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ABSTRACT ' 

We counted 65,390 individuals of 87 butterfly species 1988-92 (90 species and 
an estimated 75,000 individuals through 1993) in transect surveys at 86 prairies in 
Illinois,  om, Minnesota, Missouri, and Wisconsin and in brief point scans at 7 
private hay prairies in ~issouri (Map 1). The text details the timing of flight 
periods, sex ratios, nectar selection, and annual vafiability of prairie-specialist 
species, although I do not attempt to address population trends within my dataset. 
Weather conditions showed surprisingly little effect on butterfly variability, so 
that sampling in suboptimal weather was more useful than expected. The 
biogeography, habitat preferences, and management responses are provided for these 
prairie-specialist species: Poweshiek, Ottoe, Leonard's, Pawnee, Dakota, and 
Arogos Skippers; Regal Fritillary and Gorgone Checkerspot. 

While each butterfly species has its own individual response to fire, multiple 
analyses agree that specialists have a pronounced and significant aversion to fire 
for 3-5 or more years. Species with the broadest habitat niche 
<invaders=immigrants and migrants) are most overrepresented in recently burned 
units and least represented in longer unburned units. Species of intermediate 
niches (grassland, generalist) showed mild intermediate patterns. Ordinating 
observations by family reveals no patterns but at the order level indicates 
overrepresentation of butterflies in recently burned units, which common species 

a 

entirely account for. A model explains that butterflies respond to fire based on 
habitat niche breadth, voltinism, location during fire, vagility, and response of 
associated plants to fire. Specialist (and to a milder extent grasslanQ numbers 
are much higher in hay than fire prairies, while invaders and generalists do not 
necessarily decline with haying. Limited tests of light grazing spew that it also 
serves Regals better than fire. All available data from other butterfly observers 
are consistent with these results, which not only'strongly contradict the "short- 
term loss, long-term gain" hypothesis of prairie butterfly response to fire, but 
also dispute the validity of the fire paradigm, which explains the openness of 
prairie habitats with frequent prehistoric fire. Since prairie-specialist 
butterflies are clearly not adapted to fire but are to other conservative 
managements, they and their habitats must be adapted instead to other process(es>, 
e. g. megafauna herbivory. 

Like butterflies, birds are usually reduced after fire, especially ones most 
specialized to the habitat. Unintensive grazing and mowing can be productive 
management for birds. The rare and declining Henslow's Sparrow is near absent from 
the Upper Kidwest study sites but abundant in unburned areas in southwestern 
Hissouri, especially hay prairies. In other studies, it occurred abundantly on 
lightly to moderately grazed and cut farm grasslands, averaging about 5-8 times 
more abundant than in unburned Kansas prairie surrounded by frequently burned 
prairie . 

The overwhelming destruction of prairie habitat (99% loss since precontact) 
has disastrous consequences for prairie-specialist species. Prairie loss continues 
deliberately today but at varying degrees of threat regionally; it is lost 

I passively because the nenr total disruption of previously prevailing processes 
allows unnatural floristic releases. An extensive review of the scientific 
evidence indicates that these processes were primarily megafauna herbivory and 
climate, rather than the chimera of presumed prehistoric fires, so that to 
ameliorate the current absence of processes to the benefit of native biodiversity, 
the Lh@& processes must be restored in a hay mimicking prehistoric conditions and 
effects. 

mile current preserve management with fire is entrenched and troubling, it is 
also completely correctable within the conservation community. No known prairie 
butterfly species has gone extinct, and these species have persisted on habitat 
remnants, so that favorable management changes should translate into readily 

,-. ' c r  measurable . successes, especially at the study sites identified in this report as 
5 \- z- 
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highest priority. l'anagenent recommendations include the minimization of fire, 

- substantial reliance on mwinghying, diversity of msnagement types, setting aside 
(even small) never-bum managerent areas, and monitoring biodiversity on an ongoing 
basis. Current and proposed statuses for the specialist study species are provided. 
Insects serve as fine-tuned and numerous ecological indicators; declines and 1 extirpations of prairie-obligate insects are indicative of an already existing 
degradation of a site. 

Principles resulting from this research: Design research to make fair . 

comparisons among management types. Invertebrate conservation is not at odds with 
other conservation objectives. Conserveecosystems from the top trophic levels 
down instead of bottom up. Opt for diversity in mnagement approach and appearance 

I within and among sites rather than the notion of a single "best management 
approachN and appearance for prairie everywhere. Apply "sustainable developm&t*' 
to prairie. Invertebrate surveys are feasible and as important as management. 
Tallgrass prairie is a biodiversity conservation hotspot that is not adequately 
recognized for sociopolitical rather than scientific reasons. - .  



IETRODUCTIOB 
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Tal lgrass  p r a i r i e  is a t  l e a s t  9 9 l d e s t r o y e d  from its occurrence before pioneer 
set t lement s o  t h a t  p ra i r i e -ob l iga te  b u t t e r f l i e s  a r e  how r a r e  and primari ly 

' r e s t r i c t e d  t o  p r a i r i e  preserves ;  P r a i r i e  r e q u i r e s  ecologica l  processes 
(disturbances)  t o  e x i s t ,  wi th  f ire a t  a po in t  frequency of s e v e r a l  per  decade, 
whether na tura l  (from l ightni 'ng)  o r  anthropogenic ( se t  by n a t i v e  peoples),  u s u a l l y  
considered t h e  dominant n a t u r a l  process. Thus, mnagement f o r  t a l l g r a s s  p r a i r i e  i n  
most .&tates r e l i e s  pr imar i ly  on frequent  cool-season f i r e s .  O t h e r t h e o r i e s  a s s e r t  
t h a t  climate pr imar i ly  causes  grass lands  o r  t h a t  p r a i r i e  was pr imar i ly  a grazing 
system l i k e  t h e  Serenget i  i n  Africa. By t h e  reasoning t h a t  o r g a n i s m  must adapt ,  
move elsewhere, o r  become e x t i n c t  i n  response t o  f r equen t ly  occurring phenomena, 
many have assumed t h a t  p r a i r i e  b u t t e r f l i e s  must be adapted t o  o r  even dependent on 
f i r e  t o  p e r s i s t .  Others  assert $hat too ' f r equen t  o r  l a r g e  f i r e s  may e x t i r p a t e  
pra i r ie -obl iga te  b u t t e r f l i e s  s o  t h a t  d i v e r s i f i e d  and/or a l t e r n a t e  management would 

: be bet ter .  .The main purpose of my research  is t o  provide d a t a  on biogeography, 
. s t a t u s ,  management e f f e c t s ,  and hab i t a t  adapta t ions  f o r  immediate app l i ca t ion  t o  
t h e  conservation.of  p r a i r i e - s p e c i a l i s t  b u t t e r f l i e s .  I  a l s o  wanted t o  test t h e  
theory on adaptedness of t h e  p r a i r i e  b u t t e r f l y  community t o  f i r e  t o  see  what t h e i r  
degrees and types  of adap ta t ions  ind ica te  about t h e  s o r t s  of processes t h a t  could 
o r  could not h a v e b e e a  happening i n  p r e h i s t o r i c  p r a i r i e .  ,- 

YZTHODS 
Study sites and u n i t s  

The 93 study s i t e s  i n  I l l i n o i s ;  Iowa, Minnesota, M ~ s s o u ~ ~ ,  and Wisconsin (Yap 
.I> vary. from 3-1100 ac i n  p r a i r i e  patch s i z e  and include 7 p r i v a t e  hay p r a i r i e s  i n  
Kissouri b r i e f l y  sampled. kst s i t e s  a r e  nanaged p r i n c i p a l l y  with cool-season 
f i r e ,  w i t h  . burns averaging ebout 25% (range 0->99%) of t h e  p r a i r i e  patch. Some . . 

l t issouri  sites a r e  managed apparently pr imar i ly  with summer haying with a l i t t l e  
burning and c a t t l e  grazing.  I designated a hew un i t -  wi th in  each s i t e  whenever t h e  
hab i t a t  along the  r o u t e  va r i ed  by most recen t  management ( type and timing of last 
t rea tment) ,  vegeta t ion  type,  and/or h a b i t a t  degradation. "Diverse" sites ,contained 
p r a i r i e  types both wetter-  and drier than mesic; otherwise t h e  s i t e  was "uniform;" 

Transect methodology 
A t  86 s i t e s  w e  conducted t r ansec t  survey counts  of . b u t t e r f l i e s  along r o u t e s  

tha t 'were  s i m i l a r  over t h e  y e a r s a n d  crossed r a t h e r  than followed ecotones and 
edges of managemnt t rea tments .  . A t  7 p r i v a t e  h a y , p r a i r i e s  i n  Missouri, we surveyed 
by brief  binocular point  scan  t o  count only Regal F r i t i l l a r i e s  (Speyeria i d a l i a ) .  
I f  possible, we sexed t h e  p r a i r i e - s p e c i a l i s t  s p e c i e s  and noted t h e i r  behavior, and 
flower species  i f  t h e y  'were nectar ing ,  when f i r s t  detected. '  For each u n i t ,  w e  
assessed nectar  abundance on a simple r e l a t i v e - s c a l e .  I coded each u n i t ' s  weather 
a s  good, intermediate,  o r  poor f o r  b u t t e r f l y  observation with a graduated s c a l e  
cons is tent ly  appl ied  t o  a l l  u n i t s  based on ob jec t ive  weather measures. I used 
r e l a t i v e  (not absolute)  populat ion ind ices  t o  i d e n t i f y  which u n i t s  had r e l a t i v e l y  
g rea te r  d e n s i t i e s  of p a r t i c u l a r  species  and which f a c t o r s  might account f o r  t h i s  
var ia t ion .  I appl ied  mul t ip le  a n a l y t i c a l  methads t h a t  used somewhat d i f f e r e n t  
subsets  of t h e  da ta  t o  t e s t  t h e  r e l a t i v e  e f f i cacy  of t h e  a n a l y t i c a l  methods.and' to 
test f o r  r e p l i c a t i o n s  of r e s u l t s .  

Study species  
Any species  observed 100+ t imes 1958-92 (or s p e c i a l i s t  s p e c i e s  observed 100+ 

t imes 1988-93) is a s tudy species .  I c l a s s i f i e d  them according t o  vol t in ism 
(number of genera t ions  per  year)  and h a b i t a t  niche breadth: p r a i r i e  s p e c i a l i s t ,  

- ----.--" -- - - -  - - -  - - 
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grass land,  g e n e r a l i s t ,  and invader (immigrant o r  migrant) .  To s t andard ize  t h e  
surveys among yea r s  onto a p p r o x i m t e l y  t h e  same phenologica l  c a l e n b r ,  I  a d j u s t e d  
t h e  survey d a t e s  t o  phenological J u l l a n  d a t e s  ranging from 165 (14 June). t o  254 (11 
September). I converted each spec ies '  numbers i n  each u n i t  i n t o  observat ion  r a t e s  
of indivi.duals per  hour i n  t h e  u n i t  t o  a l low v a l i d  comparisons among u n i t s .  To 
determine t h e  prime period of each spec iess  f l i g h t  ( i . e .  time when i n  a d u i t  l i f e  
s t a g e ) ,  I  p l o t t e d  t h e i r  r a t e s  a g a i n s t  phenological  da te .  If a s p e c i e s  was found . 

only o r  pr imar i ly  i n  a p a r t i c u l a r  region o r  smal l  s e t  of sites, I used t h i s  
geographical s e l e c t i o n  f o r  t h e i r  a n a l y s i s .  

Analysis of v a r i a b l e  e f f e c t s  <Ham-Yhitney a n a l y s i s )  
This a n a l y s i s  t e s t e d  f o r  a spec ies '  d i f f e r e n t i a l  abundance i n  u n i t s  r e l a t i v e  

t o  recent  f i r e  (burned o r  not s i n c e  l a s t  growing season) a f t e r  t e s t i n g  and con t ro l7  
l i n g  the  e f f e c t s  of o the r  va r i ab les .  With f l i g h t  period and geographical s e l e c t i o n  
(and the  Upper Midwest and l t i ssour i  done s e p a r a t e l y ) ,  I  t e s t e d  t h e  observat ion  
r a t e s  of ind iv idua l s  per hour per  u n i t  f o r  s t a t i s t i c a l  s ign i f i cance  with t h e  Yann- 
Whitney U t e s t  i n  t h i s  predetermined order ,  c a n t r o l l i n g  s i g n i f i c a n t  v a r i a b l e s  
before t e s t i n g  f o r  subsequent e f f e c t s :  1. weather condi t ions ,  2. year ,  and 3. f o u r  
h a b i t a t  and s i t e  v a r i a b l e s  each t e s t e d  independently: vegeta t ion ,  s i t e  d i v e r s i t y ,  
and s i t e  s i z e  (2 codes) .  4. r ecen t  f i r e  (2 codes) .  This  conservative methodology 
al lows numerous f a c t o r s  o the r  than management t o  account f o r  a spec ies '  v a r i a b i l i t y  
f i r s t  end favors  producing a random ( i . e .  non-signif icant)  management e f f e c t .  

,' 
Analysis of ad jacen t  l i k e  u n i t s  

This a n a l y s i s  compared a spec ies '  abundance i n  adjacent  p a i r s  of u n i t s  with 
very similar vege ta t ion  and topography but  c o n t r a s t i n g  recen t  bufn h i s t o r y ,  f i f  
surveyed on t h e  same day i n  very s i m i l a r  weather. I  ca tegor ized  p a i r s  according t o  
most recent  management: r ecen t ly  burned (s ince  l a s t  growing season) vs. burned 
last  year, r e c e n t l y  burned vs. unburned 2+ years  ago, burned last year  vs. burned 
2t years ago, and both u n i t s  burned 2t years  ago. I f  a s p e c i e s  was observed i n  one 
o r  both u n i t s  of a p a i r ,  I ca lcu la ted  an expected number observed i n  each u n i t  
based on even d i s t r i b u t i o n  throughout both u n i t s  per  time spent  i n  both u n i t s .  I 
used the  Chi-square goodness of f i t  t e s t  t o  t e s t  f o r  random (expected) d i s t r i b u t i o n  
i n  each category of u n i t s .  A response index (RI) quan t i f i ed  t h e  varying responses 
among species:  when RI<lI  t h e  s p e c i e s  was overrepresented i n  more r e c e n t l y  burned 
u n i t s ;  when R I > l ,  t h e  spec ies  was overrepresented i n  longer unburned u n i t s .  For 
t h e  category of unburned-unburned p a i r s ,  i f  I knew how long ago each was burned, I 
assigned t h e  more r e c e n t l y  burned u n i t  t o  t h e  "burned" values  i n  t h e  RI equation.  

Relat ive r e p r e s e n t a t i o n  i n  management age classes 
This a n a l y s i s  t racked t h e  r e l a t i v e  d i s t r i b u t i o n  of each s p e c i e s  i n  groups of 

u n i t s  c l a s s i f i e d  a s  year  0 s i n c e  last t rea tment  ( i . e .  burnedfhayed s i n c e  l a s t  
growing season) ,  year  1, 2, o r  3i. With f l i g h t  per iod  and geography s e l e c t i o n ,  I 
tabula ted  f o r  each species t h e  t o t a l s  of survey time and number of i n d i v i d u a l s  i n  
each age c l a s s  and t h e  proport ions of time and ind iv idua l s  represented  i n  each age 
c l a s s .  Assuming a random d i s t r i b u t i o n  of ind iv idua l s  i n  a n  age class when t h e  
proport ion of ind iv idua l s  equalled t h e  propor t ion  of tins t h e r e ,  I c a l c u l a t e d  t h e  
percentage each propor t ion  of ind iv idua l s  devia ted  from random d i s t r i b u t i o n  i n  each 
age c lass .  The Upper Midwest and Missouri ana lyses  were done s e p a r a t e l y ;  it was 
only possible t o  t r a c k  years  0 and 1 i n  Missouri. I  t e s t e d  f o r  s i g n i f i c a n t  
d i f f e rences  i n  r e l a t i v e  r ep resen ta t ion  i n  t h e s e  age c l a s s e s  by h a b i t a t  niche 
breadth, volt inism, and family with t h e  Kruskal-Wallis one-way a n a l y s i s  of var iance  
and- Spearman rank c o r r e l a t i o n .  

sbsb iu te  l e v e l s  i n  management age classes 
With f l i g h t  period and geography s e l e c t i o n s ,  I s e l e c t e d  t h e  v a r i a b l e  con t ro l  ... . ..- . 
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from t h e  a n a l y s i s  of va r i ab le  e f f e c t s  (above) t h a t  captured the  biggest  sample s i z e  
f o r  comparing a spec ies '  numbers in  burned and hayed p r a i r i e s .  I ca lcu la ted  t h e  
mean observation r a t e s  per  time of t h e  s p e c i a l i s t  and s e l e c t e d  other  species 
through management age c l a s s e s  up t o  5+ years  s i n c e  l a s t  treatment i n  Minnesota 
1988-93 (where t h e  only Upper Ifidwest hay p r a i r i e s  were sampled) and Missouri 1992- 
93. In Visconsin, I  compared observation r a t e s  of t h e  Hegal F r i t i l l a r y  and severa l  
o t h e r  non-specia l i s t  s p e c i e s  i n  the  management age c l a s s e s  a t  th ree  s i t e s .  

NATURAL HISTORY OF SPECIALIST STUDY SPECIES 
Summaries a r e  provided f o r  t h e  Poweshiek (Oar ism poweshiek), Dakota (Hesperia 

daco tae ) ,  Ottoe (E. =+,toe?, Lp,onard's (E. leonnrdus lennardus) Famee {H. 1. 
pawnee), and Brogos (Atrytone a r o ~ o s )  Skippers,  Regal F r i t i l l a r y ,  and Gorgone 
Checkerspot (Char i d r v a s  a o r ~ o n e  . 
RESULTS 
Study s p e c i e s  

We counted 65,390 individuals  of 87 s p e c i e s  1988-92, 90 species  through 1993 
with an  est imated 75,000 individuals  counted, with 28 s p e c i e s  observed a t  l e a s t  100 
times 1988-92. Since I d iscuss  the  garner  Blue (Lvcaeides melissa s a m e l i s )  
elsewhere (Swengel 1993x1, I excluded it here ,  r e s u l t i n g  i n  27 study spec ies .  Two 
more s p e c i a l i s t s ,  t h e  Dakota and Pawnee, exceeded 100 ind iv idua l s  with 1993 data.  
Descr ip t ive  information is provided on t h e  Gorgone Checkerspot, a s p e c i a l i s t  with 
only 32 ind iv idua l s  observed. ,' 

Behavior: feeding 
The Poweshiek p a r t i c u l a r l y  nectared a t  daisy-type composites ' (90% of v i s i t s ) .  - 

I n  Kinnesota, t h e  Ottoe most f requent ly  v i s i t e d  pale  purple  coneflower. Ot toes  i n  
Illinois-Wisconsin and Dakotas i n  Minnesota v i s i t e d  s e v e r a l  species  f requent ly  and 
a number of o t h e r s  r a r e l y .  A l l  Leonard's n e c t a r  v i s i t s  were a t  rough b laz ings ta r .  
While t h e  Pawnee a l s o  most f requent ly  v i s i t e d  a b l a z i n g s t a r  (dotted) ,  its nec ta r  
s e l e c t i o n  was not  s o  s t rong ly  skewed a s  t h e  Leonard's. The Arogos overwhelmingly 
chose purple coneflowers i n  both Xinnesota and.Xissouri .  The Regal F r i t i l l a r y  

. s t r o n g l y  and c o n s i s t e n t l y  tended t o  s e l e c t  pink-purple f lowers  (75-100% of v i s i t s ) .  
, 

F l i g h t  period - Average, peak, annual v a r i a b i l i t y  
  or most spec ies ,  a b e t t e r  alignment of f l i g h t  pe r iods  and peaks among years  

occurred with phenologically-adjusted'than unadjusted d a t e  but not f o r  Leonard's 
and Pawnee, t h e  only univol t ine  l a t e  summer f l y e r s ,  s o  I used unadjusted d a t e s  f o r  
t h e s e  skippers .  See t e x t  f o r  f l i g h t  per iods  and annual v a r i a b i l i t y  of s p e c i a l i s t  
s p e c i e s ,  although I do not attempt t o  address  populat ion t r ends  within my da tase t .  

F l i g h t  period - Dissoc ia t ion  among congenerics 
The Poweshiek and Dakota s t rong ly  overlap,  while t h e  Arogos and Ottoe 

s i m i l a r l y  over lap  i n  a s l i g h t l y  l a t e r  and longer f l i g h t .  The Leonardts/Pawnee 
d i s s o c i a t e s  well from t h e  o ther  sk ippem.  Temporal d i s soca t ions  of sympatric 
s k i p p e r s  might be an  adapta t ion  t o  reduce competition f o r  adu l t  food, s i n c e  t h e  
superabundance of t h e i r  l a r v a l  food (grasses)  precludes t h i s  a s  a l imi t ing  fac to r .  
The Great Spangled (Speyeria cvbele) and Aphrodite (S. aphrodi te)  F r i t i l l a r i e s  
d i s s o c i a t e  somewhat from the  Regal i n  time. . 

F l i g h t  period - Sex r a t i o  
. . 

, 
'. ' ' For each spec ies  adequately sampled (Ottoe, Dakota, Regal), I  computed % males 

of  sexed ind iv idua l s  per  un i t .  A l l  s p e c i e s  decl ined i n  % males with inc reas ing  
phenological ly ad jus ted  date ,  Dakotas more s o  than Ot toes ,  Regals somewhat more i n  
t h e  e a s t e r n  than western Upper Midwest. The % males c o r r e l a t e d  negat ive ly  and 

' ' s i g n i f i c a n t l y  with phenological da te  except f o r  t h e  Ottoe, which shoved t h e  l e a s t  
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pattern. In all species, the observation rate of all individuals correlated signi- 
ficantly and positively with male rates and likewise with female rates except for a 
nonsignificant result for Regals in.the eastern Upper Kidwest. Male and female 
rates also correlated significantly and positively for all except eastern'Regals. 

Population variability by habitat and geography 
Pithin the variability of our sample, weather showed relatively little effect 

on butterfly variability, so that sampling in suboptiml weather was more useful 
than expected. The Powcshiek occ~,rred at only 16 sites only in Xinnesota nnd was 
clearly most abundant in diverse sites and in high-quality, dry prairie. We've 
only found a few Qttoss in Xinnesotn; ~ost occcurred st six Wisconsin sites, x i t h  
one in 1993 at Harlem Hills, Illinois; all were in dry prairie. The Leonard's and 
Parnee occurred at 9 sites in Illinois-Visconsin and only 4 in Minnesota 
respectively, only in dry prairie. The D~kota occurred at 12 sites in Winnesota in 
all prairie types but significantly more in dry, large, diverse prairies, with a 
possible preference for high quality. Occurring at only seven sites in Kinnesota, 
more (13) in Missouri, the Aroaos was ~bsent in wet pr~irie, with most individuals 
in dry, diverse prairie. Degradation is likely more importznt than apparent in 
this analysis for both the Ottoe and Arogos as this may explain why they are found 
at so few sites. Occurring widely in Minnesota and southwestern Missouri but 
rarely in ~llinoik, eastern Iowa, and Wisconsin, the Re~nl strongly aod 
significantly peaked in dry, diverse prairies, with a minor second peak in wet and 
zn area effect in the western Upper Midwest. Regal and Aohrodite obsetvntioo rates 
correlated positively and strongly, although Regals peaked in dry and Aphrodites in 
wet prairie. Great Spnn~led and Begal rntes did not correlate. ,Y!kny more Gor~ones 
occurred in Wisconsin barrens than in our prairie surveys (only in dry units) with 
none in Hissouri probably for phenological reasons. Xany Upper Midwest sites 
abounded in sunflowers (the larval foodplants), yet this species was rarely found. 

BESPOBSE TO KABAGEHEBT 
Analysis of. variable effects (Karin-Mitney analysis) 

In the Upper Widwest, 3 of 4 specialists and 2 .o f  12 grassland species 
significantly decreased in recently burned units but none of the 8 generalists and 
3 invaders did; 0 specialists, 1 grassland, 3 generalists, and 2 invaders 
significantly increased. The only significant effect in Xissouri was a decrease in 
1 of 2 specialists but considerable agreement occurred within species between. the. 
Upper Midwest and Missouri. 

Analysis of auacent like units ' 

This analysis used 62 surveys of pairs of units and statistically tested 16 
study species, counting the Monarch twice as early- and late-season observations. 
The specialists had the most significant decreases from fire, which frequently 
persisted at least two growing seasons, while grasslands showed a milder similar 
trend. If affected, generalists and invaders usually increased significantly after 
recent fire. I graphed the response indices (Fig. K1-4) logarithmically for 
clarity of scale, but here >c=underrepresentation in burned and. (OEoverrepresenta- 
tion in burned. A consistent strong trend from fire decreasing to fire increasing 
occurred from the specialists to the invaders within each category of management 
comparison, especially so in the most re'cently burned units.. This.also occurred 
among categories-the specialists reversed from very fire averse in most recently 
burned to most and mildly increasing in longest unburned units, while the invaders 
showed the most marked reverse response. Abundance of blazingstar (Liatris) flow 
ers, at which late-season Xonarchs particularly .nectar, correlated positively and 
significantly with Moiarch abundance: ' most abundant in recently burned units vs. 
burned 1 and 2+ years longer ago, but least abundant in units burned last year. 
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Rela t ive  representa t ion  i n  management age classes 
The species  var ied  considerably but showed these  t r e n d s  c o n s i s t e n t l y  (Fig. L1- 

2). S p e c i a l i s t  numbers s h i f t e d  nearly uniformly from most underrepresented i n  mst 
r e c e n t l y  burned u n i t s  t o  most overrepresented i n  longes t  unburned, while invaders 

I 
showed t h e  opposite pa t t e rn .  The intermediate niche groups had l e s s  pronounced 
patterns--grasslands and g e n e r a l i s t s  showed milder ve r s ions  of t h e  s p e c i a l i s t  and 
invader p a t t e r n s  respect ive ly .  Likewise, e i t h e r  extrente of t h e  vol t in ism groups 

I 
showed s i g n i f i c a n t  but opposi te  t rends  i n  year 0--univoltine s p e c i e s  were m o s t  
underrepresented and t r i v o l t i n e  spec ies  most overrepresented--with a r a t h e r  
c o n s i s t e n t  pa t t e rn  of r e v e r s a l  i n  representa t ion  through the  years .  Species of 
intermediate volt inism had a mild pa t tern ,  i f  any. Family group showed no 

I 
s i g n i f i c a n t  e f f e c t .  Haying i n  year 0 had a similar e f f e c t  on r e l a t i v e  
r ep resen ta t ion  (Fig. L3)  but absolute numbers were much higher i n  both age c l a s s e s  
of hay p r a i r i e s  than i n  f i r e  p r a i r i e s  (Fig. L4>, caused mainly by much g r e a t e r  

I 
numbers of s p e c i a l i s t s  i n  hay p r a i r i e s .  I 
Absolute l e v e l s  i n  manageent age' classes 

A l l  s p e c i a l i s t s  f o r  which comparisons a r e  poss ib le  (Pawnee, Dakota, Regal i n  
Minnesota; Arogos, Regal i n  Missouri) c l e a r l y  had more ind iv idua l s  i n  hayed than 
burned i n  comparable age c l a s s e s ,  and four  of f i v e  had more ind iv idua l s  i n  a l l  

1 hayed age c l a s s e s  than i n  any burn age c l a s s  (Fig. MI-3,Nl-2). Aphrodites (a  

I 
grass land)  i n  Xinnesota showed a s imi la r .bu t  l e s s  marked trend.  The Great Spangled 
<a  g e n e r a l i s t )  and  ona arch (an invader) had less c o n s i s t e n t  p a t t e r n s .  Ln l imi ted  
compzrisons of Regals i n  Wisconsin, f i r e  was d i s t i n c t l y  t h e  most harmflil t rea tment ;  

I 
l i g h t  grazing was most  favorable,  but even degraded fa l low pas ture  (1.e. no 
t rea tment)  was b e t t e r  than f i r e  (Fig. 0-1). I 

. . . . . . ,. 

~espon& o f .  ind iv idua l  s p e c i a l i s t  spec ies  t o  fire 
.   he ~ o k e s h i e k ,  M t o e ,  Leonar t? '~ ,  and Gor~one decl ined sha rp ly  a f t e r  recent  

f i r e  'but I have no good tests of a l t e r n a t e  management. The .pawnee skewed t o  
' g rea te r  abundance ' in  longer unburned u n i t s  within f i r e  p r a i r i e s  and c l e a r l y  

I 
responded ' b e t t e r  t o  conservative haying than f i r e .  -The Dakota' s responsG t o  f i r e s  
would appear t o  f i t  t h e  expected pat tern  of the  "short-term l o s s ,  long-term gain" 
hypothesis,  except t h a t  Dzkota numbers were much higher i n  a l l  hay age c l a s s e s  .than 

I 
. i n  any burn .age c l a s s  (Fig. K l ) .  The Aroaos a p p e ~ r e d  averse' both t o  r ecen t  haying 

and f i r e ,  but much more s o  t o  f i r e  than t o  haying, ' s ince it had higher numbers and 
recovered more quickly ' in hay than  f i r e  p r a i r i e s  (Fig. B1) .    he R e ~ a l  c o n s i s t e n t l y  
showed major dec l ines  p o s t f i r e  with slow multiyear recovery but responded very 

I 
favorably t o  haying (Fig. M2, R2,01). 

Sunmary of management e f f e c t s  on b u t t e r f l i e s  
Vhile each s p e c i e s  has its own individual  response t o  f i r e ,  a l l  analyses  agree  

t h a t  s p e c i a l i s t s  have a pronounced and s i g n i f i c a n t  avers ion  t o  f i r e  which p e r s i s t s  
3-5 or more years. Species  with the broadest h a b i t a t  niche ( invaders)  a r e  most . 
overrepresented i n  r e c e n t l y  burned u n i t s  and l e a s t  represented  i n  longer uoburned 
u n i t s .  Species of intermediate niches (grasslands,  g e n e r a l i s t s )  showed milder 
t rends .  Ordinating observat ions  by family r evea l s  no p a t t e r n s ,  while c l a s s i f y i n g  
a t  t h e  order  l eve l  i n d i c a t e s  overrepresentat ion of b u t t e r f l i e s  i n  r e c e n t l y  burned 

I 
u n i t s ,  which common s p e c i e s  e n t i r e l y  account fo r .  S p e c i a l i s t  (and t o  a milder 
ex ten t  grassland) numbers a r e  much higher than i n  hay than f i r e  p r a i r i e s ,  while 
invaders (and g e n e r a l i s t s  t o  a milder ex ten t )  do not necessa r i ly  decl ine .  Limited 

I 
tests of l i g h t  grazing show t h a t  it se rves  Regals b e t t e r  than f i r e .  Other 
researchers '  observations are cons i s t en t  with these  r e s u l t s ,  which not  only 
s t rong ly  cont radic t  t h e  "short-term loss ,  long-term gain" hypothesis  of s p e c i a l i s t  

I 
response t o  f i r e ,  but  a l s o  d i s p u t e  t h e  v a l i d i t y  of t h e  f i r e  paradigm. Since  
s p e c i a l i s t  b u t t e r f l i e s  are c l e a r l y  not adapted t o  f i r e ,  but a r e  t o  o the r  



.conservative manage~nts, it is not'unreasonable to suppose that they and their 
habitats nre ~dnpted instend tc other processies), e;g. megnfnunn herbivory. I' ' ' 

Factors affecting response to fire 
Although I have not directly studied the mechanisms causing differkntial 

abundance of butterfly species relative to fire (e.g. differential mortality, 
forage quality and availability), my results are' consistent with a model %hat 
butterflies respond to fire based on habitat niche breadth, voltinism, locztion 
during fire, vagility, and response of associated plants to fire. 

