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ABSTRACT 

Southeastern pine forests have traditionally been burned during the winter, at least in part 
because growing-season burning is thought to be harmful to pine .silviculture. In contrast, 
most natural fires are thought to have occurred during the spring and summer, when the 
chance of ignition by lightning is greatest. Recently, conservationists have argued that 
growing-season burning is critical to restoration and maintenance of natural groundcover 
vegetation in southeastern pine forests and not overly harmful to pine trees. 

Despite considerable feelings on both sides of the argument, there is surprisely little scien
tific evidence with which to evaluate the effects of season of burn on either trees or 
groundcover vegetation. Furthermore, much of the evidence that does exist appears con
'tradictory or inconsistent. Many season-of-burn studies are plagued by statistical and de
sign problems, including "pseudoreplication;' inadequate statistical analyses, and failure 
to control for important confounding variables (e.g., fire intensity or time between burning 
and sampling). These problems may be especially significant for short-term studies, or for 
studies with only short-term records of vegetation responses. 

In this paper, we illustrate some problems from previous work and present some of our 
own results from a long-term study of season of burn in longleaf pine forests in north Florida. 
We found, as have others, that early growing-season burns result in high rates of topkill 
and complete-kill for midstoryoaks. In contrast to some earlier studies, however, we found 
I.itlle effect of burning season on pine dynamics. In addition, we found almost no effect of 
season of burn on the abundance of species in the groundcover. We did, however, find a 
large positive effect of growing-season burning on flowering and presumably seed produc
tion of dominant grasses and some forbs. We suggest that recruitment into the groundcover 
from seed occurs only infrequently in these habitats, and thus, changes in groundcover spe
cies composition due to season of burn will be apparent only after long periods of repeated 
burning during the same season. 

INTRODUCTION 

Longleaf pIne (Pinus palusfris)-wiregrass 
(Aristida stricta) communities are distinguished by 
a diverse understory flora including many rare and 
endemic plants (Walker, this volume). Preserving 
the few remaining examples of these communities 
is an important goal for conservationists in the 
southeastern United States (Frost et al. 1986, Noss 

1989, see Simberloff, this volume). Once 
wide-spread in the southeastern Coastal Plain 
(Frost et al. 1986), communities dominated by 
longleaf pine and wiregrass have been threatened 
by land clearing, commercial forestry, and fire sup
pression (Means and Grow 1985, Frost, this vol
ume). As a consequence, the area occupied by this 
endangered ecosystem has declined by as much as 
98% since presettlement times (Noss 1989, Ware et 
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al. 1993,Frost, this volume}. Once lost, restoration 
of longleaf pine-wiregrass habitat is hampered by 
the fact that wiregrass, the dominant species in the 
groundcover, appears incapable of naturally 
reinvading areas from which it has been eliminated 
by human activities such as agriculture or silvicul
tural site preparation techniques (Wells and Shunk 
1931, Means and Grow 1985, Clewell 1989). 

The paucity of existing longleaf pine-wiregrass 
habitat makes it imperative that the few remaining 
examples be managed in a manner that preserves 
the community structure and high diversity of this 
vegetation type. It is well-established that frequent 
prescribed burning must be an important part of 
any such management scheme (Komarek 1983, 
Myers and White 1987, Platt and Schwartz 1990, 
among others). Longleaf pine communities burned 
frequently in presettlement times, and, in the ab
sence of such frequent burning, the diverse, 
herbaceous-dominated, groundcover vegetation is 
rapidly displaced by hardwood trees and shrubs 
(Christensen 1981, Streng and Harcombe 1982, 
Abrahamson and Hartnett 1990, Myers 1990, Platt 
and Schwartz 1990). . 

Though we now appreciate the importance of 
burning longleaf pine forests frequently, other as
pects of an acceptable management program are 
more controversial .. One important question is dur
ing what season to do the burning. Because most 
lightning-ignited fires occur during the growing 
season (Komarek 1964,· Pyne 1982, Robbins and 
Myers 1992), conservationists argue that the 
longleaf pine-wiregrass community evolved under 
a regime of frequent growing season fires. If this 
is true, it seems logical that most prescribed burn
ing should also be done at this time of the year. 

Despite arguments to the contrary, most pine 
forests in the Southeast are currently burned dur
ing the fall and winter. This is in part because 
silviculturalists fear that growing season fires will 
damage pine trees or pine regeneration (e.g., see 
Cary 1932, Garren 1943). In addition, silvicultural 
burns are easier to carry out in the dormant sea
son due to cooler temperatures and more predict
able winds (Wade and Lunsford 1989). Since much 
of the remaining longleaf pine-wiregrass habitat is 
currently managed for timber production, it is im
perative for the preservation of this community 
type to establish: 1) whether growing season burns 
are harmful to pines, and 2) if dormant season 
burns result in detrimental changes to groundcover 
plant communities. Differences of opinion on these 
questions are due in part to conflicting results re
ported in the literature (Robbins and Myers 1992, 
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see below). Some of these conflicting results are 
due to the differences in the quality and objectives 
of the various studies. 

In this paper, we have the following three 
goals. First, we evaluate currently published 
season-of-burn studies with respect to issues of ex
perimental design, data collection and data analy
sis. We hope to convince the reader that improper 
procedures for collecting and analyzing data, as 
well as real differences among study sites in envi
ronment and vegetation, may partially explain 
some of the apparent inconsistencies in the results 
of previously published studies on the effects of 
season of burn on trees and groundcover vegeta
tion in southeastern pine forests. Second, bearing 
these issues in mind, we then outline some of the 
more robust conclusions from published studies. 
Third, we present results from our own long-term 
study of season of burn. Our study avoids some, 
but not all, of the shortcomings for which we criti
cize others. 

AN EVALUATION OF CURRENT 
STUDIES OF SEASON OF BURN AND 
SOME SUGGESTIONS FOR COPING 
WITH COMMON PROBLEMS 

Most of the experiments examining effects of 
season of burn on vegetation in the Southeast have 
been carried out by foresters and range managers 
to determine the following: 1) how to reduce fuels 
without damaging pine canopies, 2) how to con
trol species that compete with pines (usually hard
wood trees, shrubs and grasses), and 3) how to 
optimize forage production. The study sites chosen 
for these experiments were appropriate for the sil
vicultural and management aims of these studies. 
Most sites had been or were actively being used for 
timber production or grazing (Table 1). Many of 
the sites were dominated by planted pines, fre
quently loblolly and slash (Table 1). Only a minor
ity of studies have been carried out in areas 
currently dominated by longleaf pine, the species 
of particular interest to conservationists (Table 1). 
Even fewer studies have been carried out in rela
tively pristine areas with both a longleaf canopy 
and an intact groundcover of wiregrass (Table 1). 
Conclusions reached about effects of season of burn 
in intensively managed, altered or disturbed sites 
may, therefore, not apply equally to longleaf 
pine-wiregrass communities. 



Table 1. Characteristics of sites used for season-of-burn studies in the southeastern U.S. 

STUDY U!1CATION TYPE OF PINE HARDWOODS HISTORY GROUNDCOVER 
CANOPY VEGETATION 

Boyer (1982,1987) Escambia Exp. For. Longleaf NG1 Naturally NG 
SWAL r~enerated, 

1 yr old 
sapling stand 

Boyer (1990) Escambia Exp. For. Longleaf Oaks, Seedling NG 
SWAL dogwood stand in pre-

vious clearcut 

Brender & Copper Hitchiti EXK For. Loblolly Dogwood, 40 yr old NG 
(1968) Macon, G sweetgum, pine stand 

blackgum, 
hawtliorn, 
oaks 

Bruce (1951) Harrison Eg[" For. Longleaf None? 4 yr old pine Grasses 
Saucier, M seedlings from 

handsown seeds 

Cushwa, et al. Sumter N. F. Loblolly NG > 20 yrs old, Abundant 
(1970) Greenwood, SC unmanaged legumes 

FerBuson (1957, Austin Exp. For. Loblolly.& Sweetgum, Immature saw- None 
19 1) EastTX shortleaf post oak, lo~stand' 

southern un urned'for 
red oak 10 yrs 

Gates & Tanner (1988) K. Ordw~ Preserve Longleaf Turkey oak Natural area; Wire~rass & 
Putnam 0., FL ~ast g~azing blues em 

logging grasses 

Gilliam & Christensen Santee E~. For. LOblOllrc + Sweetgum, Unburned for Broomsedge, 
(1986) Berkeley 0., SC minor ongleaf blackgum, 10 yrs gallberry 

& shortleaf oaks, red maple 01l¥1 wax 
myr e 

Grelen (1975) Alexandria, LA Longleaf & Blackjack, Naturally Bluestem 
minor loblolly southern xed, regenerated, grasses 

& post oak 7 yr old pine 
seedlings 

Grelen (1978a, Leesville, LA Slash Southern Plantation Bluestem 
1983a) red oak Of 4 yr old grasses, 

pines wax myrtle 

Grelen (1978b, Palustris EXE' For. Longleaf Blackjack 4 yr old pine Bluestem 
1983b) Alexandria, A oak, sweet- seedlings from grasses 

gum, blackgum sown seed 
N 
N 
1.0 



N Table 1. Continued. w 
0 

STUDY LOCATION TYPE OF PINE HARDWOODS HISTORY GROUNDCOVER 
CANOPY VEGETATION 

Hodgkins (1958) F~ette For. Loblolly & Numerous 20-30 ~Old Bluestem 
N AL shortleaf oaks & pines t at and panic 

hickories seeded into an wasses + 
old field after egumes & 
a wildfire composites 

Hughes (1975) Corkscrew EX~ For. South Florida Unsp'ecified Plantation Wiregrass & 
Lewis (1964) Caloosa Exp. ange, slash on 1 site; shrubs of N 12 yr palmettos 

South FL no trees old trees 
on other site 

Hughes & Knox (1964) GA Coastal Plain Slash None NG Dense gall-
Exp. Ran~A berry holly 
Alapaha, 

Maple (1977) Escambia Exp. For. Longleaf NG 2 yr old, NG 
SWAL ~Ianted long-

eaf seedlings 

Platt et al. (1988a, St. Marks NWR Longleaf Sand post, Natural area; Undisturbed 
1991) Wakulla Co., FL bluejack & past logging groundcover 
This study turkey oak in with wiregrass 

one liabitat; no & a diversity 
hardwoods in of other 
other habitat species 

Schneider (1988) Green Swamp Longleaf None? Natural area Wiregrass & 
Preserve a diversity of 
Brunswick Co., NC other species 

