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Early Plant Succession on Pinyon-Juniper Controlled Burns

Abstracl

Piryon (Pints monopfulla l -jwipet (J'.niperus orteorpelma) woodtands are too often burned to
increase undersrory production without sufficient information on probable postfire respoose. Post-
burn vegetation rcsg)nse orr six controlled pinyon-juniper burns in eastern Nevada <jemonstrated
multiple entrance points into the standard successional model. Poctfire succession was found to be
partially explained by both initial and relay floristics successional theories. Species richness incrcased
over tim€ ar species turnover rates declined and the proportion of perennial and preburn spccies
increased. Several perennial forb species had ma-\imum cover ralues during eaily suc€ession.
Predictability of eady plaot resg)nse to burning remains iow bccause of th. large speci€s poot
adapted to postburn conditions, inadequate detecion of fire tolerant fotb sFcies, ana unpredicabte
resFonse lrom soil seed resetv€s. Once ioitial posrburn planr response occurs, qualirative predicta,
biiity o{ midsuccessional stages is thought to increase under the initial floristics iucccssional model.

Introduction

Singleleaf pinyoo (Piws monophylla Torr. and Freem ) -Urah judper (luniperat osteo-
.tpetrna ('lott.) Little) woodlands of the Grear Basin are increasing in area and density
with a concomitanr loss of forage for livestock and wildlife (Vest et al, 1975)- This
widespiead pherromefloo io the western pygmy foresrs is generally thoughr to be largely
the lesulr of fire suppression and co[current livestock grazing (Barney aod Frischkoecht
1974, Bnrkhardt aod Tisdale 1969). A managemenr reslDnse ro restore the "natuml

state" has been coorrolled burning of woodland sraods.

In the pasr, the standard postfire pinyon-Jutiper successiooal model presented suc-
cession as an ordered series of life forms from the annual forb to rhe ree stage ( Etdman
1970, Barney and Frischknecht 1974). These models were useful io describing the
general treods in succession. Receot reemphasis that succession is a species-by-species
process (Drury arrd Nisbet 1973, \i/erner 1976) depeodent upon a species "vital attri-
butes" (Noble 1981) and the resurgeoce of Gleason's (i917) individualistic com-
munity theory in the form of "multiple successional parhway concepts" (Cattelir'o et al.
1979) has prompted a reevaluation of these standard models. If, as Noble (1981)
suggests, there is no "unifying successional scheme" but only a collection of species
specific tfends (Pickett 1976), then a rigid adherence ro the standafd successional model
could be disadvantageous to land managers making fire response predictrons.

The dominant successiolal pathway may €nhaflce or consttain the predictability of
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postburn response. Succession may proceed by 
"relay floristics," the sequential migra-

tion ro and domioaoce of the site by later successional species, or by "initial floristics,"
the sequeotial dominance of the site by higher successional species present on the site
immediately following disturbance, or by both ( Egler 1954). Early successional spcies
may modify the site ro the beriefit of later-occurring species (facilitation model), ot later
successiooal species may just tolerate long periods of supression (tolerance model)
(Connell and Slatye! 1977). Predictability of response increases relative rc rhe resPonse
potential for remnaflr plants and inversely with an inctease in the size of the species
pool rhat can imrnigrate to the site or emerlle from undefined soil and seed reserves.
Thus, inirial floristic-tolerance model controlled systems should be more predictable in
succession paceln than relay floristic-facilitation model conttolled sysrems influenced

by chance migration factors.

This paper examines plaor respoflse on six prescribed burns in the pinyon'juniper
woodlands, tests results against a standard pinyon-juniper successional model (Erdman

1970), and examines the telative importance of relay and ioitial floristics in succession
Cover of major species is also examioed to relate individual species response to the
successional Process.

Study Site

Controlled butns q'ere conducted in 1975 and 1976 on alluvial teraces and drainage

bottoms at ao elevation of approximately 2000 m in a pinyon-juniper woodland on the
east slope of the White River Mountains in eastern Nevada. Sites selected for burning
appeared similat in cover of major planr species. Ellenberg's cove! similarity ildex
( Mueller'Dombois and Ellenberg 1,914, p. 215) gave high similarity index values
among sites, cortoborating this obsenation. Soils of the buros are similar, having been
previously described by \7ard (1977) as Aridic Argixerolls. Livestock grazing was

iotensive in the lare 1800s and early 1900s, but since the 1960s sites have been used
ooly as summer iange under moderate stockiog rates. No livestock use occurred on
aoy site after burning.

