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ABSTRACT

Prescribed burns and wildfires main-
tain prairie vegetation by limiting tree 
growth and promoting prairie grasses 
and forb production.  Previous studies 
have shown that fire causes mixed ef-
fects on the prairie fauna, promoting 
some organisms while negatively af-
fecting other organisms.  Playa wet-
lands are interspersed within some 
semi-arid prairie landscapes, and are 
thereby subject to fire.  These tempo-
rary wetlands can remain dry for years 
and less mobile aquatic taxa survive 
dry periods as drought resilient resting 
stages.  We experimentally examined 
the effect of fire on the subsequent 
hatching of crustacean resting stages 
found in playa wetlands.  Soil collect-
ed from four western Oklahoma playa 
wetlands was mixed and left unburned 
or exposed to burning  (at three fuel 
levels: 0.5 time, 1 time, and 3 times 
the natural vegetation biomass) to 
simulate different fire intensities.  We 
rehydrated soil taken from two depths  
(0 cm to 1 cm and 1 cm to 2 cm) for 
two weeks and examined hatched in-
vertebrates and algal biomass.  We did 
not find any significant difference in 
invertebrate richness and abundance 

RESUMEN

Las quemas prescriptas y los incendios natura-
les mantienen la vegetación de pradera limitan-
do el crecimiento de los árboles y promoviendo 
la producción de gramíneas y hierbas.  Estudios 
previos han demostrado que el fuego causa 
efectos mixtos en la fauna de praderas, estimu-
lando algunos organismos y afectando negati-
vamente a otros.  Las lagunas temporarias están 
intercaladas entre paisajes de praderas semiári-
das, y están sujetas de este modo a la ocurren-
cia de fuegos.  Estas lagunas temporarias pue-
den permanecer secas por años, y los taxones 
acuáticos menos móviles sobreviven a períodos 
secos en estado de latencia, siendo resilientes a 
la sequía.  Nosotros examinamos experimental-
mente el efecto del fuego en la subsecuente 
eclosión de crustáceos en etapas de latencia en-
contrados en lagunas temporarias.  Muestras de 
suelo recogidas en cuatro sitios de lagunas tem-
porarias en el oeste de Oklahoma fueron mez-
cladas y dejadas sin quemar o expuestas al fue-
go (en tres niveles de combustible: 0,5 vece, 1 
vece, y 3 veces la biomasa de la vegetación na-
tural), para simular distintas intensidades del 
fuego.  Luego rehidratamos el suelo tomado de 
dos profundidades (de 0 cm hasta 1 cm y de 1 
cm hasta 2 cm) durante dos semanas y exami-
namos la eclosión de invertebrados y la bioma-
sa de algas.  No encontramos ninguna diferen-
cia significativa en la riqueza de invertebrados 
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or algal biomass from treated  
(burned) and untreated  (unburned) 
soil in either of the soil layers.  The 
resting stages of invertebrates are tol-
erant to a wide range of environmen-
tal factors and, consequently, are ap-
parently tolerant  (as a population) to 
increased soil temperatures resulting 
from low intensity burning. 

y la abundancia o la biomasa de las algas entre 
el suelo con tratamiento (quemado) y sin trata-
miento (sin quemar) en ninguna de las capas de 
suelo.  Las etapas de reposo de los invertebra-
dos son tolerantes a un amplio rango de facto-
res ambientales y, consecuentemente, son apa-
rentemente tolerantes (como población) al in-
cremento de la temperatura del suelo como re-
sultado de una baja intensidad de quema.
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INTRODUCTION

Climate and fire are suspected to have been 
integral players in the formation of the native 
grasslands of North America (Vogl 1974, 
Wright and Bailey 1980, Higgins 1984).  As 
such, the fauna and flora of the grasslands de-
veloped ecological and evolutionary adapta-
tions to fire (Bond and Keeley 2005).  Fire 
maintains the distribution and diversity of 
grasses and small herbaceous plants that need 
high light requirements; fire suppression can 
cause a loss of 50 % of plant species in grass-
lands (Leach and Givnish 1996, Uys et al. 
2004).  Some plant species in fire prone areas 
have developed a requirement for fire to com-
plete their life cycle (Naveh 1975, Bond and 
van Wilgen 2012). 