Waldrop et al. (1992) Santee Exp. For. Loblolly Do~wOOd, 36-42 yr old Grasses, 
Waldrop & Lloyd & Westvaco hic ory, Ptine stands forbs & 
~991) Woodlands, southern red hat regener- woo~y plants; 

hite et al. (1991~ Berkelerc & oak, post oak, ated naturally no wlre-
Waldrop et al. (19 7) Geor~e own water oak, after log~ng; grass 
Langdon~1981) Coun ies, SC sweetgum, site may ave 
LewIs & arshoarger blackgum been unburned 
l197~ for up to 40 yrs 

oUi .t al. (1960) prior to the start 
Lotti (1955) of the study 
ChaiKen (1952) 

Weise et al. (1989) Bainbridwe, GA Loblolly & NG 4 yr old NG 
Branchvlle, SC slash plantation 
Palatka, FL 

1NG:;:not given. 
Waycross, GA 



Season-of-burn studies have been designed, 
carried out, and analyzed with varying degrees of 
scientific rigor (see Tables 2-5). We note several 
problems with. the experimental design and data 
collection reported in these studies. One such is
sue involves nonrandom assignment of treatments 
or nonrandom selection of subsamples (Tables 3-5). 
Random sampling is a fundamental assumption of 
all statistical tests including analysis of variance 
(Sakal & Rohlf 1969), and nonrandom assignment 
or selection must be rigorously avoided to prevent 
bias and assure the validity of the conclusions 
(Sokal & Rohlf 1969). 

A common and somewhat intractable data col
lection problem involves confounding the effects of 
season-of-burn treatments with time since a plot 
was last burned (Table 5). Such confounding oc
curs frequently with the use of certain measures of 
abundance when sampling ground cover vegeta
tion. For example (see Fig. 1), winter burns may 
be administered in December, summer burns in 
July; in October of the same year data may be col
lected on percellt cover or biomass of common spe
cies in the ground cover. In this example, it is 
impossible; to know whether differences that exist 
between the winter and the summer treatments are 
due(1) to the seasonal burn treatment or (2) to dif
ferences in rec~very time following the burn treat
ments. 

There are several ways to deal with this par
ticular confounding problem. One approach is to 

use a vegetation measure that is insensitive to the 
amount of time that has elapsed since the last fire. 
One example of such a measure is frequency of oc
currence, since frequency simply measures the 
presence or absence of a species, rather than its 
size. We have observed in our own work (see be
low) that time since last burn has very little effect 
on frequency data, especially when compared to 
other abundance measures such as biomass or 
cover. A second approach to dealing with this 
same problem, especially if the data are likely to 
be highly sensitive to time since burning (such as 
biomass or cover), is to collect the data over a pe
riod of several years (preferrably including a pe
riod prior to as well as during the course of the 
experiment), and then to use an analytical method 
such as repeated measures analysis of variance to 
test for differences among treatments in temporal 
trends in the data (see Gurevitch.and Chester 1986, 
Hand and Taylor 1987, Moser et al. 1990). Since 
differences among trends, unlike absolute differ
ences in abundance measured at anyone time, are 
unlikely to be influenced by the amount of time 
elapsed between burning and sampling, this ap
proach should allow one to disentangle the effects 
of the treatments from the differences among treat
ments in recovery times prior to collecting the data 
(this assumes, of course, that one is at least consis
tent, from one year to the next, in the time of year 
that the data are collected for each treatment). 

Confounding season::-of-lJurn effects 
with Ume since burning 

D J F M A M J J A S 0 N D 

i i i 
winter summer cover 
burns burns estimoted 

or blom8ss 
collected 

Figure 1. Diagram illustrating how season-of-burn effects can be confounded with time since burning, when estimating cover or biomass of 
groundcover vegetation. 
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N Table 2. Experimental design and length of season-of-burn studies carried out in the southeastern U.S. v.:> 
N 

STUDY SEASONAL OTHER NO. OF REp· PLOT MAX. NO. OF 'LENGTH 
:TREATMENTS EXPERIMEN· LICATES SIZE NO. OF YEARS OF 

TAL TREAT· (ha) TREAT· DATA STUDY 
MENTSOR MENT COL· 
FACTORS FIRES LECTED 

Boyer (1982, 1987) spring, chemical, and 12 treatment .16 5 3 1973-
summer, hand removal combinations 1983 
winter, of hardwoods, replicated 
unburned + no removal once in each 

of 3 blocks 

Boyer (1990) 1) initial none 3 replicates .12 2 1980-
:bud break, of each 1983 
2) bud break treatment 
com~lete, in each of 4 
3) fu I leaf blocks 
e)(panslon 

Brender & Copper 'summer, repeat burns 10 replicates .61 2 2 1961-
(1968) winter during spring, of each of 2 ini- 1963 

summer, or tial treatments; 
winter, or repeat burns 
rio repeat arran~ed in a 
burn split-p ot design 

Bruce (1951) Jan/Feb, Ught & 5 reRucates of .04 3 3? 1935-
Jul/Aug, severe eac of 5 treat- 1948 
unburned tire ment combina-

intensity tions arranged 
in a Latin square 

Cushwa, et al. (1970) Apr/May, none 3 reRUcates ot 11-43 3 1964-
Jul/Aug, eac of 3 treat- 1966 
unburned ments 

Ferguson (1957) Mar,May, headJire 3 re~licatesol .20 3 1952-
,·A49 , 'Dec or backing eac ot8treat- 1954 

fir~ ment combina-
tions 

Ferguson (1961) Feb/Mar, 3yrs 1 reRUcate ·of .20- 4 1952-
Apr/May, eac treatment .40 1957 
Aug/Sep, in each of 3 
Dec blocks; experiment 

re~eated in 
di erent locations 
in each of 3 yrs 



Table 2. Continued. 

STUDY SEUGN .. Ol1'HER 'NO. OF REp· PLOT MAX. NO. OF LENGTH 
1!II6I.ftIBllrS ,EXPERIMEN· UCATES SIZE NO. OF YEARS OF 

TAL TREAT·· (ha) TREAT· DATA STUDY 
'MENTSOR MENT COl· 
fACTORS FIRES LECTED 

Gates & Tanner (1988) 'Mar/Apr, 3yrs 1~2 replicates 25-170 2 1983-
JIiiHSep, of eachy.r cand 1985 
unburned seasonoombina-

tion 

Gilliam & Christensen Jan, . .aul, none 2-5 ·replicates 8.0 2 1977-
(1986) ,.t:l111lru:J1'I1ilBtI of each treatment 1979 

Grelen (1975) Mar,May, none 1 re~licate of .. 1'0 7 2 1962-
Jul, eac treatment in 1973 
unlrullmed each of 4 blacks 

Grelen (1978a, Mar, Ma~ 1,2& 3 1replicate:Eif .08 7 9 1972-
1983a) unburne yr fire ?treatmentcom- 1980 

Intervals binatioAs in each 
«:if 4 blocks 

Grefen (1978b, MarJ~ cannual & '3 re~licates of .10 7 7 1973-
1983b) unb.U!r, biennial e~c of 5 treat- 1979 

burns ment combinations 

Hodgkins (1958) Jan)lmg, ri~e&SIOpe 4 re~licates in .40 2 2 1951-
unburned h . itats '9ac of 2 habitats 1955 

Hughes (1975) Jan,Mar, site with or 4 re~licates of .20 4 4 1962-
Lewis (1964) May, Oct, without a eac treatment 1969 

Nov pine canopy combination 

Hughes & Knox (1964) .Jan,~plr, none 1 replicate of .02 3 5 1952-
Jun,t1\1i1g, 5 treatments in 1956 
,Oct each of 3 blocks 

Maple (1977) Jan,Ma~ Cool or mod- i reglicate of 4 .08 1971-
unburne era:te Jan. trea ment combi- 1975 

'ires; san~r nations in each 
or clay SOl of 3 blocks in 

each of 2 soil 
types 

N 
~ 
~ 
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Table 2. Continued. 

STUDY SEASONAL OTHER NO. OF REp· PLOT MAX. NO,OF 
TREATMENTS EXPERIMEN· lICATES SIZE NO. OF YEARS 

EAT· (ha) TREAT· DATA 
OR MENT COL· 

FACTORS FIRES LECTED 

Platt et al. Jan, Feb, Apr, annual orbi- t re~licate 2-5 8 9 1981-
~988a, 1991) Mar Jul, Aug, ennial burns of 1 treatment present 

his study Oc, Nov (discontinued combinations in 
in 1986r each of 2 
sandhi! or habitats 
flatwood 
habitat 

Schneider (1988) Feb/Mar, clipping 1 replicate of .02 3 1985-
Jul, Nov/Dec, treatments; 11 treatment 1987 
unburned 3 yrs combinations in 

each of 4 blocks 

Waldrop et al. (1992) Dec, Jun, annual &. 1 replicate of .10 43 29? 1946-
Waldrop & Lloyd unburned ~eriodic 6 treatment 1989 
(1991 ) urns + combinations in 
White et al. (1991) June each of 5 blocks 
Waldrop et al. (1987) biennial ~ blocks at the 
Langdon ~1981) burn anteeExp. For., 
LeWIS & arshbarger 2 at Westvaco) 
(1976) 
Lotti et al. )1960) 
Lotti (1955 
Chaiken (1952) 

Weise et al. (1989) Jan, Apr, 0,33,66, 1 reRI icate of 1 defoliation 4 1986-
Jul, Oct 95, & 100% eac of 20 treat- 1989 

defoliation ment combinations 
in each of 15 
blocks in each 
of 4 sites 
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Table 3. Published results of the effects of season of burn on pines in the southeastern U.S. 