The climate is semiarid, rvith a mean anoual precipitation ol 225 mm fairly evenly
distributed, peak rvinter soows in December, and peak summer thunderstorms in Juoe
(20 years of record, Lund, Nevada, elevation 1700 m,41 km east of study area).

Oo-site precipitation from 1 April to 15 September, as determined by a standard rain

can, was 86 mm ( 1976 ), 2O1 mm (1977 ) , and 76 mm ( 1978).

Methods

Six controlied butns rvere conducted at various times in the spriog, summet, and fall

Merhod of buroiog aod concurient enviroomental conditioos have been previously

described by Bruner and Klebenorv (1979). Smudge Pot l ighters (fi l led with 50
percent gasoline aod t0 percent diesel oil rvere used to burn scattered and dense stands

of pinyon-juniper under condirions of low relative humidity (8-26%) and soil moisture
(2-11%), modelate air temperatures (I2-25'C), r ' ind speeds (13'42 kph), and vege-
ta.ive cover (42-56%) (Bruoer and Klebenow 1979). Butniog intensity varied amooq

burns, but all buros were sufficiently intense to consume most abovegrouod understory
vegeralion less rhan 0.3 mm in diameter. On three sampled burns, the maximum surface

soil tempelatures in rhe interspace between uees n'ete 30)", 200', and 110'C; soil

58 Everett and \?ard



surface temp€rarures under bitterbrush (pushiu tti.lentata (pvrsh.) D. C.) olants
exceeded that of rhe interspace by 200. to 400. (Klebenow e, al,. L97: ).

- 
Vegetative cover of understory species was recorded prior to burniog and at rhe encl

of the grorving season follon'ing the burn for 4 to 5 vears. Detailed description of the
sampiing methods has been previously reported ( \fard I97j). Bti,efly, at each poten_
tial burn site a ser of trvo or three petmanerr! transects, 30 m in length. were established.
The line-intercept techoique (Canfield 1941) was used to estimate tree aocl shrub
covef. (;rass ancl forb cover was esrimared using Daubenmire,s (1!5!) carropy coverage
method within 15 microplots (10 X 60 cm) estabiished ar every orher meter mark
along the transect. Species nomen.l;rure tLseJ folloqed rhar,Jf Holmgren and Reveal
( l q 6 6 t .

Preburo and posrburn cover data from the traosecrs were summed bv species aod
plaot form (anoual forb, prennial forb, perennial grass, and shrub ) and means derived
for each burn. Annual grasses were rare on the sites and oot consiclered further. The
proportioo of the preceding year's species pool lost from one yea! ro the next (species
aurnover tare), percent of originai preburn species present, species richness, and plant
cove! wete used !o chatacrerize the pre_ aod post fire plant assemblages. paited ..t,,tests
of differences betq'eeo means were used to evaluare ielected phenomena at the 5 per-
ceot probabiliry level follorving tests for skewness and kurtosis (Soedecor 19)6).

Resulls and Oiscussion

Successional Pathways

Plant succession following fire has previously been preseoted as a series of contigu_
ous stages wirh ooe plant form follorving rhe orher (Fig. 1, Erdman ( 19701 I Our d}a
suggesrs rhar succession is site spcific and stafrs from a continuum of preburn assem_
blages such that rhere are multiple entrance lnints into the successional model (Fig 18 ).

Anoual forbs coyote tobacco (N;cotiana atten dtd Tofi.), flixweed ansymusta,rd
(Detcmainia rc,phid lL.) \X/ebb), and gcnsefct<tt (Chenopod.iuu albun L. var. albant)
dominated response on rhe 25 April burn, but this q,as the only burn that closely followed
the successional models of either [rdman (1970) or Barney and Frischknecht (1974)
(Fig. 2.) Rapid regrou'th of perennials, rhe shrub Douglas rabbitbrush (Chrytothattntas
uitcidillotat (Hood) Nutt. vat. scidilloru ), and perenoial forbs tailcup lupine
I Ltp;ilkt cd.l/,latar Kellog) and skullcap (.smtellatia natza A. Gray). altered the ,r.ro_
dard successiooal pathway in posrburn vegeratioo of 9 May,9 Octobei, and 22 June burns,
respectively; but regtorvth was insufficient to preveor subsequent dominance or codoml_
nalce by annual forbs tumblemustard lSiqn.briut thissinnn L.,1, er.l^suum I lj.rtlrrrrrr/t
rpartiflor ln (Eastw.) Mason), groundsmoke (Gaypbytan rtmosi.ttimanz Nttt.),
sticksee.l ( lappultl retloutleii (Hornem. ) Green), and goosefooc (Fig. 2). Germioat-
iog soil seed reserves of the perenniai forb Munro globemallow (Sphieulcea /rtntodlta
Dougl.) provided sufficient plants to dominate the posrburn vegetarion on the 1l Juoe
burn, aocl regro.w'th of Douglas rabbitbrush rvas sufficient to almosr cootinuously domi_
rate planr.respoose on the 3 May burn ( Fig. 2 ).

