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State University, Fort Collins, CO 80523.

Abstract
“Chemical variability and biological communities of rock pools found in small

desert drainage basins of Capitol Reef National Park were characterized over eight
months in 1994. Neither flooding, drying, or the presence or absence of surrounding
wetlands had much effect on chemical composition, which was very dilute and
fluctuated in response to rain events. Neither flooding nor drying had much effect on
biological communities. Close spatial association of the rock pools, and high numbers
of predators in small systems dampened the community structure expected to result
from abiotic factors or competition. Summer storms affected only a few drainages at a
time, and only a few study pools of significant volume dried completely during the hot
and dry summer. This suggests only a portion of the Waterpocket Fold aquatic
community is ever disturbed at a time, leaving undisturbed areas as a source of
recovery. Pools that were components of wetlands supported greater numbers of
species throughout the year, but all pools appeared to benefit from these refugia. In
summary, rock pools in Capitol Reef National Park appear to be resilient to climatic
variability, and this resilience may also transfer to protection against other
disturbances, including atmospheric deposition of strong acid anions and increased
visitor use. :

Introduction

Because of their scarcity, aquatic environments in the arid Colorado Plateau are
extremely important resources for the maintenance of desert ecosystems. Many
aquatic resources are ephemeral, characerized by spatial and temporal discontinuities
in flow (Stanley and Valett 1992). Ephemeral streams may have running water after
storms and snowmelt, but surface water rapidly becomes confined to pools as the
running water evaporates or is transpired (Poff and Ward 1989).

Drainages of the Waterpocket Fold in Capitol Reef National Park represent an

extreme example of ephemeral stream. Cut dire'ctly into sandstone bedrock, these




drainages function as streams only a few days each year. Stream flow cceurs during

- and immediately after rain or snowmelt events. In between precipitation events, water

resides in rock pools, many of which are large enough that they rarely dry out. Pools

are of two morphologies: those cut directly into sandstone with no surrounding

vegetation; and those with riparian borders. The sandy alluvial deposits that allow

development of ‘vegetation also allow for groundwater storage.. The vegetation

, surroundlng these pools has been characterized by Spence and Henderson (1993),

and grades from. oblrgate rrparian specres such as cattalls willows, and reeds, to-
upland species common to surroundrng desert shrub plnyon-junrper, and Sllel'OCk
communrtles Spence and Henderson (1983) found an increase in the number and
abundance of non-natnve specues assocrated wnth pools where cattle grazrng had
prevrously occurred suggestrng that these systems are vulnerable to drsturbances
Lumrted mforrnatron has been collected on desert rock pools along the
Waterpocket Fold in Caprtol Reef National Park. Previous investigations have
addressed questions regarding the role of disturbance by fiooding on aquatic
org'anisms (Haefner and Lindahi 1988, 1991). Similar systems of the Colorado Plateau
have received more attention, including a chemical characterization of rock pools in
northern Arizona (Van Haverbeke 1990).'biologica| characterizations of ternporary
pools near Moab, UT (Dodson 1987) and ecosystem-scale studies in Sycamore
Creek AZ (Grimm and Fisher 1992 Fisher et al. 1982, Fisher and Grrmm 1985 1988,
Gray and Fisher 1981). Because assessrng the status of physrcal and blologlcal
resources is the essential first step |n managlng natural resources (Stohlgren 1986),

we conducted a six-month intensive. study Thrs study complemented a park-wrde
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{su'rVey of the of 460 roc;k pools in 80 major drainages (Berghoff 1994). We explored
- the temporal and ébatial varaibility of boo!s,'énd asked the folldWing questions: how
variable is pool chemistry and ecology over time and sbace; does the preéeﬁcé. of
surrounding vegétatidn influence water quélifv- pool volume, or epolégy: how
impo.rtant. aré ﬂddg:ling and drought as distu_rﬁances to both water quélfty and aquatic
invertebrate community composition; and how.vulnerable are mese'wafgrs tc_i'human-
capséd disturbances éuch as in.cre'ased visitor use, long-range transport of

atmosphen:c pol'lutants, and global climate change?