Since fires have naturally maintained the 
prairie ecosystem of the Great Plains, wildlife 
managers have used prescribed burns as a con-
servation tool to maintain prairies worldwide 
(Looman 1983, de Van Booysen and Tainton 
1984).  Prescribed burns and wildfires limit 
tree encroachment into grasslands (Briggs et 
al. 2002) and increase annual production of 
some native prairie grasses (Glenn-Lewin et 
al. 1990).  For example, fire increases the abo-
veground biomass of big bluestem grass (An-
dropogon gerardii Vitman; Old 1969, Peet et 

al. 1975, Knapp 1984, 1985, Svejcar and 
Browning 1988).  Fire also promotes the 
growth of prairie plants other than grasses, 
such as legumes and other forbs (Howe 1999, 
Maret and Wilson 2000, Kaye et al. 2001, 
Brockway et al. 2002).

Native Americans started using fire about 
5000 years ago to promote game species such 
as elk (Cervus canadensis Erxleben), moose 
(Alces alces Linnaeus), and buffalo (Bison bi-
son Linnaeus) (Anderson 1990, Kimmerer and 
Lake 2001) and prescribed burning continues 
as an economical method to limit tree and 
scrub encroachment in prairies.  Burns are a 
common landscape feature in the USA South-
west, with prescribed burns applied to at least 
40 000 ha, with an additional 93 000 ha burned 
by wildfires in 2014 alone (NIFC 2015).

While the effects of wildfire and prescribed 
burning on the vegetative community are well 
studied, the effects of fire on faunal groups are 
less well understood and can be quite variable.  
Small mammals either benefit or are harmed 
by fire, depending on the species-specific habi-
tat and behavior (Kaufman et al. 1990).  Am-
phibians and reptiles, as a whole, may be little 
affected by fire (in Appalachia: Greenberg and 
Waldrop 2008).  However, fire effects vary: in 
an Australian grassland, reptile diversity was 
influenced by successional stage of vegetation 
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following fire (Masters 1996); in chaparral and 
coastal systems, amphibians and reptiles re-
sponded negatively to large-scale wildfires 
(Rochester et al. 2010).  Grassland birds may 
be negatively affected shortly after fire, but 
populations generally recover rapidly (Grant et 
al. 2010).  However, continued annual burning 
may negatively impact some species (Powell 
and Stouffer 2006). 

Many, but not all, terrestrial invertebrates 
show significant declines in response to fire 
(Swengel 2001, Panzer 2002).  Impacts are 
greater for taxa with low mobility (Panzer 
2002), and increase with fire severity, especial-
ly as heat penetrates the soil (Malmström 
2010).  In addition to direct impact from fire, 
the combination of a drier, warmer habitat 
(Sharrow and Wright 1977) and altered food 
resources following fire may impact some taxa 
(Swengel 2001, Ray and Bergey 2015).  Fre-
quently impacted groups include land snails, 
spiders, springtails, and mites (York 1999, 
Harper et al. 2000, Nekola 2002, Severns 
2005, Gongalsky 2011)taxa that contribute 
to decomposition and nutrient recycling.  
Highly mobile flying insects often rapidly re-
colonize (Harper et al. 2000, Panzer 2002), es-
pecially from unburned refuges (Swengel and 
Swengel 2007).  Frequent fire may be detri-
mental for even presumably fire-adapted insect 
species, such as prairie butterflies (Swengel et 
al. 2011).

