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Abstract

The Bluff Springs Sand Ponds (BSSPs) are a set of closely-spaced temporary ponds of varying hydroperiod, depth
and surface area. We sampled crustacean communities of 15 ponds throughout hydroperiods in 1996 to examine
species distributions among ponds. Although ponds were closely spaced (within ca. 16 ha), most species were
present in subsets of the 15 ponds. We then analyzed spatial patterns of 12 crustacean species for complete spatial
randomness (CSR) using join-count statistics. However, the join-count was designed for large-samph) (

so we further analyzed (by simulation) the join-count and a variation of the join-count (Cliff & Ord, 1981) for
small-scale reliability. Simulation results revealed that neither testing distribution was relialble<o80. We

then used a permutation test to analyze species distributions and concluded that some species were distributed
non-randomly. Therefore, further investigations of mechanisms causing species distributions (e.g., hydroperiod,
physical/chemical conditions, biotic interactions) are clearly prescribed. The permutation test should be useful
for studies of species distribution patterns among other temporary waters, and can help focus studies on causal
mechanisms of distributions among small numbers of temporary aquatic habitats.

Introduction Statistical analysis of spatial distributions is best
performed with larger numbers of sample sites (e.g.,
The analysis of spatial pattern in community compo- >50; Cliff & Ord, 1981), but studies of multiple
sition is important for the basic and applied ecology temporary ponds can rarely approach these numbers
of temporary ponds. The detection of patterns can bet- due to practical constraints and the limited numbers
ter direct studies on the processes and environmentalof ponds remaining in a human-dominated landscape.
factors responsible for the patterns (e.g., Schneider Therefore, spatial autocorrelation statistics for the
& Frost, 1986), and conservation efforts must begin study of temporary ponds would ideally characterize
with inventories of species, including their locations significant spatial pattern for species among a small
(e.g., Simovich, 1998). Distributions of temporary number of sampling sites. The purpose of this paper
pond species can be presented effectively as tables oris to describe an approach we made to one type of
maps, but further examination may lead to questions spatial autocorrelation statistic for use with data sets
about mechanisms responsible for the distributions of relatively few sites. We developed this approach
(e.g., environmental conditions, biotic interactions, during our analyses of species distributions among a
dispersal). A valuable first question may then be ‘Is set of temporary ponds.
there a pattern to the spatial distributions (i.e., spatial A variety of spatial autocorrelation statistics ex-
autocorrelation), or are the distributions random?’ ist, including join-counts, Moran’s |, Geary’s C, and
K-hat functions. We focus here on one statistic ap-
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Table 1. Physical characteristics of the Bluff Springs Sand Ponds in
1996. See Figure 1 for pond locations 30m s ,! 112 )t S 12

Pond Initial Hydroperiod = Maximum Maximum - : 1

pooling  (days) surface area  depth 10
J—

date (n?) (cm) North i b9 9

A4 April30 48 350 25 M 8

Bl April30 55 4000 16 P S H7 57 7

D4 April23 65 3700 41 I M6e© (M6 N Eo L. 6

D7  May7 41 200 25 i i " AN G N

D9 April23 75 1800 46 <—L4 = '5" Q15N ) —— 5

E6  April30 48 1200 20 T R '\\rﬁ) —(ad) 4

L4 April30 58 3300 46 '~ G NS e 3

Hla April30 58 2400 41 \\\\ i ~ 5

Hlb  April30 58 2400 43 N A E,_\B ~4_ TN

Hlc  April30 58 2400 36 < - 1

15  April30 58 800 a1 L h @ Bl ) ¢

112 May 7 65 4000 56 ML KJ I HGTFETDT CUB A

J3 April30 58 900 20 Figure 1. Bluff Springs Sand Ponds. Ponds are named according to

L4 April30 58 3300 46 location on the grid, apd are drawn as approximqte initial s'ize during