STUDY 

Boyer (1982, 1987) 

Bruce (1951) 

Ferguson (1957) 

Ferguson (1961) 

Grelen (1975) 

Grelen (1978a, 1983a) 

Grelen (1978b, 1983b) 

SURVIVAL 

spring, winter' 
> summer 

Jan/Feb>Jul/ Aug 

Dec>Aug 

Feb/Mar, 
Apr/May, Dec> 
Aug/Sep 

Mar, May> 
Jul 

no effect 

May>Mar 

GROWTH 

no effect 

Jul/Aug> 
Jan/Feb 

May>Mar, 
Jul 

May>Mar 

May>Mar 

COMMENTS 

did not indicate if the results of ANOVAlustified 
the use of a posterioritests; negative effects of 
summer burning on pine survival were limited to 1 of 
the 3 hardwoocf control treatments and the 1 st of 2 
remeasurement periods 

survival was not analyzed statisticallyh' experiment 
was designed as a Latin square, but t is was 
apparentry not taken into account when analyzing the data 

did not indicate how significance was determined; 
area was unburned for 10 yrs prior to experiment 

area was unburned for 10 yrs prior to experiment 

survival was not analyzed statistically; survival was 
estimated by assuming initial densities were the 
same in all freatment plots; test statistic 
for u~planned comparisons of growth was not 
specified 

trees on annual March burned plots grew the 
slowest; trees observed within plots were not 
selected randomly; effects of season and fre
quency of burn were not separated statistically 

results are for grass-stage longleaf pine 
seedlings; pines observed witlimplots were not 
selectea randomly; effects of season and fre
quency of burn were not separatedistatistically 
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Table 3. Continued. 

STUDY SURV~VAl GROWTH COMMENTS 

Hodgkins (1958) Jaf1>Aug survival. was n9t analyzedstatisticillly; area was 
unburned for 10yrs priortoex~eriment, and 
hence fuel loads were initially . eavy 

Hughes (1975) no effect did not indicate if treatments were randomly 
Lewis (1964) assigned; no data were shown; no statistical analyses 

were carried out 

Maple (1977) fMay>Jan ,on 
sandy site 

ANOVA model was not specified and ANOVA table was not 
provided 

Platt et al. (1988a, no effect no effect mortali~ due to pretreatment fires was not 
1991) factore out of treatment effects 
This study 

Waldrop et al. (1992) ino effect effects of the experiment on tree diameter and 
Waldrop & Lloyd height growth were analyzed from increment 
(1991 ) cores and from felled trees; few details were given 
White et al. (1991~ on analytical methods 
Waldrop et al. (19 7) 
Langdon~1981) 
LeWIS & arshbarger 
l1976) 
otti et al. ~1960) 

Lotti (1955 
Chaiken (1952) 

Weise et al. (1989) Ap'r, Jul,.Jan 
t>\Qct 

Ap'r, Jul, Jan 
> Oct 

could have used repeated measures ANOVA to test 
for temporal trends in growth 

'This and subsequent notes under survival and growth indicate that survival (or growth) of pines was higher in plots burned in the specified season (I.e., in the first example, pines in spring
and winter-burned plots had higher survival than pines in summer-burned plOts). 
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Table 4. Published results of the effects of season of burn on hardwoods in the southeastern U. S. 

STUDY 

Boyer (1982, 1987) 

Boyer (1990) 

Brender & Copper 
(1968) 

Ferguson (1957) 

Ferguson (1961) 

Grelen (1975) 

TOPKILL 

bud break 
complete> 
than other 
treatments 
in 1 yrino 
effect In 
other yr 

summer> 
winter 

Aug> Mar, 
May>Dec 

Apr/May, 
Aug/Sep, 
Fel5/Mar> 
Dec 

Jul>Mar, 
May 

COMPLETE 
KILL . 

Aug> 
Dec, Mar 

Apr/May, 
Aug/Sep> 
Fel5/Mar, Dec 

DENSITY 

winter> 
spring> 
summer 

NUMBER OF 
SPROUTS 

bud break 
complete> 
than other 
treatments 
in 1 yri no 
effect In 
other yr 

apparently 
no effect 

Aug/Sep', 
Dec>Feb/ 
Mar, Apr/ 
May 

COMMENTS 

hardwood densities were not 
analyzed statistically; 
spring was the only treat
ment with declining 
densities 

could have included fire 
intensity as a covariate 
in the analysis; results 
from different yrs could 
have been included in one 
analysis 

ANOVA model was not specified 
and ANOVA table was not provided 

top kill and complete-kill 
results are for sweetgum; 
results for oaks.were 
nonsignificant; efftlct of 
season of burn on sprout 
number was not analyzed 
statistically; did not 
indicate how significance 
was determineo 

complete-kill results 
are for oaks, results for 
sweetgum werenonsignif-
icant; number of sprouls was 
not analyzed statistically 

% cover was lowest in July 
treatment plots; test 
statistic for unplanned 
comparisons of cover was 
not specified 
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Table 4. Continued. 

STUDY TOPKILL COMPLETE DENSITY NUMBER OF COMMENTS 
KILL SPROUTS 

Grelen (1978a, 1983a) no effect author sWegests that density 
was una ected by the 
experiment because a 5 yr 
fire-free period prior to the 
experiment's start allowed 
hardwoods to establish; effect 
on densit~ was not tested for 
statistical y 

Hodgkins (1958) Aug>Jan percent topkill was not analyzed 
statistically'; 2.5 growin~ 
seasons after burning t ere 
were no differences In % cover 

Hughes (1975) no effect did not indicate if 
Lewis (1964) on shrubs treatments Were randomlh & palmetto assigned; no data were sown; 

did not indicate how 
significance was determined 

Platt et al. (1988a, Apr/May> Apr/May> Jan/Feb, 
1991) Jan/Fen, Jan/Fen, Jul/Aug, 
This study Jul/Aug, Jul/Aug, OcVNov> 

OcVNov OcVNov Apr/May 

Waldrop et al. (1992) Jun>Dec Dec>Jun not clear if (or how) 
Waldrop & Lloyd for annual for annual contrasts were used to test 
(1991) burns burns for differences in effects 
White et al. (1991) of the season and frequency 
Waldrop et al. (1987) treatments 
Langdon~1981) 
LewIs & arshbarger 
l1976) 
otti et al. )1960) 

Lotti (1955 
Chaiken (1952) 
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Table 5. Published results of the effects of season of burn on groundcover species composition in the southeastern U.S. 

STUDY 

Cushwa et al. (1970) 

Gates & Ta.nner (1988) 

Gilliam & Christensen 
(19&6) 

Grelen (1975) 

Grelen (1978a, 1983a) 

Hodgkins (1958) 

Hughes (1975) 
Lewis (1964) 

Hughes & Knox (1964) 

EFFECTS 

no change in frequency of occurrence 
of legumes 

no effect on grass or forb biomass 

cover and species richness were higher 
in January-Burned as compared to 
July-burned plots 

n~ effect on species composition or 
bIomass 

no effect on species composition 

Q9rcent 90ver of Des(77odjL/mspp. and 
Composltaewasgreater Ii1 Aug-burned 
plots; cover 9f Ci/flactia v.olL/bills 
wasgreatt)r. In Jan-burned plots 

no effect on biomass sampled 2 yrs 
after burning; no obvious effect on 
species composition 

cover of gallberry holly ap'peared 
to decline more In June, Aug, and 
Oct-burned plots comparedlo Jan 
and April-burned plots 

COMMENTS 

did not indicate if treatments were randomly 
assigned' did not indicate how 
subsamples or covariates were dealt with in 
analyses 

did not indicate if treatments were randomly 
assigned; confounding of time since burning 
and season of burn . 

not clear if treatments were randomly as
signed; confounding of time since burning 
and season of burn; subplots within treatment 
plots were treated as true replicates in 
analyses 

could have used ordination to analyze 
species composition data 

effects of season and frequency of burn were not 
separated. statistically; couldhave. used 
oraination to analyze species composition data 

possible confounding of seasonal. 
treatments with time since Ia.st burn 

did ,not indicate if tre?tments were randomly 
aSSIgned; test statIstIc for unplanned com
p~r!son~was not specified; could h~ve used 
ordInatIon to .. test for effects on specIes 
composition; or repeated measures ANOVA to 
test for temporal tre.nds . . 

did not indicate if treatments were 
randomly assignedi data were not 
analyzed statistically 
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Table 5. Continued. 

STUDY 

Platt et al. (1988a, 
1991) 
This study 

Schneider (1988) 

Waldrop et al. (1992) 
Waldrop & Lloyd 
(1991) 
White et al. (1991} 
Waldrop et al. (1987) 
Langdon (1981) 
LewIs & Harshbarger 
(1976) 
Lotti et al. (1960) 
Lotti (1955) 
Chaiken (1952) 

EFFECTS 

generally little effect 

greater biomass of Arislida slriela, 
and grasses in general following Feb/ 
Mar fires compared to Nov/Dec fires, 
opposite effect for Vaccinium lene/· 
/um, greater cover of grasses (e.g., 
Andropogonspp.) and Pityopsis 
gramlllifiJ/ia following FeblMar 
fires compared to Nov/Dec fires, 
opposite effect for Gay/ussacia 
dumosa and flex glabra 

primary effects of the experiment 
seemed to be due to frequency rather 
than season of burn; secondary' 
effects due to season included higher 
abundance of woody plants and legumes 
in the annual Dec-burned plots compared 
to the annual June-burned plots 

COMMENTS 

data collecte.d throughout the study combined 
all s. P!3cies into 3 broad categories. (i.e., 
grasses, forbs, woody plants); species 
specific data were only collected at one point 
in time, and hence temporal trends in 
species composition could not be examined 

author found significant treatment effects 
in the pretreatment cover data; these pre
existing differences among treatment plots 
should-have been corrected. for when ana-
lyzing the biomass data; not clear how block 
by treatment interaction mean square was 
tested; rT\eans were compared via an unspecified 
a poslenortest 

effects of frequency of burn and season of 
burn were not statistically separated; 
confounding (especially In lewis & 
Harshbarger 1976, and to some extent in 
White et al. 1991, and Waldrop et aL1992) 
of seasonal treatments with time since 
last burn; a stranger test of treatment 
effects could have been obtained if 
permanent subplots had been repeatedly 
sampled over time, while controlnng 
for time since last burn 



In addition to the problem discussed in the pre
vious paragraph, another common problem is con
founding of treatment effects with differences 
among treatment plots which may exist prior to 
administering the treatments. This particular prob
lem is, of course, not limited to season-of-burn 
studies, and there are at least two appropriate 
methods for coping with it. One method is to use 
analysis of covariance, in which pretreatment data 
collected prior to beginning the experiment are 
used as a covariate (see Snedecor and Cochran 
1967, ch. 14). This assumes, of course, that one has 
collected pretreatment data. Another approach, al
ready mentioned, is to use repeated measures 
analysis of variance to test for differences among 
treatments in long-term trends in the data (Le., once 
again, trends are likely, or at least more likely, to 
be independent of the initial condition of the plots 
than are differences among the treatments at any 
single point in time). Another advantage of trend 
analysis is that pretreatment data, while still desir
able, are not critical, especially if one has collected 
data for a long period after beginning the experi
mental treatments. 