Because fires are widespread throughout 
the prairie landscape, dry playa wetlands em-
bedded within the prairie matrix in the South-
ern Great Plains of the USA are susceptible to 
burns.  Playas are temporary, isolated depres-
sional wetlands that occur in semi-arid re-
gions.  Playas are most often dry and the dry 
phase can last several years.  As a conse-
quence, terrestrial vegetation often covers pla-
yas and can provide sufficient fuel to sustain 
fire.

Playa wetlands increase local biodiversity 
by increasing habitat heterogeneity and, during 
their wet phase, are a water source in a dry 

landscape, providing habitat as well as feeding 
areas for migrating birds along the central mi-
gratory flyway in USA (Bolen et al. 1989, 
Haukos and Smith 1994).  Crustaceans form 
an important diet component for the birds that 
use playa wetlands (Krapu 1974).  These crus-
taceans cannot emigrate out of drying wet-
lands and survive dry periods as resting stages, 
either as eggs or cysts (Eriksen and Belk 1999, 
Anderson and Smith 2004, Hall et al. 2004).  
These resistant stages comprise the inverte-
brate propagule bank and can remain viable in 
playa soils for several years (Tronstad et al. 
2005, Stubbington and Datry 2013).

Once the resistant stages of the inverte-
brate propagule bank become exposed to the 
correct environmental cues, a proportion of the 
propagules hatch or end their dormancy 
(Cáceres and Tessier 2003).  The proportion of 
propagules hatching is related to the frequency 
of favorable conditions and the probability of 
survival in the dormant stage (Cohen 1966, 
Ellner 1985).  The environmental hatching 
cues used by crustaceans vary among species 
(Brendonck 1996).  Some important environ-
mental cues for hatching include light, tem-
perature, and aquatic oxygen levels (see re-
view by Brendonck 1996, Gonzalez et al. 
1996, King et al. 1996). 

If burning of dry playas affects the viabili-
ty of crustacean resting stages, burning will 
impact playa food webs, including food avail-
ability for migrating waterfowl.  Burning may 
also affect algal biomass, an important food 
web driver, following inundation.  We experi-
mentally examined the effects of fire on crus-
tacean resting stages and algae in soil collect-
ed from dry playas.  We tested the effects of 
fire by burning grass fuel on top of homoge-
nized playa soils and determined if the fire de-
creased the abundance of the hatching of crus-
tacean resting stages and algal biomass fol-
lowing hydration of soils from the surface 
(more heated) and subsurface (less heated) 
levels.  In another study of fire effects, fire did 
not affect the viability of fairy shrimp (Anos-
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traca) eggs in vernal pools in a chaparral eco-
system (Wells et al. 1997), but our study ex-
perimentally examined how fire affected the 
entire crustacean community and whether 
these effects varied with fuel load.  We pre-
dicted that, as fire intensity increased, the 
number of hatching invertebrates and algal 
biomass would decrease at the surface soil 
layer due to direct death from heat, and that 
organisms in subsurface soil would be little 
affected.

METHODS

Soil used in the experiment was combined 
from four different playas (Luncefored, Bal-
zer, McKinley, and Gate playas) in the pan-
handle of Oklahoma.  The playas were en-
rolled in a conservation program that ensured 
a grassland buffer around each wetland.  Dry 
soil from the playas was thoroughly mixed in 
an attempt to homogenize the invertebrate 
propagule banks, which can differ among sites 
and soil depths (Bright 2015, Bright and 
Bergey 2015).