6 w7 s om0 1990, Do Ines et spproste ocaons of hgnest ot

M6 May 7 51 800 51 O

in wet years, as can Ponds B1, H1, 15, J3, L4, and L6. Ponds D7, D9,
H7, and 112 are each isolated from all other ponds by topography.
The site is bounded to the east and south by a berm that separates
ponds from roadside ditches adjacent to paved roads (however, a
break in the southern ditch near H1 permits merger of pond and
propriate for the analysis of presence/absence data:ditch water). Pond H7 was not included in the current study.

join-count statistics. CIiff & Ord (1971, 1973) de-

veloped join-count statistics for geographical applica- ,

tions, and Sokal & Oden (1978a, b) demonstrated the years ?gtc.) (W'"m‘;n & tFryg, IéQ?Og. 'Eopofgrapr(ljy atlrr:dt
utility of these statistics for biological applications. precipitation combine to yield Subsets of ponds tha

Join-counts have been used in other ecological stud- €N Merge In wet years, and other ponds that ar,e
ies (Gilbert et al., 1994; Real & McElhany, 1976; CcomPpletely isolated (Figure 1). Despite the ponds
Sokal & Oden, 1978b) and are well suited for lattice prox!mlty, the hydropenod, initial poolmg date, ap-
type spatial models, as defined by Cressie (1991). We pr.OX|mate maximum area, and maximum depth varied
considered the lattice model (e.g., a chess board) toW'dmy from pond to pond (Table 1). - o
be most appropriate for analyzing the distributions of We sampled 15 ponds weekly, beginning within

aquatic species among temporary ponds: ponds with aone week of initial pooli_ng (April 23,1996) to the end
particular species present could be considered as blackOf the longest hydroperlod_(June 25, 1996)' We used a
ater column sampler (cylinder: 61 cm high40 cm

squares in a randomized chess board, separated b)}’v. ) . .
white squares (species not present). The K-hat func- d:;ame;[er), Y{vﬁlck:hwas If_ordced into the sdedlment, and
tion (Bailey & Gatrell, 1995) has been mainly used in all water within the cylinder was sieved on 3&n.

point pattern analysis, which is more appropriate for C?elleecteedd org[]sr:;mts) vf\f/:r: dr:‘gfr?"gl'()ﬁ ég?nsizve 2”3
data positioned among points in a uniform landscape preserved wi o bunter n. ples wers
(e.g., trees in a forest) examined for species present, and a record of species

found in each pond was tabulated.

Materials and methods

Results
The Bluff Springs Sand Ponds (BSSPs) are a set of
temporary ponds within a 16 ha forested wetland in
Cass County, lllinois. The ponds are surrounded by
a ridge of sandy soil that was deposited 10-12 000

Seventeen crustacean species were identified, and
species presence/absence over the entire hydroperiod
(Table 2) was used to calculate join-count statistics.
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pairs of sites where one site Bs(species present) and

30m « 12 . . . ..

I 112 b the other isW (species absent). The final join-count,

T T —r— WW, represents the statistic for all pairs of sites where
—————— e 10 both sites aréV (species absent). The three statistics
B B .
5o 9 are as follows:

North - J . Lo
. 1w B r BB = > Zzl’#/’wu’mxi’
| MGb OL6 \\ C E6 | D7 i=1j=1
\ - N\ /‘\ 6
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S = | 2
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(3 | WW = =So — (BB + BW),
N ] Bl\ 2
2 0 where
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Figure 2. Spatial pattern ofCryptocyclops bicolorin the Bluff So = i
Springs Sand Ponds during 1996. Black-filled ponds indicate pres- 0 Z Z i#j @i
ence, white-filled ponds indicate absence.

i=1j=1
w;; is the weight (Euclidian distance) between site
and sitej, andyx; is the value of the binary random
variable at sité (1 = present, G= absent).

The weight,w;;, between sites and j is an im-
portant aspect of the statistic. For sites separated by a
spatial distance, the weight could be the Euclidian dis-
tance, squared Euclidian distance, or any other weight-
ing system deemed appropriate by the researchers.
In Cliff & Ord's chess board analogy, the weights
were binary, depending on the condition of a shared,
contiguous border (i.e., nearest neighbors). Weights
between sites can be arranged into a weighting matrix
for more efficient mathematical computation. It should
be noted that any type of weights deemed valid can be
used, and should depend on the species and environ-
ment under study. When studying presence/absence
patterns among habitats, distance-related weights may

The presencelabsence pattern for a species mav b éserve as a representative of dispersal probabilities
p P P y among habitats, assuming that dispersal probability is

considered analogous to that of a mixed-up chessinversely related to distance

board, with B (black) for species present and W .