The importance of testing for trends, as de
scribed above, provides at least one good reason for 
continuing a season-of-burn study over several 
years and treatment cycles (Le., the length of time 
required to administer all treatment combinations 
in an experiment). In addition to providing an ef
fective strategy for coping with the confounding 
problems discussed in the previous paragraphs, 
analysis of long-term trends can also help to dis
tinguish effects of treatments which are consistent 
over time from erratic effects of single fires. How
ever, many published season of burn experiments 
report results after only 1 or 2 treatment burns 
and/ or with only 1 or 2 years of data (Table 2). We 
would like to emphasize in this context, that for the 
reasons we have already discussed, as well as for 
some additional reasons yet to be discussed, repeat
edly collecting data over long periods of time is just 
as important as repeatedly administering experi
mental treatments. In our opinion, a study is not 
a long-term study, no matter how many times the 
plots have been burned, if data on plant responses 
have been collected only one or a few times. 

In addition to the confounding problems de
scribed· above, another common problem with 
season-of-burn studies, and experimental field 
studies in general, is what Hurlbert (1984) has 
termed "pseudoreplication". Pseudoreplication, 
which is another name for what statisticians refer 
to as "lack of independence" among experimental 
errors (see Snedecor and Cochran 1967, p. 323), oc-

curs when experimental units assigned to a particu
lar treatment are similar for reasons that have noth
ing to do with the treatments themselves. At least 
two sorts of pseudoreplication appear to be com
mon in season-of-burn studies, one of which may 
be almost unavoidable due to the usual constraints 
on time and manpower. This problem, which is 
probably familiar to all of us who work with pre
scribed burning, is the tendency to burn two or 
more replicates of a particular treatment on the 
same day. This is a problem because the charac
teristics of a fire are highly dependent on the 
weather or fuel moisture conditions prevailing on 
a particular day, and it is therefore likely that plots 
burned on the same day will be exposed to simi
lar types of fires. Thus, results are likely to be more 
similar for these plots than if they represented truly 
independent random samples of the effect of burn
ing at any time within a given season. Stated in 
another way, the effects of day of burning are 
highly confounded with the effects of burning sea
son, when it is really in the latter effects that the 
investigator is usually interested (i.e., if one does 
a season-of-burn study, one is usually interested in 
comparing effects of, say, spring burning with fall 
burning, rather than effects of burning on windy 
days as opposed to calm days). There is no real 
solution to this problem other than to randomly 
assign different burning dates to different replicates 
of the experimental treatments, but this is usually 
not feasible, for safety and legal reasons, as well as 
the limitations on time and manpower alluded to 
above. Given that it is not possible to randomly 
assign burning dates to replicates, at least a partial 
solution is the one which we have already empha
sized a number of times, i.e., to do a long-term 
study and repeatedly measure responses of the ex
perimental units to the burning treatments. To the 
extent that conditions vary from one year to the 
next, burns in different years at least provide some 
degree of random sampling; thus effects of 
pseudoreplication within years are likely to cancel 
out over time. 

In addition to the above form of 
pseudoreplication, which can perhaps be referred 
to as pseudoreplication in time, another form of 
pseudoreplication which occurs commonly is 
pseudoreplication in space. A good example here 
is when several replicates of a particular treatment 
are assigned to some locality where conditions dif
fer from those occurring over the rest of the study 
area (e.g., the soil is moister, or canopy cover is 
lower, etc.). In this case, effects of experimental 
treatments are likely to be confounded with, for 
example, spatial differences in soil moisture or 
canopy cover. Two solutions are (1) to increase rep-
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that all or 

variabil
If neither of these 

solutions are so
lutions may be considered. For example, if one has 
good spatial data on plot locations, it may be pos-
sible to use as a covariate in an 

of covariance and 
still more methods for coping 

autocorrelation have also been pro
but these are still largely untested in field 

and Cressie 1991). 

Until now, we have been discussing problems 
with data collection and experimental design. 
However, many season-of-burn studies also suffer 
from incomplete or incorrect data analysis. In 
some studies, the data are not even analyzed sta
tistically (Tables 3-5). In most studies, important 
details about analytical methods, such as ANOVA, 
are not mentioned (Tables 3-5). Examples include 
failure to provide complete ANOVA tables speci
fying such things as degrees of freedom, sums of 
squares, F values, and error terms used for testing 
different factors (tIris information is critical when 
a reader is trying to determine whether or not the 
analysis employed was suitable for the particular 
experimental design). In some studies, it is even 
difficult to determine whether a complete analysis 
of variance was actually conducted or whether the 
author simply bypassed this stage and proceeded 
directly (but incorrectly) to a posteriori comparisons 
among treatment means. These omissions make it 
impossible for the reader to judge the appropriate
ness of the statistical analyses. 

A further analytical problem in many 
season-of-burn studies concerns the treatment of 
subsamples (Tables 3-5). Hurlbert (1984) has cau
tioned biologists against improperly treating 
subsamples as true replicates in analysis of vari
ance. Treating subsamples as replicates, which is 
another form of pseudoreplication (see discussion 
above), increases the likelihood of finding a signifi
cant treatment effect when none exists. In some 
studies it is difficult to determine whether or not 
this is a problem, because these studies fail to pro
vide error degrees of freedom. 

In addition to improperly analyzing data, an
other common problem with season-of-burn stud
ies was failure to analyze the data thoroughly 
(Tables 3-5). For example, some studies failed to 
use ANCOVA instead of ANOVA, even when the 
authors appreciated the importance of certain 
covariates (e.g., site index, stand basal area, fire in-
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tensity; Tables 4-5), and the appropriate data on 
these covariates had been collected. An

in data 
was failure to test for trends, even when 

the data were available to do so (Tables 3 and 
We have already discussed the reasons why trend 
analyses are important, and mentioned repeated 
measures ANOVA, which is the appropriate statis
tical method to use for this sort of 
the experiment has continued for decades, in which 
case time series analysis Box and Jenkins 
may be appropriate). Still another useful analyti
cal technique rather of techniques) which 
could have been used in many studies, but which 
was not, is ordination (see Jongman et a1. 1987, Tel' 
Braak 1987). Ordination methods were developed 
specifically to deal with datasets consisting of 
species-abundances, datasets which are inherently 
multivariate in nature and which often violate com
mon assumptions of parametric statistics (e.g., nor
mality, homogeneity of variance). These methods 
have been used frequently in the "data-dredging" 
phase of vegetation studies to reveal underlying 
patterns in the data, but they are rarely used to ana
lyze results of experiments [one exception is the 
study by Bowman et a1. (1988) of effects of vary
ing fire regimes, including different burning sea
sons, on eucalyptus woodlands in Australial. A 
useful approach, taken by Bowman et al. (1988), is 
to combine indirect ordination with ANOVA (i.e., 
one first performs an ordination to arrange stands 
along ordination axes, and then uses ANOVA to 
test for differences in average locations along the 
axes of plots or stands receiving different burning 
treatments). Another approach, which is simpler 
conceptually and easier to use with the proper 
computer programs (e.g., the CANOCO program 
developed by C. J. F. Ter Braak; see Ter Braak 1987), 
is to use the recently developed method of canoni
cal correspondence analysis to test directly for ef
fects of experimental treatments on vegetation 
composition (this method is explained simply and 
in detail in Jongman et al. 1987, Ter Braak 1987, and 
in Ter Braak and Prentice 1988). 

In summary, few season-of-burn studies have 
been carried out in longleaf pine-wiregrass com
munities. Many of the existing studies suffer from 
confounding between season of burn and time 
since last fire, or between season of burn and day 
of burn. These problems are especially trouble
some in short-term studies, or studies with only a 
short-term record of the vegetation response. In 
many cases, published details about data analyses 
were insufficient to determine how analyses were 
carried out. Few studies utilized the full range of 
available techniques in analyzing data. Seldom 



used, but potentially useful, techniques include~ 
analysis of covariance, repeated measures analysls 
of variance, and indirect and direct ordinations. 

SUMMARY OF PUBLISHED 
SEASON-OF·BURN EFFECTS 

Robbins and Myers (1992) have recently pro
vided a comprehensive review of the 
season-of-burn literature in the southeastern 
United States, and there is no need for us to repeat 
all of their work here. In light of the many design 
and analysis problems discussed in the previous 
section, we do, however, wish to take the oppor
tunity to emphasize what we feel are particularly 
robust or consistent results of previous studies on 
season of burn. In doing so, we will follow the lead 
of Robbins and Myers (1992) in discussing sepa
rately the effects of burning season on (1? pines, 52) 
hardwoods, which are usually common m the pme 
understory or midcanopy, and (3) ground cover 
vegetation. 

Effects of Burning Season on Pines 

Several studies have reported higher mortality 
of southern pine saplings or trees following sum
mer fires than following winter fires (Le., Boyer 
1982, 1987, Bruce 1951, Ferguson 1957, 1961, 
Hodgkins 1958, see also Table 3). Two of these 
studies involved longleaf pine (Boyer 1982, 1987, 
Bruce 1951). Of these latter two studies, the results 
of one were not tested statistically (Bruce 1951), 
while in the other (Le., Boyer 1982, 1987) the effects 
of burning season varied with time and method of 
understory control (Le., significant negative effects 
of summer burning were limited to the first 
remeasurement period and to plots with a dense 
hardwood understory). Of the three studies in
volving other pine species, one failed to test the re
sults statistically (Hodgkins 1958), while the other 
two reported results following only one treatment 
fire in areas that had been long unburned 
(Ferguson 1957, 1961, see Table 3). None of these 
studies appear to provide convincing evidence of 
strong negative effects of growing season burning 
on survival of longleaf pine or other pine species. 

In contrast to the results discussed above, 
which suggest, albeit somewhat unconvincingly, 
that growing season burning may increase pine 
mortality, a number of studies by Grelen (1975, 
1978b, 1983b) appear to show that burning early in 

the growing season may actually enhance survival 
of longleaf pine seedlings and saplings. He sug
gests that burning at this time of year may help to 
reduce the infection rate for brown spot fungus, a 
well-known pathogen of longleaf pine seedlings 
(Maple 1977, Grelen 1978b, 1983b). Unfortunately, 
Grelen's studies include only a narrow range of 
seasonal burning treatments (i.e., March-July), and 
some of the data were not analyzed statistically 
(Table 3). 