Fire Treatments

Twenty-four heavy aluminum foil baking 
containers, each 22 cm (length) × 11 cm 
(width) × 6 cm (depth), were filled two-thirds 
full with the homogenized playa soil and then 
a heavy foil divider was used to split each con-
tainer in half (Figure 1).  We randomly as-
signed one half of each container to the burn 
treatment (treated) while the other half re-
mained unburned (untreated).  We used four 
different burn treatments to simulate the ef-
fects of wildfire: a no burn control, and low 
(1.5 g of grass), medium (3.0 g of grass), and 
high (9.0 g of grass) burn levels, each with six 
replicates.  These levels correspond to half of 
(60 g m-1), equal to (120 g m-1), and triple (360 
g m-1) the mean live grass biomass measured 
in playas (Farley 2000).  Coarsely chopped, 
air-dried native prairie grass was weighed and 

placed on top of the soil to be burned.  A heavy 
foil cylinder was used to enclose the fire and 
the grass was ignited with a match.  Surface 
temperatures were measured with an infrared 
thermometer (Model Number ST380A, Nicety 
Inc., Flushing, New York, USA) 10 seconds 
after the burn subsided.  To quantify how 
much heat was transferred to the unburned 
(untreated) side, we repeated the soil burning 
using the same amount of fuel biomass.  We 
measured the soil surface temperature in the 
center of the unburned side before and after 
we burned the treated side. 

To test the effects of heat penetration into 
the soil on the viability of crustacean resting 
stages, soil from the treated and untreated 
halves of the 24 containers were each subdi-
vided by soil depth prior to hydration.  The top 
centimeter of soil was removed from each half 
of the containers, weighed, and placed into 
numbered translucent plastic microcosms (48 
mesocosms, each 34.6 cm [length] × 21 cm 
[width] × 12.4 cm [depth]).  Then the next 
centimeter of soil was also removed, weighed, 
and placed into an additional 48 plastic meso-
cosms.  Numbering allowed tracking of the 
four samples from each aluminum container 

Figure 1.  A schematic of the experimental design. 
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(two sides × two depths) during sample pro-
cessing, but did not indicate the applied  
treatment.

Hydration

The 96 mesocosms were hydrated by addi-
tion of well water to a depth of approximately 
5 cm and were monitored to ensure that an ap-
propriate water level was maintained.  Plastic 
snap-on lids with mesh insets prevented colo-
nization by flying insects.  Mesocosms were 
housed in a research greenhouse at the Univer-
sity of Oklahoma, where they were exposed to 
natural spring temperature and light regimes 
(30 March to 13 April 2015).  This tempera-
ture and light regime mimicked the timing of 
natural playa wetlands inundation (Curtis and 
Beierman 1980, Bolen et al 1989).  One of the 
highly burned 1 cm to 2 cm samples was 
spilled during collection, so one data point was 
missing. 

Invertebrate and Algal Sampling

Following the two-week hydration period, 
mesocosms were sampled by pouring the wa-
ter column through a 250 µm sieve.  This 
method of sampling excludes some microcrus-
taceans that are less than 250 µm long (e.g., 
rotifers and immature microcrustaceans).  
However, we did collect many cladocerans 
and ostracods.  After a visual check of the soil 
for any remaining macroinvertebrates, the 
sample retained in the sieve was collected and 
stored in 70 % ethanol (Bright and Bergey 
2015).  We then counted all the invertebrates 
that were collected and identified them under 
magnification to the lowest practical taxonom-
ic level using keys in Smith (2001).

Algal biomass (mg ml-1) was estimated by 
using chlorophyll a concentration (Aloi 1990, 
Stevenson 1996).  We collected 400 ml of wa-
ter from each mesocosm prior to invertebrate 
sampling.  Water samples were filtered through 
glass fiber filters and chlorophyll a on the filter 

was extracted via an ethanol method (Sartory 
and Grobbelaar 1984) to quantify the algal 
biomass in each mesocosm. 