LITERATURE REVIEW - EFFECTS OF FIRE ON BUTTERFLIES 
All available data from other observers agree with my results that frequent 

fire favors generalists and immigrants end reduces specialists and thet specialists. 
(even butterflies in generzl) are much less abundant in fire prairies than in hay, 
grazing, and fallow prairies. Since our methods differed considerably, only crude 
comparisons are possible between,Dana's (1991) data 1979-81 and ours 1988-93 from 
his Minnesota study site, which has experienced frequent fire over increasing areas 
since his study, but both the Dakota and Ottoe have declined greatly (about 64-982) 
since his study. Five 1993 4th of July butterfly counts in southwestern Missouri- 
northeastern Oklahoaa prairies showed strong differences between sites frequently. 
burned (group A )  and those not (group B). Group A had almost no specialists while 
B found at least 50% specialists; A had a minimum of 45% generalists while E found 
no more than 31%; A had a minimum of 13% invaders while B found no more than 6%; A 
averaged much lower absolute observation rates of total butterflies (30/hr) than B 
(126/hr). Surveys for four specialist butterflies in Horth and South Dakota showed 
that private property, where grzzing and/or haying can be compatible with their 
maintenance,.is important to their persistence. While many northeastern Illinois 
preserves contain large fire-managed prairies, only a very few specialist 
populations occur there and even grassland populations can be rare. Several Iowa 
lepidopterists have independently arrived at conclusions similar to mine regarding 
prairie fire and its effects on specialist butterflies. 

LITERATURE REVIEW - EFFECTS OF FIRE OH INSECTS 
The usual response of insects in the immediate (hours during and after fire) 

and short term (up to two months) after fire is a marked decline, which continues 
as a "shock phase" from exposure and lack of food for some weeks postfire. The 
intermediate-term effects (2-12 months postfire) are more diverse, with some taxa 
persisting in lower numbers, some equilibrating to controls, and some becoming m r e  
abundant; sometimes different studies of the same taxon produce conflicting 
results. Most studies identified at the family or order level, so that only very 
general tendencies among taxa can be demonstrated and these usually reflect only 
the trends of the most abundant species. The few studies identifying at the 
species level found reduced diversity postfire as a result of mortality and niche 
reduction (simplification). My and others' results indicate that it is the 
specialist butterflies that are most likely to be eliminated through simplication 
because they are most underrepresented in the most recently burned areas. 

I EFFECTS OF KABAGEKEBT OB BIRDS 
Birds, especially ones most specialized to the habitat, are usually reduced 

after fire--e.g. in tallgrass prairie, sageland, chapparal, forests, and Australian 
habitats--and fire eliminates most nesting in the first growing season postfire. 
Grazing can be productive management for birds. Although grassland birds native to I prairie lad only prairies (not old fields) for habitat until European immigration, 
they are now often found more abundantly in fallow or unintensively farmed land. 
The rare and declining Henslow's Sparrow (Ammodramus henslowii) is a prairie 1- specialist that is near absent from our Upper lidwest Study sites but abundant in 
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unburned' units, especially hay prairies, in southwestern Missouri. In other 
studies, the  ensl low's occurred abundantly on lightly to moderately grazed and cut 
farm grasslands in northern and western Missouri, averaging about 5-8 times more 
abundant than in unburned Kansas prairie surrounded by freguently burned prairie. 

CONSERVATIOB PROGNOSIS AND PRIORITIES - PRAIRIE SPECIALIST BUTTERFLIES . 

Status, trends, threats for specialist species 
The overwhelming destruction of prairie habitat has-disastrous consequences 

for,prairie-specialist species. Prairie loss continues deliberately today by 
plowing, extrem overgrazing, and development but at varying degrees of threat 
regio'&lly; it is lost passively because the near total disruption.of previously 
prevailing processes allows unnatural floristic releases. The evidence indicates 
that these processes were prilrarily wgafauna herbivory and climate, rather than 
the chimera of presumed prehistoric fires, .so' that to kliorate the current 
absence of processes to the benefit of native biodiversity, the right processes 
must be restored in a way mimicking prehistoric conditions and effects., There is 
cause for optimism, for while. .cuGrent preserve managebent with fire is entrenched 
and troubling, it is also completely correctable within the conservation community. 
Xo known prairie butterfly species has gone extinct, and these species have 
persisted on habitat remnants, so that management changes should translate into . 
readily measurable successes. I identified the highest priority study sites for 
management compatible with specialist butterflies (App. 19); see App; 5-8'for the 
highest priority sites for individual species. Current and proposed sptuses for 
each specialist study species .are. in App. 20. 

Site-specific recorrnaendations 
Xanagement favorable for prairie biodiversity, including specialist ' 

butterflies,. should occur at all preserves, but especially at these sites, for 
which 1::provide specific comments: Illinois: Byron, Harlem Hills, Eachusa; Iowa: 
.Freda Haffner, Hayden Xinnesota: Bicentennial, Slasing Star, Bluesten, Yole-in- 
the-Kountain, Prairie Coteau, Staf fanson; Missouri : pub1 ic prairies; Wisconsin : 
Dewey Heights, Xuralt-Oliver, Spring Green, Thousznd' s-Thomson complex. 

LITERATURE REVIEW - BATURAL YAINTENUCE/FUNCTIONING OF GRASSLAEDS 
Introduction 

The fire paradi~n states that the more frequent the fires, set by lightning 
and/or Native Americans, the more woody plants were reduced and native herbs fa- 
vored. Since frequent fire managenent is widely used and advocated in tallgrass 
prairie but the response of prairie butterflies is contrary to the fire paradigm, 
my questions are (1) What is the evidence for prehistoric fire frequency in this 
biome; (2) mat other process(es) were occurring simultaneously; (3) What conserva- 
tion effects do fire and other processes have today? Discussions of fire ecology 
sometimes border on reliaion. While I do not belittle religion (belief in things 
unproven/unprovable by science), science-based ecology and management requires the 
interpretation of observable and measurable evidence and the study of testable 
hypotheses. Fervency of belief and adherence to orthodoxy (traditional/established 
beliefs) do not strengthen scientific substantiation. It is not disrepectful--in- 
deed' it is crucial--to science for researchers to review each others' studies. It 
is disrepectful for established scientists to ignore legitimate counterevidence or 
to disparage challengers rather than addressing the substance of their challenges. 

Evidence advanced for the fire paradigm 
Pioneer diaries are eyewitness accounts of horrifying blazes, but are an 

inc&plete, skewed sample for which unanswerable questions are daunting--e . go how 
much area actually,burned vs. how much area was observed. Scientific 
interpretat ion of evewitness" accounts requires an assessment of the account' s. 

. . 
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accuracy, o b j e c t i v i t y ,  and. h i s t o r i c a l  context .  - When s o  done, r e s e a r c h e r s  found no 
evidence f o r  frequent  l a r g e  f i r e s  s e t  by na t ives ,  but  some evidence f o r  in f requen t  
p r a i r i e  f i r e s  t h a t  could harm t h e  na t ives '  prey base,  caus ing famine. I  ques t ion  
p i o n e e r s l ' c r e d i b i l i t y  because of poss ib le  exaggera t ion-and i n t e n s e  white h o s t i l i t y  
and cross-cultural.nisunderstand.ing toward na t ives .  Pioneer accounts  occurred i n  
t h e  h i s t o r i c a l  context  of s e t t l e ~ n t ,  which was not ,  a time when p r a i r i e  was n e a r l y  
p r i s t i n e .  European con tac t  w e l l  preceded se t t l ement ,  and con tac t  a lone  
dramatical ly and negat ive ly  a f f e c t e d  both na t ive  s o c i e t i e s  and n a t i v e  ecosystems; 
Thus, s e t t l e r s '  r epo , r t s  of f i r e s  may not  c . losely correspond t o  p recon tac t  
condit ions.  Batives used f i r e ,  a s i d e  from domestic purposes, t o  d r i v e  game and i n  
ag r i cu l tu re ,  but not f o r  h a b i t a t  management per se. Xative a c t i v i t i e s  could  hnve 
s i g n i f i c a n t  but l o c a l  i q a c t s  o n . t h e  envi ronmnt  t h a t  does not i n p l y  t h e  ecosystem 
a s  a whole experienced o r  adapted t o  it. 

Xodern f i r e s  mostly occur i n  dry seasons which a r e  s p a r s e  o r  lacking i n  
l ightning.  An abundance of h igh ly  flammable ma te r i a l  can burn only if a spa rk  is 
provided, but apparent ly  l i g h t n i n g  doesn ' t  i g n i t e  t h i n g s  very often--modern man 
does. ' T h i s  implies much m d e r n  ' f i r e  suppression is not  unnatura l  but  compensates 
f o r  unnatural man-caused damge.  Since suppression cannot prevent  l i g h t n i n g  from 
s t a r t i n q  f i r e s  but can only reduce t h e  a rea  subsequently burned, we should be a b l e  
t o  est imate roughly h i s t o r i c a l  l igh tn ing  i g n i t i o n  r a t e s  (not a r e a  burned) by cur-, 
r e n t  observation.4 Host s u c c e s s f u l  l igh tn ing  i g n i t i o n s  burn small a r e a s ,  many dying 
out before any suppression occurs. Lightning can and does i g n i t e  fires--even l a r g e  
ones--on occasion, nea r iy  always i n  t r e e s .  This  c o n t r a d i c t s  t h e  f i r e , p a r a d i g m  t h a t  
burns should be l e s s  f requent  t h e  more t h e  t r e e s .  Even when managers j u s t i f y  f i r e  
i n  t h e i r  s i t e s  on t h e  b a s i s  of l igh tn ing ,  they do not  conduct burns dur ing  l i g h t -  
ning season, but during t h e  d ry  season. This  not  only ques t ions '  t h e  n a t u r a l n e s s  of 
such management but f u r t h e r  i n p l i e s  t h a t  i t 's  a l o t  e a s i e r  f o r  man t o  g e t  f i r e s  
going i n  the  dry season than  f o r  l igh tn ing  t o  during thunderstorm season. 

Increased woody canopy i n  t h e  ebsence of f i r e  does not  n e c e s s a r i l y  occur,  
although usual ly  another  non-fire  process is occurring a t  unburned unshrubbj  
p r a i r i e s .  Vhile f i r e  may c o n t r o l  some brushy spec ies ,  o t h e r s  inc rease  
dramaticel ly,  and sometimes an  awful l o t  of f i r e  is requ i red  t o  g e t  a l i t t l e  
r e s u l t .  Vhile in tense  tree-topping f i r e s  (which is what p r e s c r i b e d  burns usua l ly  
a r e  &, being confined i n s t e a d  t o  t h e  herb l aye r )  may k i l l  c e d a r s  and p ines ,  
numerous o ther  s p e c i e s  may t o p k i l l  during f i r e s  but  r a r e l y  r o o t k i l l ,  s o  t h a t  t h e y  
vigorously resprout  p o s t - f i r e .  F i r e s  I 've  observed not only d o n ' t  reduce,  but  
don ' t  even s t a b i l i z e  e x t e n t  of canopy. Warm-season f i r e s  may reduce a few s p e c i e s  
but not o thers ,  and what I ' v e  seen of non-managexrent summer f i r e s  c e r t a i n l y  
wouldn't encourage me t o  pursue t h i s  f u r t h e r .  k'hile i n  t h e  absence of f i r e  and 
o the r  processes, brushing i n  is a l i k e l y  outcome, I cannot f i n d  evidence t h a t  f i r e  
a t  c redible  na tu ra l  f r equenc ies  c r e a t e s  and maintains open h a b i t a t s .  

Extensive subsurface biomass and buds -of p r a i r i e  f l o r a  a r e  c a l l e d  a d a p t a t i o n s  
t o  f i r e  but a r e  j u s t  a s  e x p l i c a b l e  a s  adapta t ions  t o  herbivory.  Vhile o f t e n  
claimed, f i re-obl iga te  p l a n t s  (species  t h a t  mu> experience f i r e  t o  p e r s i s t )  a r e  
e lus ive .  Management (cool-season) f i r e s  favor dominant n a t i v e  warm-season gTasses,  
but s ince  p r a i r i e s  a l s o  have n a t i v e  f o r b s  and cool-season g r a s s e s ,  a d e c l i n e  i n  
f l o r i s t i c  d i v e r s i t y  r e s u l t s .  Varm-season f i r e s  d r a m t i c a l l y  inc rease  cool-season 
grasses--skewing t h e  f l o r a  toward another  g r a s s  component. F i r e  a l s o  i n c r e a s e s  
vegeta t ive  b iomss .  Having more r a t h e r  than l e s s  seems b e n e f i c i a l ,  but  not  if it 's 
more of dominants a t  t h e  expense of d i v e r s i t y  and r a r i t i e s ,  which it is. Increased 
flowering of c e r t a i n  f o r b s  occurs  shor t - t e rn  p o s t f i r e ,  but s i n c e  f o r b s  d e c l i n e  i n  
t h e  long term, t h e  shor t - te rm burs t  of f lowers is a t  the  expense of f lowers  later, 
burned o r  not. The bo tan ica l  e f f e c t s  do not  endorse f i r e  a s  e c o l o g i c a l l y  sound o r  
necessary f o r  t h e  f l o r i s t i c  b i o d i v e r s i t y  of p r a i r i e .  That f i r e  should c o n t r o l  
weeds, e spec ia l ly  e x o t i c s ,  d o e s n ' t  make sense  f o r  weeds ought t o  be well  adapted t o  
f i r e , - s i n c e  they a r e  adapted t o  disturbance,  e s p e c i a l l y  human-caused, and humans 
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cause a l o t  o-f f i r e s .  Numerous s t u d i e s  confirm t h i s .  Often f i r e  can only be 
considered e f f e c t i v e  i f  one accepts  only . reduct ion  r a t h e r  than e l iminat ion  and/or 
t o l e r a t e s  frequent  t rea tments ,  which I would f ind .  more acceptable  i f  h ighly  
r e s t r i c t e d  a s  spo t  t r e a t m r n t s  t o  in fes ted  areas .  These a r e  r a t h e r  l ax  s t andards  
f o r  success not n e c e s s a r i l y  appl ied  t o  a l t e r n a t i v e s  ( e . g . . s p o t  herbic id ing) .  

Nutrient c y c l i n q  is c a l l e d  a f i r e  benef i t ,  but' t h e  a s h  has no demonstrnble 
e f f e c t  on p r a i r i e  f l o r a ,  most n u t r i e n t s  vaporize i n  f i r e s ,  and much of what remains 
leaches away i n  p r e c i p i t a t i o n .  Even if rapid,  e f f i c i e n t  n u t r i e n t  turnover were oc- 
curr ing ,  t h i s  could be harmful, f o r  increas ing n u t r i e n t s  can degrade g rass lands  and 
g rea t ly  reduce f l ~ r i s t i c  d i v e r s i t y .  Periodic complete l i t t e r  removal by burning 
not only e l imina tes  cover but a l s o  niches (hab i t a t )  f o r  animals. Since f i re  
s t imula tes  dominant g rasses ,  it only b r i e f l y  a l l e v i a t e s  l i t t e r  buildup, f o r  f i r e  
a c t u a l l y  causes g r e a t e r  l itter problems i n  the  f u t u r e  by increas ing production. 

Contrary t o  c l a i m  i n  t h e  popular p ress  of animal adap ta t ions  t o  f i r e ,  
examples of mass animal mor ta l i ty  i n  both wild and management f i r e s  i n  p r a i r i e  and 
elsewhere are n w r o u s .  Because of va r i ab le  f i r e  behavior and e tho log ica l  

' 

c h a r a c t e r i s t i c s ,  animals '  responses are not adequate t o  a s su re  su rv iva l  of f i r e ,  and 
its aftermath. A v e r t e b r a t e  "shock phase" occurs p o s t f i r e  as with insec t s . .  . , 

Typical ly t h e  g e n e r a l i s t  and invader ve r t eb ra tes  b e n e f i t  while s p e c i a l i s t s  decrease 
, . pos t f i r e .  "Natural" f o r  its own ,appearance is a c u l t u r a l l y  biased a e s t h e t i c ,  . 

although "natural". i n  terms of b iod ive r s i ty  is s c i e n t i f i c a l l y  quan t i f i ab le .  F i r e  
~ n a g e m e n t  r e l i e s  heav i ly .  on advanced ("natural"?) machinery t o  imi ta t e  (how 
accurately?> n a t u r a l  f i r e  and requ i res  unnatural landscape f e a t u r e s  (e.,g. 
f i rebreaks ,  uniform burns) .  Al ternate- t rea tments  m y  a l s o  look highly unnatural  
ye t  they may 'ac tual ly  mimick a na tu ra l  process a t  l e a s t  as well a s  f i r e  and appear 
more benef ic i a l  t o  b i o d i v e r s i t y .  Vhile I do not deny. t h a t  p r a i r i & s  burned, I 
conclude t h a t  conr incina  evidence f o r  ~ r a i r i e  f i r e  has no t  y e t  appeared t o  
subs tan t i a t e  t h a t  t h e y  e i t h e r  were frequent  p r e h i s t o r i c a l l y  o r  a r e  b e n e f i c i a l  today 
f o r  b iod ive r s i ty  and a d i s tu rb ing ly  l a rge  body of con t ra ry  evidence e x i s t s .  

Recon tac t  p r a i r i e  fauna 
The d i v e r s i t y  of na t ive  p r a i r i e  mammals ex t i rpa ted  o r  s e r i o u s l y  reduced s i n c e  

contac t  is amazing (Maps 2-5). Of primary relevance t o  t a l l g r a s s  p r a i r i e  a r e  
beaver, porcupine, .elk,  and bison. Vhile one can quibble  about ,the abundance of 
p a r t i c u l a r  species ,  one cennot but  conclude t h a t  t h e  p r a i r i e  mammal fauna has  been 
profoundly reduced i n  pos tcontac t .  Immense nu t r i en t  c ~ c l i n ~  occurred i n  p reh i s to r -  
i c  p r a i r i e  v i a  megafauna. Fur and dung a l s o  c rea ted  n iches  on which t r u l y  o b l i g a t e  
inver tebra tes  ( i n  t h e  s t r i c t e ~ f s e n s e  of the  word) depend. The Seregent i  i n  Africa 
is an a n a l o ~ o u s  ~ r a z i n ~  system similar t o  t a l l g r a s s  p r a i r i e  i n  length  of growing 
season, la rge  ungulate biomass, and p l a n t  productivi ty.  There ungulates c r e a t e  a 
"grazing lawn," g e t  t h e i r  herbivory s t imula tes  802 g r e a t e r  p l a n t  production, 
increases  f l o r i s t i c  d i v e r s i t y ,  and improves forage q u a l i t y ,  with s o  l i t t l e  l i t t e r  
remaining a s  t o  preclude nea r ly  a l l  f i r e s  while maintaining a very open landscape. 

The p r a i r i e  megafauna c l e a r l y  had s i g n i f i c a n t  v e ~ e t a t i v e  e f f e c t s ,  with ecolog- 
( i c a l  r e l ease  of t h e  f l o r a  r e s u l t i n g  i n  t h e i r  absence. Bison not  only very  heav i ly  

grazed the  p r a i r i e  but  a l s o  t o r e  up t r e e s  and could convert  savannas i n t o  p r a i r i e s .  
They near ly  exclus ively  graze on grasses ,  s o  t h a t  t h e  exceeding dominance of . 
grasses  in  most p r a i r i e s  today a t  l e a s t  i n  par t  r e s u l t s  from eco lag ica l  r e l e a s e  
from bison grazing. A s  bison may have helped p r a i r i e  p e r s i s t  eastward, t h e i r  ex- 
t i r p a t i o n  may have allowed f o r e s t  and savanna t o  expand westward. Since bison can 
climb h i l l s  s o  s t e e p  people cannot fol low and w i l l  t r a v e r s e  extens ive  f o r e s t s ,  no 
p r a i r i e  s i t e  was inaccess ib le  t o  them. The browsers and granivores  na t ive  t o  
p r a i r i e  e a t  most  p l a n t s  t h a t  f i r e  msnagers a r e  c o n s t a n t l y  b a t t l i n g .  E.g. white- 
t a i l e d  deer a r e  apparent ly  a t  about the  same dens i ty  i n  Wisconsin a s  around 1800 
add a r e  the re fo re  no t  more abundant today than precontac t .  Thus, e x t i r p a t e d  
ungulates had herbivory e f f e c t s  add i t ive  t o  those now seen here f o r  deer.  Else- 



C' where, s t u d i e s  demonstrate t h a t  browsers i n  normal d e n s i t i e s  can c o n t r o l  brush ef -  
f e c t i v e l y .  We can proceed with a n  understanding t h a t  herbivory w a s  pervas ive  pre- 
con tac t ,  r e s u l t i n g  i n  considerably reduced canopy and f u e l  load, and seek  ways t o  

I "res tore t9  these  e f f e c t s  today i n  ways demonstrated t o  benef i t  what l i v e s  t h e r e  now. 
I ques t ion  t h e  terms "disturbance" cnd " d a z x e "  i n  reference  t o  m t i v e  

herbivorous z g a f a u n a  a t  (sub)normal d e n s i t i e s ,  s i n c e  these  terms u s u a l l y  are not 
eed t o  

I 
appl ied  t o  feeding by other  he rb ivores  nor a r e  t h e s e  o r  comparable te rms u- 
desc r ibe  o the r  exchanges between t r o p h i c  l e v e l s ,  e. g. carnivar;;, $c--mposition, 
s o i l  converted t o  p lant  biomass. "Disturbance" i n p l i e s  a  d i s c r e t e  [and poss ib ly  
unnatural)  event ,  whereas herbivory by p r a i r i e  fauna is a continuous phenomenon of 

I - varying i n t e n s i t i e s  through t i m e  by n a t i v e  spec ies .  The concept of  "damage" 
de r ives  from h o r t i c u l t u r e ,  i n  which humans and o t h e r  animals may compete f o r  p lan t  
y ie lds .  But p rese rves  a r e  not f o r  maximizing harves t  (biomzss! bx t  maintaining 

I 
b iod ive r s i ty .  By the  very reasoning Cizdapt, leave,  o r  d i e )  t h a t  f i r e  managers have 
assumed the  adap ta t ion  of p r a i r i e . b u t t e r f l i e s  t o  f i r e s  assumed ( I  b e l i e v e  
incor rec t ly )  t o  have been f requent ,  t h e  p r a i r i e  f l o r a  must a s su red ly  be adapted to  
herbivory and research  hzs borne t h i s  ou t .  Thus, absence o'f herbivory  may be more 
"damaging" t o  t h e  f l o r a  than its presence.  One's i m ~ e  of  reh historic prair ie 
determines what one w i l l  seek t o  produce i n  p r a i r i e  preserve management. Fas t  
apparently imagine t h e  p r e h i s t o r i c  p r a i r i e  a s  v a s t  expanses of t a l l  g r a s s e s ,  a  . 

I r e s u l t  of pos tcpn iac t  animal e x t i n c t i o n s .  Although most managers would apparent ly  
be h o r r i f i e d  t o  have the  "grazing lawn" anywhere a t  any time i n  a p r a i r i e  preserve ,  
megafauna herbivory was immense i n  p r e h i s t o r i c  p r a i r i e .  ,' 

The claim of some f i r e  managers t h a t  they a r e  mainly concerned with rest or in^ 
na tu ra l  processes (as opposed, apparen t ly ,  t o  the  conservation of b i o t a )  would r i n g  I t r u e r  i f  they  were equally zea lous  f o r  a l l  process= by including now r e d u c e d o r  
absent  megafauna berbivory i n  management, whether by r e i n t r o d u c t i o n s  o r  o t h e r  

I methods of b i o t i c  o r  mechanical g raz ing  a t  a  s i t e .  mile one may argue t h a t  
herbivory p ressure  comparable t o  t h a t  p recan tac t  m i ~ h t  be "damaging" on t o d a y ' s  
fragmented preserves ,  it is disingenuous t o  a s s e r t  t h a t  t h e  ecosystem is not  

I adapted t o  a n  herbivory process known t o  have prevai led  precontac t  but  a t  t h e  same 
t ime t o  a s p i r e  t o  r e s t o r e  another  p rocess  ( f i r e )  a t  precontact  frequency,  even 
though t h i s  is c u r r e n t l y  unknown even t o  an order  of magnitude and occurs  seemingly 
rega rd less  of e f f e c t s  on extant  animal populat ions.  While mechanical and f a u n i s t i c  
c u t t i n g  sha re  many s i m i l a r i t i e s ,  c u t t i n g  is more d i s c r e t e  and uniform while graz ing 1 is a l o r e  c o n s t a n t ,  gradual process  leading t o  higher d i v e r s i t y  of impact. 

I C l  imate/soil  
Paleontological  evidence shows t h a t  c l imate  determines g e n e r a l  vege ta t ion  

c h a r a c t e r i s t i c s .  P r a i r i e  occurs i n  areas with a c e r t a i n  range of p r e c i p i t a t i o n -  
evapotranspi ra t ion  r a t i o s ,  s o  t h a t  even on a small s c a l e ,  t h e  p r a i r i e - f o r e s t  border 

) moves back and f o r t h  i n  response t o  wet and dry period@. While e c o l o g i c a l  i n e r t i a  
slows t h e  migrat ion of p lant  communities i n  response t o  c l imate  change, f i r e  r e s e t s  
vegetat ional  communities t o  c u r r e n t  c l i m a t i c  condi t ions .  Since Wisconsin has  been 

( wet ter  but not h o t t e r  i n  the  p a s t  12 g e a r s ,  c u r r e n t  c l i m a t i c  cond i t ions  have become 
more favorable f o r  f o r e s t ,  which may e x p l a i n  why management f i r e s  are s o  
ine f fec t ive  a t  c o n t r o l l i n g  brush. 

) ~pppplications t o  b iodivers i ty /ecosgs ten  conservat ion  
Conservation of b iod ive r s i ty  encompasses t h a t  of ecosyst,e= and landscapes. 

I 
The r a r e s t  a s p e c t s  of b iod ive r s i ty  a r e  tiargeted'for conservation a c t i o n ,  a s  t h e s e  
a r e . m s t  l i k e l y  t o  be.permanently l o s t .  mile t h e  p r a i r i e  f l o r a  h a s  t h e  g r e a t e s t  
bio-, it c o n t a i n s  r e l a t i v e l y  l i t t l e  of t h i s  biome's b i o d i v e r s i t y .  No grasses 
are endemic t o  p r a i r i e  but sane f o r b s  and much more fauna a r e ;  t h e  fauna is much 
more d iverse  than  f l o r a .  Insec t s  s e r v e  a s  fine-tuned and numerous e c o l o g i c a l  ( i n d i ~ a t o r s i d e c l ~ n e s  and e x t i r p a t i o n s  of  p ra i r i e -ob l iga te  i n s e c t s  are i n d i c a t i v e  of 
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a n  a l ready  e x i s t i n g  degradation of a si te.  Science does not s u b s t a n t i a t e  t h a t  
e i t h e r  t h e  f l o r i s t i c  o r  f a u n i s t i c  d i v e r s i t y  of t a l l g r a s s  p r a i r i e  is adapted t o  f i r e  
a s  a dominant o r ' p r e v a i l i n g  ecologica l  process nor t h a t  they benef i t  from frequent  
f i res  today. Since mechanical c u t t i n g  and l i g h t  grazing e f f e c t i v e l y  maintain 
weedfree, woodfree, d ive r se  pra i r ies- - indica t ing  a n  ecosystem adap ta t ion  t o  prehis-  
t o r i c  herbivory--this should have a primary r o l e  i n  modern p r a i r i e  management. 

Many f i re  managers may disagree  with.  my review, although I drew on . the  da ta  
(not necessa r i ly  t h e  opinions and conclusions) of t h e  c i t a t i o n  c l a s s i c s .  BUT the  
e x t e n t  t o  which we disagree  only re in fo rces  my po in t  t h a t  t h e  b e n e f i t s  and e f f i cacy  
of f i re  management a r e  by- no means es t ab l i shed .  Therefore, t h i s  management should 
not  be discussed a s  i f  it were e f f i cac ious ,  and should not  be appl ied  pervas ively  
an& constant ly  i n  p r a i r i e  preserves. I w i l l  g l a d l y  rece ive  s c i e n t i f i c  communica- 

. t i o n  and r e f u t a t i o n ,  but r e j e c t  emotional and personal  a t t a c k  as inappropriate.  If 
. f i re  is s o  obviously e s s e n t i a l  t o  ecosystens,  then  sc ience  should have no d i f f i -  

c u l t y  s u b s t a n t i a t i n g  i t ,  .and t h e r e  is no need t o  invoke " re l ig ionw and emotion. 

COHCLUSIOES i 

P r i n c f p l e s  
Study what is most important t o  how,  not what is e a s i e s t  t o  measure.- Design 

resea rch  t o  make fair comparisons among mnagement types.  Discard t h e  idea  t h a t  
f i r e  p r a i r i e s  a r e  .the base l ine  f o r  p r a i r i e  b io ta .  Conservation of f l o r a  and fauna' 
need not c o n f l i c t .  Inver tebra te  conservation is not  a t  odds with o ther  
conservation objec t ives .  Corfserve ecosystems from the  t o p - t r o p h i c  l eveJs  down 
i n s t e a d  of bottom up. Yaxinizing p l a n t s  may not  b e n e f i t  associa ted  i n s e c t s ;  it is 
management, not  preservat ion  s t a t u s  of land, that determines whether t h e s e  i n s e c t s  
pers i -s t .  lrlanagement d i v e r s i t y  favors  b iod ive r s i ty .  Opt f o r  d iveks i ty  i n  
management approach and appearance wi th in  and among s i tes  r a t h e r  than t h e  not ion  of 
a s i n g l e  "bes t  management approach" and appearance f o r  p r a i r i e  everywhere. 
Emphasize r e s u l t s  over fashion.  Apply " sus ta inab le  development" t o  p r a i r i e .  Do 
not  assume t h a t  f l o r i s t i c  d i v e r s i t y  and endemisrn r e f l e c t  f a u n i s t i c  d i v e r s i t y  and 
endemism. Inver tebra te  surveys are f eas ib le .  ' Swveys  a r e  a s  important as 
management. Re-examine t h e  b e n e f i t s  of s ingle-species  conservation.  T a l l g r a s s  
p r a i r i e  is a b iod ive r s i ty  conservation hotspot  t h a t  is not adequately recognized 
f o r  s o c i o p o l i t i c a l  r a t h e r  than s c i e n t i f i c  reasons. , 

Xanagement r e c o m ~ n d a t i o n s  
. S c o t t  swengel: 

1. I n s t i t u t e  hay ingon  large  percent- 
ages of previously burned p r a i r i e s .  

2..  educe f i r e  dramatical ly:  no 1994 
. . f i r e s  at sites with any f i r e  i n  

1993; 510% a r e a  burned/year/site. 
3. Graze h i l l y  s i t e s  hard t o  hay. 

. . .  

4. Continue t h e  management that main- 
ta ined the  p r a i r i e  ( l i g h t  grazing, 
haying) before preservat ion.  

5. Control brush with mowing and heavy 
brushing equipment: handcutting too  
labor-intensive.  

t h e  same r u l e s  t o  management 
of  p r iva te  p r a i r i e s .  They should be -. 
p r e f e r e n t i a l l y  grazewhayed t o  be 
mare cos t -ef fec t ive  f o r  owners. 

-. I-. . - -  . 

Ann Swengel: 
~ i n i r k z e  f i r e  i n  t h e  management regime 
t o  be t h e  l e a s t  used option.  
Use mechanical t rea tments  f i r s t  t o  . 

accomplish a s  many management g o a l s  a s  
poss ib le .  
Se t  a s i d e  (even small)  never-burn 
management a r e a s  f o r  o the r  treatmen%s, 
e s p e c i a l l y  mechanical cu t t ing .  
Divers i fy  types  of management 
t rea tments  (i. e. not j u s t  f i r e ) .  

