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SOVE EFFECTS OF FI RE ON SHRUBS AND SUCCULENTS I N A CH HUAHUAN
DESERT COMMUNI TY | N THE FRANKLI N MOUNTAI NS,
EL PASO COUNTY, TEXAS

Rl CHARD D. WORTHI NGTON AND RAFAEL D. CORRAL,
DEPARTMENT OF BI OLOG CAL SCI ENCES,
THE UNI VERSI TY OF TEXAS AT EL PASQ,
EL PASO, TEXAS 79968

ABSTRACT. --On 15 July 1981, a fire burned about 30 ha of Chihua—
huan desertscrub community in the Franklin Muntains, E Paso
County, Texas. Effects of the fire on shrubs and succul ents were
i nvestigated by means of transects and study plots in Novenber
1982, 16 nonths after the fire. A mpjority of the plant species
were found to have recovered alnost conpletely primarily from
underground parts, but species such as Snakeweed (Cutierrezia
m crocephalum and G sarothrae), Sotol (Dasylirion wheeleri),
and Ccotillo (Foquieria splendens) were elinmnated to a large
extent fromthe burned areas. Effects of the fire on cacti were
quite variable with nortalities ranging from 8. 3—70. 0%

The role of fire in ecosystenms has been intensely investigated in re-
cent years. Effects of fire on desert ecosystens, however, are poorly
understood owing to the infrequency of such events due to the slower and
often inadequate accunulation of fuel (Hunphrey, 1974). Except for a few
limted studies (Kittanms, 1972; Hunphrey, 1974; Ahlstrand, 1982), the
effects of fire on Chi huahuan Desert plants is al nbost conpletely unknown.

On 15 July 1981, a fire burned about 30 ha of Chihuahuan Desert shrub
(desertscrub) comunity in the Franklin Muntains, El Paso County, Texas.
The locality is approximately 2 km WANW of the junction of Trans—buntain
Road with Gateway North—South. The fire burned up arroyos and up predom -
nately north slopes at elevations of 13302650 m The area is one of

granite soil and rock outcrops domnated by Cat’s—€aw Mnobsa (M npsa
biuncifera), Datil (Yucca baccata), Sotol (Dasylirion wheeleri), Apache
Plume (Fallugia paradoxa), Snakeweed (Qutierrezia mcrocephal um G

sarothrae), Golden—Eye (Viguiera stenoloba), and other shrubs. A rich
assenbl age of cacti is also present. The area normally receives about 215.6
mm of precipitation a year with 80 mm falling during the wi nter nonths
(Cctober—April; NOAA, 1981). Above average rainfall of 102 nm during the
preceeding winter apparently pernmitted the growmh of enough w nter annuals
to increase the fuel load sufficiently to carry a fire. The fire was judged
to be “cool” throughout nobst of the area burned with occasional unburned
patches in evidence; however, some brush—ehoked arroyos apparently burned
“hot . ”




METHODS

To investigate the effects of fire on woody perennial vegetation and
succul ents, five 50 mtransects were positioned within the burned areas and
a parallel transect to each was established in simlar unburned habitat.
Coverage was determined by the line intercept technique and density was de-
termned by counting all the plants 2 mto the downhill side in each of the
10 transects. The quantitative studies were conducted in Novenber 1982, 16
nmont hs after the fire. During Septenber 1982, approximately 65 mm of rain-
fall fell in the area fostering luxurious growh on the nountain well into
the fall. Observations on rare species were nmade by wal king through the
area and recording the fate of the plants as they were encountered. A wal k—
through survey was repeated 15 August 1983, 25 nonths after the fire to
make additional observations.

Many of the cactus species were too infrequent to show up in the tran-
sect studies. To investigate the fate of burned cacti we meticulously
conbed 10, 100 nf plots for all cactus and cactus remains. Cbservations on
rare species were made by wal king through the area and recording the fate
of each plant encountered.