Data Analyses

Prior to statistical analysis, we standard-
ized invertebrate hatching by calculating the 
number of invertebrates and number of taxa 
hatching per kilogram of soil.  We first ana-
lyzed invertebrate and algal metrics in the un-
treated (unburned) half of all mesocosms to si-
multaneously test for initial differences in in-
vertebrate hatching and algal biomass, as well 
as any effects of varying environmental effects 
during the experiment.  We then analyzed data 
from the treated (burn treatments) half on the 
mesocosms, which included the non-burned 
controls.  Because the invertebrate abundance 
data did not meet the assumption of equal vari-
ance, we ran a Scheirer-Ray-Hare two-way 
non-parametric test to determine if there were 
any differences between soil layers and among 
fuel treatments.  The Scheirer-Ray-Hare test 
requires a balanced design and, because one of 
the burned samples was lost during collection, 
one replicate from each of the other three burn 
treatments was randomly deleted.  The inver-
tebrate richness data and algal biomass data 
both met the assumptions for ANOVA and a 
two-way ANOVA was used to determine fuel 
load and soil depth effects on these metrics.  
We also used an ANOVA test to determine 
whether the fuel load affected post-burn soil 
surface temperature.  

RESULTS

The soil surface temperature readings 10 
sec after the fire ended differed across the fuel 
treatments (F2,16 = 14.19, P < 0.001).  The av-
erage post-fire soil surface temperature in the 
high fuel treatment (174 °C) was three times 
greater than in the low fuel treatment (49 °C) 
and two times greater than in the medium fuel 
treatment (75 °C) (Figure 2a).  Some heat 
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transferred to the unburned side from the 
burned side, however it only raised the tem-
perature in the center of the unburned side by a 
maximum of 3.6 °C (0.9 °C to 3.6 °C) in the 
high fuel treatment, 1.7 °C (0.6 °C to 1.7 °C) in 
the medium fuel treatment, and 1.0 °C (0.2 °C 
to 1.0 °C) in the low fuel treatment (n = 18; 
Figure 2b).

Over 32 000 invertebrates from 12 taxa 
emerged after rehydration (Table 1).  Cladoc-
era (Streblocerus sp. Sars) was the most abun-
dant invertebrate and were found in 76 % of all 
samples.  The next most abundant organisms 

were ostracods and the clam shrimp Caenes-
theriella setosa Pearce, which were found in 
71 % and 69 % of samples, respectively.  Other 
crustaceans that hatched from the unburned 
and burned playa wetland soil included tad-
pole shrimp (Triops longicaudatus LeConte), 
Great Plains fairy shrimp (Streptocephalus 
texanus Packard), and Texas clam shrimp (Eu-
limnadia texana Packard).

In the untreated (unburned) side, there 
were no differences of invertebrate abundance 
among the associated treatments (H3,47 = 2.13, 
P = 0.55) or between the soil layers (H1,47 = 
0.41, P = 0.52); nor was there a significant in-
teraction effect (H3,47 = 2.33, P = 0.51).  Inver-
tebrate richness of the unburned sides showed 
the same pattern of no difference among treat-
ment levels (F3,47 = 0.17, P = 0.91) or between 
soil layers (F1,47 = 0.49, P = 0.49), and a 
non-significant interaction effect (F3,47 = 0.27, 
P = 0.85).  We saw a similar trend in the algal 
biomass samples of the unburned (untreated) 
sides. 

In the treated (burned) side, the abundance 
of invertebrates per kilogram of soil did not 
differ among treatments (H3,39 = 1.71, P = 
0.63), or between the soil layers (H1,46 = 0.01, 
P = 0.91); nor was there a significant interac-
tion effect (H3,46 = 2.73, P = 0.43) (Figure 3).  
The richness data showed the same trend as 
the abundance data: no significant differences 
in the richness among treatments (F3,46 = 0.27, 
P = 0.85), or between soil layers (F1,46 = 0.39, 
P = 0.54), and a non-significant interaction ef-
fect (F3,46 = 0.37, P = 0.77) in the burned sides 
(Figure 4). 

Finally, we did not see a difference in algal 
biomass among the different burn treatments 
(F3,40 = 0.04, P = 0.99) or between the soil lay-
ers (F1,40 = 0.03, P = 0.87), but we found a sig-
nificant interaction effect (F3,43 = 0.04, P = 
0.04).  There was a greater algal biomass in 
the bottom soil layer from within the control 
group, and a greater algal biomass in the top 
soil layer in the high burn treatment group. 