Site Description -

The Waterpocket Fold, also kqown as the Capitol Reef, is a north-soyth
trending monoc;!ine of Navajo Sandstone that extends some 70 miles north from Lake
Powell in southern ‘L'ltah (Figure 1). The Waterpocket Fold is specifically named for the
more than 460 waterpockets, or. roqk pools that have been carved throﬁgh water and
scouring ac;tioh in the many small west-east drainages cut into the sandstone.
Drairiages are typically less than 2 kﬁi ldng, and are made up of a series of pools
oorjnected with a drainage depressidn that conducts water during and after
precipitation events. Because fhere,.is no upwelling of groundwater in the Navajo
'S.andstone’(.leball 1988), preéipitatio'n is the only source of new water to these
drainagés. Rock pools range in \)olurpe from a few liters to more than one thousand
cubic meters of water holding capacity. Some wetlal;lds adjacent to pdols_ cén have
sediments up to two meters thick.

Mean annual precipitation ranges from 183 mm at Fruita (Capitol Reef NP
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headquarters) in the north to 140 mm near Lake Powell. The maximum mean July

‘temperature is 33 °C, while the minimum mean January temperature is -8 °Q (Spence

and Henderson 1993).

Chemical samples were collected from CottonWood, Muley, and Fountain Tank
drainages in the sduthem part of Capitol Reef National Park (Figure 1). Two additional
drainages, Miahana Tanks and Gil-Scott Gulch, were sampled for aquatic fauna, so
that a total of five drainages were characterized biologically. The drainages ranged
from broad and open at Muley Tanks, to lono and narr'ow at Cottonwood. 'l'he
headwaters of CottonWood Tanks originate in a narrow slot canyon. An attempt was
made to select drainages along a broad length of the Waterpocket Fold, and pools
were chosen from among the larger, more permanent water bodies.

Methods .
Precipitation and Pool Volume

Rain gages were placed near the top and bottom of each drainage; and were
monxtored weekly. Gages were made from a funnel connected toa corled tygon tube
that ran into a plastic liter bottle. There were slight differences in the amounts
collected by each palr of gages; the gage that reported the greatest total precrpltatlon
for the summer was arbltranly chosen to represent rain for each draxnage The volume
of each rock pool was measured weekly by geometncal approxrmatlon usrng a half
elliptoid formula, © ' |
Ch'emical. analyses . |

Samples were collected approxlmately every other week from pools wrth and

wuthout surroundlng wetlands in Cottonwood Muley, and Fountaln Tanks between
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March and August 1994. Samples were collected for pH and specific conductance in

: 125 mL HDPE bottles that had been acrd-washed in 10% HCI solution, rinsed, and

stored full of de-lonized water prior to sampling. Samples collected for major ion
analyses were stored in 250 mL HDPE bottles that had also been acid washed with
the same procedures. Because access to refrigeration was only weekly, major ion
samples were fixed with 0.5 mL chloroform. Samples were filtered in the fieid with a
Nalgene.hand pump and Whatman GF)C filters into baked dark-colored borosilicate
'glass.bottles for analysis of dissolved organic carbon. Water temperature was
recorded at time oflsarnpling. ' |
Specific conductivity and pH were determined weekly at park headquarters
using an Amber Science Inc. model 604 conductivity meter and a Beckman Model 21
pH. meter Samples for major ions were stored refrigerated until transport to Fort -
CO"II‘IS CO, where aliquots were ﬁllered (Whatman GF/C filters) for wtion analyses.

Major ions were analyzed wtih ion. chromatography, and alkalinity was analyzed wrth a

,Gran titratlon at the USFS Rocky Mountaln Forest and Range Experiment Station in

Fort Colllns CO (O’Deen et al. 1993). Dlssolved organlc carbon was analyzed by the
USGS Water Resources Dlwsron in Boulder CO usmg an Oceanography lnternatlonal
Model 700 Carbon Analyzer Sample qualrty was assessed by calculatlng the ion
percent dlfference (IPD) between posntvnely and negatrvely charged i ions. - Al but two of
the samples met 15% cutoff cnterla for acceptable IPD at ionic strengths of greater
than 200 peq/L' these data were dlscarded (Stensland and Bowersox 1984, O'Deen et

al. 1994) Eght DOC samples were collected in dupllcate they compared wrthrn 10%

over a range of. 3—32 mg C/L.
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Comparisons of mean chemrcal characteristics between the three drainages
were made using a Student-Newman-Keuls test for studentized range The .
studentrzed range is the dlfference between the largest and smallest treatment means
dwnded by an estimate of the standard error of each -srngle treatment mean. The size
of the diiierence required for significance changes with the separation of the means in
the rank order (Ferguson 1981)' - |

