two bonow pits in Septe1nber. Spea and Berosus were 
present as larvae in August. Spadefoot toads develop rapidly, and do not necessarily stay· right at 
a pool after they n1etan1orphose (Ruibal et al. 1969, Din1n1itt and Ruibal 1980); it is thus not 
su1~prising that they were not observed in Septe1nber at Coyote Water, or any other pool (Table 
2). The Berosus sp. lru.·vae n1ay have pupated betvveen August and Septen1ber surveys, and the 
adults dispersed, or possibly the pupae V\'ere in the sedi1nent and thus unobserved. The 
Hydrochu.s sp. adults found in Coyote \Vater in August could have recently dispersed to the pool, 
but did not lay eggs that ·would result in larvae being present in Septe1nber, or they n1ay have 
already developed in the pool and dispersed out of the pool before the Septetnber survey 
occurred. It is significant that Hydrochus sp. \Vas found in three pools in August surveys, but 
was not found at all in Septe1nber. The phenology of Hydrochus sp. 's life cycle n1ay have kept it 
fron1 occurring in September surveys, even if a pool doesn't dry out. 

In Septen1ber, nine species were observed.in Coyote Water (Table 2), including three 
species that had not been seen in August. These species were Dibolocelus sp, (a beetle), the 
backsvvin1n1er Buenoa sp., and the dragont1y Pantala sp. Both Dibolocelus and Buenoa were 
found as adults, Pant ala occurred as a nyn1.ph. None of these species occurred in any pool in 
August~ and Coyote \Vater was the only pool '"'here Buenoa sp. and Pantala sp. \Vere found. 
These species n1ay require tnore rainfall before they disperse than other species, and thus had not 
been induced to disperse fi·on1 pern1anent \Vater by the tin1e the 1-\ugust surveys \vere conducted. 

Coyote \Vater had 13 species in it over the t\vo surveys, far n1ore than any other pool 
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(Table 2). In both August (1 0 species) and Septen1ber (9 species) surveys~ n1ore species were 
:found in Coyote Water than any other pool surveyed. Five of 22 species \Vere found only in 
Coyote Water. Coyote Water is fairly old ( estin1ated to be at least 100 years old); species that 
disperse slowly (e.g., branchiopods, B~t-fb pu.nctatus) have had a longer tin1e to colonize Coyote 
Water fi-on1 other water bodies. This in1potu1dn1ent is also near pern1anent ·water and relatively 
large. Species that disperse in response to precipitation (e.g., 1nany insects), and species with lovv' 
vagility (e.g., B. punctatus) Vv'ould have a shorter distance to travel :fron1 refugia, and \vould be 
n1ore likely to detect Coyote Water because of its size than sn1aller pools. These three factors, 
size, distance fron1 ·water, and age, probably con1bine to account for the higher diversity in 
Coyote Water. 

The five species found only in Coyote Water, Gerris sp., Parztala sp., Callibaetis sp., and 
Berosus sp., are typically associated with relatively long-lasting bodies of \Vater, if not pern1anent 
water (Usinger 1956, Thorp and Covich 1991, \Villian1s and Felt1nate 1992, Anderson et al. 
1999). Of 112 rock pools surveyed 1-1.7 tin1es in the past 12 years, in southeast Utah, Gerris sp. 
occurred only in two pools, Pantala sp. in 16 potholes, Berosus sp. in 17 potholes, and 
Callibaetis sp. occtu-red in 23 rock pools (T. B. Graha111, Pothole con1n1unities on the Colorado 
Plateau: biological m1d physical correlates to large branchiopod occurrence, subn1itted to this 
volun1e). The fifth species, B~fo punctatus, is often fotu1d breeding in ephen1eral pools, but 
typically is not found at very isolated sites ((Degenhardt et al. 1996), T. B. Grahan1 pers. obs.). 