RESULTS

The fire in July 1981, evidently reduced plant coverage to near zero.
The plant coverage (shrubs and succulents) in burned areas in Novenber
1982, 16 nonths after the fire, was still only 7.52% conpared to 33.68% for
the adjacent unburned areas (Table 1). Conparing the densities of the
conmon plant species in the burned and unburned transects, only the
densities of the two Snakeweed species (Qutierrezia microcephalum G
sarothrae) were significantly different; indeed, they were virtually
elimnated by fire (Table 1). The mpjority of the species listed in Table 1
were not abundant enough in the sanples to detect the effects of fire on
popul ati on size necessitating the use of other nethods.

The wal kt hrough surveys provided data on the fates of sone of the
rarer species in the area (Table 2). A small group of species was found to
be largely elimnated when topkilled. These “non—sprouters” include the two
species of Snakeweed (CQutierrezia spp.; nearly 100% nortality of burned
plants), Sotol (Dasylirion wheeleri 88% nortality), and OCcotillo (Fou-
quieria splendens 93% nortality). The nortality of Torry Yucca (Yucca
torreyi) was determned to be 35% (13 of 37 killed) alnpbst placing it in
the non-sprouter category. A good case could be nade for considering the
response of this species to be internediate.

A majority of the shrub species show low nortality rates (nobst |ess
than 10% recoverying when topkilled by fire (Table 2). Qur observations
are limted in sone cases and may not be adequate for precise assignnment to
the “sprouter” category.

The fates of the different cactus species are quite variable. Three
speci es wer e abundant enough in the 10, 100 nf pl ots to assess
mortality (Table 3). Mortality of Neolloydia intertexta was found to
be 24.5% that of Opuntia phaeacantha 53.3% and 50% in Echinocereus




Table 1. Results of transect sanpling in burned and unburned areas.

UNBURNED AREA

BURNED AREA

SPECIES no. /ha % coverage no. /ha % coverage
Cutierrezia spp.* 4280 4.16 60 0.12
Vi gui era st enol oba Bl ake 1960 4. 40 1660 0.48
M nosa bi unci fera Benth. 1600 15. 80 1360 4.20
Dasylirion wheeleri Wats. 260 6. 40 180 0.84
Echi nocereus viridiflorus Engelm 280 0.00 160 0.00
Qpunti a phaeacant ha Engel m 240 0.08 140 0.04
Dal ea fornosa Torr. 200 0. 36 180 0.00
Yucca baccata Torr. 140 0.92 100 0. 96
Fal | ugi a paradoxa (D. Don) Endl. 100 0.92 60 0.04
Yucca torreyi Shafer 100 0.32 0 0. 00
Eri ogonum wri ghtii Torr. 60 0. 00 260 0. 48
Agave | echuguilla Torr. 60 0.00 0 0. 00
Seneci o dougl asii DC. 20 0. 00 0 0. 00
Por ophyl | um scopari um G ay 20 0. 00 0 0. 00
Zi zi phus obtusifolia (T.&5) G ay 0 0.32 80 0. 00
Part heni um i ncanum H. B. K. 0 0. 00 100 0. 04
Acaci a angustissima (MI1.) Kuntze 0 0. 00 40 0.24
Aloysia wightii (Gay) Heller 0 0. 00 20 0.08
Brickellia californica (T.&G5) G ay 0 0. 00 20 0. 00
Garrya wightii Torr. 0 0. 00 20 0. 00
TOTALS 9320 33. 8% 4440 7.52%

*P<.01



Table 2. “Sprouters.” Species when topkilled usually recover fromthe root
system or crown.

SPECI ES N and % MORTALITY SUBSTANTI ATI NG REFERENCES
Atripl ex canescens
(Pursh) Nutt. (10) 0%
Baccharis brachyphylla
G ay (15) 0%
Chilopsis linearis
(Cay.) Sweet (12) 0%
Ephedra aspera
Engel m (11) 0%
Fal | ugi a par adoxa
(D. Don) Endl. (10) 10%
Garrya wrightii
Torr. (12) 0% Pond & Cabl e, 1960.
M nosa biuncifera
Bent h. (71) 4% Kittanms, 1972; Pond &

Bohni ng, 1971;
Carm chael, et al., 1978.
Part heni um i ncanum

H. B. K. (12)17%
Prosopi s gl andul osa
Torr. (3) 0% White, 1969; Reynolds &

Bohni ng, 1956; Cable &
Martin, 1973.