Companson of the chemrstry of pools adjacent to wetlands with pools
surrounded by sandstone was done wnth a choxon Matched Palrs Signed-Rank Test.
vBecause the test assumes mdependence between the two groups belng compared.
we used. a reduced data set. Connection of the' pools during flooding events
invalidates the.assumption of independence. No vegetated VS. unvegetatéd
comparisons were run for Cottonwood drainage since rain events caused observed
flow between the Cottonwood pools through July and’ August Pools in Muley
drainage were separated all summer, as no rain event was strong enough to cause
Splllage from the top pools. and pools in Fountain drainage overflowed only once in
Iate July Chemical analyses from after the flooding event in Fountain were excluded

from the analysrs
Brologrcal Analyse

. | Aquatlc fauna from macrozooplankton to vertebrates were sampled weekly from
March through August 1994 Addrtronal collections were made in September 1993,
January, March,‘ and September 1994, Macrofauna were deﬁned as any animal larger
than the mesh size (1 mm? of a standard dip net. ‘Organisms were field identified to

the lowest practical taxon, usually species, based upon previous laboratory

.
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identifications, and their life history stage (juveriile or adult) was noted. Bottle trap and

light trap collections were used for precise identification of adult insects. .A voucher

collection of the invertebrate samptes has been deposited in the C.P. Gillette Museum

of Arthropod -Diversity, Department of Entomology at;C'oIorado State Universﬂy:'

Semi-quantitative measures of abundance Were recorded as a rank based ,uoon
three standard dip net sweeps of each pool. The sweeps were taken from different
sides of the poal, and the sample were comblned in a single whlte pan.. Organisms
were. then counted for ordination lnto the following ranks: 0 - no lndeuals, 1-1-10
individuals; 2 - 11-50 mdn_nduals, 3-561+ lndlvuduals. Three additional sweeps were:
then taken to insure consistent monitoring of rare species, and. any taxa found that
were not present in.the first threevsweeps were given an abundance rank of 1.
Organisms welje returned to,.the,p,ool after,enumeration and identification. -

Common methods for quantitatively sampling.the pools were field tested in
Febi'uary and March 1994. These ‘were found to be un‘reliable and destructive In such
small systerns it was important to sample non-destructwely to avoud affectzng pool
communities through dlrect removal of pool organlsms ‘Both a 30-m|cron plankton
tow and standard Ekman dredge produced variance as Iarge as’ populatlon means.
The rock pool orgamsms do not, however ﬁt other characteristics expected of a

l?ousson distribution that would exhibit this vanance.(Ott 1984). Rock pool

communities can not'be assumed to be independent events, out are.affected by the

previous community. Standard sampling methods were also subject to other
problems, such as not accounting for clustering of pool organisms and escape tactics

by most adult beetles and hemipterans. The portable box method of qUantiﬁcation

+
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was found suitable only for shallow pools of less than 1.2 m, ane was ineffective for
‘quantifying the more abundant henthes such.as chironemid midge larvae.

| Cluster analysis and a transformed Pearson correlation matrix using the '17
most common species were used to examine the biological struettJre of rock pool
comm‘unities. Species chosen represent the ‘major functional groups as vreil'as the'
most abund.ant‘ pobl fauna. Peersoh correlation coefﬁcients between each species’
abuhdanee' for a gtven period were transformed into a distanee ‘rneafsure, and the data
were then treated as distances in e e!uster enalyeis to determine whether or not
'groupsr or orgentsms could be concsidered nort-randomly associated. Greups of
speciés that appeared together a's'. clusters -between zéro and 63 were ceneidered
non-random assocuatlons This analysis was performed three times, usmg data from
weeks of March 15, June 10, aind July 14. '

A repeated ‘measures, nested design ANOVA vt/.as:used to analyze differenoes
between poole in wetlands and those in bedrock through time. Draina'ge we's treated
as-a random variable to allow mference from the statrstlcal model to the populatlon of
all dralnages in the Waterpocket Fold. Between subject factors were dralnage pool,
ar_ld.-type, . Period _was the only within subject factor.” |

The effect of disturbancs, d'et'ihed: as:ﬂo'oding, on the number of species
eresent, end 'ratie of: juvenile to edult life history steges wae evaluated with t-tests. The
effect of ;:Joel volume and temperature on bfo!og_icat 'parameters-.was examihed with
Pearson correlation coefficients. | |
Resuits |

Hy' drology
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The summer of 1994 was unusually dry, even for Capitdl Reef National Park.