(white) for species absent. Statistics based on binar We chose Euclidean distances (between all pairs
P : Y of pond centers) for intersite weights as a simple mea-
random variables (where presesat 1, absent= 0)

: sure among the closely-spaced ponds. Most join-count
f:rr:] g?sbaengaalc,gIZtrzdr;?](;j:rf:)T'theo\\:vvgit:g;gi g?t- analyses have considered only nearest-neighbors as
. X - connected. Given the proximity and antiquity of the
clustermg._ C.“ﬁ & Or_d (1973) developed three join- ponds, we thought it reasonable to expect species
coun_t statistics, designateis, BW, an_d WWZ qu to have had dispersal opportunities among all ponds
species presence/e_lbsence data, species staisi- via various vectors. For testing CSR, the null hy-
_th_er 1 (corresponding 18 = 1) or oW = .0)'BB pothesis assumed a random distribution of the species
join-counts represent the statistic for all pairs of sam-

ling sites where both sites have a valugBofspecies over the number of ponds where the species was
ping . 5P present. For each species, three join-count statistics
present) BW join-counts represent the statistic for all

Five species will not be considered for statistical
analyses in this study, because: (a) they appeared in
all 15 ponds, so no pattern exist@8gnhthocamptusp.,
Cyclops navus, Daphnia obtusar (b) they appeared

in one pond each and also cannot be considered to
display a pattern requiring statistical analys@ng-
chodiaptomus sanguineus, Pleuroxus striatushe
remaining twelve species were tested for complete
spatial randomness (CSR). As an example of an inter-
esting pattern that may benefit from statistical analy-
sis, the distribution of the copepo@ryptocyclops
bicolor is shown in Figure 2.

Join-count analyses
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Table 2. Species presence/absence by Pond in 1996. Presence is indicated by a value of 1; absence by a value of 0. All species observed are
listed here, but species present in all por@darthocamptusp.,Cyclops navus, Daphnia obtysar in one pond only@nchydiaptomus
sanguineus, Pleuroxus striajusere not included in join-count analyses of spatial pattern

Species A4 Bl D4 D7 D9 E6 Hla Hilb Hic 15 112 J3 L4 L6 M6
Attheyellasp. 1 1 0 0 1 0 1 0 1 1 1 0 o 0 0
Canthocamptusp. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cryptocyclops bicolor 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0
Cyclops navus 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cyclops nearcticus 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Cyclops haueri 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
Cypridopsissp. 0 1 1 0 0 0 1 0 0 1 1 0 1 1 0
Cyproissp. 0 1 1 0 1 0 1 1 1 1 0 1 1 1 0
Daphnia obtusa 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Eubranchipus serratus 0 1 0 0 0 0 1 1 0 1 0 1 0 1 0
Lynceus brachyurus 0 1 0 0 1 0 0 0 0 1 1 1 0 1 0
Onychodiaptomus sanguineus 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Osphranticum labronectum 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0
Pleuroxus striatus 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Scapholebris mucronata 0 0 0 0 1 0 1 1 1 0 0 0 1 1 1
Simocephalus exspinosus 1 1 1 0 1 1 0 1 1 0 1 0 0 0 0
Simocephalus serrulatus 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0

(BB, BW, WW) were calculated and tested as stan- The join-counts (above) were tested as standard

dard normal deviates (SNDs) based on the momentsnormal deviates. However, Cliff & Ord (1973) showed

prescribed by Cliff & Ord (1981). that join-counts are asymptotically-normal distributed.