Doing nothing is a v iab le  a l t e r n a t i v e ,  
e s p e c i a l l y  u n t i l  adequate surveying 
and monitoring have been es tab l i shed ;  



IFTRODUCTIOF 
In c e n t r a l  Eorth America between the  e a s t e r n  deciduous f o r e s t  and t h e  Rocky 

Mountains, p r a i r i e  comprises a  p l a n t  community dominated by g r a s s e s  intermixed wi th  
diverse non-grassy herbs  ("forbs") and some woo&y shrubs  and occas iona l ly  t r e e  
seedl ings  ( C u r t i s  1959). P r a i r i e  is c l a s s i f i e d  i n t o  t h r e e  types  by r a i n f a l l  and 
consequent g r z s s  composition. The easternmost and b i s t e s t  d i v i s i o n  is t h e  t a l l -  
g r a s s  p r a i r i e ,  where a l l  s i t e s  i n  t h i s  s tudy occur (R i s se r  e t  al .  1981 a s  c i t e d  i n  
Wendt 1964, R u e e l  and Rooss 1989). Ta l lg rass  p r a i r i e  is e s t i m t e d  t o  be a t  l e a s t  
99% destroyed from its occurrence before se t t l ement  by p ioneer s ,  who converted it 
t o  a g r i c u l t u r a l  u s e s  (Fetz 1986, Solecki  and Toney 1986, Hands e t  a l .  1989). A s  a 
r e s u l t ,  l i k e  o t h e r  p r a i r i e  s p e c i a l i s t s ,  p r a i r i e - o b l i g a t e  b u t t e r f l i e s  and s k i p p e r s  
( "bu t t e r f l i e s" )  a r e  now pr imar i ly  r e s t r i c t e d  t o  p r a i r i e  p rese rves  and a r e  r z r e  t o  
some degree, with varying s t a t u s e s  on s t a t e  and f e d e r a l  lists of endangered, 
threatened, and candidate  s p e c i e s  (Opler 1981, 1983, Opler and Krizek 1984, Opler 
and Palikul  1992, Johnson 1986). Although the  t iming and s i t e s  of t h i s  r e sea rch  
were se lec ted  p r imar i ly  t o  s t u d y , f a c t o r s  a f f e c t i n g  t h e  abundance of p r a i r i e -  
s p e c i a l i s t  b u t t e r f l i e s  and methods f o r  improving t h e i r  conservat ion  on preserves ,  
a l l  b u t t e r f l i e s  encountered were tabula ted  t o  s tudy t h e  e n t i r e  b u t t e r f l y  community. 

The p r a i r i e  ecosystem is considered t o  r e q u i r e  p e r i o d i c  d i s tu rbances  ( i .e .  
ecological  processes)  t o  e x i s t  (Vogl 1974, Anderson 1982, Reichman 1987). On t h e -  
b a s i s  of some bo tan ica l  research ,  f i r e  a t  a point  frequency of s e v e r a l  per  decade 
(Bragg and Hulbert 1976, Hulbert 1973, 1986, Reichman i987) , -whether  n a t u r a l  (from 
l ightning)  o r  anthropogenic ( s e t  by na t ive  peoples) ,  is u s u a l l y  considered '  t h e  
dominant d is turbance  t h a t  caused p r a i r i e  t o  e x i s t  (Sauer 1950, Stewart  1956, C u r t i s  
1959, Vogl 1974, Pyne 1986). Indeed, while f i r e  is c a l l e d  a d is turbance ,  some 
propose t h a t  t h e  absence of f i r e  is the  a c t u a l  p e r t u r b a t i o n  of t h i s  ecosystem 
(Reichman 1987). Because of t h i s  f i r e  paradigm, p r e v a i l i n g  management f o r  
t a l l g r a s s  p r a i r i e  i n  most s t a t e s  r e l i e s  pr imar i ly  on p resc r ibed  f i r e  t r e a t ~ n t s  i n  
t h e  cool season (predominantly sp r ing)  i n  a r o t a t i o n  of management u n i t s  of one t o  
about f ive  years .  Such management is widely d iscussed i n  r a d i o  and t e l e v i s i o n  
programs, msgzzine and newspaper accounts, speeches, and l e t t e r s  t o  me a s  t h e  only,  
primary, and/or b e s t  mnagemnt  mgthod f o r  p r a i r i e .  

With l i t t l e  r e s e a r c h  c l a r i f y i n g  individual  s p e c i e s  response of p r a i r i e  bu t t e r -  
f l i e s  t o  f i r e  management, hypotheses have developed about how p r a i r i e  b u t t e r f l i e s ,  
p a r t i c u l a r l y  t h e  s p e c i a l i s t s ,  ought t o  respond. Based on t h e  reasoning t h a t  organ- 
isms must adapt ,  move elsewhere, o r  become e x t i n c t  i n  response t o  a  f r equen t ly  
occurring phenomenon (Reichman 19871, p r a i r i e  b u t t e r f l i e s  are assumed t o  be adapted 
t o  or  even r e q u i r e  f i r e  t o  p e r s i s t .  Hypothetical ly,  even i f  they  d i e  dur ing  t h e  
f i r e  or a r e  adverse ly  a f f e c t e d  i n  t h e  immediate a f t e rmath  (and i f  so ,  a management 
r e su l t ing  i n  an  extreme short-term decline should be avoided) ,  they  subsequently 
benef i t  because of t h e  necess i ty  of long-term h a b i t a t  maintenance. I t  is even 
asse r t ed  t h a t  i n  t h e  absence of f i r e ,  these  s p e c i e s  would even tua l ly  d i e  out  be- 
cause of lack of h a b i t a t  maintenance (Panzer 1988, Dana 1991, Stolzenburg 1992). 

Those who espouse the predominance of f i r e  may admit a r o l e  f o r  o t h e r  
processes such a s  megafauna herbivory and of o the r  f a c t o r s  such a s  c l ima te  i n  t h e  
maintenance of p r a i r i e  (Reichman 1987). An a l t e r n a t e  theory ,  descr ibed by Clements 
(1916) and supported by Transeau (1935) and Borchert (1950), a s se l  is t h a t  c l i ~ a t e  
~ r i m a r i l y  causes and maintains grass land,  o r  t h a t  c l ima te  is a na jo r  c o n t r i b u t i n g  
f a c t o r  (Weaver 1968, King 1981, Pielou 1991). Others  propose t h a t  p r a i r i e  w a s  
primarily a graz ing system (Larson 1940, England and DeVos 1969, Moore 1988), l i k e  
t h e  Serengeti i n  Af r i ca  (KcFaughton 1983, 1985). A t h i r d  theory  proposes an 
in terac t ion  of c l i m a t e ,  grazing, and f i r e  (Anderson 1982). 

Furthermore, some evidence c o n t r a d i c t s  the  f i r e  paradigm. Direc t  c u r r e n t  and 
h i s t o r i c a l  evidence f o r  frequent  and large  p r a i r i e  f i r e s  is s p a r s e ,  and t h e r e  a r e  
inherent d i f f i c u l t i e s  applying what evidence t h e r e  is t o  p r e h i s t o r i c  t i m g s  and 
condit ions (Higgins 1984, 1986b). Cutting (mowing o r  c l i p p i n g )  and burning have 



many s i m i l a r  e f f e c t s  on f l o r a  (Daubenmire 1968, Hover and Bragg 1981, ~ u l b e r t  
1988), s o  t h a t  f i re  has not  been demonstrated t o  have caused a l l  of these  e f f e c t s  
by i t s e l f .  F i r e  is not o b l i g a t o r y t o  keep trees o u t  of a l l  p r a i r i e  s i tes  over  a 
long ti= per iod (Weaver 1968, Anderson 1982). Conventional management f i r e s  cause 
a s h i f t  i n  t h e  f l o r a  favor ing warm-season over cool-seeson growers (Daubenmire 
1968, H i l l  and P l a t t  19751, y e t  nat ive p r a i r i e  vege ta t ion  includes bo th ' types .  
P lan t  d i v e r s i t y  cee t inues  t o  increase 28 yea r s  p o s t f i r e  (Gibson and Hulbert 1987) 
and when graz ing and o the r  disturbaoces a r e  added t o  t h e  f i r e  regime (Col l ins  1987, 
Co l l ins  and Glenn 1988, Co l l ins  and Gibson'l990). 

&ny have suggested t h a t  b u t t e r f l i e s ,  p a r t i c u l a r l y  the  s p e c i a l i s t s ,  may be 
s e n s i t i v e  t o  f i r e  mnagement (KcCabe 1981, Opler 1981, Panzer 1988, O r w i g  1990, 
Sch l i ch t  and Orwig 1990). A survey of Aust ra l ian  entomologists  revealed a b e l i e f  
t h a t  f i r e  wzs second only t o  land c l e a r i n g  a s  a conservat ion  t h r e a t  t o  b u t t e r f l i e s  
(Pew 1992). An a l t e r n a t e  hypothesis proposes t h a t  f i r e s  too  frequent  o r  t o o ' l a r g e  
( r e l a t i v e  t o  h a b i t a t  patch s i z e )  m y  e x t i r p a t e  t h e  r a r e r  and more s p e c i a l i z e d  
b u t t e r f l y  s p e c i e s  t h a t  a r e  r e s t r i c t e d  t o  t h e  h a b i t a t  on preserves (HcCabe 1981, 
Orwig 1990). In t h i s  scenar io ,  ne i ther  lack  of management ( r e s u l t i n g  i n  h a b i t a t  
change and degradation) nor s o l e  r e l i ance  on f i r e  mnagement ( r e s u l t i n g  i n  bu t t e r -  
f l y  populat ion dec l ine )  benef i t  these  spec ies ;  d i v e r s i f i e d  management (less f i r e  
but add i t ion  of o t h e r  t rea tments)  o r  a l t e r n a t e  management would be more b e n e f i c i a l .  

The main purpose of our research is t o  provide s c i e n t i f i c  f ind ings  on 
biogeography, s t a t u s ,  and h a b i t a t  adaptat  ions  f o r  immediate prac t  icsl a p p l i c a t i o n  
t o  t h e  conservation of p r a i r i e - s p e c i a l i s t  b u t t e r f l i e s .  I was e s p e c i a l l y  mindful t o  
design t h e  research  and a n a l y s i s  t o  s tudy b u t t e r f l y  response t o  preserve 
management, s i n c e  abundant experience ind ica ted  that it is not lznd ownership ( i . e .  
"unprotected" vs.  "preserved" land) but land management ( i .e .  coqpat ib le  mnagement 
vs. incompatible land uses)  t h a t  determine whether s p e c i a l i s t  b u t t e r f l y  popula t ions  
p e r s i s t  o r  d i e  out  (New 1991, Warren 1992). Secondly, I wanted t o  t e s t  t h e  theory  
regarding the  adaptedness of t h e  p r a i r i e  b u t t e r f l y  community t o  f i r e  t o  s e e  what 
t h e i r  degree and type of adapta t ions  ind ica te  about t h e  s o r t s  of processes t h a t  
could o r  could not  have been happening i n  p r e h i s t o r i c  p r a i r i e .  

rnEODS 
Study sites and u n i t s  

Of t he  5 1  s tudy s i t e s  (App. 1, Map I ) ,  a l l  but  3 . i n  conservation s t a t u s ,  i n  
t h e  Upper Midwest, 6 a r e  i n  I l l i n o i s ,  7 i n  Iowa, 21 i n  Minnesota, and 17 i n  
Visconsin, from 41.9 t o  47.2O B and 89.2 t o  96.5O W and 3-1100 a c  i n  p r a i r i e  pa tch  
s i z e .  The I l l i n o i s  sites a r e  in t he  northwest corner  of t h e  s t a t e ,  adjacent  t o  
southwestern Wisconsin, where a l l  its sites a r e .  The Iowa s i t e s  a r e  i n  t h e  
northern t i e r  of t h a t  s t a t e ,  c lose  t o  e i t h e r  t h e  I l l inois-Wisconsin s i tes  o r  t h e  
Xinnesota s i t e s ,  Which a r e  i n  western Minnesota. The 2 sampling s i t e s  i n  p r i v a t e  
unposted hay p r a i r i e s  i n  Minnesota a r e  near preserves.  In southwestern Missouri 

+from 37.0 t o  38.5O Ii and 93 .8  t o  95.g0 W, t h e  42 p r a i r i e  s tudy s i t e s  vary i n  
p r a i r i e  patch s i z e  from 14-1410 ac; 35 are preserves ;  7 p r i v a t e  hay p r a i r i e s  were 
b r i e f l y  sampled. Kost Upper Midwest and some Missouri s i t e s  a r e  managed 
p r i n c i p a l l y  with cool-season f i r e ,  with t h e  burned a r e a  averaging about 25% (range 
0->99X) of the  p r a i r i e  h a b i t a t  patch. Other Missouri s i t e s  a r e  managed apparen t ly  
pr imar i ly  with summer haying with a l i t t l e  burning and c a t t l e  grazing. I 
designated a new u n i t  wi th in  each s i t e  whenever t h e  h a b i t a t  along t h e  r o u t e  va r i ed  
by nost  recent  management ( type and year s i n c e  l a s t  t r ea tmen t ) ,  vege ta t ion  (wet, 
wet-msic,  =sic, mesic-dry, dry, "extra-dry" sand p r a i r i e ) ,  and/or h a b i t a t  
degradation (undegraded, semi-degraded, highly degraded). Data from each u n i t  were . 
kept separa te .  I c a l l e d  a s i t e  d iverse  i f  it conta ined p r a i r i e  types  both  w e t t e r  
and drier than mesic; otherwise the  s i t e  was r a t e d  uniform. 



Transect  methodology 
A t  86 s i t e s  Ke conducted surveys  s i m i l z r  t o  t h e  b u t t e r f l y  kr=lk (Po l l a rd  i977, 

o p l e r  and Xrizek 1984). Wnile walking along p a r a l l e l  r o u t e s  a t  a slow pace, ny co- 
researcher 2nd I workins t o g l t h e r  a s  one pa r ty  looked ahead and t o  t h e  s i d e s ,  both 
nearby and f u r t h e r ,  t o  t h e  l i m i t  a t  which a  s p e c i e s  could be i d e n t i f i e d ,  sometimes 
with binoculars .  foutes  were similzr over t h e  year$, sampled r e p r e s e n t a t i v e  sec- 
t i o n s  of t h e  s i t e ,  and crossed r a t h e r  than  followed ecotones and edges of manage- 
ment t r e a t m n t s .  A t  7 p r i v a t e  hay p r a i r i e s  i n  Xissouri ,  we surveyed by b r i e f  bi- 
nocular  point  sczn,  e i t h e r  from t h e  r o a w d i t c h  edge o r  t h e  top  of t h e  c a r ,  t o  count 
only Regal F r i t i l l a r i e s  ( S ~ e v e r i e  i d z f i a ) .  Ve sexed p r n i r i e - s ~ e c i n l i s t  species i f  
poss ib le  and noted t h e i r  behavior ,  and flower s p e c i e s  i f  they were nec ta r ing ,  when 
f i r s t  detected.  Occasionally subsequent behaviors were a l s o  noted, i f  t h e  
subsequent behaviors  had not been recorded before during the  s tudy f o r  t h a t  s p e c i e s  
and/or r e l a t e d  t o  t h e  o r i g i n a l  behavior and/or included nectaring,  pursui t /evas ion,  
o r  mating. For each u n i t ,  we a s s e s s e d  abundance of nec ta r  f lowers by v i s u a l  scan 
on a  s c a l e  measuring r e l a t i v e  d e n s i t y  on an order  of magnitude r a t i o  of f lowers  per  
a r e a ,  with t h e  following r a t i o :  superabundant (100,000), abundant (10,000>,  common 
(1,000>,  uncommon ( l o o ) ,  r a r e  ( l o ) ,  and absent  (0) .  We recorded weather (wind, 
temperature, cloud cover, percentage of time t h e  sun was sh in ing) ,  r o u t e  d i s t ance ,  
2nd t i m e  spent on route  f o r  each u a i t .  I coded each u n i t ' s  weather a s  good f o r  . ' 

b u t t e r f l y  observation (>16O C, very w a r m  o r  mostly sunny--usually 3'0% sun;  wind 
(25 W h r ) ,  intermediate ( p a r t l y  t o  mostly cloudy with some sunshine; o r  wind >25 
km/hr), o r  poor (mostly cloudy with l i t t l e  o r  no snnshine, o r  worse). ( ,This  s c a l e  
was graduated, requi r ing  l e s s  sun a t  warmer temperatures within a  weather code, and 
c o n s i s t e n t l y  appl ied  t o  €11 u n i t s  based on ob jec t ive  weather measures. S ince  
b u t t e r f l i e s  a r e  poiki lothermic a n i n z l s  t h a t  bask i n  sunshine t o  warm t h e i r  bodies, 
they  a r e  usua l ly  a c t i v e  only when it is sunny o r  w a r m  (Opler and Krizek 1984). 

I s e l e c t e d  an  unint rus ive  t r a n s e c t  survey method because more i n t r u s i v e  
methods, e . g .  mark-release-recapture, have been found t o  per turb  b u t t e r f l y  behavior 
(Singer and Wedlake 1981, Morton 1982, 1964, Gal l  1984) and may even cause i n j u r y  
o r  mor ta l i ty  (Benson and Emmel 1973, Murphy 1988). Unintrusive sampling techniques 
such a s  t r a n s e c t  surveys a r e  nea r ly  always adequate and may be s u p e r i o r  t o  more 
i n t r u s i v e  methods t o  s tudy d i s t r i b u t i o n  and r e l a t i v e  dens i ty  of b u t t e r f l i e s  among 
s i t e s  and years ,  and should e s p e c i a l l y  be used f o r  threatened. or  endangered s p e c i e s  
(Pollard 1977, 1984, Morton 1984, G a l l  1985, Murphy 1988). I d i d  not  a t t empt  t o  
determine the  a c t u a l  (absolute)  number of any spec ies  per a r e a ,  al though such m y  
be the  goal of o t h e r s  even when us ing t r a n s e c t  surveys  (Nielsen and Konge-N8jera 
1991). Rather, I wanted t o  genera te  r e l a t i v e  population ind ices  t o  i d e n t i f y  which 
a r e a s  of which s i t e s  had r e l a t i v e l y  g r e a t e r  d e n s i t i e s  of p a r t i c u l a r  s p e c i e s  and 
which f a c t o r s  might account f o r  t h i s  v a r i a t i o n .  I then appl ied  mul t ip le  a n a l y t i c a l  
methods t h a t  used somewhat d i f f e r e n t  s u b s e t s  of the  da ta  t o  test t h e  r e l a t i v e  
e f f i cacy  of t h e  a n a l y t i c a l  methods and test f o r  r e p l i c a t i o n s  of r e s u l t s .  

Study species 

I Any s p e c i e s  observed 100 o r  more t imes  during t h e  s tudy 1988-92 (or  s p e c i a l i s t  
spec ies  observed 100 o r  more t i m e s  1988-93) was designated a  s tudy s p e c i e s .  Based 
on my observat ions  and t h e  l i t e r a t u r e ,  I c l a s s i f i e d  these  spec ies  according t o  

B 
vol t in ism (number of genera t ions  pe r  year)  and h a b i t a t  niche breadth i n  our  s tudy  
region: s p e c i a l i s t  (exclus ively  r e s t r i c t e d  or  near ly  so t o  p r a i r i e ) ,  g rass l and  
( inhab i t ing  p r a i r i e  and o ld  f i e l d ) ,  g e n e r a l i s t  ( inhabi t ing  grass land and o t h e r  
h a b i t a t s ,  o r  edge h a b i t a t  between f o r e s t  and grass land) ,  and invadey, lumping both 

I inmigrant (poss ib le  although i r r e g u l a r  breeder;  s tudy region is ou t s ide  r e g u l a r  
overwintering range) and migrant ( r egu la r  breeder each year  i n  s tudy  reg ion  bu t  
~ v ~ r w i n t e r s  r e g u l a r l y  i n  another  area ou t s ide  s tudy region).  

The f l i g h t  per iods  ( t imes when i n  t h e  a d u l t  l i f e  s t age )  of b u t t e r f l i e s  vary 
among t h e  s p e c i e s  a s  , to time of yea r ,  length ,  and number of t imes  per yea r .  Some 



Speces ere msltivoltine, with several generations and' theref ore flight periods per 
year, which may be distinct or overlapping; others are univoltine, with one 
generation and flight period per year (Opler and kizek 1984, Scott 1986). Flight 
periods vary within a species among years depending on weather, especially when 
spring 2nd early.sulcmer are warmer or cooler than average (Swengel 1991a). To 
standardize the surveys in the Upper .Midwest among years onto approximately the 
same phenological calendzr, I adjusted the survey dates to phenological Julian . 
dates as follows: 1988 $10 deys, 1989 0, i990 -4, 1991 +14, 1992 -14, 1993 -14 
(through July) -7 (August), resulting in this'phenological range: 
-----JUNE------'---------- JULY--------- --------- AUGUST-------- -SEPTErnEH- 

To determine the prime period of each species' flight, I converted each species' 
. numbers in each unit into observation rates of individuals per hour in the unit. 

This standardized the data, allowing valid comparisons of relative abundance. I 
plotted each species' rates against phenological date and set dates of primary 
flight. For multivoltine species, I designated several flight periods if markedly 
different abundances occurred at different ti&s of the summer'. If a species 
occurred only or primarily in a subregion or at a sm11 set of sites (<lo> of the 
Upper Kidwest, I designated this as the geographical selection for .their anaiysis 
to prevent the pre.valence of zeros in the larger dataset from obscuring trends. 

. . 

h l y s i s  of variable effects <Warm-Vhitney analysis) 
This analysis tested for a speciesi differential abundance in unifh relative 

to recent fire (burned or not since the last growing season) after testing and 
controlling for the effects of other variables. I analyzed the observation rate of 
individuals per hour per unit (with one test of this standardization method by 
running a parallel analysis of individuals per mile per unit), with flight period 
and geographical selection. My analyses of data from the Fourth of July Butterfly 
Count, with mthods similar to the Christmas Bird Count, and numerous studies of 
Christmas Bird Count data have demonstrated that valid statistical analyses of 
species abundance is possible based on observation rates per time (Swengel 1990b, 
in review), Since these rates were non-paramtric, I used the Mann-Whitney U test 
with ABstat 6.01 and 7.02 software (1989, 1993, Anderson-Bell Corp. , Parker, 
Colorado) to test for statistical significance. The rates of sbme species, when 
natural log-transformed [ln<rate+l>l, would meet parametric assumptions and allow 
analysis of variance (ANOVA), which offers the advantage of testing for interaction 
effects among variables, but I wanted to test so many variables that such an ABOVA 
would produce too many cells for which my dataset couldn't provide adequate 
samples. Data from the Upper Widwest and Missouri were analyzed separately because 
of possible geographical and phenological effects. 

Before testing for significant effects of recent fire, I tested numerous other 
variables first to see if they could account for the variability in the dataset. 
I f  significant (P<0.05 --tailed between any pair of variates), I controlled these 
variables before testing for subsequent effects. I performed the test for 
significance only if the samples for both subsets of the test were >5 units; if one 
or both were <6 units, statistically significant results would be improbable even 
with powerful real differences (i.e. Type I 1  statistical errors were likely). I 
tested in this predetermined order: 1. weather conditions (3 codes), 2. year 
(1990-93 only, since data from earlier years were inadequate to test for a year 
,effect), and 3.  four habitat and site variables each tested independently: 
vegetation (3 codes: wet, mesic, dry), degradation (3 codes), site diversity (2 
codes), and site size (2 codes: small and large; break point at 100 or 200 acres or 
occasionally another value, whichever divided the sample more evenly). 4. 
Controlling all of the previous variables, if significant, I then tested recent 
fire (2 codes) with as mny subsets of the data as produced testable samples. 



This is a conservat ive  methodology t h a t  a l lows  numerous f a c t o r s  o t h e r  than 
management t o  account f o r  a spec ies '  v e r i a b i l i t y  f i rs t  and f a v o r s  producing a 
random (1.e.  non-s igni f icant )  r e s u l t  because a r a t h e r  conservat ive  t e s t  (frann- 
GThitney U) wzs used with the  P value s e t  r a t h e r  low' (P<O.05 two- r z t h e r  t h a ~  cne- 

I t a i l e d ) .  To check f o r  t h e  sample s i z e  needed t o  avoid Type 1.1 s t a t i s t i c a l  e r r o r s  
i n  the t e s t  samples f o r  s p e c i a l i s t  spec ies '  response t o  recent  f i r e ,  I employed a n  
unsophist icated bu t  ob jec t ive  method of boots t rapping by r e p l i c a t i n g  t h e  e n t i r e  
sample f o r  a test up t o  4 t imes,  t h u s  inc reas ing  sample s i z e  but  not a l t e r i n g  t h e  I nature of t h e  va lues  i n  t h e  d a t a s e t .  

Analysis of adjacent l i k e  u n i t s  
This a n a l y s i s  conpared a spec ies f . abundance  i n  adjacent  p a i r s  of u n i t s , w i t h  

very s imi lar  vege ta t ion  and topography ,but  c o n t r a s t i n g  recen t  burn h i s t o r y ,  i f  
surveyed on t h e  same day i n  very s i m i l z r  weather. I ca tegor ized  t h e  p a i r s  accord- 
ing t o  most r ecen t  management i n  eech: r e c e n t l y  burned (burned s i n c e  last growing 
season) vs. burned l a s t  year ,  r ecen t ly  burned vs. unburned 2+ years  ago, burned 
l a s t  year vs. burned 2+ years  ago, and both u n i t s  burned 2+ years  ago. A l l  s t u d y  
species  t h a t  produced a t  l e a s t  one s t a t i s t i c a l l y .  t e s t a b l e  p a i r  of r e s u l t s  were 
analyzed. If 2 'species was observed (obs) i n  one o r  both u n i t s  of a p a i r ,  I calcu- 
l a t ed  an e iqected  (ex?) number observed i n  each u n i t  based on even d i s t r i b u t i o n  i n  
both u n i t s  per ti& s p e n t ,  i n  both u n i t s .  With ABstat 6 .01  and 7.02 sof tware  (1989, 
1993 Anderson-Bell Carp.,  Parker, Colorado), I used t h e  Chi-square goodness of f i t  
test t o  analyze randomness of d i s t r i b u t i o n  f o r  each s p e c i e s  between bot'h u n i t s  i n  
each pa i r  and on t h e  sum of observed and expected values f o r  each ca tegory  of 
un i t s ,  i f  both expected values  were 3. For t h e  s t a t i s t i c a l l y  t e s t e d  sums, I 
ca lcula ted  a response index (21) t o  quan t i fy  t h e  varying responses among s p e c i e s  
("unburnedW=the longer unburned values,  "burnedW=more r e c e n t l y  burned va lues ) :  

XI= (unburned obs/unburned exp>/(burned obs/burned exp) 
When RI<1, t h e  s p e c i e s  is overrepresented i n  t h e  more r e c e n t l y  burned u n i t s .  When 
RI=l, the  spec ies  is equal ly  represented i n  both u n i t s .  When RI>1, t h e  s p e c i e s  is 

:overrepresented i n  longer unburned u n i t s .  For t h e  c a t e g ~ r y  of unburned-unburned 
p a i r s ,  i f  I knew how long ago each was burned, and t h e r e  was a d i f f e r e n c e ,  'I  

- assigned the  more r e c e n t l y  burned u n i t  t o  t h e  "burned" values  i n  t h e  RI equ,ation. ' 
I , d i d n 8 t  segregate  mul t ivol t ine  s p e c i e s  i n t o  d i f f e r e n t  f l i g h t  per iods ,  but  I d i d  
separa te  Honarchs (Daneus ~ l e x i ~ p u s )  i n t o  those  observed e a r l y  and l a t e  i n  t h e  
growing season (phenological d a t e 4 2 1 5  and >214 r e s p e c t i v e l y ) ,  with t h e  breakpoint  
determined by t h e  f l i g h t  period ana lys i s .  

Relat ive r ep resen ta t ion  i n  management age classes 
This a n a l y s i s  t racked t h e  r e l a t i v e  d i s t r i b u t i o n  of each s p e c i e s  i n  groups of 

u n i t s  c l a s s i f i e d  a s  year  0 s ince  last t rea tment  (1.e. burnewhayed s i n c e  last 
growing season),  yea r  1 , - 2 ,  o r  3+ (sample s i z e  precluded d iv id ing  3-k i n t o  more 
s i n g l e  years) .  R e s t r i c t i n g  t h e  sample f o r  each s p e c i e s  t o  t h e i r  f l i g h t  p e r i o d  an& 
geography des ignat ions ,  I t abu la ted  t h e  t o t a l  survey time and number of i n d i v i d u a l s  
i n  each age 'c lass .  Next I ca lcu la ted  t h e  propor t ions  of t o t a l  time and i n d i v i d u a l s  

. represented i n  each age c l a s s .  I assumed a random (expected) d i s t r i b u t i o n  of 
individuals  i n  a management age c l a s s  when t h e  propor t ion  of i n d i v i d u a l s  equa l l ed  
t h e  proportion of t ime we spent  i n  t h a t  age c l a s s .  Las t ly ,  I c a l c u l a t e d  t h e  
percentage each propor t ion  of ind iv idua l s  dev ia ted  from random d i s t r i b u t i o n  i n  t h a t  

' age  c l a s s .  The Upper Widwest and.Missouri a n a l y s e s  were done separate1y;with t h e  
former r e s t r i c t e d  t o  1988-92 data  s i n c e  l ack  of time prevented t h e  a d d i t i o n  of <993 
data  by repor t  deadl ine .  The Kissouri  a n a l y s i s  t racked b u t t e r f l y  r e p r e s e n t a t i o n  i n  . 
burned and hayed p r a i r i e s o n l y  f o r  years  0 and 1 s i n c e  we have 'only  2 y e a r s  of d a t a  
and therefore haven ' t  i d e n t i f i e d  enough u n i t s  i n  age c l a s s e s  longer s i n c e  l a s t  
management; I e l iminated  those s tudy s p e c i e s  observed only i n  very low numbers i n  
only one type of management ro ta t ion .  I .  t e s t e d  f o r  s i g n i f i c a n t  d i f f e r e n c e s  i n  



p a t t e r n s  of r e l a t i v e  representa t ion  i n  t h e s e  e i e  c l a s s e s  by h a b i t a t  nicbe breadth, 
and in t h e  Upper Midwest a l s o  by vol t in ism and family,  with t h e  b u s k a l - V a l l i s  one- 
way a n a l y s i s  of variance and Spearman rank cor re la t ion .  I f  vol t in ism was var iab le  
wi th in  a species ,  I 'coded it a s  t h e  mean of t h e  extremes. - . . 

Absolute l e v e l s  i n  management age classes . 
In  conjunction with f l i g h t  period and geography s e l e c t i o n s ,  I s e l e c t e d  t h e  

v a r i a b l e  con t ro l  ind ica ted  i n  t h e  a n a l y s i s  of va r i ab le  e f f e c t s  (Xann-Whitney 

I 
a n a l y s i s )  (see above) t h a t  captured t h e  b igges t  sample s i z e  f o r  comparing a 
spec ies '  numbers i n  burned and hayed p r a i r i e s .  Data from t h e  Upper Kidwest 1988-93 
( r e s t r i c t e d  t o  Hinnesota where t h e  only hay p r a i r i e s  i n  t h i s  region were sampled) 

. I 
- and Missouri 1992-93 were tabula ted  separa te ly .  I  ca lcu la ted  the  mean observation 

r a t e s  per  time of t h e  s p e c i a l i s t  and s e l e c t e d  o the r  s p e c i e s  through management age 
- c l a s s e s  up t o  5+ y e a r s  s i n c e  l a s t  t r e a t b e n t .  In Wisconsin, I compared observation 

I 
r a t e s  af t he  Regal F r i t i l l a r y  and severa l  o the r  non-specia l i s t  spec ies  i n  t h e  
managerent age c l a s s e s  of the  th ree  s i tes  where Regal popula t ions  occur. 