" The total precupxtatxon at Cottonwood, Muley, and Fountaln Tanks was 66.1, 27.2, and
31.0 mm, respectrvely (Figure 2). According to the 38-yr record analyzed by Spence
and Henderson (1993) one third of the annual precipitation, 46-60 mm, usually falls as
thunderstorms in July-and August-(Julian dates 182-243). In 1894 the July and August
combined pre'cipitatio'n was 22.?, 5.0, and 31.9 mm at Cottonwood, Muley, and
Fountain Tanks, respectively. -

- The volumes of all pools with vegetation increaseddwith rain events, although
only five events over theentire'sampling period caused flooding, defin_ed as overflow
from the pools. - Flooding was observed in Cottonwood and Fountain Tanks, but not in
Muley Tanks. Normalized values (against maximum measured volume) with time
showed that pdol volumes covaried withrain events for pools with and without .
surro'unding .vegetation (Figure 2) There appeared to be less uariation in volume in
pools with surroundlng vegetation and sorls presumably because of the dampemng
effects of evapotranspuratlon and. sonI water. storage _

" ~ Pool water;,temperatures warmed over the summer from lows in March to mid-
April of 4-18 °C to highs of 32-35 °C in June, July and :August (ﬁgure 3). Most pool
waters atter mid-April had temp‘eratures in the 22-25 'fc range, 'regard!essfof Whether
they were within wetlands or bedrock. Pools were sampled at different times of day.
Slnce there was probably a wide diurnal vanablrty in temperature the. values in Figure 3

should be mterpreted as within a range of measured temperatures for any given week.

Chemical Characterization

| Fountain Tanks solutes were two to three times more concentrated than either
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Cottonwood or Muley Tanks (Table 1). Exceptions were the major plant nutrients
' potassium, nih'ate, and phosphate. - The mean pH, 7.6, of Fountain T'ank's was slightly
higher than the pH of Cottonwood and Muley Tanks, 7.0 and 7.3, but the difference
between Fountarn and Muley Tanks was not slgmfiwnt. Similarly, chlonde |
concentrations were slightly hlgher for Fountain Tanks, but significantly dlfferent only
for Fountain and Cottonwood Tanks. Ammonium was lower and less vanable in -
Fountain Tanks than the other two drainages. Concentratlons in Cottonwood and
Muley Tanks were not signiﬁcantly difterent from each other, with th.evexception of
dissolved organic carbon (DOC), which was ‘signiﬁcantly higher at 1 0.6 mg C/L, and
more variable, in Muley Tanks than in either of the. other two drainages.
Concentratlons of DOC averaged 6.3 and 4.3 for- Cottonwood and Fountain Tanks
respectwely |

Solutes became more concentrated in both vegetated and unvegetated pools
over the summer as can be seen in Figure 4 Dlssolved organlc carbon at Muley
Tanks reached concentrations -as hlgh as 13.2mg C/L, possnbly because a small rain
storm flushed 'organic material lnto the.pools from the surroundlng watershed “There
was no sugnlﬁcant difference in concentrattons within each dralnage between pools
surrounded by rock or vegetation. A plot of conductance versus normallzed pool
volume using all pools shows a negatlve relation (Figure 5). Drying accounted for only
0.29% of the change in measured .con.d'uctance for the entire daata set, but there was
variability by drainage. In the Fountain Tanks 68% of conductance variability wa's |
explained ‘by pool drying, wnile 30% and 27% was explainable for Muley and

Cottonwood Tanks, respectively.
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Biological Characterization