A particularly illuminating study on pine re
sponse to seasonal effects was carried out by Weise 
et al. (1989). In this study, saplings were artificially 
defoliated to avoid confounding effects of defolia
tion per se with effects of varying fire intensities. 
Loblolly and slash pines were defoliated in 4 
months of the year (January, April, July, and Octo
ber). The only mortality observed occurred among 
trees defoliated in October, suggesting that pines 
may be most vulnerable to defoliation and he~ce 
fire-induced crown scorch in the autumn. Robbms 
and Myers (1992) suggest that southern pines may 
be particularly sensitive to defoliation at this time 
because refoliation will not occur until the follow
ing spring. On the other hand, southern pines de
foliated during the spring and early summer 
refoliate quickly. 

In addition to testing for effects of season of 
burn on pine mortality, a number of studies have 
also examined effects on pine growth. These re
sults appear to be somewhat more consistent than 
those dealing with pine survival (Table 3). Most 
studies either found no effect of season of burn on 
pine growth, or else found favorable effects of 
spring and summer fires. 

In summary, we find little evidence to suggest 
that burning season has any consistent effect on 
pine growth or mortality. The strongest data ap
pear to be those of Grelen (1975, 1978b, 1983b), 
which show that spring burning may favor growth 
and survival of juvenile longleaf pines. Another 
convincing study is that of Weise et al. (1989) which 
appears to show clearly that fall defoliation may be 
more harmful to southern pines than is defoliaton 
at other seasons. If this latter result is supported 
by other studies (especially of longleaf pine, whic~ 
was not included in the Weise et al. study), the lOgI
cal conclusion is that inconsistencies among other 
studies are mostlikely due to variability in fire ef
fects other than defoliation (e.g., girdling, branch 
mortality, bud mortality), which are not consis
tently related to any given season of burn (e.g., 
such effects may be more strongly related to fire 
intensity rather than fire season). If fire intensity 
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is important, many of the "significant" results of 
individual studies could, in actuality, have resulted 
from confounding between effect of burning sea
son and day of burning, as discussed in the last sec
tion. 

Effects of Burning Season on Hardwood 
Growth and Mortality 

In contrast to the results just discussed for 
pines, there is general agreement among most stud
ies that spring and summer fires are more damag
ing to hardwoods than fall and winter fires (Table 
4). Growing season fires have been found to result 
in higher rates of both topkill and complete-kill, 
lower rates of sprouting, and lower overall densi
ties of hardwoods than dormant season fires (Table 
4). Most of these studies suffer from problems with 
experimental design and lack of statistical analy
sis, however, that plague studies concerned with 
effects of burning season on pines (Table 4). In ad
dition, many studies examined the effects of only 
one or two treatment fires, raising the possibility 
that the results might not be consistent over time 
(Table 2). However, results from one long-term 
study (i.e., the Santee Fire Plot Study, see Waldrop 
et al. 1992) do convincingly demonstrate a substan
tial decline in understory hardwoods following 43 
years of annual summer burning in South Carolina 
loblolly pine forests (when compared to various 
winter-burn treatments and periodic summer burn
ing). 

Effects of Season of burn on 
Groundcover Vegetation 

In addition to studies examining effects of dif
ferent seasonal burning treatments on pines and on 
hardwood trees and shrubs, a number of studies 
have also examined effects of these treatments on 
ground cover vegetation (Table 5). With several ex
ceptions, these studies failed to show any signifi
cant effects of burning season on either vegetation 
composition or on abundances of individual 
groundcover species (Table 5). Three of the stud
ies which did find a significant treatment effect of 
some sort appeared to have seriously confounded 
this effect with the effect of time since burning 
(Table 5; see discussion of this problem in the pre
vious section). One study which found a signifi
cant effect of burning season on ground cover 
vegetation, and which was also relatively (but not 
entirely) free of problems with design and analy-
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sis was the study by Schneider (1988) of the Green 
Swamp, NC. This study was also notable in that 
it was carried out in a relatively undisturbed; 
longleaf pine-wiregrass community. Schneider 
(1988) found that biomass and cover of grasses in
creased following Feb I March fires but not follow
ing Nov IDec fires. Some shrub species showed the 
opposite effect, although results from biomass and 
cover data were not consistent for anyone species. 
Although this study was generally well designed 
and analyzed, several issues prevent us from un
equivocally accepting the conclusions. First, the 
study consisted of only one treatment cycle, and 
the results may therefore indicate short-term re
sponses rather than long-term trends. Second, 
treatments were assigned by chance to experimen
tal plots in such a way that a significant, but clearly 
spurious, treatment effect was found in the pre
treatment data. While some attempt was made to 
control for this problem when analyzing the cover 
data, there appears to have been no attempt to do 
the same for the biomass results. Third, we suspect 
that some of the apparent increase in grass biom
ass following the Feb IMarch fires may have been 
due to an increase in flowering and fruiting of 
grasses, rather than an increase in vegetative tissue. 
Several studies have now demonstrated increased 
sexual reproduction of important savanna grasses, 
including wiregrass and bluestem grasses, follow
ing growing season (and especially spring) burn
ing (Biswell and Lemon 1943, Parrott 1967, Myers 
and Boettcher 1987, Platt et al. 1991, also see our 
results below). While a change from vegetative to 
sexual condition is indeed a real effect of spring 
burning, it is unlikely to presage a continued 
long-term trend of increasing relative abundance of 
grasses as compared to other components of the 
vegetation. Our own results (see next section) sup
port this view and our interpretation of Schneider's 
(1988) findings. 

Another important study of effects of burning 
season on ground cover vegetation is the 43 year 
Santee Fire Plot Study (Waldrop et al. 1992), dis
cussed above. Results of this study demonstrated 
that significant effects of burning season were lim
ited mostly to the more frequently burned plots. 
Plots burned annually in the summer were largely 
dominated by grasses while dormant season burn
ing produced a community with a diverse mixture 
of grasses, forbs, and woody plants. Plots burned 
periodically or which never burned were domi
nated by trees and shrubs. These results do sug
gest an important effect of burning season, but also 
suggest that it may be secondary to a still more 
critical effect of frequency of burning. 



In concluding our discussion of the Santee 
study, it is important to point out that the study 
was carried out in a loblolly pine site that was 
dominated in thegroundcover by bluestems rather 
than wiregrass. It is not yet clear whether results 
from this study will apply to longleaf pine
wiregrass, or other sorts of pine-grass dominated 
communities. For example, our own results (see 
below) suggest that woody species common in the 
groundcover of relatively undisturbed longleaf 
pine-wiregrass communities are not greatly 
harmed by repeated growing season fires. 

General Conclusions 

In general, we must conclude that the strongly 
held opinions of both foresters and conservation
ists are not supported by the available evidence. 
Growing season burning does not appear to result 
consistently in higher mortality or lower growth of 
pines, and dormant season burning does not result 
in rapid detrimental changes in natural 
groundcover vegetation of longleaf pine-wiregrass 
savannas. There does appear to be reasonably con
sistent evidence, however, showing that growing 
season burning does result in higher rates of 
topkill, and possibly also complete-kill, of hard
woop trees. This last finding is important for for
esters who want to reduce hardwood competition 
with pines, and for conservationists, who want to 
reduce effects of hardwood shading on 
groundcover plant communities. 

SEASON OF BURN STUDY AT THE 
ST. MARKS NATIONAL WILDLIFE 
REFUGE 

For the last ten years, we have been conduct
ing our own long-term study of the effects of sea
son of burn on vegetation in longleaf 
pine-wiregrass savannas in north Florida. Our 
study is unique in several respects, including (1) 
the variety of different kinds of data collected con
currently, (2) at least, some of these data have been 
collected repeatedly over a long period of time, and 
(3) the quality and completeness of the analyses. 
We believe, therefore, that our work provides one 
of the stronger tests to date of the hypothesis that 
season of bum is an important component of the 
natural and anthropogenic fire regime of longleaf 
pine-wiregrass plant communities. 

Study Area 

The study is being conducted in second growth 
longleaf pine stands at the St. Marks National Wild
life Refuge, Wakulla County, FL (see Platt et al. 
1988a, 1991 for additional details). The old growth 
pine stands were logged early in the century, but 
there is no history of intensive soil disturbance, and 
major understory species, including wiregrass, are 
typical of those found in the few remaining old 
growth longleaf pine forests in the area. Little is 
known about burning history prior to establish
ment of the refuge in 1931, but it is presumed that 
most of the area was burned frequently during the 
winter (Zontek 1966). Fires were actively sup
pressed for about ten years after the refuge was es
tablished, but declining game populations led to 
the establishment of a prescribed burning program 
in the early 1940's (Zontek 1966). Since that time, 
most areas of the refuge have been burned every 6 
to 8 years (Reinman 1989). All prescribed bums 
were conducted during the dormant season until 
quite recently. Growing season burning has been 
increasingly utilized over the last several years, 
partly as a result of our experiment. 

The study is being carried out in two wide
spread and distinct habitat types in the refuge, 
sandhills and flatwoods. Sandhills occur on deep, 
well-drained sandy soils, and contain plants char
acteristic of such sites throughout the southeastern 
Coastal Plain (see Christensen 1988). Longleaf pine 
is virtually the only canopy tree. Beneath the pines 
occurs a more or less continuous midcanopy layer 
composed of a variety of xerophytic oaks, includ
ing turkey oak (Quercus laevis), bluejack oak (Q. 
incana), sand post oak (Q. margaretta), and sand live 
oak (Q. geminata), among other species. Wiregrass 
and grass-leaved golden aster (Pityopsis 
graminifolia) are the dominant understory plants, 
but a variety of other grasses, forbs and shrubs are 
also common. Flatwoood sites are characterized by 
low, flat topography, and relatively poorly drained, 
acidic, sandy soil (Walker and Peet 1983, 
Abrahamson and Hartnett 1990). Longleaf is also 
the dominant tree in this habitat, but it may be re:
placed by slash pine (Pinus elliottii) and pond pine 
(P. serotina) in very wet areas. The midstory oaks 
are absent from flatwoods sites, except in limited 
areas of higher topography. The species composi
tion of the groundcover is extremely diverse and 
varies with slight changes in elevation. Important 
groundcover species include wiregrass, Florida 
dropseed (Sporobolus floridanus), toothache grass 
(Ctenium aromaticum), bluesterns (Andropogon spp., 
especially A. arctatus), saw-palmetto (Serenoa 
repens), huckleberries (Gaylussacia spp.), blueberries 
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(Vaccinium spp.), runner oaks (Quercus pumila and 
Q. minima), sedges (especially Rhynchospora spp.), 
and a great diversity of forbs. 