Rhus tril obata

Nutt. (9) 0% Pond & Cabl e, 1960; Pase,
1971; Pond & Bohni ng,
1971; Kittanms, 1972.

Rhus virens G ay (9)11%
Sapi ndus saponaria L. (15) 0%
Vi gui era st enol oba
Bl ake (43) 0% Kittams, 1972.
Yucca baccata
(Engelm) Trel. (30) 0% Pase & Lindennuth, 1971;

Kittanms, 1972.
Yucca torreyi
Shaf er (37)35%
Zi zi phus obtusifolia
(T.&G ) G ay (5) 0%




viridiflorus. The walkthrough survey added Ferocactus wslizenii wth 8.3%
nortality, 20% for Mammillaria grahanmii and 70% for Qpuntia inbricata. Additional
estimates were obtained for Echinocereus viridiflorus at 50% nortality and
Qounti a phaeacantha at 27.5% (Table 3).

DI SCUSSI ON

In reviewing much of the literature on fire ecology in the southwest, it
becane evident that nunerous factors preclude the making of neaningful
conparisons to findings in studies conducted el sewhere. The nost rel evant studies
are those of Kittams (1972) and Ahlstrand (1982) on the effects of fire in
Chi huahuan Desert conmunities in the Guadal upe Muuntains. Their fire study sites,
however, receive twice the rainfall of the site in the Franklin Muntains and the
communities contain a number of different species and support nore trees. Some
addi ti onal probl ens t hat cannot adequatel y controlled (at | east in
opportunitistic studies such as this one) are: equality of fuel |loads; the
differential nortality of plants in different size classes; the differential
nortality of plants of equal size as a function of degree of water stress at the
time of the fire; determining if a plant is actually dead, especially species
that can take years to die and can beconme dormant; sorting out the effects of
di sease, browsing, grazing, etc. on subsequent nortality; conmparing nortalities
in cases where soaking rains follow shortly after a fire as opposed to a
continued lengthy dry period; genetic differences in widely separated popul ations
of the sane species; differences in substrates as they pertain to available soil
water; etc. A case in point is the findings by Rogers and Steele (1980) of such
limted sprouting anpong burned shrubs in a Sonoran Desert plant comunity as
conpared to the findings herein and those reported by Kittans (1972) and
Ahl strand (1982) of such a high degree of sprouting anobng burned shrubs in
Chi huahuan Desert conmunities. In spite of the numerous potential pitfalls, some
of the findings of others in studies conducted el sewhere are worthy of coments.

White (1969) reported that a high percentage of Ccotillo survived being
burned by producing basal sprouts. W estimated 93% nortality anong the plants
burned in the Franklin Muntains fire and observed no sprouting 25 nonths after
the fire. W have no explanation for the discrepancy in these findings. Ccotillo
is not normally vulnerable to a fire as plants are npbst often found growi ng on
barren outcrops and rocky slopes or scattered through the Creosotebush comunity,
areas that seldom acquire enough fuel to support a fire.

McLaughlin and Bowers (1982) reported 59% nortality in Ferocactus wislizenii
at a study site south of Florence, Arizona, and Reynolds and Bohning (1956)
reported 67% nortality, a value that included those being eaten by cattle after
the spines had been burned off. W report only 8.3% nortality. Sonme mature plants
with all but the top 10% of their spines burned off and alnost all of the rib
tissue killed were in flower 25 nonths after the fire. Hunphrey (1974) reported
that plants one foot or nore tall were rarely killed, but the plants were then
susceptible to being eaten by cattle, horses, and rabbits. Plants |less than one
foot tall were reported to suffer 75% nortality either fromthe fire or subsequent
grazing damage. Mbst of the plants we counted were larger individuals which probably




Table 3. Mortality of cacti.