There were 59 separate macroinvertebrates and vertebrate taxa found (Table 2).
These included fathead' minnows, Pimephales promelas-,(Raﬁnesque),.in the bottom
Miahana pool that terminates close to.Hall's Creek, a stream in which thls species is
common. Anurans were represented by spadefoet toad, Scaphiopus intermentanus
Cope, the canyon treefrog, Hyla arenicolor Cope, and two other: toads; Bufo -
woodheusei Girard, and Bufo punctatus Baird and Girard.A Fairy shrimp; Branchinecta
lindahli, were observed in pools w_ithin;the park, but not in-any of the study pools.
Anothe.r crustacean, Streptocephalus texanus Packard, occurred in all pools. A snall,
l’hysella sp., was observed in all of the drainages. The remainder of the taxa were
arthropods, present in both larval and adult forms. |

" Larvae of the caddlsﬂy Limnephilus taloga Ross, were common throughout the
llvin'ter and spnnglrnonths, and larval activity was even observed under-ice in .lanuary.
The r_nayﬂy Callibaetis pictus Eaton was found as larvae throughout spring, summer
and fall |

Aquatlc beetles were well represented in all pools. The diverse assemblage
lncluded predaceous dyhsc:d dmng beetles from the minute Liodessus affi nus Say to
the larger Dysttcus sp. Common hydrophllld water scavenger beetles mcluded
Berosus punctatlssimus LeConte and Tropisternus elllptlcus LeConte The water

scavenger beetles are predaceous as larvae ‘but collector-gatherers as adults (Merritt
et al 1984)
Water bugs Notonectidae and Corlxldae were common through0ut the year

The crawllng water bug famlly Naucorldae was also found in late summer. The




neuston complex consisted of water striders Aquarius remigis Say, Microvelia torquata

“ Champion, and the whirligig beetle Gyrinus plicifer LeConte. Dipterans were

represented by ene species of tabenid, various common chironomids, and a few
mosql.iite" species. | .

Most speeie_s irt the rock pools were also common te other aeuatic habitats of
the Coloracio Plateau. Probably for this reason; no significant clusters of'spe'eies were
found, indicating no nori-random associations between species |n the peols V(Figure
6a-c). This implies all species‘ were closely related to each other, which is likely the
result of close ecelogical association and proximity'end similaiity of the rock peols. '
The alterriative, which was not observed, would have shown elustere of species
beginning between 0.0 and 0.4 end remaining distinctly clustered to the point of ieast
correlation, which was #7/2 on the scale used. Many coleopterans and hemipterans
have highly mobile aquatic aduit stages, enabling long distance dispersal from pool to
pe'ol‘. Other organisms have terreetrial adult mating and dispersal stages' such as the
mayﬂies caddisﬂies dragonflies, and anurans. Crustaceans such as the anostracans
rely on dispersal of eggs by animal or wind vectors. Most orgamsms in the pools
62%, were predators. Thirty four percent were herbivorous collector/gatherers and .
scrapers, ‘while the remainder were collector/ﬁlter feeders. |

The proportion of juvenlles in the rock pools decreased sngnrﬁcantiy throughout
the spnng and summer (F'gure 7a), but there was no difference in the proportxon of
juvenile versus adirit stages between pools with vegetation versus those surrounded
by rock (p=0.586). There were more Species iri pools that were corrlpenente of

wetlands (mean of 10.5; std. dev of 4.4, n=116) than pools situated in bedrock only
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(rnean of 7.2, std dev. of 3.2, n='116), although numbers of species declined in both
 types of pools from the spring through the summer (Figbre 7b). -Nefther pool volume
(p=0. 54) nor temperature (p=0.74) affected the number of species present.

The effects of ﬂoodrng on specres numbers was not significant, either when
comparing numbers of species wrthrn all pools before and after flood events (p=0.54),
or when rock pool species numbers were"treated separately from those surrounded
by vegetation (p=0.:87). Data were nonnalized by taking their square roots. The two
middle flooding events in Cottonwood dr'ainage‘ (see.:f-"lgure 2) were not,used'to
eliminate the potential for autocorrelation. The first and Iast storms were, considered
sufficiently separate events to satisfy oonditions~of7independence. '