Figure 2.  a) The average soil surface temperature 
of playa wetland soil of the treated group  (burned) 
10 seconds after the burn subsided.  b) The aver-
age difference of the soil temperature of the center 
of the unburned side before and after the fire on 
the burned side.  The line within each box is the 
median; each box represents the twenty-fifth and 
seventy-fifth quartiles; and whisker plots show the 
tenth and ninetieth percentiles.  Different letters 
above plots denote significant differences.
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0 cm to 1 cm soil depth
Burned Unburned

Control Low Medium High Control Low Medium High
Cladocera

Streblocerus sp. 4844.5
(2524.5)

1160.5
(1021.2)

310.3
(303.7)

1965.7
(1024.2)

190.2
(102.3)

2288.1
(2030.6)

3740.8
(1984.8)

3429.8
(3198.5)

Daphnia sp. Müller 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Conchostraca

Caenestheriidae
Caenestheriella setosa 38.0 (23.3) 95.9 (79.3) 115.1 (42.9) 66.5 (35.2) 24.4 (21.2) 48.5 (30.0) 39.1 (19.3) 37.0 (29.3)

Limnadiidae
Eulimnadia diversa 
Mattox 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.7 (0.7) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Eulimnadia texana 2.9 (2.9) 13.7 (10.6) 4.0 (1.8) 5.5 (5.5) 4.7 (2.8) 12.0 (3.6) 4.2 (1.3) 10.4 (5.8)

Cyzicidae
Cyzicus sp. Audouin 0.0 (0.0 ) 2.4 (2.4) 1.3 (1.3) 7.3 (4.7) 3.0 (3.0) 35.0 (35.0) 4.3 (3.2) 0.0 (0.0)

Leptestheriidae
Leptestheria 
compleximanus Packard 0.0 (0.0) 0.0 (0.0) 2.9 (2.9) 0.0 (0.0) 0.0 (0.0) 0.8 (0.8) 0.0 (0.0) 0.0 (0.0) 

Anostraca

Streptocephalidae
Streptocephalus texanus 12.5 (8.5) 9.3 (9.3) 0.0 (0.0) 0.0 (0.0) 5.7 (3.5) 4.3 (3.2) 2.1 (2.1) 5.5 (4.4)

Notostraca

Triopsidae
Triops longicauditus 2.3 (2.3) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.7 (0.7) 1.1 (1.1) 0.0 (0.0) 1.1 (1.1)

Ostracoda 43.6 (16.0) 38.6 (24.0) 39.9 (16.5) 14.8 (4.5) 14.6 (11.5) 27.0 (12.3) 10.6 (5.7) 15.2 (7.2)
Collembola

Sminthuridae 1.4 (1.4) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 1.0 (1.0) 0.0 (0.0) 0.0 (0.0) 1.2 (1.2)
Entomobryidae 0.0 (0.0) 1.5 (1.5) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0 ) 0.0 (0.0) 1.6 (1.6) 0.0 (0.0)

1 cm to 2 cm soil depth
Burned Unburned

Control Low Medium High Control Low Medium High
Cladocera

Streblocerus sp. 4900.0
(3758.7)

1610.6
(1176.6)

122.5
(118.1)

3045.7
(3045.7)

825.2
(443.4)

1491.9
(891.7)

8379.9
(4147.6)

2283.0
(1861.6)

Daphnia sp. Müller 2.4 (2.4) 1.4 (1.4) 0.0 (0.0) 1.6 (1.6) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Conchostraca

Caenestheriidae
Caenestheriella setosa 22.8 (7.5) 21.9 (18.9) 47.9 (20.3) 6.3 (3.0) 45.8 (34.2) 41.0 (16.8) 22.2 (6.4) 45.3 (32.1)