Differences in plant foln dominance amoog che six buros indrcate succession
starts from mulriple points along the successional model (Fig 18). The data suggests
that, given a sufficienr number of l-rurns, we would find a conrinuum of planr form iom-
binarions in early postfire plant assemblages.
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Fjgure 1- Successional model of pinyon-juniper woodland following fire (Eidman 1970). Mul-
(A&B) tiple entrance lmints into the successional model.

The ebb and florv of species \\'ere oot consistent amoog the burns so thete was oo

single scenario of species changes during early sLlccession. On the 2) April buln first
coyote robacco then flixweed lansymustard and then stickseed pledominated on the
site. On the 9 May burn groundsrnoke aod grxrsefcxrt gave \r'ay to stickseed, but eriasuum

was cootin:ually the dominant annual fotb orr the 9 October burn.
The annual forb stage may be skipped if succession has already eliminated aonuals

from the stand and fire resl{nsive perennial species can rapidly reoccupy the burn. The
presence aod rnagnitude of rhe annual forb stage was depeodent uPo[ the cr€ation of a
regenerarive niche ( Noble 1981) due to the abseoce of perennial species regron'th
or establishment from soil seed reselves. There was a "gradieot of decreasing oppot-
tuoities" (Pickett 1976) for aooual forb domiraoce as the initial tesponse of perennial
forbs and shrr-rbs increased. On the 3 May, 12 June, and 22 June burns a definite annual
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forb srage clicl oot occur (Fig. 2 ). but instead skulicap, Munro globernallos', and Douglas
rabbitbtush dominatecl the respective sites. The sLipping of early successional stages
(Fig. 1B) rvas previously suggested by Barney and Frischknecht (1974).

Successional Processes and Predict ing Plant Besponse

The rapid return of preburn species to the burn sires and the appearance of species

clominant in rnidsuccessioo (shrubs) seems to precl isgrse rhe characrer of later succes-

sional stages. All burns hacl several pianr forms (shrub, forb, lyass) Dresent almost
immediately fol lon' ing f ire. iociuding many present io the preburn vegetation (Fig. 2).

The clata. therefore, indicete 
' ini t ial  

f lor ist ics" (Egler 1954) or 
"tolerance" (Connell

and Slatyer 1977) successional moclels are appropriate for early to miclsuccessiooal stages.
Succession proceecling on an 

"initial 
floristjcs" basis denotes an ioteroally controlled

system, a system rvith a meesure of quel i tat ive predictabi l i ty (Lyon and Stickney 1976).

Preburn precliction of early plant response can be negated when fire-tolerant forbs

are not obvious in preburo vcgetation and or plant resp'onse comes from soil seed reserves.
NumetoLrs forb species recordecl on buro sires were apparently absent io preburn vegeta-
rion. N{unro globernaliorv had moderate postburn cover valucs (14 percent, 12

fuoe burn and 4 percent, 3 May burn) but uas not recorded in preburn vegetation
oo either sitc. Plummet c/ al. (1957 ) reported dtamatic increases in SphaetaLcea spp.

fol lo*ing rree han'esting o{ pinyon (Pitnr edaLis Engelm.) and Urah juoiper and
nsctibecl Sphlctdced spp. response to germination of soil seed resen'es. Stimulation of

Munro globemallorv seed reserves follo*'ing a fire coukl be expecteci as krth alternating
temper.rturc cxtrenrcs ancl increased nirrate leveis ( characterist ics of burned soi ls)
have becn slrorln tcr increase Sp/:der,rlcea spp. germinatioo (Page et ai. 1966).

Posrburn succession nas not obscrved through the tree stag€. But the absence of
singicieef pinvon in carly succession, i ts lo* seecl viabi l i ty, and i ts requirement for a
nursc plant ( Phi i l ips 1909) indicatc relay f lor ist ics (Egler 1954) must cletermine the

rl te of pinvon tree rcinvasion an(l thus the character of later successiooal stages. Pinyoo

esrabi ishmen frorn posrburn seed caches by bircls (Vaoder Wall  and Balda 1977, Ligon
1971J, I-anncr ancl Vanrlcr Wall  191J0) or rcxlents (our obsen'at ion) are probably the
principal milrarion processes.