, 
EATURAL HISTORY OF SPEC'I AL IST STUDY SPECIES 

I 
. ' For t h i s  I r e f e r r e d  t o  the  following: Ebner 1970, Irwin and Downey 1973, 

F e r r i s  and Brown 1981, Pyle 1981, Opler.1981, 1983, Opler and Krizek 1984, Sedman 
and Hess 1985, S c o t t  1986, Tilden and Smith 1986, Heitzman and Heitzman 1987, Shul l  

I 
1987, Coffin 2nd Pfannmuller 1988, Ferge 1988, Royer 1988, Dana 1991, I f t n e r  e t  a l .  
1092, Opler and Y~alikul  i992, Royer and Yarrone 1992a-d, S tanford  and Opler 1993. 

I '  I 
Poweshiek Skipper 

Th i s  skipper (Oarisma poweshiekl i n h a b i t s  f en  wetlands i n  Kichigan (Leni 
Wilsman, pers.  comm.), where its l a r v a l  foodplant  is repor ted  a s  sedges. In - 
Wisconsin it l i v e s  i n  low p r a i r i e s ,  but  i n  Minnesota, it occurs i n  p r a i r i e  from wet 

I 
t o  d ry  types,  with l a r v a l  hos t  (s) a s  ye t  unreported, and apparently t o l e r a t e s  
moderate hab i t a t  degradation and fragmentation. In  southeas tern  North Dakota, it 
is found usually i n  moist,  but sometimes i n  d r y  p r a i r i e s ,  a s  well as sedgy d i t ches ,  

m 
again with sedges r epor ted  a s  l a r v a l  food. The Poweshiek overwinters  a s  a f i f t h  
i n s t a r  l a rva ,  and a d u l t s  have a s i n g l e  f l i g h t  from mid- t o  l a t e  June i n t o  Ju ly .  I 
Dakota and Ottoe Skipper . 

The Dakota (Hesperia dacotae) and Ottoe (H.  o t t o e )  Skippers a r e  t y p i c a l  of t h e  
genus, having one genera t ion  per  year  with a d u l t s  i n  summter. Shor t ly  after eggs 
a r e  laid, la rvae  commence developmnt,  cons t ruct ing  s h e l t e r s  on t h e i r  food plants-- 
major p r a i r i e  grasses ,  e s p e c i a l l y  ' b ig  ( A n d r o ~ o ~ o n  ~ e r a r d i i  ) and 1 itt l e  (A. 
scopar ius)  bluestems, s ide-oats  g r a m  (Bouteloua cur t ipendu la ) ,  and (Dakota only) 
p r a i r i e  dropseed (Sporobolus he te ro lep i s ) .  The larvae  overwinter i n  an 
intermediate i n s t a r  i n  s h e l t e r s  i n  t h e  basa l  a r e a s  of bunchgrass clumps and pupate 
t h e  following spr ing .  Where sympatric,  t h e  Dakota a d u l t s  enrerge 1-2 weeks ahead of 
t h e  Ottoe and have a somewhat s h o r t e r  f l i g h t .  The Ottoe t y p i c a l l y  begins f l i g h t  i n  
l a t e  June, peaking sometime i n  Ju ly ,  but continuing u n t i l  t h e  beginning of August, 
al though i n  Kansas and Missouri, the  f i i g h t  predominantly occurs i n  June. The 
Dakota's h i s t o r i c  range was r e s t r i c t e d  t o  northern p r a i r i e  from southern Manitoba 
and northwestern North Dakota southeastward through western Minnesota and 
northernmost Iowa t o  I l l i n o i s ,  where the  Dakota is known from only t h r e e  specimens 
1895-1940. The O t t o e ' s  range broadly but  s p o t t i l y  encompasses t h e  p r a i r i e  and 
p l a i n s  from lower peninsula Michigan west through southern  Wisconsin and Minnesota 
to - sou the rn  h n i t o b a  and eas te rn  lriontana and southwest through southwestern 
l i s s o u r i  t o  northern Texas and e a s t e r n  Colorado. Both s p e c i e s  t y p i c a l l y  inhab i t  
r e l a t i v e l y  undisturbed p r a i r i e ,  t he  Dakota i n  wet-mesic t a l l g r a s s  and dry-mesic 
mid-grass p r a i r i e s  and t h e  Ottoe i n  well-drained short- ,  mixed-, and t a l l g r a s s  
p r a i r i e ,  of ten  on upland s lopes  and barrens.  



Leonard' -Pawnee Skipper 
The Leonard's (Hesperia leonnrdus leonnrbus) an2 Pawnee CB. 1. parnee) 

Skippers a r e  considered t o  r e l a t e  c l i n a l l y  over t h e i r  range, which occurs broadly 
f r o m t h e  northern hal f  of the  e a s t e r n  U.S. westmrd t o  sou theas te rn  Szskatcbehzn, 
Wontana, and Colorado. The more e a s t e r n  Leonard's has a rus t - r ed  background 
v e n t r a l l y  while t h e  more western Pawnee is br igh t  yellow, with in termedia te  forms 
i n  western Wisconsin and Kinnesota. I  have r e f e r r e d  a l l  ind iv idua l s  observed i n  
I l l inois-Visconsin t o  Leonard's end. a l l  i n  western Kinnesota t o  Pawnee. A t  a few 
s i t e s  i n  western Kinnesota, a few Assiniboia Skippers (& C c o m l  ass in iboia!  m y  
have been mis iden t i f i ed  a s  Pawnee, but  I be l ieve  t h a t  most o r  a l l  i nd iv idua l s  were 
lawnee. The na tu ra l  h i s t o r y  of t h e s e  sk ippers  is s in i i l a r  t o  t h e  Dzkota-Ottoe, but  
t h e  f l i g h t  period is l a t e r  (mid-August t o  e a r l y  October) and f i r s t  i n s t a r  l a rvae  
overwinter. Lzrval h o s t s  a r e  dominent g rasses  such es b lues tens ,  needlegrzsses - 
(S t ipa ) ,  and dropseed, The Leonard 's  m y  i n h a b i t s  wzt grass lands ,  apparent ly  mare 
s o  e a s t  znd nor theas t  of t h i s  r e s e z r c h ' s  s tudy region,  but  both subspecies  a l s o  
l i v e  i n  dry prair ie/savanna h a b i t a t ,  e s p e c i a l l y  westward. 

Arogos Skipper 
This . sk ipper  (Atrvtone a r o ~ o s )  h a s  two subspecies:  t h e  e a s t e r n  aroxos s p o t t i . 1 ~  

occurs i n  dry grass lands .and sand p r a i r i e s  of t h e  A t l a n t i c  and Gulf c o a s t a l  p l a i n s ,  
while iowa i n  t h e ' ~ r e n t  P l a i n s  ranges  widely i n  p r a i r i e s  (usunl iy  undisturbed) from 
Xinnesota and North Dakota sou th  t o  e a s t e r n  Colorado, Texas, Missouri,  and only one 
county (Mason) i n  c e n t r a l  I l l i n o i s .  I t  has one genera t ion  per  year  in"midsumnter, 
two southward (June and September). The larvae ,  which feed on dominant g r a s s e s  

.such as big  and l i t t l e  bluestem, overwinter  i n  t h e  four th  instar.9 , 

R e g a l  Fritillary 
Xegals are t y p i c a l  of large f r i t i l l a r i e s  {Speyeria) ,  with one genera t ion  each 

year  and a d u l t s . d u r i n g  a long summer f l i g h t ,  with males emerging ahead of females, 
a week- o r  more f o r  t h e  Regal. In t h e  Upper Kidwest, Regals usua l ly  f ly- . f rom late 
June/early J u l y  u n t i l  l a t e  August/early September but f u r t h e r  sou th  from Fay t o  
October with m i n  male f l i g h t  mid-June t o  mid-July and main female f l i g h t  e a r l y  
J u l y  t o  mid-August. Female Regals,  l i k e  some o t h e r  l a rge  f r i t i l l a r i e s ,  may e n t e r  
diapause, an adapta t ion  poss ib ly  r e s t r i c t e d  t o  dry  c l ima tes  ( I  have never not iced  
t h i s ) ,  and delay egg-laying u n t i l  la te  summer. Large f r i t i l l a r i e s  u s u a l l y  l a y  - 
eggs, which hatch t h e  same season < l a i d ,  haphazardly on o r  near  v i o l e t s  (Viola) but  
t h e  la rvae  overwinter unfed, f e e d i n g  t h e  fol lowing sp r ing  v i o l e t s  a t  n igh t  and 
hiding d iu rna l ly  away from t h e  h o s t .  While bi rdfoot  v i o l e t  (L =data> is most 
o f t en  c i t e d ,  it is sometimes r a r e  o r  absent  a t  s i t e s  with Rega l s , . so  t h a t  a t  l e a s t  
seve ra l  kinds of v i o l e t s  must be used. The. Regal formerly occurred from c o a s t a l  
southeas tern  Canada south i n  t h e  Appalachian and Piedmont Plountains t o  North 
Carolina, westward ac ross  t h e  nidwestern USA from Ohio t o  southwestern Missouri and 
lower peninsula Kichigan and Minnesota; i n  the  Great P l a i n s ,  southward t o ' n o r t h e r n  
Oklahoma, west ward t o  eas te rn  ~ o l o r a d b  and Montana, and s t r a g g l i n g  nor th  t o  
Manitoba. In the  nor theas t  USA, Regals  inhabi t (ed1 damp meadows and dry 
grasslands;  i n  t h e  Midwest and Great  P l a i n s ,  wet t o  dry t a l l g r a s s  p r a i r i e  and 
wetter  types  of mixed- and shor t -g rass  p r a i r i e .  

Gorgone checkerspot 
This  spec ies  (Charidrvas goraone) has n yeiy  broad range centered  on t h e  Great 

P l a i n s  of t h e  c e n t r a l  USA and sou the rn  Canada. I t  i n h a b i t s  open a r e a s ,  e s p e c i a l l y .  
prairie/savanna .but a l s o  wastelands and o l d  f i e l d s ,  where the l a rvae  feed  on 
'composites, mainly sunflowers (Hel ianthus) .  The t h i r d  i n s t a r  l a r v a  overwinters .  
The number of adu l t  f l i g h t s  per year  v a r i e s  with length  of growing season. 

-.: ' 
i. -. ". 

RESULTS 



. . 

Study species  
Ve counted 65,390 ind iv idua l s  of 87 s p e c i e s  1988-92, 90 s p e c i e s  through 1993 

with an $5,000 ind iv idua l s  counted (not y e t  t a b u l a t e d  because of time 
cons t ra in t s ) .  28 ' species  were observed a t  l e a s t  100 times.1988-92 (App. 9 ,10) ,  
accounting f o r  almost  94% of a l l  indiv iduals .  Common and s c i e n t i f i c  terminology 
f.ollow Badges e t  a l .  (1983) and HA3A (1993). The remainder included both s p e c i e s  
infrequently encountered-and un iden t i f i ed  ind iv idua l s ,  p a r t i c u l a r l y  p i e r i d s ,  
c rescen t s  (Phvciodes),  and l r d i e s  (Vnnessn). . Since I d i s c u s s  t h e  Knrner Blue 
(Lycaeides x e l i s s a  s a ~ ~ e l i s )  i n  d e t a i l  elsewhere (Swsngel 1933a), I excluded it as 
a study spec ies  here,  r e s u l t i n g  i n  27 s tudy  species .  Two more s p e c i a l i s t  spec ies ,  

. t h e  Dakota and Pawnee, exceeded 100 ind iv idua l s  with 1993 da ta .  some d e s c r i p t i v e  
i n f o r m t i o n  is provided on the  Gorgone checkerspot,  s i n c e  it is a s p e c i a l i s t  of 
conservation concern but  only. 32 individuals  were observed. Since only a few 
individuals  of the .  Byssus Skipper (Problem byssus) ,  'another  spec ic \ l i s t ,  were 
observed each year  in 'Wissour i  only a t  Gama Grass, I cannot analyze its occurrence. 

Behavior: feeding 
The r a t e  of nec ta r ing  ins tadces  per  t o t a l  i n d i v i d u a l s  observed var ied  

considerably, with very high frequencies f o r  Arogos (59% -in Minnesota, 94% i n  
Wissoul-i) and Dakota (53%) Skippers, probably because a very good, c lose  look a t  
t h e s e  individuals  is necessary t o  i d e n t i f y  them, and nec ta r ing  ind iv idua l s  a r e  , 

r e l a t i v e l y  easy  t o  f i n d  and examine. 
Poweshiek Skipper.  This spec ies  p a r t i c u l a r l y  n e c t a r s  a t  daisy-type 

white/yellow/pink composites (90% of v i s i t s )  (App. 2 ) .  , -  

Ottoe Skipper. Dnna' s (1991) da ta  agree with ours  (App. 2) f o r  Ottoes i n  Hin- 
nesota tha t  pa le  purp le  coneflower is most f r equen t ly  v i s i t e d ,  bu: our d a t a s e t  is 
t o o  limited f o r  more c o ~ p a r i s o n s .  H i s  d a t a  agree with o u r s  from Illinois-Wisconsin 
t h a t  several  species a r e  f requent ly  used, while a number of o t h e r s  a r e  v i s i t e d  
rarely.:  In-our d a t a ,  t h e  t o p  two nectar  choices by males and females a r e  t h e  same. 

Leonard's Skip=. A l l  nec tar  observat ions  were a t  a s i n g l e  species ,  rough 
blaz ings tar  (App. 21, which agrees  with my experience of t h i s  s p e c i e s  i n  Wisconsin 
barrens, where it a l s o  v i s i t s  dwarf b laz ings tar .  Most i n d i v i d u a l s  of t h e  rust-red 
morph I have seen have been associa ted  with L i a t r i s .  By c o n t r a s t ,  t h e  yellow 
morphs I observed a t  Blue River, Wisconsin (not on formal  surveys  of t h i s  research)  
perched on goldrenrod f lower s t a l k s  and l ichens.  

Pawnee Skipper. While t h e  most important n e c t a r  source  is a l s o  a b l a z i n g s t a r  
(dotted) ,  its n e c t a r  s e l e c t i o n  was not s o  s t rong ly  skewed t o  a s i n g l e  p l a n t  genus 
a s  t h e  Leonard's (App. 2). Although I have not c o l l e c t e d  da ta  on perch s e l e c t i o n ,  
t h i s  species f r equen t ly  perches on yellow s u r f a c e s  (perhaps f o r  camouflage?). 

Dakota Skipper. Our t o p  n e c t v  item (blanketf lower)  is r a r e  o r  absent  (now a t  
l e a s t )  a t  Dana's (1991) s tudy s i t e  while h i s  t o p  n e c t a r  i t e m  (pa le  purple 
coneflower) was important  but t h i r d  i n  our s tudy,  wi th  vervain  r a t h e r  important i n  
h i s  dataset  but unrepresented i n  ours  (App. 2). These d i f f e r e n c e s  a r e  p a r t l y  
explained by phenology, f o r  most of our observations were i n  1992-93 with v i s i t s  
before peak coneflower bloom, and p a r t l y  by t h e  v a r i a b i l i t y  of our more numerous 
sampling s i t e s .  Nevertheless,  our d a t a s e t s  genera l ly  ag ree  on r e l a t i v e  importance 
of pa r t i cu la r  s p e c i e s ,  and on t h e  pa t t e rn  t h a t  a few s p e c i e s  v i s i t e d  f r equen t ly  but 
many species a r e  v i s i t e d  r a r e l y .  

Jiro~os Skipper. Purple coneflowers were overwhelmingly chosen i n  both 
Minnesota and Hissour i ,  but t h e  sample is small (App. 2 1. Very few were sexed 
because t h i s  r e q u i r e s  a very good look a t  the  above s i d e .  

R e ~ a l  F r i t i l l a r y .  Although flowers of o the r  c o l o r s  a r e  widely a v a i l a b l e ,  t h i s  
. species  shows a s t r o n g  tendency t o  select pink-purple f lowers:  i n  I l l i n o i s  100% of 

v i s i t s  Were t o  f lowers  of such co lo r s ,  Iowa 75%, Minnesota 972, Missouri 77%, 
Wisconsin 89% (App. 2 ) .  This  behavior occurs c o n s i s t e n t l y  throughout t h e  f l i g h t  
period and is obvious i n  t h e  f i e l d ,  as when a Regal p a s s e s  over d r i f t s  of mountain 



mint to visit the cne ironweed patch or pzsses over abundant black-eyed sussns to 
visit the first oper floret 'of prairie blzzingstar. Thistles.are a particular 
mgnet; while these flowers are usually rzre and scattered in the prairie 
landscape, Regals often fly from thistle flower to'flower, seeming to orienteer by 
them and use them for mate-finding. One mating pair was observed on pukple 
coneflower in Missouri, suggesting the female ms found and/or courted there. 

Gor~one Checkerspot. We didn't take data on their nectar visits. 

Flight period - Average, peak, annual variability 
These results are restricted to the Upper Hidwest, since I lack adequate time 

depth from Missouri. The phenological adjustment worked well for most species by 
producing a better alignment of flight periods and peaks among years than with 
unadjusted dzte (e. g. Regals at Muralt, Fig. El-2) ; all subsequent discussion of 
these species uses phenoloaically adjusted dates. This adjustmsnt wzs not valuable 
for the Leonard's and Pawnee, the only univoltine late summer flyers. Only a few 
of th?ese skippers were found in 1991, while in 1992-93 we found more at an earlier 
phenological date but later calendar date than in 1991. This suggests that the 
flight periods for these species may be calibrated backward from the arrival of 
fail rather thzn from phenological progress since spring. I therefore used ' 
unadjusted dates to define these skippers' flights. For those cases where annual 
variability cannot' be attributed to the survey's timing relative to flight period, 
I can only speculate about why the abundance of species varies annually, although 
weather factors seem quite important, with different components potenthlly 
relevant to different species and potentially affecting different species in 
different ways. Immediate and cumulative effects, positive and negative, of 
management may also be a factor. However, I'm not attempting to address generzl 
population trends within q datnset, since this requires a longer ti= horizon. 

Poweshiek Skipper. In western Minnesota, this species primarily flies in the 
last half of June to early July; in this study, we covered this phenological period 
in 1988-89 (at Hole-in-the-Xountain only) and 1992-93. S o m  have implied that 
relatively high densities of this ~~pecies are occasional and somewhat 
unpredictable. We have observed high numbers (defined arbitrarily as >50/hr> in 
unites) at Hole-in-the-Mountain especially in 1988-89 and in 1992 (but somewhat 
lower) but not in 1993, Ordway and Prairie Coteau in 1992 but not 1993, and 
Staffanson 1992-93. Overall, observation rates averaged significantly lower in 
1993 than 1992 (App. 3 ) .  Thus, although with some variability, each year we've 
szmpled in the appropriate phenology, we've also experienced abundant densities 
somewhere at predictable times and places. 

Ottoe Skipper. The main flight in our Illinois-Wisconsin sites spans early 
July to early August, usually peaking early to mid-July, with strong overlap of 
males and females, consistent with the literature (Fig. A1-3). Bumbers were higher 
in 1990-91; 1992 and especially 1993 were lower. 

Leonard's S k i ~ ~ e r .  Main flight in our Illinois-Wisconsin sites was ordafter 
August 20. We surveyed much at sites with this species at this time only in 1993. 

Pawnee Skip~er. The main flight in western Winnesota occurs on and after 
August 10, which we sampled in 1992-93, with many more observed in 1992. 

Dakota Skipper. Prine flight in western Winnesota was the last half of June 
with a few individuals from early to late July (Fig. B1-3). Dana's observations 
(1991) were slightly later in unadjusted dates but in the same general period. 

Aro~os Skip~er. In Minnesota, the =in flight occurs from late June to late 
July. Although not significant (possibly because of low numbers overall), a steady 
decline occurred from 1990-92; in 1993, we apparently missed the flight period. I 
believe our mid-June Kissouri sampling, while producing observations each year, 
have.been early in the flight, especially in 1993. 

--- Re~al Fritillarv. In the eastern Upper Midwest (i.e. northeastern Iowa, 
northern Illinois, and southern Wisconsin), the main flight lasts from late 



June/early Ju ly  t o  mid-August, s t a r t i n g  i n  mid/late June southward (Fig. C1-3). In 
t h e  western Upper Xidwest (longituae>94*, i . e .  northwestern Iowa and western 
Ninnesota) ,  t h e  main f l i g h t  occurs from early/mid-July t o  l a t e  August (Fig. Dl-3). 
Timing and dura t ion  of peak may be a f f e c t e d  by populat ion s i z e .  In  1990, t h e  yea r  
w e  found the  most  i nd iv idua l s  a t  Muralt, t h e  phenological ly adjus ted  peak (ea r ly  
August) occurred well l a t e r  than i n  1991-93 (Fig. E-21, when t h e  peak was s i m i l a r l y  
timed (ea r ly  t o  mid J u l y ) .  In 1993 a t  t h r e e  Wisconsin s i tes  (Fig. E-3), Muralt and 
Thomson had a s i m i l a r l y  timed e a r l y  peak ( e a r l y  J u l y  adjus ted)  while t h e  s i t e  with 
t h e  most ind iv idua l s  had a l a t e r  peak ( e a r l y  August) with a longer per iod  of high 
numbers prepeak. Our a a t z  i n  t h e  e a s t e r n  Upper Kidwest genera l ly  agree  with Iftner 
e t  a l .  (1992) t h a t  numbers drop r a t h e r  sha rp ly  a f t e r  peak. We had no s i g n i f i c a n t  
yea r  e f f e c t  1990-93 i n  t h e  Upper Hidwest and 1992-93 i n  Xissouri (App. 3). Vhile 
w e  found s l i g h t l y  higher l e v e l s  i n  Kissouri  i n  1993 than 1992, I assume we were 
e a r l i e r  i n  t h e i r  f l i g h t  i n  1993 s ince  we found many fewer females. 

Gor~one  Checkerspot. To increase  sample and seasonal  coverage, I used d a t a  
from t h i s  s t u d y ' s  p r a i r i e  sampling and from our Wisconsin barrens  r e sea rch  (Swengel 
1993a). This  mul t ivo l t ine  specie's showed some tendency t o  bui ld  i n  numbers a s  
genera t ions  progressed during t h e  growing season, more s o  in  t he  p r a i r i e  research  
whereas i n  the  bzrrens ,  sp r ing  seemed a more p red ic tab le  time t o  f i n d  t h i s  s p e c i e s  
more widely (Fig. F1-2). Although previously mapped a s  two genera t ions  with a long 
per iod  of late-season s t r a g g l e r s  (Swengel 1991a>, I see  t h r e e  r e l a t i v e l y  d i s c r e t e  

. f l i g h t s  i n  these  graphs (Fig. F1-2): May-early June (da ta  from barrens  only but 
s u r e l y  occurring i n  p r a i r i e s  t o o ) ,  e a r l y - l a t e  Ju ly  (da ta  from barrens  and 
p r a i r i e s ) ,  end mid-late August ( p r a i r i e  d a t a  only; unknown whether t h i $  occurs i n  
t h e  more northern barrens) .  Although t h e  graphs of multiple-year d a t a  imply a f a i r  
spread of d a t e s  per  brood, within a s i n g l e  year each brood 's  span'was usua l ly  q u i t e  
narrow, except i n  p r a i r i e s  i n  midsummer 1992, with a f a i r  spread between Bush Creek 
and Dewey Heights, two southwestern Wisconsin sites. I hdve a l s o  noted b r i e f  peak 
f l i g h t s  a t  s i t e s  nea r  our  home t h a t  we observe f requent ly .  Since we've seen none 
i n  Kissour i ,  I assume we've been between f l i g h t s  during our sampling the re .  

F l i g h t  period - Dissocia t ion  amng  congenerics 
The Poweshiek and Dakota s t rong ly  overlap,  while t h e  Arogos and Ottoe similar- 

l y  over lap  i n  a s l i g h t l y  l a t e r  and longer f l i g h t .  See Dana (1991) f o r  d i r e c t  
comparisons of t h e  Dakota and Ottoe f o r  t h e  Ottoe is near  absend i n  our Minnesota 
surveys.  The Leonardls/Pawnee Skippers d i s s o c i a t e  well from t h e  o the r  s p e c i a l i s t  
sk ippers .  Sch l i ch t  and Orwig (1990) noted a s i m i l a r  s e r i e s  of somewhat overlapping 
sk ipper  f l i g h t  periods.  Clench (1967) suggested t h a t  temporal d i s s o c a t i o n s  of sym- 
p a t r i c  sk ippers  might be an adapta t ion  t o  reduce competition f o r  a d u l t  food; t h e  
superabundance of l a r v a l  food (grasses) ,  a s  i n  p r a i r i e s ,  precludes t h i s  a s  a l i m i t -  
i ng  f a c t o r .  While I '  ve  not  quan t i f i ed  degree of nec ta r  d i s s o c i a t i o n  among these  
s p e c i e s ,  it does seem t h a t  each spec ies  has  s l i g h t l y  d i f f e r e n t  menu s e l e c t i o n s .  

The Great Spangled ( S ~ e y e r i a  cybele) and Aphrodite (S, a ~ h r o d i t e )  F r i t i l l a r i e s  
d i s s o c i a t e  somewhat from t h e  Regal i n  time and a l s o  h a b i t a t  niche breadth 
( g e n e r a l i s t ,  grassland,  and s p e c i a l i s t  r e spec t ive ly )  and hab i t a t  preferences  (see 
"Population v a r i a b i l i t y  by h a b i t a t  and geography" below). The Spangled 's  main 
f l i g h t  i n  the  Upper Midwest spans mid-June t o  mid-August (Fig. G-1) wpile t h e  
Aphrodite 's  main f l i g h t  i n  t h e  Eastern Upper Midwest (longitude<94O) spans  mid-June 
t o  mid-July (Fig. G-2) and l a t e  June/early J u l y  t o  mid-August i n  t h e  Western Upper 
Midwest (longitude>94O) (Fig. G-3). While t h e  Spangled's f l i g h t  f u l l y  encompasses 
t h e  o t h e r  two f r i t i l l a r i e s  (as  i n  the  l i t e r a t u r e ,  e .g.  I f t n e r  e t  a l .  1992, Cech 
1993, Glassberg 19931, both it and t h e  Aphrodite peak a t  r a t h e r  s i m i l a r  times ahead 
of t h e  Regal (compare Fig. H-1 and 1-1 with E-2; H-2 and 1-2 with E-3>, as a l s o  i n  
t h e  l i t e r a t u r e :  The Aphrodite peaks immediately a f t e r  t h e  Spangled, mid-July vs. 
l a t e  Junelear ly  J u l y  (Glassberg 1993) o r  27 JuneL4 Ju ly  vs. 20-27 June, with Regals 
peaking 11-18 J u l y  ( I f t n e r  e t  a l .  1992). Cech (1993) a l s o  indica ted  a second 



Spangled peak ' in  e a r l y  September, poss ib ly '  explaining t h e  odd inc rease  of t h i s  
spec ies  l a t e  i n  summer 1993 a t  t h e  Crawford County, Wisconsin s i t e  (Fig. H-2)- 

F l i g h t  period - Sex r a t i o  

I I analyzed t h e  Upper Midwest d a t a ,  where I have an adequate time spread.  For 
each species  with adequate samples (Ottoe,  Dakotz, Regal ) ,  I  computed % males of 
a l l  sexed ind iv idua l s  per u n i t .  A l l  s p e c i e s  deci ined i n  % males with i n c r e a s i n g  
phenologicaily ad jus ted  d a t e ,  Dakotas much more s o  than Ot toes ,  Regals somewhat 
more i n  the  e a s t e r n  ( l 0 n g i t u d e < 9 4 ~ )  t h a n  western (longitude>94O) Upper Midwest 

- B g 4 The % males c o r r e l a t e d  negat ive ly  and s i g n i f i c a n t l y  with phenologica l  
d a t e  except f o r  t h e  Ottoe,  which showed t h e  l e a s t  tendency i n  t h i s  regard (Tab. 1). 
In a l l ' s p e c i e s ,  the  observat ion  r z t e  of a l l  ind iv idua l s  c o r r e l a t e d  s i g n i f i c a n t l y  
and pos i t ive ly  with na le  r a t e s  and l ikewise  with female r a t e s  except  f o r  Regals  i n  

I t h e  eas tern  Upper Midwest, where t h e  c o r r e l a t i o n  was non-signif icant  (Tab. 1). The 

'I 
cor re la t ion  between male and female r a t e s  was a l s o  s i g n i f i c a n t  and p o s i t i v e  f o r  a l l  
except eas te rn  Regals. This  apparent  d i f f e rence  i n  female Regal behavior/phenology 
between the  e a s t e r n  and western 'Upper Widwest cannot be expla ined simply by 
phenological d i f f e r e n c e s  s i n c e  both reg ions  were sampled over a long and comparable 
phenological period;  it may be a r e a l  phenomenon t h a t  f e m l e s  can and do d i s s o c i a t e  
more from males i n  t h e  l e s s  dense e a s t e r n  than western popula t ions .  

Table 1. Pearson's  Produce Moment Cor re la t ion  Matrix of s e x  r a t i o  p a t t e r n s .  
r B P 

I '  

% males of sexed ind iv idua l s  with phenological  da te  
Dakota Skipper - Western Upper Midwest -0.56762 49 0.0000 
Ottoe Skipper - Eastern Upper Midwest -0.18092 65 0.1492 
Regal F r i t i l l a r y  - Eastern Upper Midwest -0.51856 104 0.0000 
Regal F r i t i l l a r y  - Western Upper Xidwest -0.39622 279 0.0000 

r a t e s  of observation of males and a l l  i nd iv idua l s  
Dakota Skipper - Western Upper Midwest 0.93836 285 0.0000 
Ottoe Skipper - Eastern Upper Midwest 0.79306 250 0.0000 
Regal F r i t i l l a r y  - Eastern  Upper Midwest 0.87064 104 0.0000 
Regal F r i t i l l a r y  - Western Upper Hidwest 0.85328 451 0.0000 

rates of observation of females and a l l  ind iv idua l s  
Dakota Skipper - Vestern Upper Midwest 0.88478 285 0.0000 
Ottoe Skipper - Eastern Upper Midwest 0.68159 250 0.0000 
Regal F r i t i l l a r y  - Eastern  Upper Midwest -0.05028 104 0.6123 
Regal F r i t i l l a r y  - Western Upper Midwest 0.44264 4 5 1  0.0000 

r a t e s  of observation of males and females 
Dakota Skipper - Western Upper Midwest 0.72874 285 0.0000 
Ottoe Skipper - Eastern Upper Midwest 0.74351 250 0.0000 
Regal F r i t i l l a r y  - Eastern  Upper Midwest -0.27656 104 0.0045 
Regal F r i t i l l a r y  - Western Upper Midwest 0.26596 4 5 1  0,0000 

Population v a r i a b i l i t y  by h a b i t a t  and geography 
Within t h e  v a r i a b i l i t y  of our sample and t h e  c o n s t r a i n t s  of coding weather I i n t o  th ree  ca tegor ies ,  weather showed l i t t l e  e f f e c t  on u a r i a b l l i t y  of b u t t e r f l y  

dens i t i e s  (App. 3) although I recognize t h a t  weather has  obvious e f f e c t s ;  t h u s ,  we 

I do not sample i n  d readfu l  weather and crepuscular  periods.  Nevertheless,  I  
conclude t h a t  sampling i n  suboptimal weather is more use fu l  than  I expected. 