Interest in the 1nacroinve1iebrate comn1unities of ephen1eral pools in Wupatki NM can1e 
originally fron1 speculation about whether constructed catch basins were colonized by 
branchiopods. Because fairy shrin1p in particular can build up very large populations, there has 
been speculation that if constructed catchn1ents contained branchiopods, the indigenous people 
n1ight have used then1 as food. While it is not possible to know vvhat invertebrates colonized the 
catch basins ·while the Sinagua or Navajo cultures were using these basins, it is likely that at least 
son1e insects did i1nn1igrate to the catchn1ents \Vhen they filled with rainwater. Like,;vise, it is not 
known if any of the invertebrates were used as food once they ru-rived in the pools. Fairy shri1np 
populations can be very large, and represent a potential source of protein and energy. Recent 
work has docun1ented that fairy shrin1p m1d brine sln·in1p were used by other Native An1ericar1 
cultures in Idaho and California. This was detern1ined by conducting DNA studies of orgru1ic 
residues found on n1etates, this could be done on WUP A artefacts as \Vell. 

CONCLUSION 
Of the predictions listed above, 1, 2, 3, 6 a11d 8 are backed up by data collected in this 

study. Nu1nber 5 was not confirn1ed; there ·were not enough data or pools to address 4 a11d 7, 
although the surveys of Coyote Water in August and Septen1ber support the prediction that 
additional rains extending the life of a pooln1ay lead to n1ore species using the habitat. Coyote 
\Vater had a n1ore diverse con1n1unity than the Navajo Ilnpoundn1ent, despite their sin1ilarities in 
age (Table 2). Coyote \Vater is n1uch larger, but perhaps n1ore in1portantly, it is closer to 
pern1a.nent \Vater than NI is. At least during this study, it also appeared that CW lasts longer. 

Ephen1eral pool ecosysten1s are, by definition, transitory and thus organisn1s inhabiting 
these systen1s n1ust re-colonize a particular basin every tin1e it fills with \Vater. Son1e species, 
such as branchiopod and ostracod crustaceans, ru1d son1e insects, occupy the site continuonsly, 
entering dorn1a11t stages when the pool dries. Other species, e.g., n1ost aquatic insects and 
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an1phibians, n1ust disperse fron1 n1ore pen11anent aquatic refugia, or fron1 terrestrial habitats, 
when ephen1eral pools start to forn1. Whether dispersal occurs, or dorn1ancy is broken follo,ving 
a particular rain stonn depends on whether the event provides the appropriate stin1uli to trigger 
dispersal or to end diapause. Each rain event creates a different environn1ent in an ephen1eral 
pool basin. The n1axin1un1 size of the pool rarely changes, but actual volun1e of water that enters 
and thus the size of the aquatic habitat created, depends on a1nount of rain that falls each tin1e. 
How long that aquatic habitat lasts also depends on how 1nuch rain falls, as well as the 
evaporation rate (and thus te1nperature ). Environn1ental conditions change vvith every 
precipitation event, and each cmnbination is probably m1ique. The con1position of an ephen1eral 
pool con1n1tn1ity is the result of the physical characteristics of the basin, season, and precipitation 
characteristics, in addition to the con1position of the pool of potential colonizers. So1ne of these 
factors have predictable influences on pool con1n1unity structure, e.g., age of basin, physical 
characters of basin, season of precipitation. However, \Vhere it rains on a landscape, how n1uch 
precipitation falls in an event, and when \Vithin a "rainy season" rain actually falls are stochastic 
factors. Likewise, \Vhich species are capable of en1igration, and vvhich are physiologically 

. inclined to disperse in response to a precipitation event 1nay vary considerably with tin1e of year, 
ten1perature, recent precipitation history, as well as other factors. While there n1ay be so1ne 
species that \Vill predictably be present or absent during a particular wet cycle depending on the 
predictable factors, ultin1ately, the aquatic con1n1m1ity in a pool after a particular filling event 
will be a randon1ly assen1bled subset of the pool of potential colonizers. 
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'f'able l. Physical characteristics of pools surveyed at Wupatki National IYionu1nent. 