P lan t  Assemb lage  Response

A relarively large species pool vas aclaptecl to postburn condit ioos, including many pre-

brrrn spccies. Posttrurn plant asscmblages contained numerous nerv pcrennial (12) and
annuel { l  1I iorbs. No nen shrub species ancl only trro grass species occurred eftcr
:ne Durns.

Species r ichness of both percnniel and annual spccies increased ove! preburn con-
cl ir ions, especial ly lhe anouals (Fig. 3). This f ig-rre gtaphical ly demonstrates Pickett 's
( 1976) gradient ,r f  clecreasing opportunity" for annual species establ ishmcnt as pcren-

ni l l  species nurnlxrs and r lominance (preburn) iocreased. The clara corroborates Nabi 's
(197S) rcf,ort of, : lecreasin{ species r ichness duting pinyon-junip€r successron.

The proport ion of prcburn species in postf ire planr assemblages increased rapidly
()60 pcrcenr) lendins crcclcnce to the use of Egler 's (195'11 init ial  f lor ist ics model
on rhesc sitcs (Fig.. '1) The specics turnovcr rate ( proporrioo of species lost frorn the
prececl in.q yeer's species pool) clecl inerl  over the same p€riod (Fig.4). The returo

62 Everett and Ward



O penerulrraL

OaHruunl

P B E B U R N B U R N I 2 3 4 5

T I M E  S I N C E  B U R N
Figure l. Mean number of perennial and annual species on the six burn sites by number of grow-

ing seasons following buroing. Verrical bars reflect rwo srandarJ errors of the mean
and denote the range in exgxced mean response from a sarnplc of six burns. Signifi-
crnr differences 1p: t1.05 ) between annual and percnnial species are denoted by super-
scripts and were determined from 't" test of differences on each site.

of prebuln species did oot precipitate this decline in species turnover; rather the oumber
of species losr each year remaioed fairly constant as the total oumber of species aod the
proportion of perennials increased. Reinvadiflg pfeburn species had significantly (p -

0.05 ) less cover (I-: 7 .1(%) thar oew posrfile species (i - 19.8%) for four to five
growing seasons following burning. The decline in species turnovel was interpreted
as indicati[g the remaining species were more adapted ro conditions in the developing
plant assemblage than theif more opportunistic predecessols.

The mean plant cover oo buro sites rapidly returned to ts.o-thitds of the original
cover (Fig. 5), but this is a group meao and individual burn sites differ. Cover provided
by anoual species was so variable among years that total cover for a buro could decrease
as well as ircrease over time. Veftical bars in Fig. 5 reflect two standard deviations from
the mean and show the wide laoge in cover among sites. Pteburn conditions indicate
cover should increase as shrub and tree species become dominanr.

lndividual Soecies Resoonse

Noble ( 1981) suggests a working knowledge of species' "vital attributes" during regener-
ation, establishment, and leproductive phases is required to accr-rrately predict succes-
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Figurc 4. Pcfcent species turnover ratc and lncent of preburn slrcies present on the six burns
by number of growing seasons following burning. (Turnovet rate = proportion of
toral species lost from one year to the dext.)

sion. Ar rhe time of rhis study there was lirtle information available on the fire response
of the observed species, and often rhe presence of indivdual spcies on burns was not
predictable. Now we can provide information o-, the rapid increase and decline of
maior understory species and, in part, explain observed changes in plant form and species
composition over rime. This information is rudimentary and provides oqly a base for
further individual species investigatron.

As anticipatecl by earlier successional models, several aooaul forb species exhibired a
short cycle to maximurn cover on rhese burns. Two examples are Groundsmoke and
Coyote tobacco, n'hich had vigorous growth on a given site for ooly one growing season
(Fig. 6A). Coyote tobacco cover peaked the second growing season following seed
dispersal frorn scatered bur extremely robtrst plants that occurred rhe previous year.
Groundsmoke cover peaked four growing seasons after fire, and Stickseed (not shown )
had yet to reach maximun'r cover at rhe conclusion of this study. Time and height of
cover peaks io Fig.6A represent successional phenomena aod are not solely rhe resuft of
climatic factors. Ail burns \n'ere nor conduced in the same year, and not all species
responded favorably to rhe wetesr yeat, 1,977. The first growing season following the
25 April and 3 May buros rvas in 1976, bur for the 9 Ocober and 22 June burns, the
first growing season s'as in 1977.