Poweshiek Skipper. We found t h i s  species a t  only 16 sites i n  Kinnesota, never  
i n  I l l i n o i s  o r  Wisconsin, and al though w e  found t h i s  s p e c i e s  i n  Iowa i n  1989, we  
have never found it t h e r e  during t h i s  s t u d y ' s  surveys (App. 5 ) .  Rather small saw 
p l e s  f o r  s t a t i s t i c a l  tests  apparen t ly  ~ a u s e d  Type 11 s t a t i s t i c a l  e r r o r s  wi th  r e g a r d  
t o  hab i t a t  v a r i a b l e s ,  f o r  some s t r o n g  p a t t e r n s  are never the less  apparent .  Site 

I size.'showed no e f f e c t ,  but t h i s  s p e c i e s  was c l e a r l y  mst abundant i n  d i v e r s e  s i tes 



and in high-qwlity, dry prairie (App. 3). This seems odd since their only report- 
ed larval foods are sedges, but nay explain the benefit of site diversity. 

Ottoe Ski~~er. We've only found a few individuals in Minnesota; most 
observations c o ~  from six Wisconsin sites, but one individual was at Harlem Hills, 
Illinois in 1993 (App. 6). All individuals occurred in dry prairie, with no 
apparent size effect (App. 3). Site diversity was untestable as all Il'linois- 
Wisconsin sites in analysis are uniform, but the Mihnesota site is diverse. I 
suspect degradation is a more important factor than apparent in this analysis for 
this may explain why Ottoes are found at so few sites. 

Leonard's Skipper. Although we've not extensively sampled during this 
species's flight, it was found at nine sites in Illinois and Wisconsin, most or all 
red morph, only in dry prairie units that were also only in uniform sites (App. 3), 
although I have also seen Leonard's in central Wisconsin barrens that are diverse. 
The non-significant higher mean in small sites probably results from some sort of 
site effect (or sampling error) rather than an actual size-effect. Leonard's seem 
less sensitive to degradation than the Ottoe, for we know of many more sites with 
Leonard's (both prairie and barrens) than Ottoes, even though we do much more and 
wider survey coverage during ~ttbe than Leonard' s flight. 

Pawnee Skipper. We found this species at only four sites in Minnesota (Bicen- 
tennial, Bicentennial Hay, Frenchman's Bluff, Seven Sisters), always in dry prairie 
with no apparent difference between semi-degraded and high-quality units but the . 
possibility (untestable because of small sample) that site diversity might confer 
some benefit (App. 3). The non-significant but considerably higher mean in larger 
sites may result from sampling error, site effect, or a Type I1 statispica1 error. 

Dakota Skipper. We've found this species at 12 sites in Winnesota, in all 
prairie types but significantly more in dry prairie and large and diverse sites, 
with an apparent (non-significant) preference for high quality as well (App. 3). 

Aro~os Skipper. We found this species at only seven sites in Minnesota, more 
(13) in' lissouri (App. 7,8> .  In both states it was absent in wet prairie and most 
individuals (non-significantly) found in dry prairie, and it possibly (non-signif:- 
cantly) benefited somewhat from higher habitat quality (App. 3). Site diversity 
was untestable in Minnesota but we've only observed it in diverse sites. Many more 
individuals in Missouri were in diverse than uniform sites but this was not signi- 
ficant. As with the Ottoe, I suspect degradation is more important than apparent 
in this analysis for this may explain why this species is found-at so few sites. 

, Renal Fritillary. This species occurred widely in Minnesota, at all sites ex- 
cept Zimmerman, but only sporadically present at Kettledrummer and Lundblad; Regals .. 
were very numerous and widespread in southwestern Missouri prairies, but very rare 
in the eastern 'upper Midwest (I llinois, eastern Iowa, Wisconsin) (App. 6 , 8 ) .  They 
strongly and significantly peaked in dry prairie in diverse sites in the western 
Upper Midwest (longit~de>94~) and Missouri (App. 31, and haqecmly been found in dry 
prairie in Wisconsin. In the western Upper Midwest, a minor but significant second 
peak occurred in wet prairie, with the lowest numbers in mesic, but Missouri didn't 
show this effect. Habitat quality (within the range of our sample) had no apparent 
effect in the western Upper Midwest, consistent with the three studied Regal popu- 
lations in Wisconsin, where one occurs in a highly degraded fallow pasture (Thonr 
son); habitat quality was not statistically testable in the Missouri data. Regals 
showed a significant area effect in the western Upper Midwest but not in Hissouri, 
possibly because so much prairie habitat there occurs on private property and this 
might function to augment the prairie patch sizes at flsmall" public prairies. 

Gor~one Checkerspot. We've found many more individuals in central and 
northwestern Wisconsin barrens (118 individuals in formal surveys) than in our 
prairie surveys (32 individuals in the Upper Kidwest, only in dry prairie) with 
none in Missouri probably because we're sampling between flights. A strong 
preference for dry habitat is also evidenced by the numbers observed in barrens and 
at - .  Valentine gational Wildlife Refuge (30 adults, 2 larvae) and Biobrara Preserve - 



(4 on the. access road, 10 in the preserve), Nebraska 'on 27 ~une 1991. From the 
literature, degradation would seein not to be strongly disfavorable so long as 

' 

larval food <sunflowers> is available, but most units where Gorgones occurred in 
our prairie and barrens surveys were high-quality. Many of our sites in the Upper 

. . 
Kidwest abound in sunflowers, yet we rarely find this species. 

Dissociation amonR conxenerics. The correlation of Regal and d~hrodite 
observation rates is strong, although the more numerous of the species reverses 
between the eastern and western Upper Midwest: 

Region r B units. P B Regals N Aphro. 
E. Upper  idw west (1ongitudi<94~) 0.48866 675 0.0000 5 19 603 
V. Upper Widwest <longitude>94O) 0.25674 450 0.0000 ' 3332 1347 

Nevertheless, these species dissociate somewhat in'time (see "Flight period - 
Dissociation among congenericst* above) and in habitat. Regals peak strongly in dry 
while Aphrodites peaked strongly in wet prairie in the western Upper Midwest (but 
aren't testable in the eastern Upper Midwest); otherwise, Aphrodites were much less 
marked in habitat trends than the Regal (App. 3,4>. This does no* mean that 
Aphrodites displace Regals;.I eaect that the conservation of Regals does not 
require disfavoring Aphrodites, but favoring both species over generalists and 
invaders. There was no correlation between Great Spangled and Regal rates, either 
in the Upper Midwest (eastern or western) or Missouri. 

RESPONSE TO KABAGEKEET 
Tabulating 1988-92 data only for Upper Widwest census units where,all.butter- 

fly individuals were counted (a.lmost all units; time constraints ~reciuded the . 

addition of 1993 data to this 'tabulation), we found 29,967 individuals (46.'2%> in 
recently burned units (burned since last growing season), twice bs many as expected 
based on time spent In such units (61.1 hr, 23.0%) ; this is entirely due to extreme 
overrepresentation of Monarchs late season (phenological dates>215> in burned mesic 
to wet prairies. The percentage of.tota1 numbers of individual species in burned.- 
units presents a continuum from extreme under- to overrepresentation, from 0.7 to 
86.32, and corresponds well to the species' results in this report's statistical 
analyses (presented below). The variability of presence-absence tabulation of 
individual species in burned vs. all units was less pronounced, ranging from 7.7 to 
35.9%, vs, 23.8% of all units being burned. The proportion of burned units. a 
.species was present in .usually agreed with its tendency to undeI'- or operrepre- 
sehtation indicated by the proportion of total indlviduals in recently burned 
units, but the former proportion varied less than the latter: Thus, 
presence/absence is a cosrser measure'of fire effects than indices of abundance. 

Analysis of variable effects (Ham-Vhitmiy analysis) . . 
In the Upper Midwest, 3 of 4 specialists and 2 of 12 grassland species signi- 

ficantly decreased in recently burned units, but 0 of the 8 generalists and 3 in- 
vaders did; no specialist, 1 grassland, 3 generalists, and 2 invaders significantly 
increased (App. 9). The only significant effect of recent fire in the-~issouri 
dataset was a decrease in 1 of 2 specialists (App. 101, .Selected species analyzed 
in both regions with 1988-93 data showed similar trends, and considerable agreement 
occurred within the same species between the upper'Midwest and Missouri (App. 
9,lO). All but one generalist species shared at least one identical statistical 
result between regions. Eight of the 11 non-significant analyses of specialists 
(1988-93 data) .became significant via bootstrapping that replicated the data set 2- 
4 times. The three remaining analyses (Leonard's 1993, Arogos Missouri 1993, Regal 
mesic-uniform-small Upper Xiawest) showed no signs of becoming significant. 

mlysis of adjacent like tmits . 

I identified 62 surveys of pairs of units that qualified for this analysis, 
cond<cted.'June-~ugust 1989-93 at 4 units in 2 Iowa sites, 24 units in 9 Minnesota 



sites, and 8 u n i t s  i n  3 Missouri sites. Sixrteen s tudy spec ies ,  counting t h e  
Monarch twice as ear ly-  ((215 phenological J u l i a n  d a t e )  and late-season (>214> 
observations,  were s t a t i s t i c a l l y  t e s t a b l e  by t h i s  method, which o f f e r s  t h e  most 
s t r i n g e n t  con t ro l  of o the r  va r i ab les  a f f e c t i n g  b u t t e r f l y  abundance. 

In  r e c e n t l y  burned u n i t s  vs.  unburned 2 t  years  (App. 11>, t h e  4 s p e c i a l i s t  and 
4 grass land s p e c i e s  t h a t  were s t a t i s t i c a l l y  t e s t a b l e  showed a s i g n i f i c a n t  decrease 
i n  burned u n i t s ,  while 1 of 5 g e n e r a l i s t s  and 3 of $ invaders  were s i g n i f i c a n t l y  
more abundant i n  burned un i t s .  In r e c e n t l y  burned vs. burned l a s t  year,  2 of 3 
s p e c i a l i s t s  and 2 of 4 grass lands  were s i g n i f i c a n t l y  af fec ted--a l l  underrepresented 
i n  t h e  more r e c e n t l y  burned, while 1 of 3 g e n e r a l i s t s  and 1 of 2 invaders t h a t  were 
s i g n i f i c a n t  were more abundant i n  t h e  more r e c e n t i y  burned. In burned last year  
vs.  unburned 2+ years ,  1 of 2 s p e c i a l i s t s  and 1 of 4 grass lands  were s i g n i f i c a n t l y  
a f f e c t e d  and lower i n  more recen t ly  burned u n i t s ,  while 1 of 4 g e n e r a l i s t s  was 
s i g n i f i c a n t l y  a f f e c t e d  and higher i n  more recen t ly  burned, but the  1 of 2 invaders  
s i g n i f i c a n t l y  a f f e c t e d  was underrepresented i n  more r e c e n t l y  burned. In compari- 
sons  of u n i t s  both unburned 2 t  years ,  t h e  2 t e s t a b l e  s p e c i a l i s t s  and 2 t e s t a b l e  
g e n e r a l i s t s  showed no s igni f ican;  d i f f e rences ,  while 2 of 3 grassland s p e c i e s  were 
s ignf ican t  (one lower, one higher)  and 1 of 2 invaders was s i g n i f i c a n t  (lower i n  
more recen t ly  burned). This l a s t  category was not a comparison of i d e n t i c a l  t r e a t -  
ments, because I have no subs tan t i a t ion  t h a t  a l l  management age c l a s s e s  >1 year 
p o s t f i r e  a r e  i d e n t i c a l  (indeed, subsequent analyses  below show they a r e  no t )  and I .  
always put the  more recen t ly  burned of t h e  two u n i t s  ( i f  known) i n  the  l e f t  (more 
r e c e n t l y  burned) column t o  al low c o n s i s t e n t  comparisons with previous ca tegor ies .  

Thus, s p e c i a l i s t s  had the  most s i g n i f i c a n t  decreases  from f i r e ,  o t t e n  p e r s i s t -  
ing  a t  l e a s t  two growing seasons, while g rass l ands  showed a milder s i m i l a r  t rend.  
I f  a f f e c t e d ,  g e n e r a l i s t s  and invaders u s u a l l y  showed a s i g n i f i c a n t  increase  from 
r e c e n t  f i r e .  Response ind ices  (>l=underrepresenta t ion  a f t e r  recent  f i r e ,  <l=over- 
r ep resen ta t ion  a f t e r  recent  f i r e )  c l u s t e r e d  by h a b i t a t  niche breadth and showed a 
c o n s i s t e n t l y  progressing t r end  among c a t e g o r i e s  (App. 11). I graphed t h e s e  i n d i c e s  
(Fig. El-4 > logar i thmical ly  C l n  (response index) I f o r  c l a r i t y  of s c a l e ,  but  note . 
t h a t  here, >Q=underrepresent~t ion  i n  burned and <Q=overrepresentation i n  burned. A 
c o n s i s t e n t  s t rong  t r e n d  from f i r e  decreas ing t o  f i r e  increas ing occurred f r o m t h e  
s p e c i a l i s t s  t o  t h e  invaders within each category of management comparison, especi-  
a l l y  i n  m o s t  r e c e n t l y  burned u n i t s  <Fig. K1-21, but a l s o  among ca tegor ies  (Fig. K1- 
4 ) :  the  specialists reverse  from the  being very f i r e  ave r se  i n  r e c e n t l y  burned 
u n i t s  (Fig. K1-2) t o  being the  most and mi ld ly  inc reas ing  i n  longest  unburned u n i t s  
(Fig. K4), while t h e  invaders showed the-most  mrked  reve r se  response. 

Although Monarchs showed no s i g n i f i c a n t  t r ends  e a r l y  i n  the  season, late- 
season Monarchs showed an unusual tendency <App. 11): s t r o n g  overrepresenta t ion  i n  
r e c e n t l y  burned u n i t s ,  most underrepresentat ion i n  u n i t s  burned l a s t  year ,  and mild 
increase  again i n  longer unburned un i t s .  Abundance of b l a z i n g s t a r  ( L i a t r i s )  
f lowers,  a t  which late-season Monarchs p a r t i c u l a r l y  n e c t a r  (4483/5205 n e c t a r  v i s i t s  
1990-92 were a t  L i a t r i s ) ,  appears important t o  t h e i r  late-summer h a b i t a t  
occupation. R e s t r i c t i n g  my sample t o  those  u n i t s  surveyed when any b l a z i n g s t a r  was 
flowering i n  e i t h e r  u n i t  (24 p a i r s ,  a l l  i n  August, 3 i n  Iowa, 21 i n  Minnesota), I 
summed the  r e l a t i v e  flower abundance of a l l  b l az ings ta r  s p e c i e s  i n  each u n i t  a s  
quan t i f i ed  by our n e c t a r  abundance sca le .  Monarch observat ion  r a t e s  i n  t h e s e  u n i t s  
c o r r e l a t e d  p o s i t i v e l y  with b laz ings ta r  abundance (Spearman rank c o r r e l a t i o n ,  
r=0.34465, P(0.025). Furthermore, b l a z i n g s t a r  abundance d i f f e r e d  s i g n i f i c a n t l y  
a m n g  t h e  t h r e e  burn age groups. They were except ional ly  abundant i n  year  0 
( r ecen t ly  burned), except ional ly  scarce  i n  year  1 (burned last year) ,  and somewhat 
more abundant again  i n  year  2+: P=0.02 between yea r s  0 (N=12> and 1 ( H = 8 ) ,  PZ0.03 
between years  0 and 2 (8=27), and P=0.11 between yea r s  1 and 2 (Mann-Vhitney U 
test).  Thus, Monarch numbers s h i f t e d  s i g n i f i c a n t l y  among t h e s e  age c l a s s e s  as 
predic ted  by changes i n  b laz ings ta r  abundance (App. ll), with Monarchs more 
A m x h n t  &- - i n  r e c e n t l y  burned u n i t s  vs. those  burned 1 and 2 t  years  longer ago, but 
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l e s s  abundant i n  u n i t s  burned l a s t  year  vs. longer ago. 

Relat ive r e p r e s e n t a t i o n  i n  manageant  age  classes 
The s p e c i e s  va r i ed  considerably  i n ' t h e  degree and d i r e c t i o n  of d e v i a t i o n  from 

random d i s t r i b u t i o n  i n  each burn age c l a s s  i n  both t h e  Upper Midwest (App. 12) and 
Missouri (App. 13) but showed the  fo l lowing t r e n d s  ' c o n s i s t e n t l y  (Fig. L1-2). 
E i the r  extreme of t h e  h a b i t a t  niche groups ( s p e c i a l i s t s  and invaders)  showed m r k e d  
but opposi te  responses, both wi th in  each niche group from year 0 t o  3t ( t e s t a b l e  i n  

.Upper Midwest only,  s i g n i f i c a n t l y  s o ,  App. 14,15) and between t h e s e  two niche 
groups e s p e c i a l l y  i n  year 0 ( s i g n i f i c a n t  i n  Upper   id west and Missouri,  App. 14,151 
but  a l s o  i n  year  3 i  ( t e s t a b l e  i n  Upper Widwest only,  s i g n i f i c a n t l y  s o ,  App. 15). 
Dis t r ibu t ion  of s p e c i a l i s t  numbers s h i f t e d  near ly  uniformly from most 
underrepresented i n  most r e c e n t l y  burned u n i t s  t o  most overrepresented  i n  l ~ n g e s t  
unburned u n i t s ,  while invaders  showed t h e  opposi te  p a t t e r n  (App. 12 ,13,  Fig.  L1-2). 
The intermediate niche groups (grass lands  and g e n e r a l i s t s )  had less pronounced 
pat terns :  g rass l ands  showed a q l d e r  vers ion  of the  s p e c i a l i s t  p a t t e r n ,  while 
g e n e r a l i s t s  showed a milder vers ion  of t h e  invader pa t t e rn .  

In the  Upper Midwest, c o n t r o l l i n g  t o  univol t ine  s p e c i e s  only ,  h a b i t a t  niche 
breadth continued t o  show t h e  same e f f e c t  on r e l a t i v e  rank but less s i g n i f i c a n t l y  
(App. 14,15>. Likewise, e i t h e r  extreme of the  vo l t in i sm groups showed s i g n i f i c a n t  
but opposite tren'ds i n  year 0 (App. 141, with un ivo l t ine  s p e c i e s  mos t  underrepre- 
sented  and t r i v o l t i n e  species m o s t  overrepresented.  While v o l t i n i s m  was n o t  s i g n i -  
f i c a n t  i n  any o t h e r  year ,  t h e ' u n i v o l t i n e  and t r i v o l t i n e  groups d i d  show a r a t h e r  
cons i s t en t  p a t t e r n  of r e v e r s a l  i n  r ep resen ta t ion  through t h e  yea r s .  Spec ies  of 
intermediate vol t in ism had a mild p a t t e r n ,  i f  any, through t h e  age c l a s s e s .  Family 
group showed no s i g n i f i c a n t  e f f e c t  wi th in  year, although nea r ly  s i g n i f i c a n t  i n  yea r  
0 (App. 14).  A Mann-Whitney U t e s t  of family rankings i n  year  0 produced only one 
s i g n i f i c a n t  e f f e c t  (PC0.05) out  of 21  pa i r ings  t e s t e d ,  which is t h e  number (1/20> 
of Type I s t a t i s t i c a l  e r r o r s  expected ( i . e .  randomly spur ious  s i g n i f i c a n t  va lues ) .  

In Missouri, haying i n  year  0 had a r a t h e r  similar e f f e c t  i n  r e l a t i v e  repre-  
sen ta t ion  (Fig. L3), with s p e c i a l i s t s  and invaders showing marked b u t  opposi te  
t r ends  somewhat more symmetrical t h a n  i n  burn (Fig. L2). Grasslands and general-  
ists show v i r t u a l l y  no trend--an even milder e f f e c t  than i n  burn. However, abso- 
l u t e  numbers a r e  much higher i n  hayed than burned systems (Fig. L4). In both age 
c l a s s e s  s tudied ,  hayed p r a i r i e s  w e l l  exceeded burned i n  abso lu te  numbers of ind iv i -  
duals  observed per hour, caused m i n l y  by t h e  much g r e a t e r  numbers of s p e c i a l i s t s  
i n  hay p r a i r i e s .  When s p e c i a l i s t s  w2rc excluded from t h e  c a l c u l a t i o n ,  hay p r a i r i e s  
had f a r  fewer ind iv idua l s  but  still more i n  year  0 than burned. While 11/16 
spec ies  had h igher  observation r a t e s  i n  hayed than burned i n  yea r  0, t h i s  dropped 
t o  7/16 spec ies  higher i n  hayed than  burned i n  year  1, but it w a s  mostly t h e  gene- 
r a l i s t s  and invaders  (no s p e c i a l i s t s )  t h a t  s h i f t e d  downward with t ime s i n c e  haying. 

Absolute l e v e l s  in  management age classes, 
- A11 s p e c i a l i s t s  f o r  which t h e r e  is a sample t o  compare, both i n  Minnesota 

(Pawnee, Dakota, Regal ) and Xissouri  (Arogos, Regal),  c l e a r l y  had more i n d i v i d u a l s  
i n  hayed than burned i n  comparable age c l a s s e s ,  and 4 of 5 had more i n d i v i d u a l s  i n  
a l l  hayed age c l a s s e s  than i n  any burn age c l a s s  (Fig. MI-3, HI-2, App. 16) .  The 
one hay p r a i r i e  sampled dur ing t h e  f l i g h t  f o r  t h e  Poweshiek and Arogos i n  Minnesota 
had very few o r  no ind iv idua l s  but n e i t h e r  d i d  t h e  nearby s i m i l a r  f i r e  p r a i r i e ;  s o  
I have no-good comparison f o r  t h e s e  species. Aphrodites i n  Minnesota (Fig. M4) 
showed a s i m i l a r  t r e n d  t o  Regals (Fig. M2) but burned and hayed i n  yea r  0 were less 
d i f fe ren t .  The Great  Spangled and Monarch showed l e s s  c o n s i s t e n t  t r ends :  i n  
Misiouri,  Spangleds (Fig. B3) were more numerous i n  hayed than  burned age c l a s s e s ,  
but-'showed t h e  reve r se  i n  Minnesota (Fig. H 3 ) .  (Early-season) Monarchs i n  Missouri 
(Fig. B4) showed opposi te  t r e n d s  i n  t h e  1992 and 1993 da ta ;  ( late-season) Monarchs 
i n  ~ i n n e s o t a  (Fig. M5), while a t  h igher  l e v e l s  i n  hayed, a l s o  showed ' less marked 



dif f between f i r e  and hay p r a i r i e s  than s p e c i a l  ists. 
In Wisconsin, I have made l imited comparisons of f i r e ,  grazing ( n o  f o r  

' -  conservation but i n  low-intensi ty farming), and degraded fa l low pas ture  with a 
small  sample of s i t e s .  For t h e  Regal, f i r e  was d i s t i n c t l y  the  most  harmful 
t reatment;  l i g h t  g raz ing  was most favorable,  but even f a l l o w  pas ture  (1.e. no 

l 
t reatment)  was b e t t e r  than f i r e  (Fig. 0-1). The Thomson-Thousand's complex 
i l l u s t r a t e s  t h i s  w e l l  (App. 17) : patches of h ~ ~ h - ~ b a l i t ~  f ire-managed dry  p r a i r i e  
(Thomson, Thousand's 11) have had few, sporadic Regal records ;  s o  a l s o  i n  t h e  f i r e -  

I 
managed degraded fa l low pas ture  (Greater Thomson u n i t s  3,7), with t h e  popula t ion .  
concentrated i n  t h e  unburned degraded fal low pas tu re  (Greater  Thonson u n i t s  4-6,8).  
The Aphrodite, a grass land species ,  showed a somewhat similar but milder response, 

I 
with s l i g h t l y  more i n  grazed (Fig. 03). The Spangled, a g e n e r a l i s t ,  showed t h e  

, r e v e r s e  p a t t e r n  of t h e  Regal (Fig. 02): genera l ly  h ighes t  numbers i n  f i r e  - 

management, lowest i n  grazing,  fallow a l s o  low. The Monarch, an invader,  was 
var iab le  among sites, but tended had higher numbers i n  more r e c e n t l y .  burned a r e a s  

I 
a s  well  a s  fa l low,  with low numbers i n  l i g h t  graz ing (Fig.  04). The Ottoe was not 
as well served by farm pract ices,  f o r  i t ' w a s  absent  a t  Thomson (both f a l l o w  and . 

I 
burned pas ture)  and only one was found each year  a t  t h e  l i g h t l y  gfazed s i te .  This  
does not prove t h a t  f i r e  is benef ic ia l  f o r  thew-many f i r e  p r a i r i e s  have few o r  no . 
Ottoes,  o r  t h a t  g raz ing  (or haying) s p e c i f i c a l l y  designed f o r  conservat ion  r a t h e r  

. . than  prof it might n o t .  serve  t h i s  species  be t ter . '  
I 

I 

Response of individual s p e c i a l i s t  spec ies  t o  fire 
Poweshiek Skipper. This  species  dec l ines  sha rp ly  a f t e r  recent  f i f e ,  with by 

far t h e  h ighes t  response index of any t e s t e d  s p e c i e s  (App. 111, but I have no good 
tests of a l t e r n a t e  management. However, my t h r e e  bes t  populat ions (App. 5) a l l  had 
grazing o r  haying l and  uses pre-preservation. 

Uttoe Skipper. This  species '  abundance p a t t e r n s  i n  the burn age c l a s s e s  
usual ly  skew toward much g r e a t e r  representa t ion  i n  o l d e r  age  c l a s s e s  (App. 12,16),  
except - in  one subse t  of one a n a l y s i s  (App. 16 1992-93 on ly ) ,  which might appear t o  
fit t h e  p a t t e r n  expected i n  t h e  intermediate d is turbance  curve (Connell 1978 a s  
c i t e d  i n  Hobbs and Huenneke 1992). i . e .  low numbers both s h o r t l y  a f t e r  f i r e  and 
long s ince  f i r e  with higher numbers intermediate between fires, but see "Dakota 
Skipper" below. I do  not  have a good t e s t  of a l t e r n a t e  management. 

Leonard's Skipper. This  species  s t rong ly  skewed t o  lower numbers i n  t h e  f i r s t  
. severa l  years  p o s t f i r e ,  with 0/67 found i n  a r e c e n t l y  burned u n i t  (App 1 6 . ) .  

Pawnee Skipper. This  spec ies  had g r e a t e r  numbers i n  longer unburned u n i t s  
within f i r e  p r a i r i e s  but  c l e a r l y  responded b e t t e r  t o  haying than f i r e  (App. 16) .  

Dakota Skipper. This  spec ies '  response t o  f i r e  appears  t o  f i t  t h e  expected 
p a t t e r n  of t h e  in termedia te  disturbance curve (see "Ottoe Skipper" above), seeming 
t o  support the  "short-term l o s s ,  long-term gain" hypothes is  of p r a i r i e  b u t t e r f l y  
response t o  f i r e ,  except  t h a t  Dakota numbers a r e  much h i ~ h e r  i n  a l l  hay aRe c l a s s e s  
than i n  anv burn aRe c l a s s  (Fig. MI, App. 16).  

Arozos Skipper. This  spec ies  appeared averse  both t o  recent  hay and f i r e ,  
but much more s o  t o  f i r e  than t o  haying (App. 16).  The s p e c i e s  had h igher  numbers 
and recovered (i.e. increased) more quickly i n  hay than f i r e  p r a i r i e s  (Fig. B1Y. 

, ReRal F r i t i l l a r v .  I have by f a r  the  l a r g e s t  and geographical ly widest sample 
f o r  t h i s  species ,  which i l l u s t r a t e s  well t h e  c o n s i s t e n t  spat iotemporal  r e p l i c a t i o n s  
of s p e c i a l i s t  response t o  f i r e :  major dec l ines  p o s t f i r e  with slow mul t iyear  
recovery (Fig. M2,BI2,01). My r e s u l t s  summarize t h e  averaRe spec ies  response,  but 
a t  a given s i t e  i n  a given year ,  a range of responses b e t t e r  o r  worse t h a n  average 
i s p o s s i b l e .  For example, Muralt and Bachusa showed impressive recover ie s  i n  1993 
from 1991-92 f i r e s ,  al though these  populations remain q u i t e  small  and vulnerable  t o  
f u&e population s t r e s s o r s  (App. 17, Fig. E3). However, Thonson showed continued 
decl ine  i n  1993 from 1992 f i r e  (dpp. 17). Thus. while t h e  averarte response 
repo*ed here provides  p red ic t ive  power f o r  r e s u l t s  from average management a t  - - 



I '-' average s i t e s ,  t o  increase  t h e  p r o b a b i l i t y  of pe r s i s t ence  of s p e c i f i c  popu la t ion(s )  
a t  p a r t i c u l a r  sites, nranagers must a l low f o r  worse than average responses--i .e.  be 
conservat ive  i n  management and expecta t ion .  Regals responded very favorably  t o  
haying (App. 16, Fig. K2, P21, probably no t  j u s t  because' of d i f f e r e n t i a l  d i r e c t  and 
i n d i r e c t  mor ta l i ty  between burning and haying, but  a l s o  because conservation haying I is favorable f o r  f o r b s  (both t h e  s p r i n g  f l ? r a  t h e i r *  la rvae  requ i re  and t h e  long 
season of summer n e c t a r  the  a d u l t s  need).  Light  grazing is a l s o  b e n e f i c i a l  ( a s  a t  

I Crawford County s i t e ,  Fig. E 3 ) .  In f a c t , .  pas t  and/or .present  grazing is an 
important component of a l l  known current .Rega1 populat ions i n  Wisconsin. I d o n ' t  
have d i r e c t  comparisons t o  determine which of haying and grazing is b e t t e r  f o r  

I 
Regal, but  f i r e  is worst and even f a l l o w  (no t rea tment)  is b e t t e r  than f i r e  (Fig. 
01) although lack of a l l  processes m y  not be long-te,rm s t a b l e . f o r  t h e  h a b i t a t . .  

Gor~one  Checkerspot. - While I l ack  a n  adequate sample fo r '  a n a l y s i s ,  
d i s t r i b u t i o n  of ind iv idua l s  observed 'in t h i s  and our barrens  surveys (Swengel . 

1993a) fol low t h e  p a t t e r n  of o t h e r  s p e c i a l i s t s :  146/150 (97%) i nd iv idua l s  were i n  ( . unburned u n i t s ;  4 of 32 p r a i r i e  Gorgones were i n  r ecen t ly  burned u n i t s ,  ha l f  t h a t  
expected based on survey e f f o r t , '  while 0 of 118 barrens Gorgones were i n  burned 
u n i t s  (10 expected based on e f f o r t ) .  Gorgones seemed t o  increase  i n d e f i n i t e l y  wi th  

, t ime s ince  f i r e ;  r a t e s  were very h igh i n  u n i t s  burned 15 t  yea r s  ago, and. second 
highes t  i n  u n i t s  burned 5 t  yea r s  ago (App. 16) .  

f 

Summary of management e f f e c t s  on b u t t e r f l i e s  
While each b u t t e r f l y  s p e c i e s  has  its own individual  response t o  f i r e ,  a l l  

analyses  agree t h a t  t h e  s p e c i a l i s t s  have a pronounced and s i g n i f i c a n t  ' avers ion  t o  
f i r s ,  and t h i s  e f f e c t  p e r s i s t s  3-5 o r  more years .  Species with the  broadest  
h a b i t a t  niche ( invaders)  a r e  most overrepresented  i n  more r e c e n t l y  burned u n i t s  and 
l e a s t  represented i n  longer unburned u n i t s .  Thus, these  two extremes of t h e  
h a b i t a t  niche spectrum show opposite  t r e n d s  through the  f i r e  r o t a t i o n .  Species  of 
intermediate c l a s s i f i c a t i o n s  (grass lands ,  g e n e r a l i s t s )  t end  t o  show milder  t r ends .  
Ordinating observat ions  by family r e v e a l s  no p a t t e r n s ,  while c l a s s i f y i n g  a t  t h e  
order  l e v e l  i n d i c a t e s  overrepresenta t ion  of b u t t e r f l y  ind iv idua l s  i n  r e c e n t l y  
burned u n i t s ,  which common s p e c i e s  e n t i r e l y  account f o r .  By c o n t r a s t ,  i n  haying 
m a n a g e ~ n t  specialist numbers (and t o  a milder ex ten t  grass lands)  are much higher  
than i n  f i r e ,  while invaders (and g e n e r a l i s t s  t o  a milder e x t e n t )  d i d  not '  
necessa r i ly  show an  opposi te  e f f e c t .  I  have only l imi ted  t e s t s  of graz ing as a 
conservation t rea tment ,  but it s e r v e s  Regals ( the  only s p e c i a l i s t  t e s t e d )  b e t t e r  
than f i r e .  Other researchers '  observat ions  are cons i s t en t  with these  r e s u l t s  ( see  
"LITERATURE EEIIIEW - EFFECTS OF FIRE OH BUTTERFLIES' below). 