A similar-test was performed to examine the 'responses of p_ools todryingas a
-disturbanoe. Such disturbances were relatively. infrequent (compared-with pool's‘
studied by bodson 1987). Pre-drying numbers ‘of specfes and juvenile to adtrlt ratios
were tested agarnst post-drying parameters drrectly after the first ﬁﬂrng event. Both
vanablles were: normalrzed wrth square root transformatlons Neither were srgnrﬁcantty

drfferent as a result of dryrng (specres numbers, p =0.16; life hlstory stage ratio,

p= 049)

Dlscusslon

Neither ﬂoodrng nor drying had much effect on brologrcal communmes Close
spatial association of the rock pools, and high numbers of predators in small systems
dampened the community structure expected to result from abiotic factors or

competition (McLachlan 1985, Morin 1987, Schneider and Frost.1996). Summer
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storms affected only a few drainages at a time, and only a few study pocls of

significant volume dried completely during the ‘hot and dry summer. This suggests

only a portion of the Waterpocket Fold aquatic community is ever disturbed at a time,
leaving undisturbed areas as a source of recovery. Pools that were components of
wetlands supported greater’numbers of species throughout the year, but all pdols
appeared to benefit from these réfugia.

The rapidity of recovery suggests these systems display great variability, but
also great resilience, a conclus:on also reached in a study of macroinvertebrate ’
recovery of flash floods in Sycamore Creek, AZ (Grimm and Fisher 1989). Flood
events intrddUce nutrients from precipitation and upstream. This new food supply .for
primary producrion and consumption allows for rapid re-establishment of
macroinvertebrates. Grimm and Fisher '(1989)' hypothesize flood events-are:necessary
to ihe maintenance ‘of macroinverrebrate pcpuraﬁons because they refresh thie food
supply for fast-growung organrsms o |

Some chemical constrtuents such as acrd-neutrahzing capacuty, rncreased over

an order of magnrtud.e during the study penod, concurrent with decllmng pool volume,

But rapidly decreased after a rain event (Figure 4). ‘Other solutes \'(vere"not-as dynamic

as we assumed fhey rnould be as a result of evaporation- and transpiration-i:aused .
concentratlon Pool chemlstry was very dilute, and was not significantly influenced by
the presence or absence of wetlands

The chemical composition and biological communities of Capitol Reef Naticnal
Park rock pocls appear to be adapted to climatic disturbances, but predispositicn to

floods or droughts may not mean .equal adaptation to other types of stress. Increased
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visitor use and atmosphenc deposmon of pollutants are two addmonal dlsturbances

: that may lead to different responses of ttnaja ecosystems, we discuss these below.

Effects of increasing numbers of visitors/tourists to_ these remote sites. include
increased trampling,- introduction of non-native plants-and animals, eutrophicatiqn,.and
possibly.de\r_elopment of soap-and oil films.on pools if people bathe in the' water; We
expe.ct consequences to rock pool systems from infrequent visitordisturhances will be
transient, at most lasting untit the next major flood. Films on water surfa_ces probably
pose the greatest threat by prev'enttng gas exchange and coating organjsms with
residue. More' frequent exposure to visitor use mag./ lead to population depletions, but
given_the life histories of most organisms and the proximity of more pools,
communities should return to normal if visitor use is restricted.

' Nttrate and phosphate were, somewhat lower in concentration in the study pools
than reported for an ephemeral stream in Arizona (Fisher and Grimm- 1983) Alkalinity
and conducttvnty were similar in concentratlon to those reported by Fi sher and Gnmm
(1983) for the desert ephemeral stream and oonductnvnty was slmtlar to that reported
by Van Haverbeke (1990) for ephemeral roc_:k poo!s. Nltrate concentratto‘ns of 4.8-6.5
umol/L were -muoh_ lower than was measured in summer wet precipitation from the
two nearest National Atmospheric Depbsition Program sites, Green Ftiver-'a'nd Bryoe
Canyon, UT. Summer volume weighted mean nitrate concentrations at these two sites
were 29.1 ymol/L and 43.4 ymol/L, respectively (NADP/NTN 1996). _Wet idepoSition
of nttrogen species has increased tn some western states as a result of increased -
uroan, agricultural and industrial activities (Lynch et al. 1995, Baron and Campbetl in

press), but the threats to aquatic ecosystems occur mainly where extremely low acid-




neutralizing capacity leads to acidification (Stoddard 1994). Rock pool ANC values
‘'were greater than 500'pmoI/L, so acidification from nitrate deposition is h'ot a threat.
Eutrophication is another outcome of elevated nitrate deposition, but the pools were
already eutrophic, so this, also, is not a possible threat. Although we did not measure
algal productivity (to assess trophic status), filtration of 125 mi .water for DOC analyses
sometimes took more than five hours due to algae clogging the filter paper |
(LaFrancois, personal obseryation). '