Coyote tobacco, grouodsmoke, and several other annuals had only a short period of
vigorous growth in q'hich to replenish soil seed reserves. If site cooditions during the
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Figure 5. Mcan percent herbacarus cover on rhe six burns by growinS season following burning.
Vertical bars reflect two standard deviations from ifrc mean. The svmbot 
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denorJs

significant (p = 0.05) difference in cover from the previous year.

last catastrophic event prohibited this arrnuai forb expression, then the lack of anoual

forb respoose follo*'ing some of the cuireot burns appears convinciog.
Sevetal of the perennial fotbs also show rapid peaks in cover. Relatively high cover

values mcurred only for a short time (2-l years ) aod in early succession for prickly
poppy (Argenone polyanhem.os (Fredde) G. B. Ov-enby), skullcap, tailcup lupioe,
and Munro globemallow (Fig. 68). Peaks in cover generally rxcurred the third or
fourch growing season following fire and lasred for two growiog seasons. These perennial
forbs had a limited period of maximum growth aod reproducrion potential that occurred
in early succession, although they may remaio secondary componenrs of the plalt assem-
blage for long periods of time.

Penennial grass covel was noticeably lacking in postburn vegetation. Preburn cover
values were low, and postburn remnaot plaots could not respood sufficieotly to make a
significaot conrributioo ro postburn plant cover. Postburn respoose by isolated plants
of Breat Basin wildrye (.Elynw.r cittereu Scribn. and Merr. ) was dramaric, but the species
did oot occur in great oumbers on a majority of the burn sites.

Douglas rabbirbrush increased from a preburn cover of 3 to 14 percenr oo the 1 May
burn by rapidly resprouting from burned crowos. Harniss and Muray ( i971) reported
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a sharp increase in rabbirbrush cover follo*'ing burning and a decline in cover after 10
years. Douglas rabbitbrush must decline on rhese sites if the species is to retufn ro
preburo cover levels. Desert bitrerbrush (Ptthia glartlalota Curran) cover declioed
after burning but is increasinq slowly. Posrfire Desert bitterbrush cover was derived
solely from postburo rodeot cache seecll ings (Vard 1977).
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Conclusions

Early planr succession on pinyon-juniper burns in the study area suggests multiple
entrance lxrints into rhe srandard successiooal model_ Variability in the eotrance lxrinr
is the rule rarher than rhe exception. as seen in the variation in plant respoose observed
among buros conducted at approximacely the same time in a given year. If a burn is
Iarge enough, *'e could expecr several early successional stages to occut concuffeltly.

Prior to burning, quaotilarive predicabiliry of immediate posrburn vege.a.lon ls
difficult because of unobrrusive fire-roleranr herbaceous species, unpredictable response
from soil seed leserves, variable poscfire wearher, and a large species pool of plaots
adapted to postburn cooclitioos. The consisrent posrfire gro*,th tesponse ftom rdlr
sproutiog shrubs, bunchgrass (Creat Basin *,ildrye), aod a few lxrennial forbs albw
us to make qualitative estimates, but no mote. \fhere remnaot Dlant survival is rnore
robust or the potential posrburn spe.ies p,txtl reduced. reslnnse -"y be more predictable
because opgrrtunism is depressed. Knowledge of species "vital attributes,, ( Noble
1981) may improve our predictability of planr response in the futute, but a fundamental
problem remains in predictiog what species .rvill be present in the postl.rurn plant
assemblage and whether postfire conditions will be favorable for the species to exhibit
these "vitdl atributes." Once initial postburn plant reslnnse occurs, qualitative predicta_
bility of midsuccessional stages iqcreases under the initial florisrics successiooal model.

Init ial and relay floristics successional models are both operative in pinyon_juniper
succession. Original preburn species rapidly leappear orr the burns, perennial species
outnumber aoouals, and the species turnover rare rapidly declines (init ial f loristics);
but relay floristics (migration) determioes rhe character of later stages, as we did not
f ind  s ing lc lea i  p in l  on  seed l in ts .

IJnderstory co.r,er increased rapidly to trvo-thirds of the origioal preburo total for sites
taken collectively. The composition of this cover changed as numerous species *ere
gained and lost from the plaot assemblage. Many perennial and annual forb species
had only a short period of maxin'rum cro.nth duriog early succession. Thus, if species
expressioo is inhibited by climate or competition, alternate successional pathways are
thoulihr to occur follo*'ing rhe next burn period.
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