These r e s u l t s  s t r o n g l y  c o n t r a d i c t  t h e  "short-term l o s s ,  long-term gain" 
hypothesis  of s p e c i a l i s t  response t o  f i r e .  From comparisons between f i r e  and o t h e r  
t reatments,  it appears  t h a t  s p e c i a l i s t s  are l o s i n g  both shor t -  and long-term i n  
f i r e  management but f a r e  b e t t e r  both  shor t -  and long-term i n  a l t e r n a t e  conservat ion  
management. These r e s u l t s  are a l s o  con t ra ry  t o  t h e o r e t i c a l  expec ta t ions  about  t h e  
e f f e c t s  of f i r e  mam'gement on p r a i r i e  b u t t e r f l i e s .  The s p e c i a l i s t  spec ies ,  t h o s e  
most adapted t o  l i v e  i n  t h i s  h a b i t a t  and most dependent on p r a i r i e  p rese rves  t o  
e x i s t ,  show t h e  l e a s t  benef i t  and adap ta t ion  ( if  any) t o  f i r e  and most  benef i t  from 
a l t e r n a t e  management while t h e  most eco log ica l ly  f l e x i b l e  and widespread species-- 
t h e  invaders-show t h e  reve r se  t r end .  

S p e c i a l i s t  b u t t e r f l y  response t o  f i r e  is d i s tu rb ing ly  similar t o  e f f e c t s  of 
c l e a r c u t t i n g  f o r e s t s  (long considered "renewable resources"--i.e. ecosystems t h a t  
can recover completely from dis turbance)  on s p r i n g  f l o r a  (Duffy and b i e r  19921, 
s a l a m n d e r s  (Petranka e t  a l .  1993), and b e e t l e s  (BiemglB e t  a l .  1993). Although 
t h e  time s c a l e  is d i f f e r e n t ,  t h e  graphs of t h e i r  decl ine  and recovery is s t r i k i n g l y  
s i m i l a r ;  recovery, i f  it occurs, t a k e s  longer than t h e  management i n t e r v a l  a l lows.  
Genera l i s t  beetles t h r i v e d  pos tcu t  but  some mature-forest s p e c i a l i s t s  apparen t ly  
never recolonized regenerated s tands .  Conservat ionis ts  would not  propose t h a t  



t h e s e  species a r e  adapted t o  c l e a r c u t t i n g  nor t h a t  the  short-term l o s s  is warranted 
because they may recover t o  some degree l a t e r  on, Vhile timber managers objected 
t o  ~ ~ f f y  and xeier's (1992) a s s e r t i o n  t h a t  t h e  ecosystem hadn' t  recovered ( E l l i o t t  
and L o f t i s  1993, Steinbeck 1993) because only a component of t h e  f l o r a  was s tudied ,  
Duffy (1993) responded t h a t  r ega rd less  of how t h e  r e s t  of t h e  ecosystem f a r e s  (and. 
no researcher  s t u d i e s , e v e r y t h i n g  i n  t h e  ecosystem), i f  t h e  na t ive  s p r i n g  f l o r a '  
hasn ' t  recovered, then the  ecosystem cannot be considered f u l l y  recovered. 

Ky r e s u l t s  no t  only d i spu te  t h a t  f i r e  management is b e n e f i c i a l  (even neu t ra l )  
' t o  t h e  conservation of s p e c i a l i s t  b u t t e r f l i e s ,  but  a l s o  whether t h e  f i r e  paradigm 

is c o r r e c t .  I f  c u r r e n t  f i r e  t rea tments  a r e  mimicking p r e h i s t o r i c , p r a i r i e  
phenomena, why a r e n ' t  p r a i r i e  s p e c i a l i s t s  adapted t o  them? One response t o  my 
r e s u l t s  would be t o  s tudy how long it t a k e s  f o r  s p e c i a l i s t s  t o  recover from f i r e  
( i f  they  do) i n  order  t o  determine how t o  manage a p r a i r i e  pr imar i ly  with f i r e  ye t  

. still maintain s p e c i a l i s t  populations. : While. I  cannot prove t h a t  t h i s  c a n ' t  be 
done, I do ques t ion  whether it is t h e  most benef i c i a l  approach not  only f o r  
conservat ion  of b u t t e r f l i e s  but of t h e  p r a i r i e  g e n e r a l l y .  Can f i r e  be infrequent  
enough t o  accommodate b u t t e r f l i e s  y e t  frequent  enough t o  accomplish o the r  
management objec t ives?  Since p r a i r i e  s p e c i a l i s t s  are c l e a r l y  not  adapted t o  f i r e ,  
but  a r e  t o  o the r . conse rva t ive  management t reatments,  then  it is not  unreasonable t o  
suppose t h a t  t h e y  (and t h e i r  h a b i t a t s )  are adapted ins tead  t o  o t h e r  process(es) ,  
e .g .  megafauna herbivory. Future research  should give s p e c i a l i s t  b u t t e r f l i e s  t a d  
t h e i r  a s soc ia ted  f l o r a )  more opportunity t o  demonstrate such adapta t ions .  

F a c t o r s  a f f e c t i n g  response t o  f i r e  . ,' 
Although I d i d  not  d i r e c t l y  s tudy t h e  nkchanisns causing d i f f e r e n t i a l  

b u t t e = f l y  abundance p o s t f i r e  (e. g. mor ta l i ty  dur ing  and a f t e r  f i m ,  d i f f e r e n t i a l  
f o r a g e . q u a l i t y  and a v a i l a b i l i t y ) ,  my r e s u l t s  a r e  cons i s t en t  w i t h  previous s t u d i e s  
t h a t  demonstrate high mor ta l i ty  f o r  i n s e c t s  present  when an a r e a  burns (see 
"LITERATURE REVIEW - EFFECTS OF FIRE ON BUTTERFLIES & IISECTSu below). On t h i s  
basis,-:.::I propose a q u a l i t a t i v e  model that b u t t e r f l y  s p e c i e s  respond t o . f i r e  manage- 
ment based on h a b i t a t  niche breadth, volt inism, loca t ion  during f i r e ,  - v a g i l i t y ,  and 

. response of a s soc ia ted  p l a n t s  t o  f i r e .  Besides explaining why t h e s e  f a c t o r s  a r e  
r e l e v a n t ,  my model adds o the r  f a c t o r s  t h a t  i n  in te rac t ion-  l a r g e l y  expla in  why each 
species has its own individual  but f a i r l y  p red ic tab le  response t o  f i r e .  

Habitat  niche breadth,  .To  repopulate a burn u n i t ,  individl ials  from unaffected 
, .  a r e a s  must have access t o  t h e  burned u n i t .  The broader the  h a b i t a t  n iche , '  t h e  more 

.widespread t h e  s p e c i e s  would be and t h e  more l i k e l y  t h a t  source popula t ions  would 
e x i s t  both on and o f f  t h e  preserve wi th in  d i s p e r s a l  d is tance .  S p e c i a l i s t s  would 
more l i k e l y  be r e s t r i c t e d  t o  the preserve ' s  h a b i t a t s ;  whenever a preserve 
exper iences  f i r e ,  such spec ies  would have smal ler  r e s e r v o i r s  i n  t h e  v i c i n i t y  f o r  
recoloniza t ion .  I s u s p e c t  another  f a c t o r  a s  well.  A s  a global  genera l i ty ,  
s p e c i a l i s t s  tend t o  be conservative i n  h a b i t a t  choice,  p r e f e r r i n g  older-growth 
(climax) r a t h e r  t h a n  e a r l y  successional  hab i t a t s ;  t h e  d i v e r s i t y  of s p e c i a l i s t  
s p e c i e s  implies that climax habi ta ts ' . can  p e r s i s t  r a t h e r  s t ab ly .  G e n e r a l i s t s  and 
invaders  a r e  more l i k e l y , t o  c a p i t a l i z e  on e a r l y  success ional  seres, which while 
o f t e n  abundant are o f t e n  ephe l~era l  and sporadic  i n  d i s t r i b u t i o n .  While mst people 

I d o - n o t  conceive of grass lands  as a l a t e  ( r a t h e r  than e a r l y )  success ional  s e r e  
p e r s i s t i n g  i n  a stable s t a t e ,  I  suspect  it is l i k e l y  when t h e i r  n a t i v e  abundance 
a n d - d i v e r s i t y  of megafauna occur (see "Precontact p r a i r i e  fauna" below). .: vo l t in i sm.  T h i s  'determines how many genera t ions  a population has  t o  recover 
from one f i r e  before  t h e  next occurs, s o  t h a t  mult ivolt inism would be benef ic i a l .  

- . -Locat ion  d u r i n ~  f i re .  I t  is benef ic i a l  t o  be absent  when a s i t e  burns. 
Resident b u t t e r f l i e s  wovld vulnerably rest i n  t h e  f u e l  f o r  t h e  flames u n l e s s  they 
have some adap ta t ion  t o  p ro tec t  themselves from f i r e .  I f  t h e  animal is present  i n  

' 

a -ing a r e a  but  Insu la ted  from t h e  f i r e ' s  d e s t r u c t i o n  by burrowing i n t o  t h e  
ground,. boring i n t o  branches, o r  perching up i n  shrubs,  it my ga in  some degree of 
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protect ion (KcClure 1981>, but research  should t e s t  t h i s  and t h e  consequences of 
t h e  subsequent "shock phase" (see "LITERATURE REVIEW - EFFECTS OF FIRE OH IBSECTS' 
below) before management assumes a s p e c i e s  is protec ted  from adverse f i r e  e f f e c t s .  

V a ~ i l i t y .  The more reco lon ize r s  e n t e r  the  burn u n i t ,  t h e  quicker  t h e  recovery 
w i l l  be, s o  t h e  g r e a t e r  the  d i s p e r s a l  tendency of a b u t t e r f l y ,  t h e  more qu ick ly  and 
thoroughly it should recolonize burned s i t e s .  Some b u t t e r f l y  s p e c i e s  may be much 
more sedentary than one might p r e d i c t  f o r  winged an inu l s .  In  t h e  United Kingdom, 
about 85% of b u t t e r f l y  s p e c i e s  form closed colonies ,  w l t i  some q u i t e  SeOi:iaTSTy, as 
masurea 'oy t h ~ i r  apparent r ; iwil l ingness t o  crosc. . ; :suitable h a b i t a t ,  e v t n  smal l  
barr ier= of non-habitat. occupy nearby s u i t a b l e  h a b i t a t  (Thomas 1984). 

Bec7onse u: key ~ l a n t s .  Although beyond the  scope of t h i s  s tudy  t o  measure 
d i r e c t l y  t h e  e f f e c t s  of f i r e  on t h e  s tudy species '  l a r v a l  food and a d u l t  n e c t a r  
sources, t h e  l i t e r a t u r e  provides use fu l  information. A p l a n t ' s  response t o  f i r e  is 
p a r t i a l l y  determined by how a c t i v e l y  it is growing when f i r e  occurs (Daubenmire 
19681, s o  tha t  cool-season growers a r e  most l i k e l y  t o  be harmed by c u r r e n t  f i r e  
p rac t i ces  (see "Evidence advanced f o r  t h e  f i r e  paradigm" below). Thus, most 
violet-feeding s p e c i e s  ( ~ ~ h r o d i f e ,  Regal, Keadow, and Silver-bordered F r i t i l l a r i e s )  
a r e  f i r e  ave r se  (App. 9 ,11 ,12>.  Response of nectar  sources  m y  a l s o  be r e l e v a n t ,  
a s  fo r  late-season Konarchs (see "Analysis of adjacent  l i k e  uni ts"  above ) . 

Other poss ib le  f ac to r s .  F i r e  might enhance n a t a l i t y ,  i f  o v i p o s i t i o n  p l a n t s .  
are favored by f s re ,  s ince  a female b u t t e r f l y  might more e a s i l y  l o c a t e  more ovipos- 
i t i o n  s i t e s  i n  very recen t ly  burned a r e a s  because of less obs t ruc t ing  vege ta t ion .  
Conversely, given f i r e  mor ta l i ty ,  mate f ind ing  should be l e s s  e f f i c i e n t  i n  burn 
uni ts ,  s ince  many more females should ec lose  i n  unburned u n i t s ,  encouraging males 
t o  remain the re .  Abi l i ty  t o  f l e e  t h e  flames is l a r g e l y  i r r e l e v a n t  i n  my s t u d y  
because management burns occur pr imar i ly  i n  the  cool season,  when few b u t t e r f l i e s  
are i n  t h e  a d u l t  (most mobile) l i f e  s tage .  For some p a r t  of t h e  summer, most 
diurnal  Lepidoptera a r e  i n  t h e  a d u l t  l i f e  s t a g e ,  but it is not  c l e a r  whether t h e y  
would success fu l ly  f l e e  f i r e ,  e s p e c i a l l y  s i n c e  v e r t e b r a t e s  can a l s o  exper ience  h igh  
mortal i ty (see "Evidence advanced f o r  t h e  f i r e  paradigm" below). Summer f i r e s  
would a l s o  be harmful i n  t h e  s h o r t  term because charred  areas would be devoid of 
key p l a n t s  and cover. This  is less s o  following mowing, f o r  some v e g e t a t i o n  is 

.still ava i l ab le  postcut .  Although inver t eb ra te  p reda to r s  may die dur ing f i r e s ,  I  
doubt t h i s  b e n e f i t s  s p e c i a l i s t s ,  slow t o  recover. A t  l e a s t  some of t h e  p r e d a t o r s  
would be g e n e r a l i s t s  t h a t  l i k e l y  respond t o  f i r e  as g e n e r a l i s t ' b u t t e r f l i e s  do and 
would a l s o  fo l low t h e  f i r e - inc reas ing  g e n e r a l i s t  b u t t e r f l i e s  i n t o  burned a r e a s ,  s o  
t h a t  predator  populat ions probably rebu i ld  f a s t e r  t h a n ' s p e c i a l i s t  b u t t e r f l i e s .  

LITERATURE HEVIEM - EFFECTS OF FIRE OX BUTTERFLIES 

S tud ies  of p r a i r i e - s p e c i a l i s t  Lepidoptera include those  by Dana (1991) o n . t h e  
Dakota and Ottoe Skippers and Borth .and Bar ina . ( l991)  on Catocala moths whose 
larvae feed on leadplant  (Amorpha canescens).  Both document sha rp  drops'  i n  l a r v a l  
abundance and inc reases  i n  l a r v a l  mor ta l i ty  i n  r e c e n t l y  burned a reas .  S ince  our  
study methods d i f f e r e d  considerably,  only crude comparisons can be made between 
Dana's da ta  and ours  from h i s  s tudy  site, which has experienced f requen t  f i r e  
management over increas ing a r e a s  s i n c e  h i s  study. In  Fig. 15 <Dana 1991, p. 38),  
which-presents  h i s  da ta  on observation r a t e s ,  t h e  s c a l e  of b u t t e r f l y  rates on t h e  
v e r t i c a l  a x i s  is 10 times t o o  high,  i . e .  move t he  decimal p lace  one d i g i t  l e f t  
(Dana in litt. 5 Y a r  93) .  Since h i s  r a t e s  would have been h igher  i f  a l l  h i s  t i n r e  
were devoted t o  counting ( a s  we do) r a t h e r  than a l s o  t o  mark-release-recapture 

' e f f o r t  , he ad jus ted  h i s  r a t e s  t o  conservative e s t  i n a t e s  of h i s  observat ion  r a t e s  
counting only observat ion  e f f o r t  a t h e a r  each spec ies '  peak (Tab., 2) (Dana in lit%. -- 
,5i Mar 93). In  t h e  decade s i n c e  h i s  research ,  both t h e  Dakota and Ottoe have 
declined g r e a t l y ,  e spec ia l ly  i n  t h e  more appropr ia te  comparison t o ' h i s  a d j u s t e d  

. r a t e s -  (Tab. 2 ) .  In  1990, t h e  new a c q u i s i t i o n  (my u n i t s  1-6, Swengel 1992b) 



produced our h ighes t  &toe r a t e  ever a t  t h i s  s i t e  (3.6/h.r), which dropped 95% i n  
1991-92 a f t e r  f i r e  i n  about a two-year r o t a t i o n  occurred i n  the  new acqu i s i t ion .  
Each year we have surveyed' a t  appropriate times f o r  one o r  both species.  I judge 
t h i s  f o r  Ot tdes  from our-observations i n  Wisconsin, 'which appears s l i g h t l y  f a s t e r  
phenological ly than Minnesota; from the  few M t o e s  weY.ve seen a t  t h i s  s i t e ,  it is 
unimaginable t o  f i n d  any s o r t  of sample of Ottoe ova on coneflower s t a l k s  a s  Dana 
did.  . We have never seen mny Dakotas at Hole-in-the-Mountain (App. 5 > ,  ~ e t  Dana 
(1991) d id ,  and we've found much higher Dakota numbers elsewhere (Fig. M I ) ,  even . 
achieving r a t e s  comparable t o  o r  exceeding Dana's ad jus ted  r a t e s ,  evidence we 
surveyed a t  appropr ia te  t i ~ s .  

Table. 2. Comparison of Dam's  r a t e s . i n  1979-81, both a c t u a l  (Dana 1991 correc ted  
i n  litt. 5 Far 93) and adjus ted  (Dana i n  litt. 5 k r  93) ,  with ours  1988-93 f o r  two -.. - 
s p e c i a l i s t  s k i p p e r s  a t   ole-in'-the-Kountain P r a i r i e ,  Minnesota. ---------- DAKOTA---------- ----------- OTTOE---------- 

average . ' % change average % change 
r a t e  from 1979-81 . r a t e  from 1979-81 

1979-81 a c t u a l  3.9/hr 1.7/hr  
1979-81 -adj  us ted  20.0/hr lO.O/hr 
1988-90. ., 2.3/hr -41% act,'-89% adj  2.3/hr  +35% a c t ,  -77% ad j  
1991-93. 1 .4 /hr  -64% a c t ,  -93% adj  0.23/hr -86% ' a c t ,  -98% ad'j 

While not  s tudying management e f f e c t s ,  o the r  sources  provide re levant  data .  
The only t a l l g r a s s  p r a i r i e  a r e a  with a number of 4 t h  of Ju ly  b u t t e r f l y  counts  was 
southwestern Kissouri-northeastern Oklahoma i n  1993 (Opler and Swengel 1994). 
Readily s o r t e d  by mnagement, these f i v e  counts (Tab. 3) d i f f e r  s t rongly  between 
s i t e s  f requent ly  burned (group A) and those not (group B). Group A ( f i r e  p r a i r i e s )  
had almost no s p e c i a l i s t s  (<4% of individuals)  while B found a t  l e a s t  50% specia l -  
ists;.-A had a minimum of 45% g e n e r a l i s t s  while B found no more than 31%; A had a 
minimum of 13% invaders while B found no more than 6%. Group A a l s o  averaged much 
lower absolute  observation r a t e s  of t o t a l  b u t t e r f l i e s  C30/hr> than B (126/hr); B 
averaged over 200 times a s  nrany s p e c i a l i s t  individuals/hour than A ( f i r e  p r a i r i e s ) .  
This agrees  wi th  my r e s u l t s  t h a t  frequent f i r e  f a v o r s  g e n e r a l i s t s  and immigrants 
and reduces s p e c i a l i s t s  and t h a t  s p e c i a l i s t s  (and even b u t t e r f l l e s  i n  genera l )  are 
much l e s s  abundant i n  f i r e  p r a i r i e s  than i n  hay, grazing,  and fal low p r a i r i e s .  

Bot only were 23,110 a c r e s  (70%) of t h e  Ta l lg rass  P r a i r i e  burned i n  s p r i n g  
1993 (THC 1993) on a preserve of 33,000 a c r e s  (Opler and Swengel 1994), with 
additional f i r e s  on neighboring land, but t h i s  area apparent ly  has a h i s t o r y  of 
frequent  f i r e  a s  a l o c a l  ranching pract ice  (R. Panzer pers. coma. 12/93). A t  
Buffalo Sump, whose cen te r  is only 27 miles from t h e  c e n t e r  of t h e  next nea res t  
count ( E l  Dorado Spr ings) ,  33-50% of the  area  has been burned annually, i n  add i t ion  
t o  annual summer mowing (Opler and Brown 1990). I n  1993, 66% was i n t e n t i o n a l l y  
burned but 98% a c t u a l l y  burned when control  of t h e  f i r e  was l o s t  i n  a wind s h i f t .  
The count compiler s t a t e s ,  " I n  s p i t e  of a nearly complete burn, species  and numbers 
s igh ted  m t c h e s  co-mts of previous yea&' (Opler and Swengel 1994). This is t r u e ,  
but  probably f o r  a reason unanticipated by t h e  observer.  Previous f i r e  management 
had al ready profoundly a f f e c t e d  the  b u t t e r f l y  community; it is not an unusual 
increase  i n  f i r e  s i z e  t h a t  could substant ively  a f f e c t  t h i s  community but r a t h e r  a 
major decrease i n  f i r e ,  i n  which case s p e c i a l i s t s  from populat ions i n  numerous 
pr ivate /publ ic  hay p r a i r i e s  i n  t h e  v i c i n i t y  might r e -es tab l i sh  themselves here. 

Royer and Marrone (1992a-d> reported s t a t u s  surveys f o r  four  p r a i r i e  
b u t t e r f l i e s  i n  North and South Dakota. Tabulat ions of those  populations confirmed 
ex tan t  i n  1990-91 (Tab. 4 )  showed tha t  Regals were t h e  most widespread s p e c i e s  bes t  
represented on preserves and refuges, but even so ,  53% of populations were on 
p r i v a t e  land; 37% were grazed and 20% hayed. Poweshieks had 6 confirmed s i tes  (83% 



Table 3. 1993 4 th  of July  bu t t e r f l y  counts from southwestern Xissourt-northeastern 
0klahoma.that primarily surveyed p r a i r i e  hab i ta t .  Weather is sumnrarized by. t h i s  
s tudy ' s  coding and presented as:  temperature <F>; cloud cover (MC=mostly cloudy,' 
PC=partly cloudy, mC=mostly, c lea r ,  C=clear; IR=intermittent  r a i n ) ;  wind d i r ec t i on  . 

. and speed i n  miles/hour i f  reported. Spec=special is ts ,  Grass=grasslands, 
gen=generalists, inv=invaders, unid=unidentified. 

Date- Party- Total  individuals-Percentage 
Count name S ta t e  Lat-Lon Weather Hours Spec Grass Gen Inv Unid Total  

A. frequent/intense f i r e  m a n a a e ~ n t :  
' .  Buffalo Jump 1[0 37O46* B 7-04-93 4.75 4 33 62 15 2 116 

93O29'W poor-good 3 .4X28.4253 .43  12.9% 1.7% 
weather: 75-84O; XC then hazy; S 0-5 

Tal lgrass  Pr OK 360501 B 6-26-93 8.00 0 95 131 62 0 288 
96O24'W poor-good 0.0% 33.0% 45.-5% 21.5% 0.0% 

. . 

weather: 78-85O; MC then PC; S V  5-15 
B. Infrequentlunintense f i r e  mana~ement: 

El DoradoSpr WO 37O52'B 6'16-93 4.22 518 55 28 17 55 673 
- 94601'W good 77.0% 8.2% 4.2% 2.5% 8.2% 

weather: 87-92O; mC then PC t o  MC; S 15-25 
Sedalia WD . 38'33'B 6-19-93 5.25 . 653 107 97 18. 0 875 

f 93O15'W poor-good 74.6% 12.2% 11.1% 2.1% 0.0% 
weather: 68-86O; XC with 1R then C; S t o  I? 

Tabervil le ,WD 38'00'B 6-19-93 7.00 188 . 4 3  116 22 0 369 
94O00' W poor--inter. 50.9% 11.7% 31.4% 6.6 0.0% ., 

weather:. 77-86O; MC then PC; SV t o  .W 5-15 
t .  

Table 4. Summary of s i t e  and managemnt information f o r  p r a i r i e - spec i a l i s t  spec i e s  
surveyed by Royer and Marrone (1992a-d) i n  Borth and South Dakota 1990-91. 

Species- 
s i t e  s t a t u s  

Poweshiek-present 
-absent 

Dakota -present 
-absent 

Arogos -present 
-absent 

: Regal -present 
-absent 

B 
s i t e s  

6 
2 

26 ' 

8 
6 
2 

51 
n/a 

------------ Om7HIp------------- 

pr ivate  TQC s t a t e  federa l  Indian 
5 1 

1 1 
19 3 3 1 

6 2 t 

5 1 
1 . 3  

27 4 8 10 2 

semi- 
mgementLLand use of extant sites: priv.  pres.  

rec.  pre- 
hay 

f a l -  prak- duck semi- semi- 
graze hay game area  serve EVR low r i e  prod. graze VPA ROW graze 

Powes. 2 2 1 
Dakota 8 9 1 1 1 1 2  1 
Arogos 1 4 1 
Regal 18 10 7 4 4 1 2  1 1 2  1 

school 
? land 

I . private) ,  2 grazed and 2 hayed. Dakotas had 2 6  confirmed s i t e s :  73% p r i v a t e ,  311 
grazed, 35% hayed. A 1 1  but one of four s i t e s  r a t ed  abundant were pr ivate '  (1 
grazed, 2 hayed); t he  four th  was a s t a t e  waterfowl production area .  This i s .  ' 

I. consistent'with~McCabe's (1981) preference' f o r  late-season mowing f o r  Dakota 
management, Arogos Skippers a l so  had only 6 confirmed s i t e s  (83% p r i v a t e ) ,  1 
grazed and 4 hayed. Management was not l i s t e d  f o r  most public s i t e s ;  some of them 
might be grazed o r  hayed, too. I t .  is c l e a r  t h a t  p r iva t e  property is very important 

) t o  the  continued existence of t he se  spec ies  i n  t h i s  region and t h a t  grazing and/or:  
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haying can be compatible with t h e i r  maintenance. 
some have noted t h a t  R. Panzer has  espoused f i r e  management recommendations 

t h a t  a r e  not as conservative a s  many o t h e r s ,  e .  g. Opler, Schweitzer, Swengel ( a l l  
reviewed i n  Moffat and McPhillips 1993). I have not seen  a s c i e n t i f i c  a n a l y s i s  of 
f i re  e f f e c t s  on any insec t  group by Panzer, although Panzer (1988) has ,pub l i shed  a 

of anecdotes on species ,  inc luding pra i - r ie  s p e c i a l i s t s ,  known t o  have 
survived t o  any degree a t  l e a s t  a decade of f i r e  mnzgernent a t  s e l e c t e d  sites.  
 his approach, commonly used t o  defend f i r e  management, is comparable t o  not ing  
t h a t  Northern Spotted O w l s  (S t r ix  o c c i d e n t a l i s )  still e x i s t  i n  northwestern f o r e s t s  
i n  c l e a r c u t  timber management. Vhile one is glad  the  owls p e r s i s t ,  t h e i r  mere 
ex i s t ence  i n  no way endorses t h e  cu r ren t  management--one must t r a c k  t h e  populat ions 
t o  s e e  how many persist and a t  what t r e n d  over t i m e .  Panzer ' s  s e t  of anecdotes,  
while c e r t a i n l y  valuable,  is a highly skewed sample. Since f i r e  management s t a r t e d  
we l l  before Panzer ' s  surveys at so= (probably most o r  a l l )  s i t e s ,  f i re-decreas ing 
s p e c i e s  could e a s i l y  have been l o s t  p r i o r  t o  any a t tempts  t o  d e t e c t  them, and I  can 
n e i t h e r  prove nor Panzer r e f u t e  t h i s  p o s s i b i l i t y .  By t h i s  approach it is v i r t u a l l y  

i 
i impossible t o  ob ta in  anything other  than p o s i t i v e  da ta  (1.e. f i r e  su rv ivors ) .  I t  

is not  an endorsement of f i r e  t h a t  no d a t a  e x i s t  t o  prove it has e x t i r p a t e d  spec ies  
when such data a r e  v i r t u a l l y  unobtainable. 

I t  is an odd conservation approach t o  use e x t i r p a t i o n  a s  t h e  method and 
standard.  Presence/absence da ta  a r e  a  much weaker measure of response than 
abundance ind ices  (see  "RESPONSE TO WAGEMEBT" above). The more appropr ia t e  
ques t ions  a r e  whether rare species  are dec l in ing ,  whether any such t r e n d s  a t  a  
number of sites c o r r e l a t e  with any f a c t o r s ,  and what might c o n s e r v a t i a n i s t s  do t o  
arrest any such dec l ines .  Panzer (1988) s t a t e d  t h a t  no populat ions were e x t i r p a t e d  
by f i r e  a t  h i s  s tudy  s i tes  d u r i n s  h i s  3-7 y e a r s  of surveying. Specifying proximate 
cause  of e x t i r p a t i o n  a t  a p a r t i c u l a r  s i te  is d i f f i c u l t ;  j u s t  a s  f a i r  a  ques t ion  is 
whe the r - f i r e  can be proven n o t  t o  have caused o r  cont r ibuted  t o  any popula t ion  
losses ;  but t h i s  probably c a n ' t  be answered d e f i n i t i v e l y  e i t h e r .  However, with 
g r e a t  sadness I note  t h a t  s i t e s  i n  Panzer ' s  region con ta in  very few p r a i r i e  
s p e c i a l i s t s ,  a l though some s i z a b l e  preserves  t h e r e  could p laus ib ly  suppor t  such 
populat ions.  While I have not v i s i t e d  any of these  sites and cannot comment on 
p r a i r i e  q u a l i t y  and ex ten t ,  t e n  I l l i n o i s  na tu re  preserves ranging from 70-829 a c r e s  
i n  s i x  count ies  around Chicago (Cook, DuPage, Kane, Kendall, McHenry, and W i l l  
Counties) p ro tec t  l a r g e  p r a i r i e  patches. Yet Panzer (1992) repor ted  t h a t  on a 
minimum of 23 s i t e s  i n  t h e  Chicago region,  only a few populat ions occur of 
specialists a s  I  def ined them i n  t h i s  r e p o r t  (1 Byssus, 0 Ottoe, 0 Leonard's,  1 
Regal, 1 Gorgone). Even grassland popula t ions  can be rare <e.g.  5 Delaware and 3 
Cross l ine  Skippers; 2 Aphrodite, 2 Silver-bordered, and 4 Meadow F r i t i l l a r i e s ) .  
While n e i t h e r  I nor anyone e l s e  can prove s i t e - s p e c i f i c  causes, t h e s e  p rese rves  a r e  
no t  p ro tec t ing  many p r a i r i e  s p e c i a l i s t s  and c e r t a i n l y  do not  endorse f i r e  
management f o r  them. The s p e c i a l i s t s '  pauci ty  is cons i s t en t  with my and o the r s '  
d a t a  on t h e  e f f e c t s  of f requent  f i r e  on b u t t e r f l i e s .  