Results of the join-count tests are summarized in Because of this, join-counts of spatial arrays with few
Table 3. Because we considered this an exploratory sites (e.g., many temporary pond studies, including
analysis (of spatial pattern, and then of join-count sta- ours) may not be valid. Therefore, Cliff & Ord (1981)
tistics), we were wary of a Type Il error, and so we performed small-sample-size simulations, and found
chose significance levels of < 0.10 to indicate spa-  that the normal assumption was inappropriate for hy-
tial autocorrelation. Significance with a positive SND pothesis testing at smaller sample sizes d0: <
for the B B statistic and/or negative SND for tEW 50). Based on these results, they concluded that certain
statistic indicates that a distribution was more widely small-sample corrections would make a better approx-
dispersed than expected at random (i.e., negative spaimation than the asymptotic normal approximation.
tial autocorrelation)Atheyellasp., Cyclops nearcti- Cliff & Ord (1973) also recommended other guide-
cus Simocephalus exspinosi&mocephalus serrula-  lines for using these small-sample corrections: (1) the
tus andOsphranticum labronectuimad negative spa-  corrections are not recommended when one locality
tial autocorrelation of presence/absence distributions figures in more than about 30% of the joins; (2) the
(Table 3). Significant positive autocorrelation (i.e., a corrections are only valid far > 0.10 in each tail; (3)
species is more spatially clustered than expected atthey recommended using a value (e.g., the proportion
random) is indicated by negative SNDs for tBe&3 of sites labeledB) > 0.5. For example, in a system
statistic and/or positive SNDs for th& W statistic. with 4 of 10 sampling sites having a value Bf(pro-
Cryptocyclops bicolor, Cyclops haueri, Cypromsnd portion= 0.4), it would be better to test th& value
Scapholeberis mucronatead distributions displaying  since the proportion of¥ scores would be 0.6; and
positive spatial autocorrelation (Table 3). It should be (4) they recommended evaluating join-count statistics
noted that other combinations of significance among only when the proportion value is between 0.2 and 0.8
the three statistics may not clearly indicate the type of (Cliff & Ord, 1981).
autocorrelation present. Although CIiff & Ord’s small sample corrections

worked reasonably well for the data sets they ana-
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Table 3. Summary of join-count analysis results, using standard normal deviates. See text
for explanation of positive-{) or negative {) spatial autocorrelation designation3.=
number of ponds in which a species was present in 1996. Values shown ®BtheW

and WW statistics are the significance levejs-alues) of the statistics; asterisks denote
p-values considered significant (0.100) for this study

Species Autocorrelation P BB BW ww
Attheyellasp. - 7 0.100 0.330 0.079
Cryptocyclops bicolor + 4 0.032 0.122 0.057
Cyclops nearcticus — 2 0.063 0.023 0.019
Cyclops haueri + 2 0.259 0.066 0.067
Cypridopsissp. 7 0.144 0.350 0.251

Cyproissp. + 10 0.068 0.04F 0.318
Eubranchipus serratus 0.129 0.342 0.317
Lynceus brachyurus — 0.233 0.147 0.015
Osphranticum labronectum — 0.329 0.008 0.014
Scapholeberis mucronata + 0.200 0.100 0.452
Simocephalus exspinosus — 0.422 0.013 0.027
Simocephalus serrulatus ~ — 0.034 0.170 0.104

W o0 ~Nwoo.

lyzed, their analyses of binary join-count statistics Simulations

only included sample sizes of 25 or larger (Cliff &

Ord, 1973). Their recommendations for sample sizes Simulations were run using various sample sizes to
as small as 10 were based on simulation analyses theyinvestigate the validity of the normal and small-scale
performed on Moran’s |, which was developed for in- distribution with a non-binary, completely-connected
terval class variables; not for binary variables (Cliff matrix. For the following simulationsp represents

& Ord, 1971). In addition, their weighting matrix the number of sites with a species present. For each
for the binary join-count simulations was also binary Sample size = 10-20, 22, 24, 26, 28, and 30, the?
(e.g., We|ght for adjacent black squares on a chess andBW jOin-COUnt statistics were simulated for each
board= 1). Cliff & Ord justified this because ‘non-  Value ofP, except for the cases #f = 1, n—1, andn:
binary weights make the distribution less lumpy and & Species being preseiit = 1) or absentP =n—1)
somewhat easier to approximate’ (Cliff & Ord, 1973). at only one site; or present at all 15 site® = n)