Max A Max 1vlax V Max Max Cur A Cur 0 Cur V Cur Cur Age Elev Dist. 
(mz) D (m) (m3) AID AIV (m2) (m) (m3) AID AIV (m) H20 (m) 

ATs 3067.96 1.25 1227.18 2454.37 2.50 1482.76 0.43 210.7 3448.3 7.0 1000 5400 . 5716 

DMia 774.37 .20 39.05 3871.86 19.83 17.98 0.02 0.08 849.1 222.2 700 4740 2809 

DMis 774.37 .20 39.05 3871.86 19.83 3.73 0.02 0.02 186.6 192.0 700 4740 2809 

DM2s 1420.29 .30 102.71 4734.32 13.83 769.45 0.11 20.0 6995.0 38.5 700 4740 2808 

CWa 169.91 .53 29.79 323.02 5.70 163.45 0.33 17.8 501.4 9.2 60 4610 2233 

CWs 169.91 .53 29.79 323.02 5.70 120.47 0.28 11.2 431.8 10.8 60 4610 2233 

NNia 2.02 .14 .09 14.45 22.03 .30 ·o.o7 0.01 4.2 45.0 5000 4500 5799 

NN2a 3.78 .32 .32 J J .83 J 1.80 2.69 0.20 0.1 13.4 19.0 5000 4500 5799 

NN3a 1.47 .25 .12 5.90 12.74 0.69 O.ll 0.02 6.3 .,., "' 5000 4500 5799 .).),.) 

Nl1a 41.85 .39 3.51 107.32 11.93 18.28 0.20 0.8 91.4 21.9 100 4550 4666 

Nl1s 41.85 .39 3.51 107.32 11.93 33.59 0.29 2.1 155.8 16.2 lOO 4550 4666 

WBs 723.45 .94 222.84 769.63 3.25 13.85 0.05 0.2 277.1 60.3 30 4680 2730 

SBs 1605.3 J .87 462.72 1845.18 3.47 9.40 0.11 0.3 85.5 27.7 30 5440 4966 
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Table 2. Species found in each temporary pool during August and/or September 1997 surveys. Abbreviations for pools are: DM!--Deadman Wash pool l, DM2--Deaclman \Vash 
pool 2, CW--Coyote Water impoundment, NN !--Natural Navajo Wash pool l, NN2--Natural Navajo \Vasb pool 2, NN3--Natural Navajo Wash pool3, NJ !--Navajo Wash 
Impoundment l, AT--Arrowhead Tank stock pond, WB-- Wukoki borrow pit, SB--South borrow pit. Pools sampled in August are designated with a in the abbreviation, those sampled 
in September are followed with an s. Species abbreviations are used in Figure 4a and 4b. 

August 1997 sur\'eys September 1997 surveys 

Order Species OM Ia CWa NNla NN2a NN3a Nil a DMis DM2s CWs Nfls ATs WBs SB 

Branch iopoda Triops n.ewberryi (Tn) X X X 3 

Branchinecla lindahli (81) X 

Streptocephafzts dorothae (Sd) X X X X X 5 

Thwnnocephalus platyurus (Tp) X X X X 4 

Eulimnadia cylindrova (Ec) X 

Amphibia Bufo puncLatus (Bp) X X 2 

Spea multiplicatus (Sm) X X X X X 5 

Coleoptera 1-/ydrochus sp. (1-ld) X X X 3 

Berosus sp. (Be) X 

Rhantus sp. (Rh) X 

Hydrophilus sp. (Hy) X 

Dibolocelus sp. (Di) X X X 3 

1-leteroptera Notonecta sp. (No) X X X X 4 

Buenoa sp. (Bu) X X 2 

CallicorL-ra sp. (Cx) · X X X X 4 

Cenocorixa sp. (Ce) X 

Gerris sp. (Ge) X X 2 

Odonata Pantala sp. (Pa) X 

Epl1e111eroptera Callibaetis sp. (Ca) X X 2 

Diptera Chironomidae (Ch) X X X X Lj 

Culex sp. (Cu) X X 2 

Psorophura sp. (Ps) X X X X X X G 

Totals 6 10 I 1 3 8 2 7 9 I 6 3 
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Table 3. Diameters of Anostracan, Notostracan and Conchostracan eggs (cysts) taken from published literature. Where indicated, 
number of eggs measured is provided, in some cases the diameter was estimated based on the scale bar presented in photographs of eggs. 