Af ter  extens ive  o b s e r ~ a t i o n s ~ o v e r  long periods,  s e v e r a l  Iowa l e p i d o p t e r i s t s  
have independently a r r i v e d  at  conclusions s i m i l a r  t o  mine regarding p r a i r i e  f i r e  
and its e f f e c t s  an s p e c i a l i s t - b u t t e r f l i e s .  They have a s s e r t e d  t h a t  f i r e  burned 
less f requen t ly  i n  ancient  p r a i r i e s  than i n  modern management, g raze r s  were 
important i n  p r e h i s t o r i c  p r a i r i e  management and a f f e c t e d  how f i r e s  burned (1.e. 
making them p a t c h i e r ) ,  and management should be d i v e r s i f i e d ,  not r e l y i n g  p r imar i ly  
or s o l e l y  on f i re  (Orwig 1990, Schl icht  and Orwig 1990). Schl icht  (1993) repor ted  
t h a t  p ra i r i e -ob l iga te  b u t t e r r  l ies  usua l ly  do worse on f  ire-managed s i tes  than  on 
m n a g e d  ( i - e .  non-Preserve) s i t e s ,  p l o t  s i z e  is less important than nranagement 
regime f o r  ob l iga te  su rv iva l ,  grazed p l o t s  are o f t e n  more d ive r se  i n  o b l i g a t e s . t h a n  
fire-managed p l o t s ,  and t h a t ,  given i n s e c t s  can have dramatic populat ion 
f l u c t u a t i o n s  n a t u r a l l y ,  excess disturbance (1.e. f i r e  reducing t h e i r  numbers) could 

- e*irpate l o c a l  populat ions.  He asks  what is less dangerous than f i r e  f o r  I 



obl iga tes ;  he answeis: h a b i t a t  fragmentat ion,  l i n e a r  h a b i t a t ,  occurrence i n  
rights-of-way of a c t i v e l y  used highways and r a i l r o a d s ,  graz ing,  and being ignored. 

LITERATURE REVSEW - EFFECTS OF FIRE OX INSECTS 
The usual response of a v a r i e t y  of i n s e c t s  i n  t h e  immediate (hours dur ing  and 

a f t e r  f i r e )  and s h o r t  term (up t o  two months) a f t e r ' f i r e  is a marked d e c l i n e  (Rice 
1932, Bulan and B a r r e t t  1971, Lamotte 1975, Morris 1975, Anderson e t  al .  1989, 
Samways 1990). Thus, f i r e  can be e f f e c t i v e  i n  t h e  cont ro l  of a v a r i e t y  of 
undesirable insec t  populat ions (Willer 1979) and can e l imina te  food f o r  
insect ivorous b i r d s  (Daubenmire 1968). S ince  t h e  decl ine  can cont inue  f o r  some 
weeks pos t f i r e ,  s e v e r a l  a u t h o r s  proposed t h a t  not only m o r t a l i t y  dur ing  t h e  f i r e  
occurs but a l s o  a "shock phase" a f t e rward  from exposure and l ack  of food ( R i c e  
1932, Lamotte 1975, Warren e t  a l .  1987).  The intermediate-term e f f e c t s  (2-12 
months p o s t f i r e )  a r e  more d ive r se .  SOHE t a x a  p e r s i s t  i n  lower numbers, some become 
s i m i l a r  t o  con t ro l s ,  and some become more abundant; sometimes d i f f e r e n t  s t u d i e s  of 
t h e  same taxon produce c o n f l i c t i p g  r e s u l t s  (Rice 1932, Cancelada and Yonke 1970, 
Bulan and Bar re t t  1971, Hagel 1973, Lamotte 1975, Morris 1975, Van Amburg et a l .  
1981, Seastedt  e t  a l .  1986, k7arren e t  a l .  1987, Evans 1988, Anderson e t  a l .  1989). 
Y ~ s t  of these  s t u d i e s  i d e n t i f i e d  i n d i v i d u a l s  a t  t h e  family o r  o rde r  l e v e l ,  s o  that 
only very general  tendencies  among t a x a  can be demonstrated, and t h e s e  d i f f e r e n c e s  
tend t o  p e r s i s t  only i n t o  t h e  shor t -  o r  intermediate-term. 

Such s t u d i e s  cannot p r e d i c t  how a p a r t i c u l a r  s w c i e s  wi th in  t h e  l a r g e r  taxon 
might f a r e ;  ins t ead ,  they u s u a l l y  r e f l e c t  only the  t r ends  of t h e  most abundant 
species .  The few s t u d i e s  t h a t  i d e n t i f i e d  a t  t h e  spec ies  l e v e l  have found reduced 
d i v e r s i t y  p o s t f i r e .  Hemiptera and Homoptera d i v e r s i t y  w a s  s i g n i S i c a n t l y  lower i n  
burned than unburned p l o t s  i n  t h e  in termedia te  term, the  only t i m e  per iod  s t u d i e d  
(Morris 1975). While grasshopper numbers (Order Orthoptera) a r e  u s u a l l y  but  not  
always more abundant i n  burned p l o t s  i n  t h e  s h o r t  and intermediate term (Lamotte 
1975, Bagel 1973, Warren e t  a l .  19871, grasshopper d i v e r s i t y  w a s  lower i n  more 
frequently burned p l o t s  than i n  l e s s  f r e q u e n t l y  o r  never b u r n e d s l o t s  (Evans 1988). 

Several r e sea rchers  have at tempted ecologica l  e ~ p l a n a t i o n s ~ t h e s e  responses.  
Ni l l e r  (1979) concluded t h a t  i n s e c t  m o r t a l i t y  increased i f  t h e  popula t ion  was i n  a 
l i f e  s tage  and loca t ion  (usua l ly  on t h e  ground) vulnerable t o  f i r e .  Another 
ordinat ion regards  feeding adapta t ion .  m i l e  herbivorous b e e t l e  d i v e r s i t y  was 
s i g n i f i c a n t l y  reduced up t o  t h e  in termedia te  term, carnivorous b e e t l e  d i v e r s i t y  w a s  
un'changed (Bulan and B a r r e t t  1971). In another  s tudy (Evans 1988>, more f r e q u e n t l y  
burned p l o t s  had lower f o r b  cover and forb-feeding grasshopper d i v e r s i t y  decreased 
there.  Nevertheless, while grass-feeding grasshoppers dominated t h e  s p e c i e s  
d ive r s i ty  of more f r equen t ly  burned p l o t s ,  t h e i r  numbers d i d  no t  c o r r e l a t e  with 
g rass  densi ty.  Thus, t h e  s h i f t  i n  p l a n t  cover from f o r b s  t o  g r a s s e s  caused by more 
frequent f i r e  d is favored forb-feeders b u t  d i d  not benef i t  grass-feeders.  Forb- o r  
grass-dependence d i d  not e n t i r e l y  e x p l a i n  grasshopper' response, however, s i n c e  two . 
common grass-feeding s p e c i e s  wi th  similar d i e t s  had d i f f e r e n t  l o c a l  d i s t r i b u t i o n s ,  
possibly because of v a r i a t i o n  i n  amount of  l i t t e r  accumulation. 

Lamotte (1975) found t h a t  i n  genera l  those  groups adept  a t  f l i g h t  recovered i n  
t h e  intermediate term from t h e  pervasive immediate and short- term d e c l i n e  p o s t f i r e  
and a l s o  proposed that f ire- induced h a b i t a t  changes a r e  important i n  determining 
insec t  response. The environment r e s u l t i n g  from f i r e  f avors  a sunloving and mobile 
fauna dependent on g rasses ,  b u t  d i s f a v o r s  o r  e l imina tes  s p e c i e s  of o t h e r  n iches ,  
s ince  recent ly  burned h a b i t a t  o f f e r s  l e s s  niche d i v e r s i t y  than  unburned (Lamotte 
1975). We've informally observed t h a t  mosquitoes (adept a t  u t i l i z i n g  ephemeral 
hab i t a t  patches and s e r e s )  a r e  more numerous i n  r ecen t ly  burned a r e a s ;  t h e  i n c r e a s e  
i n  m o s q ~ i t o  dens i ty  is f requen t ly  q u i t e  s h a r p  when w e  move from unburned t o  burned- 
wet t o  mesic p r a i r i e .  The process  of n iche  and d i v e r s i t y  r educ t ion  has  been termed 
 simplification" (Bulan and Barrett 1971) and h i n t s  a t  t h e  p o s s i b i l i t y  of permanent 
e f fec t s ,  a t  l e a s t  i f  f i r e  is frequent  o r  pervasive,  a s  does t h e  f ind ing  of d i s t i n c t  



grasshopper cbmmunit ies segregated by fire frequency  vans 1988). , ' 

Wy results indicate that iflwhen simplication of the prairie butterfly commu- 
nity occurs after fire, specialists are most likely to be eliminated because they 
are most underrepresented of any group in-the m s t  recently burned areas. Othersi 
observations of fewer or no specialists.the more frequently burned the ,site agrees 
with this scenario. Given the conservation concern,for specialist species, such an 
outcome is undesirable. Rare species have been found to respond differentially 
more poorly ,to .other lethal management: treatments as well. For example, while 
overall species richness of.nontarget Lepidoptera showed no significant difference 
between a site treated with a microbial inse.cticide and the untreated site, rich- 
ness of uncommon species was significantly lower in the.treated site (Killer i992). 

EFFECTS OF MANAGEMENT 03 BIRDS 
I will only cursorily examine this issue, leaving more detailed treatment to 

my co-researcher, an ornithologist. Birds, especially ones most characteristic 
(i.e. specialized) to the habitat, are usually reduced after fire: tallgrass 
prairie (Volkert 1992, Zimmermanf 1992, our unpubl. data), sageland (Petersen and 
Best 19871, chapparal (McClure 1981), forests (Apfelbaum and Haney 1986), and 
Australian habitats (Smith 1977, McFarland 1988). Austrian dry grasslands and 
their birds are considered threatened by fire (Kollar 1991). Fire management 
eliminates most nesting in the first growing season postfire (R. Johnson - in 8 litt 

' 

Kruse and Piehl 1986>, so that populations can recover only if relatively higher 
nesting success and density occurs in future years (Johnson and Temple 1986). 
Grazing can be a good hay to manage birds including waterfowl and prairie grouse 
(Skinner 1975, Kantrud 1981, Barker et al. 1990). The two greatest success stories 
(1. e. population increases) we' ve found for the management of Greater Prairie 
Chickens (Tvmpanuchus cupid01 and Sharp-tailed Grouse (T. phasianellus) are 
attributable to haying in Kissouri (Christisen 1985) and a combination of grazing 
and a little fire in lJorth Dakota.(Bjugstad 19881, respectively. 

Although grassland birds are native to prairie, and until European 
immigration, had only prairies for grassland habitat (few or no old fields were 
available), they are now often found more abundantly in fallow or unintensively 
farmed land (Skinner 1975, Zimmerman 1982, Howe and Rossa 1984), especially in the 
Conservation Reserve Program (CRP), While I am gind that CRP, enacted in 1985 to 
reduce soil loss on highly eroaable farmland, has had beneficial conserval. i csn 
consequences such as reversal ~i landscape fragmentation, maintenance of regional 
biodiversrty, and creation sf wildlife habit& (Dunn et al. 1993>, some people have 
developed the peculiar notion th'at grassland birds really aren't prairie species 
because they are more abundant in old field than high-quality prairie preserve 
vegetation. The important point is not so much that they live abundantly in fallow 
farm fields, but that they are so scarce in preserves--where they ought to be and 
where something is clearly going wrong. 

- - The Henslow's Sparrow (Ammodramus henslowii), a federal category 2 (candidate) 
species considered among those birds most likely to become extinct soon (Butcher 
1989), is a prairie specialist. It is near absent from our study sites in the 
Upper Ridwest. We've never confirmed one during our surveys for this research; we 
found one at Oliver, Wisconsin on 30 April 1991, possibly another at Cayler, Iowa 
on 5 July 1993, and multiple consistent observations at Pine Island, Wisconsin (but 
not on surveys for this research). Our observations elsewhere in Wisconsin agree 
that the Henslow's is rare, now present only in marginal habitats, but surely this 
apparent habitat "preference" is an 'art ifact, for during most of this species1 
existence, only native (not exotic) grasslands were available for it to inhabit. 

r.2: By contrast, Henslow's are abundant in our southwestern nissouri sites that 
are bayed or unburned. We've found about 540 in 111 transects covering 45 miles, a 
mean rate per unit of about 14.l/mi (17.4/hr), while only 4 were found in 17 
transects covering 4.2 miles in recently burned units-1.03/mi (1.5Ar). This 



sparrow is consistently denser,in hay prairies than fire prairies; our survey units I - .averaged 1. O/mi (1.5h.r) in year 0 and 19.2/mi (20.7/hr) in yeer 1 of fire 
management, but 21.9/mi (27.3/hr> in year 0 and 23.3/mi (25.5/hr) in year 1 of 

I haying management. This.is similar to the Regal Fritillary's differential abun- 
dance in management age classes, except that the difference in year 1 between fire 
and haying 'is much more mrked in the Regal. In fact, Regals and Henslow's cor- 
relate,strongly in.Missouri (Pearson's correlation matrix, Regals and Eenslow's/mi: ,. . rz0.24707, P=0.0053, N=126; Regals and Henslow' s/hr: r=0.20132, P=0.0235, N=126). . 

,Henslow's have also occurred st 20-35/hr on lightly to moderately grazed and cut 
farm grasslands in northern kid western Fdssouri, where total bird and nest 
densities can be enormous (Skinner 1975). The Kissouri study in hayed/cut/grazed I ' grasslands averaged about 5-8 times as many Henslow' s as the 4.5/mi found. by 
Zimmerman (1992) in unburnec! Kansas prairie surrounded by frequently burned . 
prairie--the latter lacked Henslow's in burn yeers. Note that hours,is the unit in 

I Skinner's study--bird surveys often progress at slightly less than one mi/hr. 
+ 

CONSERVATIOB PROGNOSIS AND PRIORITIES - PRAIRIE SPECIALIST BUTTERFLIES 
Status, trends, threats for specialist species 

General. The overwhelming destruction of prairie habitat (see "IBTRODUCTION" 
above) has obvious disastrous consequences for prairie-specialist species, many of 
which were originally restricted to only a part of the prairie biome, so that only 
portions of what remains is habitat for them. Prairie loss continues deliberately 
today by plowing, extrenie overgrazing, and development but is of varying degrees of 
threat regionally. Marginal farmlands, while under threat of overintensive use 
because of economic difficulties for family farms, have also been sheltered by the 
Conservation Reserve Program (see "EFFECTS OF IUBAGEKEIJT ON BIRDS" above). It is 
prairie still in unintensive use (e.g. light grazing/haying) on arable land that I 
perceive to be under greater threat of incompatible farm uses. Development 
generally depends on human density, thus primarily around cities and suburbs, while 
in much of the prairie region rural populations are sparse; the increasing trend of 
rural home-building for urban commuters is a significant threat. Prairie is also 
lost passively because the near total disruption of previously prevailing processes 
allows unnatural floristic releases. From the scientific evidence (see "LITERATURE 
REVIEV - NATURAL MAIBTEFMCE OF GRASSLANDS' below), I believe the primary processes 
were megafauna herbivory and climate, rather than the chimera of presumed 
prehistoric fires, so that to ameliorate the current absence of processes to the 
benefit of native biodiversity, the ri~ht processes must be restored in a way 
mimicking prehistoric conditions and effects. 

Farmland uses have varying impacts on specialist butterflies. Some (Dakota, 
Regal, Gorgone) benefit more from less intensive farm practices, with farmlands im- 
portant to their conservation today, than others (Ottoe, Arogos). An uncomfortable 
question is how much preservation has really benefited specialist butterflies. 
From the evidence (see "RESPOBSE TO MANAGEXEBT" and "LITERATURE REVIEV - EFFECTS OF 
FIRE OB BUTTERFLIES" above), it would apparently have been and remailis more benefi- 
cial to preserve unintensive farming (i.e. light grazing/haying) than to acquire 
such land as preserves if this necessarily also means the institution of fre- 
quent/intense fire managentent. I continue to believe, however, that conservation- 
ists are able and ought to be willing to conduct a more beneficial mix and type of 
management program (as in hay-graze-burn management seen in southwestern Missouri), 
in which case preservation would be preferable to farming. Thus, there is cause 
for optimism, for while current preserve management is both entrenched and 
troubling, it is also completely addressable and correctable entirely within the 
conservation community. Furthermore, no known prairie butterfly species has gone 
extinct, and these species have persisted long and widely on habitat remnants, so 
that--such changes should translate into readily measurable successes. I assessed 
my study sites in each state to identify the highest priority areas for managemnt 
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compatible with m i n t a i n i n g  high popula t ions  of s p e c i a l i s t  b u t t e r f l i e s  (App. 19) ;  
see App. 5-8 f o r  t h e  highest  p r i o r i t y  s i tes f o r  individual  species .  

Poweshiek S k i ~ p e r .  This  s p e c i e s  c l e a r l y  q u a l i f i e s  f o r  f e d e r a l  l i s t i n g  (App. 
20) .  ~t is e x t a n t  i n  s i x  of t h e  e i g h t  states comprising its h i s t o r i c  range. In 
t w o  it a l ready has the  threa teneuendangered s t a t u s  it warrants.  In t h e  Dakotas, 
Royer and h r r o n e  (1992d) and I agree it should have e i t h e r  threa tened o r  
endangered s t a t u s ,  and based on the  r e l a t i v e l y  few s i t e s  where we've found it i n  

and Minnesota, combined with management concerns, I recommend a s t a t e  s t a t u s  
of some s o r t  t h e r e  a l so .  The s p e c i e s  a l s o  ranges marginally i n t o  Iranitoba. 

Ottoe Skipper. I do not  have adequate da ta  t o  address  g lobal  s t a t u s ,  but  only 
i n  t h e  Upper Midwest, where it is c l e a r l y  r a r e  i n  I l l i n o i s ,  Minnesota, Wisconsin, 
and much of Iowa (App. 20). Given t h e  alarming t r end  of t h i s  s p e c i e s  a t  Hole-in- 
the-munta in ,  Hinnesota (see "LITERATURE REVIEW - EFFECTS OF FIRE OH BUTTERFLIES" 
above), t h e  s p e c i e s  warrants c a r e f u l  s t a t u s  assessment and compatible management 
g loba l ly .  The species-has  s i m i l a r l y  decl ined about 99% s i n c e  1990 a t  Spr ing Green, 
Wisconsin--once a la rge  populat ion CApp. 18) .  A massive management f i r e  i n  sp r ing  
1992 burned our sample u n i t s  7a-c, where we used t o  f i n d  t h e  majori ty of 
individuals .  I n  f i v e  1992-93 surveys p o s t f i r e  w e  found only one Ottoe a t  Spring 
Green--in 1993 i n  an  a rea  not  managed wi th  f i r e .  

Leonard's Skipper. Vhile a s p e c i a l i s t ,  t h i s  s p e c i e s  occur r s  i n  r e l a t i v e l y  
many s i t e s  r e l a t i v e  t o  e f f o r t  ( see  "Populat ion v a r i a b i l i t y  by h a b i t a t  and geo- 
graphy" above). I t  appears a b l e  t o  re invade a r e a s  recovered from human-caused 
degradation,  s o  t h a t  it appears a r e l a t i v e l y  low p r i o r i t y  f o r  conservat ion  ac t ion .  

I '  

Pawnee Skipper. I do not  have enough da ta  t o  a s s e s s  its s t a t u s .  I t  is not a 
h igh p r i o r i t y  of any agency's  o r  i n d i v i d u a l ' s  s t a t u s  and monitoring work t h a t  I 
know o f ,  cons i s t en t  with my sense  t h a t  t h e  s p e c i e s  is of r e l a t i v e l y  low concern. 

Dakota Skipper. This  s p e c i e s  is e x t a n t  i n  four  of t h e  f i v e  s t a t e s  comprising 
its h i s t o r i c  range, f o r  it w a s  refound i n  Iowa i n  1992 (McKown 1993>, r eve r s ing  t h e  
presumed e x t i r p a t i o n  the re .  In two s t a t e s  it a l ready has t h e  threa teneuendangered 
s t a t u s  it warrants;  i n  t h e  Dakotas, Royer and Marrone (1992a) and I agree  it should 
have threa teneuendangered s t a t u s  (App. 20). The s p e c i e s  a l s o  ranges marginal ly 
i n t o  Manitoba. Since t h e  Dakota has o r  warrants threa teneuendangered s t a t u s  i n  
each s t a t e  i n  its range, it warrants f e d e r a l  s t a t u s  a l so .  

Aronos Skipper. Given t h e  very few Arogos populat ions i n  our s tudy (App. 7 ' 8 )  
and Royer and Marrone (1992~1 ,  I consider  a c a r e f u l  review of its s t a t u s  a high 
p r i o r i t y  (App. 20) ,  e spec ia l ly  s ince  t h e  e a s t e r n  subspecies is a f e d e r a l  ca tegory  2 
(candidate) .  This  taxon may be the  r a r e s t  p r a i r i e - s p e c i a l i s t  b u t t e r f l y .  

Renal F r i t i l l a r v .  Schweitzer (1992) produced a thorough s t a t u s  survey. The 
s p e c i e s  is c r i t i c a l l y  endangered e a s t  of p r a i r i e  (Schweitzer 1992, Swengel 1993b). 
Within my study s t a t e s ,  I have observed only one area--southwestern Hissouri--with 
abundant Regals (App. 8) and publ ic /pr iva te  land use and management p r a c t i c e s  t h a t ,  
s o  lonn a s  they continue,  j u s t i f y  a b e l i e f  t h a t  Regals are s t a b l e  and secure  the re .  
Th i s  spec ies  is a l s o  widespread i n  Minnesota (App. 6 )  but  because of management 
concerns, I cannot assume long-term s t a b i l i t y  and s e c u r i t y  the re .  Only few and 
f r a g i l e  populat ions are known i n  I l l i n o i s ,  Indiana, Wisconsin, and e a s t e r n  Iowa, 
where management is a l s o  a concern; a t  some h i s t o r i c a l  s i t e s ,  I have y e t  t o  observe 
a Regal, i nd ica t ing  a dec l in ing  t r end  (Tab. 5, App. 6 ) .  The preserves  i n  
nor theas tern  I l l i n o i s  a r e  well surveyed and l i t t l e  p r a i r i e  h a b i t a t  e x i s t s  o f f  
preserves  (Panzer 1992 and pers. comm.); while fewer d a t a  a r e  a v a i l a b l e  from 
elsewhere i n  t h e  s t a t e ,  even i f  mul t ip le  populat ions of any s i z e  still occur i n  
fison-cass Counties o r  elsewhere, t h e  s p e c i e s  remains q u i t e  r a r e  and th rea tened  i n  
I l l i n o i s .  Given its r a r i t y  and regional  dec l ines ,  I continue t o  be l ieve  t h a t  
- federa l  - .. threatened s t a t u s  is appropr ia te ,  a s  does P. Opler tpers .  comm. ) (App. 20). 

.+.z Wasters (1975) repor ted  severa l  small Regal populat ions i n  northwestern 
 isc cons in (Chippewa, Eau C l a i r e ,  St. Croix Counties; none i n  Dunn o r  Polk; d i d n ' t  
segech . - _. Burnett) .  He concluded t h e  s p e c i e s  could p e r s i s t  a s  very small  popula t ions  



Table 5. H i s t o r i c a l  and cur ren t  Regal s i tes  i n  I l l i n o i s ,  Indiana, and Visconsin. 
Our Study s i t e s  (survey da ta  i n  App. 6) ere underl ined.  'B. Panzer (RP) , p e r s .  
corn.  12/92, anonpous  p n r t i c i p a n t s  i n  c lnsses /Sikes  l e d  by A.  Swengel, " S. 
Borkin in  litt. 30 Sep 92, R. Borth i n  litt. 10,435, A .  Yillin1n5 i n  litt. 9/93 

STATE FIRST LAST LAST ' 

, FOUBD OBS. SURVEY NOTES ON REGAL ABUliDABCE/SITE 
ILLIBOIS 
Braidwoodl "1992 very  sca rce  i n  12 swveys/6  y r s ,  400 ac sav. 
E Y E ! z .  1991 1993 1 specimen i n  n a t  c t r  (3 J u l  91, C. Laurent ,  

Chana, IL). We checked sev .  t imes i n  1993; 
a s  p r a i r i e  is inc reas ing ly  c lea red  each year ,  
e n t i r e  c lea red  p r a i r i e  is annually burned. 

Goose Lake' .. 1992 0 on 19 surveys  1992 (1500 ac  dry-mesic and wet 
p r .  and marsh); 1 i n  nea r  powerline right-of-way 

Harlem H i l l '  ? 1993 , V e  checked sev. t i m e s  i n  1993; 53 a c  d ry  p r .  
1992? Iroquois1 ; most i n  7-80.0 ac p r a i r i e ;  occ. 1 i n  640 a c  sav.  

Mzson-Cass Cos. . ? 1-2 d i f f i c u l t  t o  find?--RP has no pers.  exp. 
Bachusa 1 1993 1993 a t  most  sev .  doz. (R. Panzer) ; s e e  App. 6 ,  I? 

IBDIBHA 
Cook1 ' -1989 40 a c  s i t e ;  not seen i n  3-4 yea rs  
P ra i r i e  chicken1 "1992 12-16 obs. i n  sev.  h r ;  640 a c  sandy pra i r1 .e  
VISCOHSIB I ,  

Cedarburg- Bog3 1987 1987 ? s t r a y s  found, no knows populat ion i n  a r e a  
Crawford Co. 1992 1993 1993 p r i v .  40 ac grazed p r a i r i e ,  bes t '  known WI pop. 
Governor Dodge 1981? ? h a b i t a t  appears t o  be, e n t i r e l y  o l d  f i e l d  
Xura 1 t 1993 1993 about 40 a c  dry p r a i r i e  i n  l a r g e r  preserve  
01 iver  1993 1993 about 4 a c  dry p r a i r i e ,  nea r  Huralt 
near Oliver4. ' 1984 1984 p r i v a t e  grazing p r a i r i e  
near Thomsonp 1993 1993 1993 p r i v a t e  grazing p r e i r i e  
Pine Islandc' 1983 1983 1990,93 " e o m n "  i n  1983; degraded, some f i r e  man. 
S ~ r i n ~  Green 1987? 1990-93 about 80 a c  dry  p r a i r i e  i n  l a r g e r  preserve  
Thomson/Thou. 1990 1993 1993 see "Absolute l e v e l s  i n  man. age class'es" above 

on very smll (even <0.5  ac)  remnants of o r i g i n a l  p r a i r i e  vege t i t ion .  I suspec t  he 
may not have found a l l  source populat ions f o r  h i s  observations.  Our exper ience  
suggests t h a t  sporad ic  s i n g l e  ind iv idua l s  are b e t t e r  a t t r i b u t e d  t o  a popula t ion 
elsewhere i n  t h e  v i c i n i t y ,  which might be i n  a degraded f i e l d  discounted a s  "Regal 
habi ta t . "  V e  o r i g i n a l l y  considered t h e  fa l low pas tu re  a t  Greater  Thomson t o o  
degraded t o  be worth surveying f o r  Regals, ye t  t h a t  is where t h e  populat ion a t  t h e  
Thomson-Thousand's complex a c t u a l l y  concentra tes  (see  "Absolute l e v e l s  i n  
management age classes" above). h s t e r s  may a l s o  have been observing a s u i t e  of 
declining popula t ions  about t o  disappear,  f o r  I know of no records  from t h i s  r e g i o n  
since.  Bevertheless,  it would be valuable t o  resurvey h i s  s i t e s  today, a l though w e  
have found none i n  extens ive  surveys  of c e n t r a l  Visconsin barrens  (Swengel 1993a). 

Ve independently p r i o r i t i z e d  t h e  major t h r e a t s  t o  Regals i n  V-isconsin: 
Scott  Swengel: Ann Swengel : 

1. f i r e  nranagement export  of f i r e  man. t o  p r i v a t e  s e c t o r  
2. i n v i a b i l i t y  of unintensive farming s tandard  preserve management ( f i r e )  
3. expira t ion of cur ren t  CRP i n  1995 changing r u r a l  land use by fa rmers  and 

f o r  res idences  
4. ru ra l  housing f o r  urban commuters h a b i t a t  fragmentation, i s o l a t i b n ,  

(business development not major) reduct ion by fa l low use  
Gor~one Checkerspot. I t s  r epu ta t ion  f o r  using degraded f i e l d s  would i n d i c a t e  

l i t t l e  cause f o r  concern over its s t a t u s ,  y e t  its r a r i t y  i n  our p r a i r i e  and b a r r e n s  
(&engel 1993a) surveys  is d i s tu rb ing .  I recommend mre a t t e n t i o n  t o  its s t a t u s .  



, 

Si te - spec i f i c  recommendat~ons 
kneral. J r e c o m n d  t h a t  management f avorab le  f o r  p r a i r i e  b i o d i v e r s i t y  occur 

a t  a l l  p rese rves  ( see  r a t i o n a l e  i n  "LITERATURE REVIEW - NATURAL KAIBTENAATCE OF 
GRASSLANDSH and " Yanagement recommendat ions" be low) . Additional comments 
regarding s p e c i f i c  s tudy s i t e s  a r e  i n  Swengel (1992a,b) and follow. 

I l l i n o i s .  Svron: In t h e  hope Begals still l i v e  he re ,  management should  do no 
burns i n  1994-95 and should implement a regime p r i m a r i l y  of ntechanical t r ea tmen t s ,  
which should & unintens ive  i n  a reas  of high-quali ty p r a i r i e  vegetat ion but 
aggressive i n  a r e a s  of dense exo t i c s  (e. g. sweet c l o v e r ) .  Harlem H i l l s :  For t h e  
sake of Ottoes and Regals, management here  should be a l t e r e d  a s  a t  Byron. Bachusa: 
Since t h e  smal l  populat ion here is t h e  b e s t  known Regal occurrence i n  t h e  s t a t e  
(Tab. 5.above>, management should emphasize t r ea tmen t s  benef i c i a l  t o  f l o r a  t h a t  a r e  
not harmful t o  Regals.  Much of the s i t e  is q u i t e  amenable t o  mechanical manage- 
ment, s o  t h i s  should  l a rge ly  replace f i r e  t reatments--especial ly i n  t h e  lowlands- 
where Regals have concentra ted  l a t e ly .  I f  f i r e  con t inues  a t  t h e  s i t e  a t  a l l ,  p a r t  
o r  a l l  of p l a c e s  important t o  Regals should be des ignated  never-burn u n i t s .  

Iowa, F r e d ~  Hnffner: Bo fYre should occur here  f o r  2+ years t o  a l low recov- - 
e r y  from too- in tens ive  pas t  f i r e  mnagement. Much of t h e  s i t e  is amenable t o  
mechanical m n a g e m n t ,  while t h e  s t eep  a r e a s  w i l l  accumulate l i t t e r  slowly (more 
slowly, if  f i re  is stopped) s o  that f requent  f i r e  is unnecessary and spot-herbicid- 
ing o r  spo t -cu t t ing  can e l iminate  small a r e a s  of brush and weed invasion. Hayden{ 
A s  a t  Haffner, d i scon t inue  a l l  f i r e  f o r  2t years.  For t h e  f i r s t  t ime, we  observed 
a s i n g l e  Regal h e r e  on 10 Aug 93 (App. 6); although t h i s  does not show t h a t  a popu- 
l a t i o n  l i v e s  he re ,  it does ind ica te  t h a t  one could become es tab l i shed  &ere i f  
manzgenrent becomes compatible both f o r  t h i s  b u t t e r f l y  and its hab i t a t .  Mechanical 
c u t t i n g  should be r e s t o r e d  here  t o  reduce s e r i o u s  brush problems'and favor  n a t i v e  
f l o r a .  -Haying--the management used before Hayden was made a preserve,  should be 
r e i n s t a t e d  on a r o t a t i o n  f requent  enough t o  g e t  t h e  brush back under c o n t r o l .  