In other words, they used a worst-case scenario, as-cannot be considered to display a complex pattern re-
Suming other conditions would approach norma"ty quil’ing statistical analySiS. SAS/Base and SAS/IML
faster. However, two important questions arise. First, Was used as a programming language, and simulations
how fast do other, more ecologically-realistic types Proceeded as follows:

of weighting matrices approach normality? Our sys- 1.Generate a random non-binary, completely-
tem used a weighting matrix of non-binary values  connected weighting matrix. The random number
and the statistics should therefore approach normal- ~ generator used was tiannor or ranuni function

ity faster than when a binary weighting matrix is provided in the SAS/Base software (1994).

used. Secondly, are Cliff & Ord’s small-scale cor- 2. Generate random placement of theresence lo-
rections valid for those types of weighting matrices? cations, using the same random number generators
The small- scale corrections may only be valid for as above.

join-counts that use a binary weighting matrix. To 3. Calculate the appropriate join-count.

answer these questions, we analyzed the join-count 4. Classify the join-countinto one of eleven mutually
statistics for simulated conditions of small sample size ~ €xclusive classes based on the appropriate theo-
(i.e., few sites), and using a non-binary, completely- rized distribution. The eleven classes of join-count
connected weighting matrix (Euclidean distances), as  statistics werely < L(0.001); L(0.001)=< y <

we expected these conditions to be of greatest value in ~ L(0.005); L(0 .005)< y < L(0.025); L(0 .025)
temporary pond ecology. < y < L(0.05); L(0.05)< y < L(0.1); L(0.1)
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y < L(0.9); L(0 .9) < y < L(0.95); L(0.95) bilities among sites. Because we favored a non-binary,
< y < L(0.975); L(0.975)< y < L(0.995); completely-connected weighting matrix for ecological
L(0.995) < y < L(0.999); and L(0.999x 1y, systems, and because the small-scale corrections of
where L(«) is the lower 10@ percentile, and is Cliff & Ord (1973) do not apply for that case, we used
the number of the simulations which fall into each a permutation test to examine the join-counts and then
class. compared them to the standard normal deviate results.
5. After generating and classifying each of 1567 sim- The permutation test was based on empirical distribu-
ulations, test the empirical distribution against the tions in the BSSP presence/absence data, and could be
theoretical distribution (either normal or small- applied to other empirical data sets as well.
scale) using a chi-square goodness-of-fit statistic ~ An empirically-based permutation test is random-
with 10 deg of freedom (11 classes—1). Simula- ized sampling of all possible arrangements, within the
tions were replicated to a sample size of 1567 limits of the number of ponds occupied by a species.
based on a maximum error of estimation of For instance, if a species was present in 7 of the 15
0.05(c'?). ponds, then the permutation test randomly assigns the
Complete details of the simulation results can be species to seven locations among the 15 possibilities.
found in Stevens (1998). The results indicated that This is performed for many replications, and a join-
when using non-binary, completely-connected weight- count statistic is calculated for each replication. A
ing matrices (e.g., Euclidean distances among all frequency distribution of the random join-count values
ponds), theB B join-count is more reliably tested as can then examined for the rare large or small values
a standard normal deviate far > 23 sites, and the (tails of the distribution) that correspond to 1%, 5%
BW join-count cannot be tested as a standard normal or 10% probabilities. The join-counts for the actual
deviate fom < 30. In addition, the small-scale correc- study can then be compared to the simulated percent-
tions recommended by Cliff & Ord were not reliable age points. Full details of the permutation tests can be
when the weighting matrix was completely-connected found in Stevens (1998).