Sulfate concentrations in Cottonwood and M'uley Tanks (21.9 ymol/L, and 27.1
umol/L, respectively) were similar to sulfate measured in precipitetion (10.7 ymol/L at
Bryce Canyon, 25.1 ymol/L at Green River). Sulfate‘was higher in the Fountain
Tanks, with a mean concentration of 38.5 ymol/L. Fountain Tanks is the |
southernmost set of pools for which we analyzed chemical composition, and closest to
regionel industrial centers that are dominant sources of sulfur oxides to the region
(Eatough et al 1996) Although it |s possuble that the higher sulfate values in Fountain
Tanks are due to deposition, and deposmon certamly contributes to the solute load of
the pools it is more likely that a sllght change in bedrock mlneralogy is the sourceof
solutes The hlghest concentrations of ANC, Ca Na, Mg, and Cl of all the pools
sampled were also. found in Fountairl Tanks, and this suggests the difference in‘water
qualit{('is' due to di_fferent bedrock composition rather than a deposition problem.
Deposition' of sulfate he_s decreased significantly-throughout the United States (Lyhch

et al. 1995)." It is our opinion that unless sulfur emissioris increese again, atmospheric
deposntlon does not pose a threat to the mtegrlty of Capltol reef rock pools.
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Figure Captions

Figure 1. Map showrng location of Cap:tol Reef Natnonal Park, and enlargements of
the three -Study dralnages where both chemlcal ‘and baologlcal analyses were .
conducted: A) Gottonwood Tanks; B) Muley Tanks; and C) Fountain Tanks.
F,igure‘ 2. Precipttatioh (bars) and pool volumes‘(lines) for Cottonwood, Muley,. and
Fountain Tank drainaoes during the"period of'study, March through August' 1994.
Rain events that caused flooding are marked with an asterisk. Floodlng was defined
as overflow from one pool to another

Figure 3. Pool temperatures (°C).dur|ng the study'pertdd. Circle represent
temperatures of pools with wetlands, triangles are pools surrounded by bedrock.

Figure 4. Dynamics of specific condyctance (;IS/crnz), acid neutralizing' capacity
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(ANG, in yéq/L), and dissolved organic carbon (DOC, in mg C/L) over time in a)
Cottonwood Tanks, b) Muley Tanks, and ¢) Fountain Tanks. -
Figure 5. Rélatibﬁ -of specific condqctarice UIS/sz) with normalized pool volume.
Volume was ngrmaiized by dividing weekly volumes by the maximum pool volurﬁe
measured durihg the study period.

Figure 6. Averagg linkage c!us..fer analysis for aquatic species éollected in a) April, b)
late June, and c) August of 1994. On a scale of 0.00 to 3.14 (n), groups that fofm
near 0.00 and remain distinct to 1.57 (rr/2) would be considered non-random
associations of species abundances.

Figure 7. Charactériétics of aqUatic organisms in Capitol Reef rock pools over time:
a) Averagé rafiq of juvénile to éddlt stages; and b) species numbers. Circles are
numbers in pools with- vegetation, and triangles are numbers in poolé surrounded by

bedrock.




Table 1. Mean concentrations
Park, Utah. Means with the sa
indicated.

(and standard deviations) of major ions from three-drainages.of Capitol Reef National
me letter are not significantly different. Solutes are reported as ymol/L unless otherwise

ANALYTE COTTONWOOD TANKS | MULEY TANKS . .| FOUNTAIN TANKS
Mean (s.d.) Sig. | Mean (s.d.) -8lg: | Mean (sd.) - Slg.