Experimental Design 

In 1980, sixteen 2 to 5 ha experimental plots 
were established in each of the two habitat types. 
Plots were selected on the basis of similar densi
ties and basal areaS of longleaf pines and similar 
abundances of groundcover vegetation, including 
wiregrass. Densities of scrub oaks were unnatu
rally high because of previous fire suppression and 
infrequent burning; therefore tree-sized stems of 
these species were thinned to densities and size 
classes approximating those occurring in the Wade 
Tract, an old-growth longleaf pine forest in south 
Georgia (see Platt et al. 1988b). Thinning the oaks 
standardized the initial densities of these species, 
and also increased spatial coverage of groundcover 
species, thus promoting more uniform burning 
conditions in the experimental plots. 

As originally conceived, the experimental de
sign for the study involved three main treatments: 
habitat (sandhills and flatwoods), season of bum 
(eight different times throughout the year evenly 

spaced at six-week intervals), and frequency of 
bum (annual and biennial burning). Withineach 
habitat, each of the sixteen combinations of burn
ing season and frequency was randomly assigned 
to one of the sixteen 2 to 5 ha experimental plots 
(see Fig. 2). Pretreatment fires were conducted on 
all plots during the winter of 1980-1981 to reduce 
and equalize fuel loads. Experimental burning be
gan in November 1981, and all plots were burned 
on schedule until Oct. 1986. At this time it was de
cided to switch all annually burned plots to a bi
ennial burning schedule because of the difficulty 
of burning plots that accumulated relatively little 
flammable fuel within a year's time. The seasonal 
burn treatments have continued until the present. 

Data Collection 

To reduce edge effects,data on vegetation re
sponses to experimental bum treatments were col
lected from 1 ha areas centrally located within each 
2 to 5 ha experimental plot. Four kinds of data 
have been collected at various times during the 
course of the experiment, including (1) data on tree 
population dynamics, (2) data on groundcover bio
mass of major plant groups (i.e., grasses, forbs and 
shrubs), (3) data on ground cover species composi-
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Figure 2. Schematic diagram of the experimental design showing the two habitat types (Le., flatwoods and sandhills), frequency-of-burn treat
ments (Le., annual and biennial), and season-ot-burntreatments. Each rectangle represents a treatment plot. For season-ot-burn, plots with a 
similar texture were generally considered replicates. 
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bon, and (4) data on flowering and fruiting of 
groundcoverspecies. 

Tree population dynamics: Before the pre
treatment fires in 1980, all trees (i.e., woody plants 
> 2 cm diameter at breast height [dbh]) in the cen
tral 1 ha area in each treatment plot were tagged, 
mapped, identified to species, and measured for 
dbh. Growth and mortality of all mapped indi
viduals were remeasured in 1987. 

Groundcoverbiomass: In each treatment plot, 
four subplots (3.14 m2 in size) were randomly lo
cated beneath the pine canopy, and four additional 
subplots were randomly located in open areas 
away from pines. Subplots were stratified in this 
manner to control for potential effects of pine 
canopy on ground cover biomass. Within these 
subplots, standing aboveground biomass was col
lected from randomly located .25 m2 areas, sorted 
into 3 categories (i.e., grasses, woody plants, and 
forbs), oven-dried, and weighed. Biomass was col
lected in each treatment plot a year after the last 
fire, regardless of when the plot was burned (for 
example, biomass in the April-burned plots was 
collected in late March of the following year). Bio
mass collections were begun in 1981, prior to the 
first experimental burns, and have continued in 
most years since then. 

Groundcover species composition: In 
1988-1989, we did an extensive survey of the spe
cies composition of the groundcover in all treat
ment plots(nolllenclature follows Clewell 1985, 
except as noted). For this survey, we recorded the 
frequency of occurrence of all species in 100 ran
domly located, permanently marked, .25 m2 circu
lar "groundcover plots" in each treatment plot. In 
the more diverse flatwoods habitat, we also re
corded occurrence of species in two smaller sub
plots (250 cm2 and 1000 cm2), nested within each 
of the larger .25 m2 groundcover plots. Summed 
frequency of occurrence in nested subplots pro
vides a more precise estimate of abundance than 
frequency in any single plot size, especially if nu
merous species are present (Smith et al. 1987). 

Flowering and fruiting: All species occurring 
in each groundcover plot were examined for evi
dence of flowering or fruiting following treatment 
fires in 1988. Sandhill plots were checked in late 
fall-early winter 1988, and flatwoods plots were 
checked in late summer 1988 and early the next 
growing season. Because most species have per
sistent fruiting structures and/ or flowering stalks, 
we feel that the results are reasonably accurate de
spite the fact that some plots were not examined 

until several months after the peak reproductive 
period of some species. 

Data Analysis 

Considerable use was made in this study of 
ANOVAand ANCOVA to test for effects of the ex
perimental treatments on various aspects of veg
etation composition and population dynamics. 
Though the particular models differed depending 
on the dependent variable (or variables) being ana
lyzed, analyses had three features in common. 
First, habitat, season, and frequency of burn were 
included as fixed treatment effects in most models. 
The effect of burning frequency was usually in
cluded, despite the fact that annual burning was 
discontinued partway through the study, to test for 
any residual effects that this factor might have had 
on the vegetation. Second, within the same habi
tat, plots which received the same frequency treat
ment were considered replicated experimental 
units if they were burned in the same calendar sea
son (i.e., winter, spring, summer, fall). This re
duced the number of seasonal treatments from 
eight to four, but generated some within cells er
ror variance for the testing of interaction effects (see 
Fig. 2). Third, in all ANOVAs we not only tested 
for the overall significance of the seasonal effect 
(via a global F tesO, but we also partitioned this ef
fect into the following three orthogonal planned 
comparisons: (1) growing season (i.e., spring and 
summer) vs. dormant season (i.e., fall and winter), 
(2) spring vs. summer, and (3) fall vs. winter. These 
contrasts allowed us to test the most important a 
priori hypothesis (i.e., that burning within and out
side of the natural fire season would have very dif
ferent effects on the vegetation), while at the same 
time allowing us to examine effects of burning at 
different times during the growing seasonand dur
ing the dormant season. 

Tree population dynamics: Three-way 
ANOVAs and ANCOVAs were used to test for ef
fects of burning season, frequency of burning, and 
habitat on longleaf pine growth and mortality. Plot 
basal area was included as a covariate in the 
ANCOVAs to try to control for effects of varying 
levels of competition on tree population dynamics. 
Oak population dynamics were analyzed similarly, 
except that habitat was not included as a factor in 
the model (since oaks were restricted to the san
dhill habitat). Oaks of all species were analyzed 
together to obtain sufficient sample sizes in all 
plots. Mortality for each species (i.e., pines or oaks) 
was defined as the percentage of trees dying be
tween 1980 and 1987. Growth was defined as the 
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in dbh between the two censuses. Growth 
was analyzed using plot means. Analyses were re
peated several times for each species, once using 

and mortality calculated from the pooled 
data for all stems, and again for each of several dif
ferent size classes 2-5, 5-10, 10-20, > 20 em 

Groundcover biomass: Repeated measures 
analysis of variance (i.e., using the multivariate ap
proach; see Hand and Taylor 1987) was used to test 
for significant linear trends from 1983 through 1989 
in biomass of grasses, woody plants, and forbs in 
the groundcover. The between subjects part of the 
analysis was a split-plot ANOVA including habi
tat, season, and frequency of burn as main plot ef
fects, and presence or absence of an overstory as 
the subplot effect. All of these factors were con
sidered fixed effects. An effect of plot (i.e., the con
tribution to the overall variance of differences 
among plots treated in the same way) was also in
cluded in the model as a random factor nested 
within the interaction of the main plot treatments. 

Groundcover species composition: Two-way 
ANOVAs were used to test for effects of season and 
frequency of burn on abundance of individual 
ground cover species in each habitat. For the pur
pose of these analyses, abundance was measured 
for each species in the sandhill plots as percent oc
currence in the 100 randomly located groundcover 
subplots. For the flatwoods, the measure of 
species-abundance was the summed frequency of 
occurrence in each of the 300 subplots, which were 
arranged such that 2 smaller subplots were nested 

within a larger subplot. In addition to testing for 
effects of season and frequency of burn on the 
abundance of individual species, we also used ca
nonical correspondence analysis (i.e., CANOCO), 
a recently developed direct ordination method (see 
Ter Braak 1987, Ter Braak a..nd Prentice 1988), to test 
for effects of the experimental treatments on spe
cies composition as a whole. 

Flowering and fruiting: In each treatment plot, 
percent flowering of each species was defined as 
the number of ground cover plots in which a spe
cies was observed to flower divided by the total 
number of ground cover plots in which the species 
was found. One-way ANOVA was used to test for 
effects of season of burn on percent flowering of 
each species. 

Results 

Longleaf pine dynamiCS. There was no signifi
cant effect of season of burn on longleaf pine mor
tality (Table 6). However, there was a significant 
difference between the habitats in the effect of 
burning at different times during the dormant sea
son (Table 6). Sandhill pines in the three smallest 
size classes had higher mortality after fall burning, 
while flatwoods pines in the same size classes had 
higher mortality after winter burning (Fig. 3). Main 
effects of habitat and frequency of burn on pine 
mortality were nonsignificant, except for the small
est size class. For this size class only, mortality was 
significantly higher in the flatwoods than in the 
sandhills (Fig. 4). 

Table 6. MANOVA of 1980-1987 pine mortality including four size classes (i.e., 2-5 em dbh, 5-10. em dbh, 10-20 em dbh and> 20 em dbh). 
The main effect of season of burn is partitioned into three orthogonal contrasts: 1) Growing vs Dormant (G vs D), 2) Spring vs Summer (Sp vs 
Su), and 3) Winter vs Fall (W vs F). 