A IA

and non-binary. The results of both the normal (SND) and em-
pirical (permutation) join-count significance tests for
An empirically-based permutation test approach the BSSP data were very similar (Table 4). The nor-

mal statistics indicate significance at almost the same
Based on the above analyses, we concluded that analy4evels as the empirical distribution. The significance
ses of spatial patterns among few sites and using theyajues of theBB statistic based on normal and em-
usual join-counts (as standard normal deviates or the pjrical distributions are identical. Th& W statistics
recommended small-scale corrections) are not reli- indicate significance for the same species, although
able when using a completely-connected non-binary the levels differ in a few cases, and tBaV statistics
weighting matrix (e.g., Euclidean distances). This are also similar in most cases (though not identical).
presents a dilemma for ecological investigations of Therefore, it would appear that the normal and empir-
temporary aquatic habitats, and other ecosystems, thaiica| distributions give very similar results, despite the
may benefit from the use of join-count statistics t0 sjmulation results.
examine species’ spatial patterns. We thinkitisunreal-  oOne should ask then: why bother with a permuta-
istic to weight join-count statistics by a species’ pres- tjon test, if it provides the same answer as the normal
ence or absence in nearest-neighbor sites only. Thisassumption? An answer may be that both distributions
approach essentially assumes that organisms dispers@appened to provide similar results for the data we
only among nearest neighbors. We thought it was more collected, and that other data sets may not lead to
realistic to assume that all sites may be connected by the same coincidence. To address this possibility, we
dispersal (non-binary, completely-connected weight- made a final simulation. We generated a random set
ing matrix), especially when sites are closely spaced, of BB join-count statistics for the range &f values
as at the Bluff Springs Sand Ponds. Of course, the gptainable with the BSSP data @ P < 13), and
value of inter-site connection weights implies knowl- ysing either the empirical or normal distributions. We
edge of dispersal rates between sites. In the absencgompared the distributions with Chi-square goodness-
of more information, we considered it reasonable to of-fit tests (Table 5). All chi-square scores were sig-
use inter-site distance in the weighting matrix, on the pjficant (@« = 0.05, x2 = 18.307), indicating that

assumption that distance is related to dispersal proba-the distributions are different. We concluded that the
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Table 4. Comparison of join-count results using standard normal deviate (SND) and empiri-
cally-based permutation (EMP) tests.sasot significant, and values shown are significance
levels of tests, where values 0.100 were considered significant for this study

Species BB BW ww

SND EMP SND EMP SND EMP
Attheyellasp. ns ns ns ns 0.10 0.10
Cryptocyclops bicolor 0.05 0.05 ns ns 0.10 0.05
Cyclops nearcticus 0.10 0.10 0.025 0.10 0.025 0.05
Cyclops haueri ns ns 0.10 0.05 0.10 0.025
Cypridopsissp. ns ns ns ns ns ns
Cyproissp. 0.10 0.10 0.05 0.10 ns ns
Eubranchipus serratus ns ns ns ns ns ns
Lynceus brachyurus ns ns ns ns 0.025 0.025
Osphranticum labronectum ns ns 0.01 0.025 0.025 0.05
Scapholeberis mucronata ns ns 0.10 ns ns ns
Simocephalus exspinosus ns ns 0.025 0.05 0.05 0.05
Simocephalus serrulatus  0.05  0.05 ns ns ns ns

empirically-based permutation tests would be more
valid than comparisons to a normal distribution in this
case, and that the two distributions coincidentally pro-
vided similar significance values for our data set. It
is likely that other empirical distributions (i.e., other

weighting matrices) would yield significance values
more different from analyses based on normal distrib-

Ecological significance

As indicated by both normal (SND) and permuta-

tion test results, some species were distributed non-
randomly among the Bluff Springs Sand Ponds, de-
spite the relatively small spatial scale and high density
of ponds at the site (15 ponds in 16 ha). Further analy-