pH 7.0 (0.4) A |7309 A | 7608) B/A
Conductivity, 4S/cm | 52.5 (34.3) A | 621415 ‘A | 1148 @os) B

| cateium 192.1 (157.2) A 217.1 (1522) A | 524.0 (270.4) B

" Magnesium 57.6 (41.2) A 65.8 (49.4) A 135.8 (61.7) B

|| Sodium 17.4 (13.1) A 17.4 (17.4) CA 348 (13.1) B

|| Potasslum 32.25 (23.0) A 43.5 (38.4) A 28.1 (15.3) - A
Ammonium 22.2 (33.3) A 33.3 (44.4) A .| 58011 B
Chloride 16.9 (11.3) A 19.7 (22.6) A .| 31.0(11.3 B/A

I Nitrate 4.8 (12.9) A 48 (9.7) A |es5(@.1) A _"

’julfate 21.9 (13.5) A 27.1 (3.1) ‘A 38.5 (15.6) B
Phosphate 0.0 (0.0) A 0.0 (0.0) A 0.0 (0.0) A |

| anc 502.8 (436.0) A |s553(4584) A | 122887208 B
Sliica 133 (1.7) A 8.3 (1.7) 23.3 (18.3) B
DOC, mg C/L 6.3 (2.6) A 106 (9.5) 4.3 (1.7) A




Table 2. Species list of macroinvertebrate and vertebrate rock pool species collected September
11, 1993 to September 23, 1994, and October 25 1995 in Capitol Reef National Park,
Utah. The most abundant taxa (marked with *) were included in a cluster analysis for

community assemblages.
Yertcbrata:
Cyprinidae:
Pimephales promelas Rafinesque
Anura:
Scaphiopus intermontanus (Cope)*
Bufo punctatus Baird and Girard*
Bufo woodhousei Girard*
Hyla arenicolor Cope*
Gastropoda:
Physella sp.*
Nematomorpha:
Arthropoda:
Class Anostraca:
©. Streptocephalus texanus Packard*
Class Conchostraca:
Eulimnida texana Packard
Class Nostostraca:
Triops longicaudatus LeConte
Class Arachnida:
Hydrachnida*
Class Hexapoda:
Collembola:
Isotomidae
Ephemeroptera:
Bactidae
Callibaetis pictus Eaton*
Odonata:
Aeshnidae
Aeschna multicolor Hagen*
Aeschna palmata Hagen*
Anax junius (Drury)*
Libellulidae
Sympertrum obstrusum (Hagen)
Libellula saturata Uhler
Lestidae
Archilestes grandis (Rambur)*
Coenagrionidae
Enallagma cyathigerum (Charpentier)
Argia sp.




Table 2 (continued).

Hemiptera:
Notonectidae
Notonecta kirbyi (Hungerford)*
Notonecta undulata (Say)
Buenoa margaritacea (Torre-Bueno)
Naucoridae
Ambrysus mormon mormon Montandon
Gerridae
Aquarius remigis (Say)
Veliidae -
Microvelia torquata (Champion)”
Corixidae
Graptocorixa abdominalis (Say)* .
Belostomatidae
Lethocerus americanus (Leidy)
Trichoptera:
Limnephilidae
Limnephilus taloga Ross*
Coleoptera:
Gyrinidae
Gyrinus plicifer LeConte*
Hydrophilidae . ’
Hydrophilus triangularis (Say)
Tropisternus ellipticus (LeConte) * -
Hydrochara lineata (LeConte)
Berosus punctatissimus LeConte*
Laccobius sp.
Dytiscidae "
Agabus disintegratus (Crotch)
Agabus tristis Aube
Agabus lugens LeConte
Agabus semivittatus LeConte
Rhantus gutticollis (Say)*
Laccophlus maculosus decipiens LeConte*
Stictotarsus striatellus (LeConte)
Liodessus affinus (Say)*
Neoclypeodytes discretus (Sharp)
Hygrotus collatus (Fall)
Thermonectus marmoratus marmoratus (Hope)
Uvarus sp.
Dytiscus sp.
Haliplidae
Peltodytes sp.




Table 2 (continued).

Diptera:
Tabanidae

‘Chironomidae

Tabanus sp.

Chironomus sp.*

Polypedilum sp.
Phaenopsectra dyari (Townes)
Phaenopsectra sp.
Micropsectra sp.

Alotanypus sp.

Ceratopogonidae

Culicidae

Bezzia sp.

Anopheles fransiscans (McCracken)
Culex tarsalis Coquillett

Culiseta inornata (Williston)
Culiseta sp.

{i
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