Source of Pillais Approximate Significance 
Variation df Trace F statistic Level 

Habitat 4 .639 5.76 .007 
Frequency 4 .347 1.73 ns 
Season 12 .754 1.26 ns 
1) G vs D 4 .247 1.07 ns 
2) Sp vs Su 4 .487 3.09 ns 
3) Wvs F 4 .129 .48 ns 
Hab. x Freq. 4 .276 1.24 ns 
Hab. x Seas. 12 .933 1.69 ns 
H x (1) 4 .288 1.32 ns 
H x (2) 4 .135 .51 ns 
H x (3) 4 .535 3.73 .031 
Freq. x Seas. 12 .396 .57 ns 
F x (1) 4 .165 .65 ns 
F x (2) 4 .192 .78 ns 
F x (3) 4 .101 .36 ns 
HxFxS 12 .696 1.13 ns 
HxFx(1) 4 .247 1.07 ns 
H x F x (2) 4 .171 .67 ns 
H x F x (3) 4 .359 1.83 ns 
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Figure 3. Mortality of longleaf pine from 1980 through 1987 in the flatwoods and sandhills as related to season of burn. Results are for the 
5-10 cm dbh size class; results for the 2-5, and 10-20 cm dbh size classes were similar. 
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Figure 4. Mortality of longleaf pine from 1980 through 1987 in the lIatwoods and sandhills as related to tree size. 
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Just as season of burn.had little effect on pine 
mortality, it also had little effect on pine growth 
(Table 7). In the sandhills, the prevailing influence 
on growth was competition from other trees, as 
measured by stand basal area (Table 7). In contrast, 
competition seemed to have little effect on growth 
of flatwoods pines which grew slowly regardless 
of plot basal area (Table 7,Fig. 5). Apparently, 
growth in this habitatwas strongly limited by abi
otic conditions, possibly includingfrequently wa
terlogged soils (see also Bruce 1951). 

Oak dynamics. In contrast to longleaf pine, 
certain aspects of th€ dynamics of sandhilI.oaks 
were strongly infhienced by season of bum (Table 
8). Burning during the growing season and espe
cially during the spnng resulted in much.higher 
rates of oak topkilI th(;lfidid burning during the fall 
and winter (Table 8 and Fig. 6). Complet~kill of 
small trees was much lower than topkill, arid was 
not significantly affected by season of bum. In con
trast, spring burning substantially increased 
complete-kill 'of large oaks, primarily because these 
larger trees did not resprout (Fig. 6). 

Groundcover biomass. Groundcover biomass 
of grasses, woody plants, and forbs did not change 
significantly from 1983 through 1989 in response to 
the seasonal burning treatments .. {Table 9 .and Fig. 
7). Biomass of these components of the 
ground cover did change over time, and there were 

some differences between the habitats and among 
the individual plots, but these changes were unre
lated to season of burn (Table 9). 

Groundcover species composition. The abun
dance of individual groundcover species in the 
flatwoods was iI}..all cases unrelated to season of 
bum (Table 10). The same was true of most com
mon groundcoverspecies in the sandhilIs (Table 
11). Nonetheless, fwo sandhill species, wiregrass 
and blazing star (Liatris spp.) occurred more fre
quently in plots burned during the growing season 
than in plots burned during the dormant season. 
In contrast, one species (needleleaf panicum, 
Dichanthelium aciculare) occurred more frequently 
in dormant-season burned plots. The conclusion 
that season of bunr·did not generally influence 
ground cover species composition was confirmed 
hfCANOCO (p» .05 for each habitat indepen
dently, and for the combined data for both habi
tats). 

We would like to point out, however, that our 
data on effects of season of bum on groundcover 
species composition are relatively weak because 
they are based on only one census at a single point 
in time. As we continue to accumulate these data 
over time we will be able to evaluate more conclu
siv~ly the effect of season of bum on ground cover 
vegetation. 

Table 7. MANOVA (flatwoods) and rylANCOVA (sandhills) of 19?0-19~~ pine growth data including three size classes.(i.e., 2-10 cm dbh, 10-20 
cm dbh and> 20 cm dbh). The maIO effect of season of burn IS partitioned mto three orthogonaf contrasts: (1) Growmg vs Dormant (G vs D), 
(2) Spring vs Summer (Sp vs Sui, and (3) Winter vs Fall (W vs F). 

FLATWOODS 

Source of 
Variation 

Frequency 
Season 
1) G vs D 2 SpvsSu 
3 Wvs F 
Freq. x Seas. 

~~ql 
F x t3~ 

SANDHILLS 

Source of 
Variation 

Basal area 
Frequency 
Season 
1j G vs D 
2 SpvsSu 
3 Wvs F 
Freq. x Seas. 

~~ ~1l 
Fx t3~ 

250 

Pillais 
df Trace 

.396 

.970 

.178 

.316 

.557 
1.064 
.429 
.214 
.626 

Pillais 
Trace 

.821 

.084 
1.422 

.711 

.424 

.491 

.882 

.372 

.415 

.212 

A~p-roXimate 
Statistic 

Significance 
' Level 

1.31 ns 
1.27 ns 
.43 ns 
.93 ns 

2.52 ns 
1.47 ns 
1.50 QS 
:55 0$ 

3.35 ns 

App-roximate 
. Statistic 

SignifiCance 
Level 

7.64 .026 
.15 ns 

2.10 ns 
4.11 ns 
1.23 ns 
1.61 ns 
.97 ns 
.99 ns 

1.19 ns 
.45 ns 
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Figure 5. Diameter growth of longleaf pine from 1980 through 1987 in the flatwoods and sandhills as related to season of burn. Results are for 
the> 20 cm dbh size class; results for other size classes were similar. 

Table 8. ANOVA results of sandhill oak (i.e., Quercus laevist Q Incana, and Q margareuit) topkill from 1980-1987 for three dbh size classes. 
The main effect of season of burn is partitioned into three ortnogonal contrasts: (1) Growing vs Dormant (G vs D) (2) Spring vs Summer (Sp vs 
Su), and (3\ Winter vs Fall (W vs F). Significance tests for interaction contrasts are also shown. Significance levels are based on randomization 
tests (see Sokal and Rohlf 1981; no. iteration?= 100). 

Size Class Sum of F Significance 
(cm) Squares ~evel 

Source of df 
Variation 

2-5 942.50 2.59 ns 
5-10 1080.77 6.82 .05 

Frequency 

>10 15.21 .05 ns 
Season 3 2-5 6456.71 5.92 .00 

5-10 5889.71 12.39 .00 
>10 8423.58 8.45 .01 
2-5 718.24 1.98 ns 
5-10 2706.60 17.08 .00 

1) G vs D 

> 10 4658.06 14.02 .01 
2-5 5729.85 15.76 .00 
5-10 3172.06 20.02 .00 

2) Sp vs Su 

>10 3710.91 11.17 .00 
2-5 8.61 .02 ns 
5-10 11.04 .80 ns 

3) Wvs F 

>10 54.60 .16 ns 
2-5 454.40 .42 ns 

5-10 806.22 1.70 ns 
Freq. x Seas. 3 

> 10 164.22 .16 ns 
2-5 60.06 .17 ns 
5-10 409.05 2.58 ns 

Freq. x (1) 

>10 52.56 .16 ns 
2-5 379.50 1.04 ns 

5-10 247.53 1.56 ns 
Freq. x (2) 

>10 62.16 .19 ns 
2-5 14.85 .04 ns 
5-10 149.64 .94 ns 

Freq. x (3) 

> 10 49.50 .15 ns 
Within cells 8 2-5 2907.79 

5-10 1267.59 
>10 2658.79 

(error) 
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Figure 6. Percent complete-kill and topkill of sandhill oaks (Le., Quercus /aevis, Q incana, and Q margareUEi) from 1980 through 1987 as 
related to tree size and seaSOn of burn. 
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Figure 7. Changes over time in biomass of grasses, woody plants, and forbs as related to dormant or growing season fires. 
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Table 9. Significance levels (p-values) of repeated measures pnalysis of variance for linear trends from 1983 to 1989 in groundcover biomass 
of grasses, woody plants and forbs. The significance level of the pillais statistic reports the effect of a factor on all three biomass components 
simultaneously. 

Factor' Linear Trends Significance 
========================== Level of 
Grasses Woody Forbs Pillais 

Plants Statistic 
========================== 

Time .01 .02 .01 .001 
Habitat ns .02 .05 ns 
Season of Burn ns ns ns ns 
Growing vs Dormant ns ns ns ns 
Winter vs Fall ns ns ns ns 
Spring vs Summer ns ns ns ns 

Habitat X Season ns ns ns ns 
Habitat X (Growing vs Dormant) ns ns .04 ns 
Habitat X (Winter vs Fall) ns ns ns ns 
Habitat X (Spring vs Summer) ns ns ns ns 
Frequency of Burn ns ns ns ns 
Error 1 (P19t within Habitat X 
Season X Frequency) .001 ns .05 .001 

Pine (Subplot Effect) ns hs ns ns 

'A complete list of aU interaction terms is given in Glitzenstein et al. (1990). 

Flowering and fruiting. Season of burn signifi
cantly affected fruiting and flowering of many, but 
not all, ground cover species. Almost all dominant 
grasses in the flatwoods (i.e., Aristida stricta, 
wiregrass; Andropogen spp., bluestems; Sporobolus 
floridanus, Florida dropseed; Ctenium aromaticum, 
toothache grass; Andropogon arctatus) flowered 
more abundantly f~llowing growing season fires 
than following dormant season fires (Fig. 8). A 
common composite, Pityopsis graminifolia 
(grassleafed golden aster), also showed this pattern 
(Fig. 8). Nonetheless, flowering of many other 
common flatwoods. species was not significantly 
related to season of Qurn (Fig. 9). 

Similar results ~ere observed in the sandhills. 
Many dominant grasses and several common com
posites in this habitat flowered more abundantly 
following growing season fires than following dor
mant season fires' (i.e., wire grass; bluestems; 

. Schizachyrium scoparium, little bluestem; grassleafed 
golden aster; Pityopsis aspera, golden aster; Fig. 10). 
Once again, however, flowering of other species 
was unaffected by season of burn (e.g., 
Dichanthelium aciculare and D. ovale, panic grasses; 
Paspalum setaceum,thin paspalum; Liatris tenuifolia, 
shortleaf blazing star; Elephantopus elatus, Florida 
elephant's foot; Pityopsis flexuosa, golden aster, Fig. 
11). Thus, both habitats included species that flow
ered more abundantly following growing season 
fires and other species which were not influenced 
by season of burn. 
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SUMMARY AND CONCLUSIONS 

1) Neither our study nor published results 
from the literature (see above section--Summary of 
Published Season-of-Burn Effects) provided con
vincing evidence that growing season burns reduce 
growth or survival of pines more than do dormant 
season burns. We conclude, therefore, that grow
ing season burns can be conducted without undue 
fear of damaging pines. 