Limnadiidae
Eulimnadia diversa 
Mattox 1.1 (1.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Eulimnadia texana 2.3 (1.5) 9.2 (4.8) 11.2 (2.5) 3.1 (3.1) 5.6 (3.6) 9.4 (4.2) 15.8 (12.1) 8.8 (4.1)

Cyzicidae
Cyzicus sp. Audouin 1.4 (1.4) 15.3 (13.7) 0.0 (0.0) 0.0 (0.0) 1.3 (1.3) 4.8 (3.5) 0.0 (0.0) 3.2 (3.2)

Leptestheriidae
Leptestheria 
compleximanus Packard 0.0 (0.0) 1.4 (1.4) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Anostraca

Streptocephalidae
Streptocephalus texanus 2.6 (1.6) 8.3 (8.3) 0.0 (0.0) 1.6 (1.6) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 1.3 (1.3)

Notostraca

Triopsidae
Triops longicauditus 2.3 (1.5) 2.5 (2.5) 0.0 (0.0) 1.6 (1.6) 2.4 (2.4) 1.5 (1.5) 0.0 (0.0) 2.4 (1.5)

Ostracoda 25.2 (14.4) 28.3 (9.7) 20.6 (9.0) 24.8 (10.1) 24.9 (10.2) 14.9 (5.5) 30.6 (9.5) 21.2 (11.8)
Collembola

Sminthuridae 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 1.5 (1.5) 0.0 (0.0) 0.0 (0.0 ) 0.0 (0.0) 4.0 (2.6)
Entomobryidae 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Table 1. Average number ± (SE) invertebrates that hatched from the 0 cm to1 cm and 1 cm to 2 cm depths 
of rehydrated playa wetland soil after different fire treatments.
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DISCUSSION

We hypothesized differential hatching of 
the crustacean resting stages among the burn 
treatments and that this difference would be 
most apparent in the top soil layer.  However, 
we did not find any difference in the abun-
dance nor the richness of invertebrates result-
ing from either the fire treatments or soil 
depth.  The observed lack of fire effects in our 
study was likely a combination of two factors: 
heat tolerance by crustacean resting stages and 
low fire intensity in playa wetlands.

Crustacean resting stages in playas may 
tolerate relatively high temperatures through 
exaptation (sensu Gould and Vrba 1982).  

Crustacean resting stages are crypobiotic 
(Lavens and Sorgeloos 1987) and resistant to a 
variety of environmental stresses (Lavens and 
Sorgeloos 1987, Brendonck 1996, Fryer 
1996).  In Oklahoma dry playas, these stresses 
include desiccation, hot summers, and cold 
winters.  Although elevated soil temperatures 
associated with fires may exceed the normal 
range of soil temperature, adaptations associ-
ated with cryptobiosis may provide resistance 
to extra-normal conditions (Mattimore and 
Battista 1996, Jönsson 2003), including 
above-normal temperature.  Such tolerance to 
extreme conditions are well known in tardi-

Figure 3.  The average invertebrate abundance of 
the different treatments in the treated (burned) side 
in the a) top centimeter and b) the second centime-
ter of playa wetland soil from western Oklahoma, 
USA.  The line within each box is the median; 
each box represents the twenty-fifth and seven-
ty-fifth quartiles; and whisker plots show the tenth 
and ninetieth percentiles.

Figure 4.  The average invertebrate richness of the 
different treatments in the treated (burned) side in 
the a) top centimeter and b) the second centimeter 
of playa wetland soil from western Oklahoma, 
USA.  The line within each box is the median; 
each box represents the twenty-fifth and seven-
ty-fifth quartiles; and whisker plots show the tenth 
and ninetieth percentiles.
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grades, but have also been investigated in 
brine shrimp (Artemia spp. Leach), a relative 
of the fairy shrimp found in playas.  Brine 
shrimp resting eggs tolerate high temperature 
(Iwasaki 1973) and desiccation (Clegg et al. 
1999).  Although tolerance to excessive tem-
perature has been little studied in playa crusta-
ceans, fairy shrimp resting eggs in vernal pools 
of California are resilient to both wildfire and 
prescribed burns (Wells et al. 1997).