utions, which would only strengthen the argument for ses of additional years may reveal different patterns,
using a permutation test for join-count statistics under especially when other years have different hydrolog-
small-sample situations. ical conditions (e.g., earlier filling of ponds, longer
Using permutation tests on join-counts can be very hydroperiod). Therefore, it would be hasty to conclude
useful for temporary ponds research, and should fosterthat species distributions revealed in this single-year
experimental approaches on causative mechanisms ofstudy are definitive.
non-random distributions uncovered by thistechnique.  Also, interesting patterns can sometimes be re-
Our approach to join-count statistics can be used when vealed more simply than by this statistical approach.
relatively few ponds (e.g., 15) have been censused; For exampleEubranchipus serratudid not have sig-
an important concern for studies that require large ef- nificant spatial autocorrelation in any of the above
forts among rare habitats. A generalized version of analyses, but comparison of Table 2 and Figure 1
the SAS program used to perform the permutation test shows that it was present during 1996 only in ponds
is available at http://www.uis.edu/ jenkins/joinct. The that can connect in years of high precipitation. We
program requires SAS/Base and SAS/IML, and is de- used simple Euclidean distances as weights in our
signed for binary random variables (such as species analyses, based on the assumption that dispersal vec-
presence/absence) and any type of weighting matrix tors among the closely-spaced ponds could have his-
the researcher defines. Users of the program shouldtorically transported species among all ponds. This
cite this paper. Interested readers should also noteassumption may not be appropriate fleubranchi-
that commercially-available statistics programs also pus serratusor conditions in 1996 may have varied
include permutation tests of spatial autocorrelation among pond subsets in ways that were important for
statistics (e.g., the S Plus Spatial Stats module includesthis species.
permutation tests of Moran’s I). However, visual inspection of maps could not
clearly identify non-random distributions for most
species. The scientific method requires that null hy-
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Table 5. Empirical (Emp) and normal distributions of simulatéB join-count values, expressed as percentiles in simulations of
N = 1000. Distributions were simulated for each of the presejev@lues analyzed for Bluff Springs Sand Ponds data. The simulated
empirical and normal distributions were comparedy$ygoodness-of-fit tests: ajl2 scores were significanp(= 0.05, x2 = 18.3)

Percentiles P=2 P=3 P=4 P=5 P=6 P=7
Emp. Normal Emp. Normal Emp. Normal Emp. Normal Emp. Normal Emp. Normal
< 0.005 0 0 5 7 2 4 7 13 3 4 3 9
0.005< 0.010 13 0 10 6 7 5 8 11 7 2 2 4
0.010~< 0.025 15 11 11 13 18 11 16 8 8 23 19 24
0.025< 0.050 22 20 23 34 25 34 18 26 26 25 24 23
0.050< 0.100 42 62 67 37 49 58 61 58 55 41 38 51
0.100~< 0.900 820 800 782 812 784 788 795 784 807 786 820 793
0.900< 0.950 49 55 50 36 53 35 60 47 47 59 50 65
0.950< 0975 25 20 25 22 36 39 12 26 28 32 24 16
0.975—< 0.990 0 22 15 13 15 14 11 21 6 23 13 13
0.990< 0.995 14 0 9 9 4 12 6 6 6 5 1 1
> 0.995 0 10 3 11 7 0 6 0 7 0 6 1
x2values: 42.51 44.52 24.95 30.25 43.62 42.78
Percentiles P =8 P=9 P =10 P=11 P =12 P=13
Emp. Normal Emp. Normal Emp. Normal Emp. Normal Emp. Normal Emp. Normal
< 0.005 4 5 3 10 6 9 4 11 4 6 0 8
0.005—< 0.010 5 8 5 11 2 3 3 10 3 15 19 5
0.010~< 0.025 17 8 14 12 17 21 16 23 14 26 12 16
0.025< 0.050 29 31 28 25 29 24 23 22 20 27 19 49
0.050< 0.100 47 41 43 53 54 62 65 58 51 41 63 8
0.100< 0.900 807 800 798 791 802 779 795 775 804 823 809 855
0.900< 0.950 49 58 49 62 46 65 44 80 62 43 29 59
0.950< 0.975 20 32 38 26 23 30 20 18 19 19 36 0
0.975< 0.990 10 13 12 9 13 5 16 3 13 0 6 0
0.990—< 0.995 8 4 3 1 4 2 8 0 0 0 0 0
> 0.995 4 0 7 0 4 0 6 0 10 0 7 0
x2values: 23.11 24.08 26.84 85.65 28.89 462.42