2) Several previous studies have demonstrated 
that growing season fires are more damaging to 
hardwoods than are dormant season fires (Table 4), 
a conclusion that is supported by our own results. 
However, our results differed somewhat from pre
vious studies in suggesting that spring fires, rather 
than all growing season fires, are most effective at 
eliminating oaks. Three nonexclusive hypotheses 
can be suggested to explain this result. First, car
bohydrate and nitrogen reserves in roots are low
est in the spring (Woods et al. 1959), suggesting 
that oaks may be less able at this time to replace 
leaves or other tissue damaged by fire, or to 
res prout following fire damage. Second, spring 
tends to be a dry season in north Florida, and burn
ing during drought may be especially harmful be
cause trees are already stressed by dry conditions. 
Third, because the weather is drier, more hot fires 
may occur during spring than at other times of the 
year. It may be the prevalence of hot fires, rather 



Table 10. ·Summed frequency" of occurrence (range 0-300) of common species in the flatwoods as related to season of bum. P-values report the results of 
2-way ANOVAs for the effects of season and frequency of burn (results for frequency not shown; wIThin cells df=8, season df=3). 

Season of Burn Contrasts 
==================================== ========= 

Species Spring Summer Fall Winter S.E. p Growing 
==================================== vs 

Summed Frequency Dormant 

GRASSES 
Andropogon arctatus 70.5 60.8 64.8 31.0 16.22 ns ns 
Andropogon spp. (bluestems) 50.8 24.0 42.0 40.0 7.74 ns ns 
Aristida stricta (wiregrass) 203.0 227.0 200.5 191.0 11.44 ns ns 
Ctenium aromaticum 
(toothache grass) 57.8 54.8 57.5 28.2 9.90 ns ns 
Dichanthelium dichotomum 
(delicate panicum) 104.8 96.0 145.2 82.0 17.87 ns ns 

D. strigosum (little panicum) 63.8 55.2 100.2 80.5 17.38 ns ns 
Schizachyrium tenerum 
(slender bluestem) 
Sporobolus florid an Us 

14.8 39.0 21.5 26.8 10.60 ns ns 

(Florida dropseed) 92.8 42.8 49.5 48.2 18.16 ns ns 

SEDGES 
Rhynchospora chapmanii (beakrush) 55.8 27.5 74.8 46.2 13.17 ns ns 
R. intermedia (Chapm.) Britt. 30.8 31.8 24.2 39.5 11.42 ns ns 
R. plumosa 67.8 57.0 104.5 40.5 18.43 ns ns 
Scleria pauciflora (nutrush) 43.5 29.0 33.5 42.8 7.72 ns ns 

FORBS 
Balduina uniflora 45.8 65.2 41.5 34.0 12.52 ns ns 
Bigelowia nudata 
(rayless goldenrod) 58.5 59.5 77.2 46.5 11.97 ns ns 

Carphephorus odoratissimus 
(deer's tongue) 93.5 132.5 80.8 83.8 21.79· ns ns 
Chrysopsis mariana 
(Maryland golden aster) 16.0 38.5 24.5 35.5 7.19 ns ns 

Drosera capillaris (pink sundew) 69.2 31.2 65.0 27.8 14.11 ns ns 
Hypoxis juncea (common stargrass) 56.8 74.5 77.2 41.5 14.96 ns ns 
Lachnocaulon anceps (bog buttons) 73.2 83.5 93.5 65.2 14.56 ns ns 
Liatris spp: (blazing star) 24.2 85.5 53.2 66.0 19.23 ns ns 
Pityopsis graminifolia 
(grassleaf golden aster) 87.5 106.0 139.2 110.5 16.55 ns ns 

Rhexia alifanus (meadow beauty) 76.0 54.5 86.5 50.2 8.89 ns ns 
Tragia smallii (small noseburn) 15.8 26.0 30.8 42.5 8.61 ns ns 
Xyris flabelliformis 
(yellow-eyed grass) 22.2 30.8 52.2 21.0 15.76 ns ns 

X. caroliniana (yellow-eyed grass) 30.2 48.8 46.2 35.8 6.22 ns ns 

TREES AND SHRUBS 
Gaylussacia dumosa 
(dwarf huckleberry) 76.2 100.0 75.0 101.2 24.87 ns ns 

Hypericum microsepalum 
(SI. John's-wort) 105.8 143.8 142.8 86.2 19.42 ns ns 
lIex glabra (gallberry) 112.2 86.8 108.5 92.0 17.02 ns ns 
Quercus minima (dwarf-live oak) 86.5 169:5 81.8 149.8 33.28 ns ns 
Q. pumila (running -oak) 37.0 37.5 51.5 60.0 11.35 ns ns 
Vaccinium myrsinites 
(shiny blueberry) 66.8 60.0 68.2 91.5 14.67 ns ns 
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Table 11. Percent occurrence of common groundcover species in the sandhills as related to season of burn. P-values report the 
results of 2-way ANOVAs for the main effects of season and frequency of burn (results for frequency not shown; within cells df=8, 
season df=3). 

Season of Burn Contrast ± S.E.c 
================================== ========= 

Species Spring Summer Fall Winter S.E. p Growing 
==~============================~== vs 

(%) Dormant 

GRASSES 
Andropogon spp. 
(bluestems) 13.0 13.2 7.2 20.0 1.90 .010 ns 
Aristida stricta 
(wiregrass) 89.8 83.0 82.5 83.2 1.33 .015 3.5±1.3' 
Dichanthelium aciculare 
(needleleaf panicum) 14.2 21.8 19.0 31.0 2.86 .018 -7.0±2.9' 
D.ovale 13.8 23.8 18.2 21.8 2.85 ns ns 
Paspalum setaceum 
(thin paspalum) 12.8 13.2 8.8 13.8 1.68 ns ns 
Schizachyrium scoparium 
(little bluestem) 48.2 48.5 39.2 50.5 4.22 ns ns 

SEDGES 
Scleria ciliata 
(fringed razorsedge) 15.5 13.5 14.5 24.0 5.06 ns ns 

FORBS 
Elephantopus elatus 
(Florida Elephant's-foot) 6.8 15.5 6.0 14.8 3.30 ns ns 

Euphorbia exserta 
(spurge) 
Galactia floridana 

25.2 25.2 24.8 26.8 2.32 ns ns 

(milk-pea) 24.8 29.0 28.2 15.8 9.02 ns ns 
Hypoxis sessilis 
(stargrass) 10.2 12.8 6.5 15.5 2.26 ns ns 

Lechea sessiliflora 
(pinweed) 30.0 21.5 38.5 37.8 6.08 ns ns 
Liatris spp. 
(blazing star) 37.0 24.0 16.0 24.0 3.13 .010 10.5±3.r' 

L. tenuifolia 
(shortleaf blazing star) 19.0 13.8 14.2 13.0 3.30 ns ns 
Pityopsis aspera 
(golden aster) 16.0 12.2 17.0 10.2 2.33 ns ns 

P. flexuosa 
(golden aster) 19.0 18.5 21.8 16.0 3.21 ns ns 

P. graminifolia 
(grassleat golden aster) 88.2 79.2 78.2 73.2 6.11 ns ns 
Stylosanthes bitlora 
(pencil flower) 20.8 11.2 14.2 20.0 4.72 ns ns 

Tragia urens 
(wavy/eaf noseburn) 34.8 42.0 39.2 43.8 7.06 ns ns 

TREES AND SHRUBS 
Quercus incana 
(bluejack oak) 29.8 24.0 28.5 27.0 4.82 ns ns 

Q. minima 
(dwarf-live oak) 24.2 4.5 23.8 10.0 9.46 ns ns 

Vaccinium myrsinites 
(shiny blueberry) 10.8 21.5 16.2 22.2 8.90 ns ns 

p <.05 
" P <.01 
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than any effect of tree physiology, that may be the 
primary cause of. enhanced rates of oak topkill and 
complete-kill following spring burning. Prelimi
nary data on fire.temperatures (Platt et al. 1991, 
Streng and Glitzenstein, unpublished) provide 
some. support for this last hypothesis, but suggest 
that there may also be some residual effect due to 
tree physiology. 

3) Most studies, including our own, (see above 
section-Summary of Published Season-of-Burn Ef
fects), have failed to find a significant effect of sea
son of burn on ground cover species composition. 
This is true despite the fact that we and others (e.g., 
Biswell and Lemon 1943, Parrott 1967, Platt et al. 
1988a, 1991) have observed large increases in flow
ering (and presumably seed production) of domi
nant grasses and composites following growing 
season burns. 'These two results appear contradic
tory, since we would expect those species with en
hanced sexual reproduction to increase in 
abundance over time. This has not occurred dur
ing the 10 years of our study, except possibly in the 
case of wire grass and blazing star in the sandhills. 

There are several possible hypotheses to ex
plainthis apparent contradiction. First, recruitment 
from seed may occur relatively infrequently in 
these habitats. If most recruitment of new stems 
occurs via vegetative reproduction, an increase in 
sexual reproduction, such as occurs after growing 
season fires, may have little effect on species com
position. Another hypothesis is that species com
position may be tightly controlled by 
environmental factors such as soil resources, and 
that variability in propagules is therefore irrelevant 
to change in species composition. A third hypoth
esis is that opportunities for seedling establishment 

may occur, but only rarely. We think this is the 
most likely hypothesis because the groundcover in 
sandhill and flatwood sites is dominated by 
long-lived perennial plants which are rarely killed 
by fires. However, opportunities for new recruit
ment do eventually occur, for example in local hot 
fire spots where adult plants are killed or in 
small-scale disturbances caused by animals (e.g., 
see Platt 1975, Hobbs and Mooney 1985, Goldberg 
1987, Collins and Glenn 1988, Gibson 1989, Coffin 
and Lauenroth 1989, Peart 1989, Kaczor and 
Hartnett 1990). This suggests that we may even
tually see some change in groundcover species 
composition, but only after repeated growing sea
son fires. 
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