Fire intensity resulting from the low fuel 
load in dry playa wetlands may not be great 
enough to significantly affect crustacean rest-
ing stages.  We used fuel loads based on the 
amount of fuel (plant biomass) in playa wet-
lands and the resulting soil surface tempera-
tures (a mean of 75 °C for average playa plant 
biomass) were lower than surface soil tem-
peratures recorded during fire in the higher 
fuel load tallgrass prairie (83 °C to 680 °C; 
Wright 1974, Rice and Parenti 1978), except 
for our high biomass treatment that averaged 
179 °C using three times the average playa 
grass biomass.  In the analogous habitat of dry 
vernal pools, the survivorship of fairy shrimp 
eggs during fire was, in part, because the low 
fuel load in dry vernal pools limited heat trans-
fer to soil (Wells et al. 1997).

Elevated temperature from fire may not 
penetrate far into the soil because soil tem-
perature declines exponentially with depth 
(Anderson 1990, Auld and Bradstock 1996).  
Therefore, the subsurface soil temperature 
may not have increased enough to impact sub-
surface invertebrate resting stages even if im-
pacts occurred at the surface.  Crustacean rest-
ing stages are not found only at the soil sur-
face and those buried 0.25 cm beneath the sur-
face in playas readily hatch (Bright 2015).  
Therefore, fire treatments would likely not af-
fect most of the resting stages within the top 
two centimeters.  Instead, exposure to the cor-
rect environmental cues for hatching (inunda-
tion, light, and temperature) produced similar 
hatching of crustaceans regardless of fire 
treatment.

While we had over 32 000 invertebrates 
hatch across all samples, some species of in-
vertebrates might not have hatched from our 
soil rehydration experiment.  In order to sur-
vive unpredictable wetting and drying cycles, 
not all aquatic crustacean eggs and cysts hatch 
upon the first wetting but spread out their 
hatching over several cycles (Simovich and 
Hathaway 1997, Philippi et al. 2001, Ripley et 
al. 2004).  In addition to the bet-hedging, some 
invertebrates might not have hatched due to 
the lack of the correct environmental cues for 
hatching.  For instance, some invertebrates 
might need more than two weeks of inunda-
tion (Ripley and Simovich 2009) or deeper 
water depths to hatch (Hathaway and Simov-
ich 1996). 

The tolerance of resting eggs of crusta-
ceans in playa wetlands to fire indicates that 
fire may not be of particular conservation con-
cern for these wetlands.  While not every spe-
cies found in playa wetlands hatched from our 
rehydration, at least one species (sometimes 
more than one species) from the higher taxo-
nomic groups hatched, including species from 
clam shrimps, fairy shrimps, tadpole shrimps, 
ostracods, and cladocerans, and numbers were 
similar across the different burn treatments.  
Therefore, if a fire went through a dry playa 
wetland, our experimental results indicate that 
crustacean communities would not be greatly 
impacted.  Fires during the dry phase may not 
affect the immediate playa food web and will 
likely not impact migrating waterfowl.  How-
ever, fire effects on other organisms in playa 
ecosystems, such as the plant seed bank, am-
phibians, or immigrating insects, have yet to 
be determined.  Because playa wetlands can 
remain dry for several years, fire may also af-
fect terrestrial invertebrates and vegetation in 
dry playa wetlands.  The tolerance to fire by 
playa crustaceans indicates exaptation to cli-
mate change, in that playa crustaceans will 
likely tolerate a hotter and drier climate and 
the corresponding higher frequency of fire in 
the landscape. 
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