potheses (e.g., random distributions) are disproved ditions analyses) and experiments to test hypotheses
before developing further hypotheses to explain obser- (e.g., transplant and culture experiments).
vations. We now possess a more substantial indication ~ The choice of weights in the analyses described
that interesting ecological phenomena exist for mul- above is very important, and should be carefully con-
tiple species in the Bluff Springs Sand Ponds than sidered (and explicitly described). Alternative weight-
was possible by mapping alone. The analyses de-ing systems (e.g., precipitation-driven connectance
scribed above permit more specific questions to be among ponds, or coefficients based on hydroperiod)
addressed regarding causes of the 1996 patterns, formay be viewed as tests of underlying assumptions re-
more species, than was possible in the absence ofgarding causes of distributions, and could be used to
our analyses. For example, why w@asyptocyclops indicate the most fruitful approaches to subsequent
bicolor spatially clustered in 1996? What conditions research.
existed in those ponds that permitted those popula- Beyond the bounds of the Bluff Springs Sand
tions to hatch and grow, while other populations did Ponds, the permutation approach to the join- count
not? We have a more clear agenda for future studies statistics described here may prove useful as a tool in
(e.g., additional presence/absence surveys, pond conbiotic inventories and surveys of rare, threatened, and
endangered species. Often, these species inhabit rela-
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tively few, isolated sites. If habitat requirements need Cliff AD and Ord JK (1973) Spatial Processes: Models and Appli-
to be assessed, or if habitats need to be managed, the cations. Pion, London

: e _ - Cliff AD and Ord JK (1981) Spatial Accesses: Models and Appli-
most scientifically-defensible approach would be to cations. Pion. London

first demonstrate that the species is occupying habitatScressie NAC (1991) Statistics for Spatial Data. John Wiley & Sons,
non-randomly. New York

|n Summary, JOln_Count StaUSUCS are not restrlcted Gilbert GS, Hubbell SP and Foster RB (1994) DenSIty and distance-

. . to-adult effects of a canker diseases of trees in a moist tropical
to the common nearest-neighbor setting for large num- (' "+ Oecologia 98:100-108

bers of sites. Join-count statistics, and especially the jenkins DG and Buikema AL Jr. (1998) Do similar communities
permutation approach we have used, can be based on develop in similar sites? A test with zooplankton structure and
a non-binary, completely-connected weighting matrix __function. Ecol Monogr 68: 421443

. . ; Real LA and McElhany P (1996) Spatial pattern and process in
(e.g., Euclidean distances) for few sample sites. The plant-pathogen interactions. Ecology 77: 1011-1025

choice of weights represents assumptions about habi-Ricklefs RE (1987) Community diversity: relative roles of local and
tats, and so can be used as a statistical approach to test- regional processes. Science 235: 167-171

ing the importan f th mption a.. inter- SAS Institute Inc. 1994. SAS/Base User's Guide, version 6 edition.
g the importance of those assumptions (e.g., inte SAS Institute Inc., Cary, NC

site d|spersal) to species’ _pre_sence/absence patternSgcpneider DW and Frost TM (1996) Habitat duration and commu-
Comparisons of those weighting approaches among nity structure in temporary ponds. J North Am Benthol Soc 15:
multiple sites should be useful in statistical evaluations  64-86 o S
of dispersal andits role in regulating community struc- Simovich M (1998) Crustacean biodiversity and endemism in Cali-

. . . fornia’s ephemereal wetlands. In: Witham C, Bauder E, Belk D,
ture (Ricklefs, 1987; Jenkins & Buikema, 1998), as  Ferre WR and Ornduff (eds.), Ecology, Conservation, and Man-

well as local processes regulating community structure  agement of Vernal Pool Ecosystems. Proceedings from a 1996
(e.g., Schneider & Frost, 1996). Conference, California Native Plant Society, pp. 107-118
Sokal RR and Oden NL (1978a) Spatial autocorrelation in biology.
1. Methodology. Biol J Linnean Soc 10: 199-228
Sokal RR and Oden NL (1978b) Spatial autocorrelation in biol-
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