SPECI ES LI VI NG DEAD % MORTALI TY
I.  Counts of living and dead cacti on 10,
100 nf plots.
Echi nocereus viridiflorus Englem 7 7 50.0
Neol | oydi a intertexta
(Engel m) L. Benson 37 12 24.5
Qpunti a phaeacant ha Engel m 7 8 53.3

I'l. Wwal kt hrough survey.

Echi nocereus viridiflorus Engel m 6 6 50.0
Ferocactus wislizenii (Engelm) Britt.

& Rose 11 1 8.3
Manmi | | aria graham i Engel m 4 1 20.0
Qpuntia inbricata (Haw.) DC. 3 7 70.0
Qpunti a phaeacant ha Engel m 26 9 25.7

accounts for the lower nortality rate, and the area has no grazing from |live-
st ock.

Qur estimates of nortality in Opuntia phaeacantha (nostly var. ngj or)were
53.3% on the study plots and 25.7% on the wal kt hrough survey. Estimates of fire—
caused nortality in related species of Qpuntia in the subgenus Qpunti a el sewhere
are 28% (Reynol ds and Bohni ng, 1956) and 32% (Cable, 1967). Heirman and Wi ght
(1973) reported a nortality of 68%in 0. phaeacantha after a prescribed burn on
the Texas High Plains. Wight (1974) reported that fire did not kill the prickly
pear and cholla directly, but rendered them vulnerable to insect attack which
caused second year nortalities as high as 85%

Qur estimate of nortality in Qpuntia inbricata was 70% Mortalities anong
other cholla type Opuntia el sewhere are 45% and 63% (Cable, 1972), 42% and 44%
Reynol ds and Bohni ng, 1956), and 98% (MLaughlin and Bowers, 1982). Heirman and
Wight (1973) reported a nortality of 45% for Qpuntia inbricata after a
prescribed burn on the Texas H gh Plains. The plants that were burned in the
Franklin Muntains were all small (about 1 mtall) which may account for the
high nortality rate. Sone evidence indicates that burning may increase the
nunbers of chollas in some areas as unburned stens held above the fire can root
when they eventually fall to the ground (Cable, 1967, 1972).

Kittams (1972) and Ahlstrand (1982) have reported the effects of fire on
Agave | echuguilla in the Guadal upe Muntains. Kittans (1972) reported that the
dead | eaves cause the plant to burn hot and he states that root
sprouts as deep as two inches beneath the soil are left wthout food




reserves to produce new offsets. Both authors considered fire effective in
elimnating or controlling Lechuguilla in that area. W made |imted observations
on several clones that burned in the Franklin Muntains and can report that
wi dely scattered rosettes in each of the clones survived suggesting that they
would not be elimnated. W believe that further observations should be made to
clarify the effects of fire on this species.

Species that took a long time to show a response were Yucca torreyi (35%
were found to be recovering by sprouting from bel ow ground 25 nonths after the
fire), Dasylirion wheeleri (the death of plants with the trunk conpletely burned
through takes alnpbst two years), and Ferocactus wi slizenii (some badly scourched
plants flowered two years after the fire; their fate was uncertain prior to those
observations). Sonme species showing rapid response after the fire include M nobsa
biuncifera, Viguiera stenoloba, Fallugia paradoxa, and nost of the other shrubs
listed in Table 2 plus the small cacti such as Echinocereus viridiflorus and
Neol l oydia intertexta, many of which had 5 cm of new growh on the top of the
stenms 16 nonths after the fire. The observation periods of 16 and 25 nonths after
the fire may not have been adequate to resolve the true fate of Fouquieria
spl endens whi ch appeared to show 93% nortality 25 nonths after the fire.

The study was not conducted to investigate seedling establishnent, the
responses of annual or herbaceous perennial vegetation to fire, or the rate of
community recovery. Nevertheless, after followi ng the responses of plants over a
two year period, our inpressions are in general agreement with those of Kittans
(1972) and Ahlstrand (1982). Aside fromthe thinning of a nunber of slow-grow ng
and vul nerabl e species such as cacti, yuccas and sotol, and the near elimination
of Snakeweed, nost of the shrubs wll regain prefire proportions wthin
approxi mately five years after the burn.
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