Order Species 

Anostraca Streptocephalus proboscideus 

Streptocephalus proboscideus 

Streptocephalus proboscideus 

Streptocephalus sudanicus 

Streptocephalus seali 

StrepttJcephalus dorothae 

Streptocephalus texanus 

Branchinecta lindahli 

Branchinecta gigas 

Branchinecta campestris 

Branchinecta mackini 

Thamnocephalus platyurus 

Conch ostraca Caenestheriella australis 

Eocyzicus klunzingeri 

Leptestheria aegyptiaca 

Eulimnadia africana 

Eulimnadia antlei 

Eulimnadia cylindrova 

Eulimnadia agassizii 

Eulimnadia astraova 

Eulimnadia diversa 

Eulimnadia texana 

Notostraca Triops longicaudatus 

Triops cancr!formis 

Lepidurus apus 

* estimated from Figure I in Hill and Shepard (I 997) 
£ number of eggs not given 
f estimated from scale bars in figures in Belk ( 1989) 

egg size (J.Lm) 

250 

239 

207 

325 

275 

190 

2I5 

235 

550 

250 

260 

280 

185 

141 

141 

243 

200 

240 

172 

218 

188 

146 

290 

427 

447 

11 Citation 

20 Brendonck et al. ( 1 993) 

50 Brendonck et al. ( 1993) 

30 Brendonck et al. ( 1993) 

20 Brendonck et al. (1993) 

19 Hill and Shepard ( 1997)* 

10 HiJl and Shepard ( 1997)* 

21 Hill and Shepard ( 1997)* 

89 Hill and Shepard ( 1997)* 

£ Daborn ( 197 5) 

10 Hill and Shepard ( 1997)* 

58 Hill and Shepard ( 1997)* 

10 Hill and Shepard ( 1997)* 

50 Brendonck et al. ( 1993) 

30 Brendonck et al. ( 1993) 

20 Brendonck et al. ( 1993) 

30 Brendonck et al. (1993) 

1 Belk (1989)/ 

1 Belk ( 1989)/ 

1 Belk ( 1989)/ 

I Belk (1989)/ 

I Belk ( 1989).f 

I Belk ( 1989).f 

I (Scott and Grigarick I978) 

30 Kuller and Gasith ( 1996) 

30 Kuller and Gasith (1996) 
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Figure 2a. Proportion of pool surveys in which each species was observed for all 13 surveys: 
six pools surveyed in August, seven surveyed in September; three pools surveyed on both dates. ~ 
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Figure 2b. Proportion of the 10 ephemeral pools surveyed in which each species was observed. 
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Cluster diagram of Wupatki NM pool communities 
using Relative Sorensen's dissimilarity index. 
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Figure 3. NMS of species (letters) and pool~ (sy~bols) from surveys 
at Wupatki NM. Species abbreviations are listed in Table 2. 
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Figure 4. NMS of species (letters) and pools (symbols) from survey: 
at Wupatki NM. Species abbreviations are listed in Table 2. 
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Figure 2a. Proportion of pool surveys in which_ each species was observed for all 13 surveys: 
six pools surveyed in August, seven surveyed 1n September; three pools surveyed on both dates 
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Figure 2b. Proportion of the 10 ephemeral pools surveyed in which each species was observed. 
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Figure 3. NMS of species (letters) and pools (symbols) from surveys 
- at W upatki NM. Species. abbreviations are listed in Table 2. 
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