Minnesota. Bluestem and Bicentennia l -Blaz in~ S t a r :  Do no f i r e  f o r  2+ years 
t o  al low recovery from too-intensive pas t  f i r e  management. Mechanical management 
needs t o  be r e s t o r e d  t o  these  s i t e s  t o  c o r r e c t  major problems with sweet c lover  a t  
a l l  sites (see p l a t e s )  and brush espec ia l ly  a t  Bluestem. Fechanical management can 
and should be t h e  primary management a t  t h e s e  sites. Bole-in-the-Mountain: F i r e  
frequency and s i z e  of contiguous burned a r e a s  should  be reduced considerably.  
L i t t e r  accumulation i n  t h e  dry p r a i r i e  is slow (although increased by f i r e ) .  Light 
grazing should be r e s t o r e d ,  s i n c e  t h i s  is how t h e  s i te ,  with once high popula t ions  
of s p e c i a l i s t  sk ippers ,  was managed pre-preservat ion.  This  may requ i re  some 
ca re fu l  fencing' o r  a r t f u l  placement of dr inking water t o  optimize e f f e c t s  i n  
lowland areas .  Spot mechanical and/or he rb ic ida l  t r ea tmen t s ,  a s  a l ready occur 
here, should cont inue  t o  address  weed problems. P r a i r i e  Coteau: Wy u n i t  2 was not  

- burned i n  1993, a s  I requested (map of u n i t  and recommendations i n  Swengel 1992b) 
although a l a r g e  burn d i d  occur i n  u n i t  1. Burns should be smaller  and less 
frequent  here f o r  t h e  sake of rare b iod ive r s i ty ;  t o  t h e  ex tan t  mechanical 
management is p o s s i b l e  here,  it should be used ins tead  and i f  f u r t h e r  management is 
necessary, r e s t o r e  graz ing t o  t h e  s i t e .  Staffanson:  Haying/mowing management 
should be r e s t o r e d  here ,  and f i r e  de-emphasized o r  discontinued,  f o r  t h e  sake  of 
maintaining v i a b l e  s p e c i a l i s t  populations. 

Missouri. Continue t o  manage publ ic  p r a i r i e s  with a mix of haying, graz ing,  
and burning t h a t  emphasizes haying and de-emphasizes burning, a s  t h i s  has proven 
very favorable f o r  p r a i r i e  f l o r a  and fauna. 

Wisconsin. Dewey H e i ~ h t s  and S ~ r i n ~  Green: Burn u n i t s  should be smal l e r  wi th  
less frequent  f i r e  than  i n  t h e  past.  A t  t hese  s i tes ,  c u t t i n g  has been more e f f e c t -  
ive than f i r e  a t  removing brush, so  t h i s  should be t h e  primary emphasis of f u t u r e  
management- L i t t e r  accumulation a t  these  s i t e s  is slow (but exacerbated by f i r e ) .  
Muralt-oliver and Thousand's-Thomson cowlex :  1 a m  very pleased t h a t  mnag ing  
agencies did no burning of a r e a s  occupied by Regals a t  t h e s e  sites i n  1993. lo 



fire should occur in 1994 either to continue to allow Regal numbers to build to 
safer and more wide-ranging levels. Wowing/other cutting, which occurred at both 
sites to beneficial effect in brush control in 1993, is widely feasible at both 
sites and should be the emphasis of future managerent. The possibility of restor- 

( ing grazing at both sites, which have grazing histoyies, should also & explored. 

LITERATURE BEVIEV - NATURAL UIBTENANCE OF GRASSLAkXS 
-1ntroduct ion 

The fire paradigm. This hypothesis states that prairies are primarily 
herbaceous because frequent/intense fires, set either by lightning and/or Native 
Americans, reduce woody plants and favor native herbs. Fires less frequent than in 
prairie maintain the open canopy of savannas and barrens, with which prairie 
intergrades; fire should be least frequent in forest. 

The auestions. Given the uidespread use and advocacy for frequent/intense 
fire nanagement in tallgrass prairie and that the response of prairie butterflies 
to fire is contrary to the fire paradigm (see "RESPONSE TO WAGEMEHT" and 
"LITERATURE REVIEW - EFFECTS OF FIRE ON BUTTERFLIES" above), my questions are: 
1. What is the evidence for prehistoric fire frequency in this biome? 
2, What other process(es> were occurring simultaneously? 
3. What conservation effects do fire and other processes have today? 

Religion'and'science. Some have observed that discussions and interpretations 
of fire ecology border on the religious (Ackerman 1993:23>. While I do not 
belittle religion (belief in things unproven/unprovable by science), scientifically 
based ecology and management require adherence to the scientific method: the 
interpretation of observable and measurable evidence and the study of testable 
hypotheses. Science distinguishes the rigor of evidence between (1) merely 
necessary and (2) also sufficient to (dis)prove a hypothesis. While a hypothesis 
may effectively be questioned or advanced merely with sufficient evidence, one can 
only (dis)prove a hypothesis when both necessary and sufficient (dislproof obtain. 
Absence of proof may not disprove a hypothesis and vice versa, but hypotheses 
lacking strong substantiation cannot correctly be called scientifically 
established. Fervency of belief and adherence to orthodoxy <traditional/esta- 
blished beliefs) do not strengthen in the least any scientific substantiation, 
although they can be quite persuasive and/or stifling sociopolitically, often to 
the detriment of objective scientific inquiry. ~onservationists may feel a need to 
act in the absence of adequate science, but should not state that science 
substantiates such actions and should proceed cautiously, open to alternative 
hypotheses and future review as more evidence accrues. 

Bespect. Although possibly disrespectful in sociopolitical and religious 
contexts, it is not disrepectful--indeed, it is crucial--to sound scientific 
advancement for researchers to communicate widely among themselves and review (1.e. 
test) each others' work. By pursuing a scientific endeavor, one implies consent to 
this aspect of the scientific method. It is disrepectful, both personally and to 
science, for established scientists to ignore legitimate counterevidence and 
methodological questions or to answer such challenges by questioning the motives, 
intelligence, and/or character of the challengers rather -than addressing the 
substance of their challenges. 

Evidence advanced for the fire paradigm 
Pioneer diaries. These eyewitness accounts of horrifying blazes appear to 

corroborate the fire paradigm, but they are inherently anecdotzl--an incomplete, 
unscientific, skewed sample. Xyez-s and Feroni <1!4E3) fairly concluue that this 
evidence is weak, h i s ( >  Zemostrated by the ivct that this same source is severely 
casstioned regardi rlg data on prairie megafauna (see "Precontact prairie fauna" 
&low and editor's note following Edwards 1978). Even at face value, unanswerable 
questions are daunting: How much area actually burned vs. total area "sampledu 



(iSe. observed) by the  witness? What s o r t  of rough point  f i r e  frequency over what 
tirne period results? By log ic ,  i f  t h e  f i r e  paradigm is cor rec t ,  p r i o r  t o  e f fec t ive  
f i r e  suppression a t  t h e  t u r n  of t h i s  century,  most p r a i r i e  s e t t l e r s  would have l o s t  
t h e i r  property and l i v e s  i n  p r a i r i e  f i r e s .  Given t h e  r a p i d i t y  and thoroughness of 
19th  century p r a i r i e  se t t l ement ,  t h i s  c l e a r l y  d i d  not  bppen .  

S c i e n t i f i c  i n t e r p r e t a t i o n  of eyewitness accounts. This r e q u i r e s  implemen- 
t a t i o n  *tandzrd r r ~ t h o d s  of h i s t o r i c a l  i n t e r p r e t a t i o n ,  1 . e .  a s sess ing  t h e  account 
i n  view of t h e  accuracy, o b j e c t i v i t y ,  and h i s t o r i c a l  context .  The 
only t i m e s  I  have seen t h i s  done (Russel l  1983, Higgins 1986b1, no evidence was 
found f o r  frequent l a rge  f i r e s  set by nat ives .  By c o n t r a s t ,  Higgins (1986b) found 
evidence t h a t  p r a i r i e  f i r e s  were infrequent  and could harm the  na t ives '  prey base, 
causing h m n  famine. Like these  authors ,  I  ques t ion  these  wr i t e r s '  c r e d i b i l i t y  
because of (1) poss ib le  exaggerat ion r e s u l t i n g  from t h e  l i f e - th rea ten ing  horror  of 
t h e  f i r e  event 2nd (2) in tense  white h o s t i l i t y  and cross-cul tura l  misunderstanding 
toward nat ives .  Those who choose t h i s  source t o  ( t r y  t o )  corrobora te  t h e  f i r e  
paradigm s c i e n t i f i c a l l y  should (as  I have ye t  t o  f i n d )  t r a n s l a t e  t h e  accounts  i n t o -  
q u a n t i f i c a t i o n s ,  even i f  rough: $how many fires burned how much land i n  what t o t a l  
land area  "sampled" during what t i m e  period. 

His to r i ca l  context .  By d e f i n i t i o n ,  a pioneer account occurred dur ing 
s e t t l e ~ n t ,  which many today seemingly confuse with European con tac t ,  implying tha t  
e a r l y  set t lentent  occurred when p r a i r i e  was nea r ly  p r i s t i n e  (undanaged by whites) .  ' 

I n  f a c t  European contac t  well preceded se t t l ement ,  and contac t  a lone  dramat ica l ly  
a f f e c t e d  both na t ive  s o c i e t i e s  and n a t i v e  ecosystems (App. 21). P r a i r i e  s e t t l e r s  
were observing an a l r eady  g r e a t l y  perturbed ecosystem increas ingly  depguperate of 
its na tu ra l  abundance and d i v e r s i t y  of na t ive  fauna and nat ive  s o c i e t i e s  severe ly  
s t r e s s e d  by pandemics of European d i seases ,  by a diminishing prey base, and by 
white aggression. These s o c i e t i e s  could not  have been functioning a s  i n  precontact 
times---indeed, must have been d i s func t iona l  postcontact--and gained new motives f o r  
s e t t i n g '  f i r e s  t h a t  were unnecessary before: f l u s h i n g  out  now r a r e  game and 
discouraging an overwhelming new enemy--whites. Thus, s e t t l e r s '  observat ions  do 
not  c lose ly  correspond t o  precontact  condi t ions .  

Native American accounts. While on r a r e  occasion a na t ive  source may be 
quoted t o  describe p r a i r i e  f i r e ,  I  have never found a sys temat ic  p u r s u i t  of t h i s  
source of evidence f o r  ecologica l  appl ica t ion .  I t  is biased t o  d i s c u s s  na t ive  
a c t i v i t i e s  c i t i n g  only white sources  and observations.  Many o f t  t h e  t r i b e s  still 
e x i s t  and have a s t rong  i n t e r e s t  in  preserving t h e i r  c u l t u r a l  h i s t o r y .  

Anthro~olonv/archaeolon~. I am su rp r i sed  conservation e c o l o g i s t s  apparent ly  
have r a r e l y  consulted anthropologis ts  and a r c h a e o l o g i s t s  who at tempt t o  reconst ruct  
na t ive  a c t i v i t i e s ,  although f o r  d i f f e r e n t  reasons.  I t h i n k  back t o  many col lege  
anthropology c las ses ,  r e c a l l i n g  nat ive  use of f i r e ,  a s i d e  from domestic purposes, 
t o  d r ive  game f o r  hunting and i n  slash-and-burn a g r i c u l t u r e ,  but not  f o r  h a b i t a t  
managentent per s e  on any s c a l e .  Native a c t i v i t i e s  could have s i g n i f i c a n t  but local  
impacts on t h e  environment, such a s  opener h a b i t a t s  near  se t t l ements  (Myers and 
Peroni 1983); t h i s  could include loca l ly  f requent  f i r e  t h a t  does not  imply the  
ecosystem a s  a whole experienced or  adapted t o  it. An es t imate  df about 20,000 
n a t i v e s  precontact  i n  Wisconsin (Nesbit 1973, Current 19771, an a r e a  of 54,426 m i 2  

I (Johnson 1991), r e s u l t s  i n  about 2 .7  miz f o r  each mnn, wonmn, and c h i l d  t o  mnage - 
pervasively and frequently--implausible f o r  apparent  lack  of motive and technology 
t o  do so.  P la ins  g rass l ands  were very spa r se ly  populated u n t i l  t h e  widespread 
a v a i l a b i l i t y  of domesticated horses i n  t h e  18th  century--a postcontact  e f f e c t  (Dix 
1975, Higgins 1986b)--and some believe t h a t  white s e t t l e r s  caused more f i r e s  than 
n a t i v e s  (Costel lo 1969), p laus ib le  s i n c e  t h e  former c e r t a i n l y  caused many f i r e s  
(Yeaver 1954). One way t h a t  na t ives  s u r e l y  reduced woody canopy w a s  by c u t t i n g  
branches and t r e e s  f o r  firewood and bui ld ing materials--again, a l o c a l  e f f e c t  . 
- . . . Another useful  source  of information on n a t i v e  pre- indust r ia l  p r a c t i c e  would 

broadly c ross -cu l tu ra l  survey of s i m i l a r  s o c i e t i e s  worldwide, many s tud ied  i n  



more benign s o r t s  of contact  with whites t h a t  would provide b e t t e r  information on 
what these s o c i e t i e s  do t y p i c a l l y  and why. Eote t h a t  while Aust ra l ian  a b o r i g i n a l  
f i r e  regimes a r e  a matter  of specu lz t ion  only,  white farmers increased t h e  r a t e  of 
f i r e  use over what abor ig ines  had used (Smith 1977, G i l l  and Groves 1981). 

P r a i r i e  and savanna a s  a n t h r o v o ~ e n i c  systems. This is implausible,  f o r  
p r a i r i e  and savanna have e x i s t e d  i n  l o r t h  America f o r  m i l l i o n s  of yea rs  (Simpson 
1961, Coste l lo  1969, Kurten 1971, Webb 1977). Their  o r i g i n  and maintenance f o r  99% 
of t h e i r - e x i s t e n c e  occurred i n  t h e  absence of man. P r a i r i e  and savanna i n  about 
t h e i r  current  loca t ion  arose  i n  t h e  l a s t  8,000 o r  s o  yea rs  i n  response t o  t h e  
recession of t h e  l a s t  g l a c i e r ,  which a l s o  coincided with t h e  a r r i v a l  of n a t i v e s  
south of t h e  i c e  shee t  (Pielou 1991). I t  is another argument t h a t  anthropenic  f i r e  
over t h e  l a s t  few mi l l en ia  was s o  f requent  and pervasive as t o  i n d e l i b l y  a f f e c t  
p r a i r i e  and/or savanna--one f o r  which I cannot f i n d  evidence (see preceding).  

Linhtninq. Although ground s t r i k e s  a r e  obviously apparent  each year ,  
l ightning i g n i t i o n s  t h a t  ge t  any s o r t  of f i r e  s t a r t e d  are r a r e .  Modern f i r e s  
mostly occur i n  dry seasons--e.g., Arizona, Ca l i fo rn ia ,  I l l i n o i s ,  Louisiana, 
Wisconsin, Aus t ra l i a ,  but during l i g h t n i n g  season i n  t h e  Black H i l l s ,  South Dakota 
{Hanes 1971, G i l l  and Groves 1981, data provided by U.  S. Fores t  Service)--even i n  
places where l i g h t n i n g  is a s s e r t e d  t o  have caused frequent/widespread n a t u r a l  f i r e s  
p reh i s to r i ca l ly .  By d e f i n i t i o n ,  dry  seasons a r e  sparse  o r  lacking i n  l i g h t n i n g .  . 
This i n d i c a t e s  a preponderance of humin-caused i g n i t i o n s  (not by n a t i v e s  but  by 
moderns)--e .,g. a rson,  c i g a r e t t e s ,  campfires, downed power l i n e s ,  dragging m u f f l e r s -  
and implies that much of m d e r n  f i r e  suppression is not unnatural  but is a c t u a l l y  
compensating f o r  unnztural man-ceused damage. Even an abundance of n a t u r a l l y  
occurring, h ighly  f l a m b l e  mater ia l  can burn only i f  a spark  is provided, bu t  
apparently na tu re  doesn ' t  i g n i t e  t h i n g s  very often--modern m n  does. Contrary  t o  
the  peculiar  s tatement t o  me by an  a t t endan t  a t  Ransey Canyon, Arizona, "Smokey t h e  
Bear" ( i . e .  f i r e  suppression) cannot prevent l igh tn ing  from s t a r t i n g  f i r e s ;  it can 
only reduce t h e  a r e a  subsequently burned. Thus, w e  should be a b l e  t o  gert a t  l e a s t  
an  order of magnitude es,timate of h i s t o r i c a l  l igh tn ing  i ~ n i t i o n  r a t e s  (not area 
burned) by c u r r e n t  observation. 

Furthermore, mos t  successful  l i g h t n i n g  i g n i t i o n s  burn small  a reas .  E .g . ,  
Higgins (1984) found 88% of l i g h t n i n g  f i r e s  burned <9 acres--surely many f i r e s  t h i s  
small must have died  out before any suppression could have been appl ied  t o  them. 
This is analogous t o  volcanic e rup t ions ,  which have a negative exponential  d i s t r i -  
bution r e l a t i v e  t o  in tens i ty :  most e rup t ions  a r e  small,  and t h e  l a r g e r  t h e  erup- 
t ion ,  the  rarer t h e  event (Wilson 1992). This  does not deny t h a t  l i g h t n i n g  can  and 
does i g n i t e  fires--even l a rge  ones--on occasion, near ly  always i n  t r e e s ,  which can 
incubate t h e  flame within t h e  bark u n t i l  surrounding f u e l s  d r y  out .  Cons i s t en t  
with t h i s ,  Higgins (1984) found t h a t  pine-savanna had 4-15 t imes a s  many l i g h t n i n g  
f i r es /un i t  a r e a  a s  grasslands,  al though a l l  a r e a s  had low i g n i t i o n  rates. T h i s  
contradic ts  t h e  paradigm t h a t  burns should be l e s s  frequent  the  more t h e  trees. I n  
conclusion, even when f i r e  managers j u s t i f y  f requent  f i r e  i n  t h e i r  ecosystem on t h e  
bas is  of l igh tn ing ,  they do not conduct prescr ibed burns during l i g h t n i n g  season,  
but r a the r  during t h e  dry season. This  not  only ques t ions  t h e  na tu ra lness  of such 
management but  f u r t h e r  implies t h a t  it 's a l o t  e a s i e r  f o r  man t o  ge t  f i r e s  going i n  
t h e  dry season than f o r  l igh tn ing  t o  i g n i t e  them during thunderstorm season.  

Tree-r im f i r e  s c a r  s t u d i e s .  Given t h e  t r e e l e s s n e s s  of grass lands ,  t h i s  
method is d i f f i c u l t  t o  apply t o  p r a i r i e s .  Two Missouri savanna s t u d i e s  found a 
f i r e  every 3.2 t o  4 . 3  years somewhere i n  t h e  s tudy a r e a s  during times of peak f i r e  
frequency (Guyette and Cut ter  1991, Guyette and McGinnes 1982). We c a l c u l a t e  t h e  
ac tual  f i r e  r e t u r n  i n t e r v a l  a t  a given s p o t  at about every 29 years  i n  each s t u d y  
because only a n  average of 11-152 of t h e  sample t r e e s  i n  t h e  s tudy had a f i r e  scar 
i n  years when any f i r e  occurred. H i s t o r i c a l  context  is re levan t  t o  t h e  
in te rp re ta t ion  of t ree-r ing d a t a  f o r  t h e s e  s t u d i e s  examined t imes of h o s t i l e  
native-white contact  (which a l s o  p r e c i p i t a t e d  native-native s t r i f e ) ,  s o  t h a t  a 
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number of w a r f a r e  (not management o r  n a t u r a l )  f i r e s  probably occurred. Thus, t h e  
precontact ("natural"  point  f i r e  r e t u r n  could have been much less f requent  . 

Increased woody canow i n  absence of f i r e .  One o r i g i n  of t h i s  concept was t he  
observation (Bragg and Hulbert 1976) of a Kansas p a s t u r e  brushing in,  with t h e  
apparent  conclusion t h a t  f i r e  might (must) be r e spons ib le  f o r  t h e  herbaceousness of 
p r a i r i e  s i n c e  they f e l t  they had eliminated t h e  p o s s i b i l i t y  t h a t  megzfauna 
herbivory could have done so.  This s i n g l e  anecdote of c a t t l e  grazing i n  t h e  farm 

, economy (i .e.  no t  conservztion mnagemgnt, i n  which c a s e  it might have been done 
d i f f e r e n t l y )  is not  a s c i e n t i f i c  t e s t  of t h e  e f f i c a c y  of cow grazing f o r  brush 
c o n t r o l ,  nor can cow grzzing be expected t o  r e p l i c a t e  t h e  herbivory e f f e c t s  of a 
s u i t e  of n a t i v e  megafauna (see "Precontact p r a i r i e  fauna" below). Even i f  grazing 
were disproven (and it is no t ) ,  t h i s  alone does no t  prove t h e  f i r e  hypothesis.  

Nevertheless, I w i l l  examine the  p o s s i b i l i t y  t h a t  absence of f i r e  inc reases  
woody canopy znd presence of f i r e  decreases/el iminates it. F i r e  is c l e a r l y  not  
obl iga tory  t o  keep t r e e s  out of a l l  p r a i r i e  s i t e s  over a long per iod  of time, 
al though usua l ly  another  non-fire process is occurr ing  at  unburned unshrubby 
p r a i r i e s ,  e . g . haying, herbivory'  by cows and p r a i r i e  dogs (Bond 1945, Weaver 1968, 
Anderson 1982). While h y d e n ' p r a i r i e ,  Iowa had very  l i t t l e  woody invasion upon 
preservat ion  fol lowing 80 years  of haying, a f t e r  haying stopped and f i r e  management 
began, aspen and nuple ccver increased dramat ica l ly  (Chr is t iansen 1972--the author  
blames haying fo r , . th i s ,  but I don' t  understand how). Vith f requent  f i r e  but no 
o t h e r  management apparent ,  t h e  aspen continues t o  inc rease  a t  an alarming rate 
today (pers. obs. ,  independently corroborated by p r a i r i e  e x p e r t s  from two o the r  
states).  We have found remarkably l i t t l e  r e sea rch  demonstrating t h e  e?f icacy of 
f i r e  a t  c o n t r o l l i n g  brush--there is a l i t t l e  documentation f o r  some s p e c i e s  
(Anderson 1982) bu t  o the r  shrubs  increase d ramat ica l ly  (Anderson 'and Schwegman 
1991). Some resea rch  we've found requ i res  an  awful l o t  of f i r e  t o  get  a l i t t l e  
result--implying ine f fec t iveness .  E.g., 13 consecutive years  of annual o r  b ienn ia l  
s p r i n g  f i r e  reduced number of aspen suckers by only 20% more than  no t rea tment ,  
al though aspen suckers  were l a r g e r  i n  unburned t h a n  burned (Svedzrsky e t  a l .  1986). 

Like D. S c h l i c h t  (pers .  c o r n . ) ,  I  simply dt, no t  see management burns genera l ly  
appearing t o  c o n t r o l  brush (see p l a t e s ) ,  and al though my observations are 
q u a l i t a t i v e ,  they  a r e  numerous. Besides t h e  311 burn u n i t s  out  of 1 4 1 3  u n i t s  
surveyed 1988-93 i n  t h i s  mult i-s tate  s tudy and t h e  21 burn u n i t s  of 241 surveyed i n  
Wisconsin ba r rens  1988-93 (Swengel 1993a), I have observed add i t iona l  p r a i r i e  burns 
inc iden ta l ly .  In tense  tree-topping f i r e s  (which is what prescr ibed burns i n  both 
p r a i r i e s  and savannas usual ly  a r e  &, being confined i n s t e a d  t o  t h e  he rb  l a y e r )  
can  k i l l  c e d a r s  and p ines  ( C u r t i s  1959, Kucera e t  al. 19631, although t h e  ske le tons  
remain s tanding,  but  it is not c l e a r  t h a t  a p ra i r i e l savanna  herb layer  then  
automat ica l ly  develops,  a s  opposed t o  t h i c k e t s  and f o r e s t  succession. Humerous 
o the r  problem species--chiefly aspens, c h e r r i e s ,  oaks, sumacs, willows--nay-topkill  
dur ing  f i r e s  but  r a r e l y  r o o t k i l l ,  s o  t h a t  they v igorously  resprout  pos t - f i r e ,  
usual ly  with more stems than pref i r e  (pers. obs. > . Thus, f i r e s  I ve observed not  
only don ' t  reduce,  but  don ' t  even contain ( s t a b i l i z e )  e x t e n t  of canopy. 

The Draft Exot ic  Control Hanual (DECW 1992) of  t h e  Wisconsin Department of 
Natural xesources, which d iscusses  s e l e c t e d  s p e c i e s  both  e x o t i c  and na t ive ,  
i n d i c a t e s  t h a t  those  woody s p e c i e s  f o r  which f i r e  is considered an e f f e c t i v e  
c o n t r o l  a l s o  have o t h e r  e f f e c t i v e  treatments a v a i l a b l e ,  and i n  t h e  case of f i r e -  
k i l l e d  cedars,  t h e  t runks  must still be c u t  t o  remove canopy cover and c u t t i n g  
a lone  1s an adequate cont ro l .  Three woody s p e c i e s  a r e  recommended t o  be c o n t r o l l e d  
only i n  ways o t h e r  than  f i r e ,  and s ing le - f i r e  t r ea tmgnts  are i n e f f e c t i v e  f o r  two 
species .  Smith (1993) r e p o r t s  s i m i l a r l y  s p o t t y  r e s u l t s  f o r  f i r e  con t ro l  of va r ious  
problem woody s p e c i e s  na t ive  and exot ic ;  o f t e n  when f i r e  is deemed e f f e c t i v e ,  it is 
only i n  frequent  and in tense  doses (e.g. annually o r  b i e n n i a l l y  f o r  5t yea r s ) .  

'Fire managers o f t en  respond t h a t  growing-season f i r e s  must be more e f f e c t i v e .  
A l i t t l e  resea rch  shows t h a t  warm-season f i r e s  may reduce a few s p e c i e s  (Anderson. 



1982) but o t h e r  research  is inconclus ive ,  e .g .  two summer f i r e s  two y e a r s  a p a r t  
reduced aspen but  a s i n g l e  sumxrer f i r e  quickly l o s t  its e f f e c t  (Svedarksy e t  a l .  
1986). While t h e  r e s u l t s  I '  ve seen from non-management summer f i r e s  (e. g. Lyndon 
S ta t ion  f i r e  i n  p l a t e s  i n  Swengel 1993a) c e r t a i n l y  wouldn't encourage m e  t o  pursue 
t h i s  f u r t h e r ,  it seems t o  ne t h a t  i f  t h e r e  a r e  " r igh t "  and "wrong" times t o  burn 
(and t h i s  should be shown s c i e n t i f i c a l l y  before beihg appl ied  widely) ,  one should 
only burn a t  t h e  " r ight"  times. I t  has  a l s o  been suggested that f i r e s  " s e t  back" 
t h e  brush (whatever t h a t  means) t o  an  acceptable degree. I f ,  w i t h i n  t h e  time frame 
of the  f i r e  r o t a t i o n ,  brush is not  reduced, but he ld  cons tant  o r  is increasing--and 
t h i s  should be r e a d i l y  measurable--then the  treatment is i n e f f e c t i v e .  I f  t h e  ro ta -  
t i o n  is very f requent  ye t  only maintains an ongoing e p i c  b a t t l e  wi th  brush about t o  
re lease ,  t h i s  is a l s o  ine f fec t ive .  While I w i l l  r e a d i l y  grant  t h a t  i n  t h e  absence 
of f i r e  and o the r  processes, brushing i n  is a l i k e l y  outcome, I cannot  f i n d  evi- 
dence t h z t  f i r e  a t  c red ib le  n a t u r a l  frequencies maintains open h a b i t a t s .  Given 
t h a t  p r a i r i e  f i r e s  would n a t u r a l l y  happen, although not  n e c e s s a r i l y  f r equen t ly ,  it 
appears l i k e l y  t o  me t h a t  whatever r o l e / e f f e c t  they had, it was n o t  brush con t ro l .  

Response of p r a i r i e  f l o r a  t b  f i r e .  The extens ive  subsurface  biomass and buds 
of p r a i r i e  f l o r a  have been c a l l e d  adapta t ions  not  j u s t  t o  drought bu t  a l s o  t o  f i r e  
(Anderson 1982, Henderson 1982), bu t  these  a r e  j u s t  a s  exp l i cab le  as adap ta t ions  t o  
herbivory (Milchunas and Lavenroth 1993). While o f t en  claimed, f i r e - o b l i g a t e  
p l a n t s  ( i . e .  s p e c i e s  t h a t  must experience f i r e  t~ p e r s i s t )  a r e  e l u s i v e .  Vhile 
Henderson (1982) s t a t e s  t h a t  f i r e  may be needed t o  prevent senescence of p r a i r i e  
dropseed, t h e  quadrat frequency of t h i s  p r a i r i e  g rass  was 82.0% a f t e r , 8 0  y e a r s  of 
haying a t  Hayden P r a i r i e ,  Iowa and 80.9% 20 yea r s  l a t e r  when f i r e  had l a r g e l y  
supplanted haying (Chr is t iansen 1972); thus,  t h i s  s p e c i e s  t h r i v e d  f o r  a very long 
time without f i r e .  Furthermore, dropseed was el iminated from late s p r i n g  burn 
p l o t s  but unchanged on unburned p l o t s  i n  a ten-year s tudy (Henderson 1990). G i l l  
and Groves (1981) observed t h a t  p l a n t  species  claimed t o  be f ire-dependent  f o r  
reproduction a r e  o f t en  s t imula ted  t o  flower and seed by l ea f  removal (browsing) o r  
ethylene i n j e c t i o n  (which is r e l e a s e d  upon i n j u r y  of p l a n t  t i s s u e s ) .  Th i s  (and t h e  
subsurface p l a n t  p a r t s )  m y  exp la in  why s i m i l a r l y  timed mowing and burning have 
many s imi la r  e f f e c t s  on p r a i r i e  p l a n t s  (Daubenmire 1968, Hover and Bragg 1981, 
Hulbert 1988), although burning and mowing now usual ly  have d i f f e r e n t  e f f e c t s  
because they are done a t  d i f f e r e n t  times. Anderson (1982) a l s o  r e p o r t e d  s t r i k i n g  
s i m i l a r i t i e s  i n  f l o r i s t i c  responses t o  burning and grazing. ~ h u s ,  from t h e s e  
r e s u l t s  we cannot d i s t ingu i sh  which was the  more "natural"  t rea tment  nor  t o  which 
process these  responses adapted. Most Austral ian seeds t h a t  open b e t t e r  with f i r e  
a r e  not f i r e - o b l i g a t e  t o  be re leased ,  f o r  death of t h e  p l a n t  o f t e n  a l s o  s t i m u l a t e s  
re lease ;  North American jack pine has fewer c losed cones i n  a r e a s  of inf requent  
than frequent  f i r e  ( G i l l  and Groves 1981). In my a rea  very few j a c k  p ine  cones are 
closed, but much recrui tment occurs  nonetheless. 

Management (cool-season) f i r e s  favor dominant na t ive  warm-season g r a s s e s  
(Coll ins and Glenn 1988). Given that p r a i r i e s  a l s o  have na t ive  f o r b s  (wildflowers)  
and cool-season grasses ,  t h i s  impl ies  t h a t  cool-season f i r e s  reduce f l o r i s t i c  
d ive r s i ty ;  i n  f a c t ,  Henderson (1990) found t h a t  s p e c i e s  r i c h n e s s  d e c l i n e d  i n  f i r e  
t reatments over t e n  years ,  with pronounced f o r b  decreases  i n  l a t e  s p r i n g  burns. 
Diversi ty inc reases  with time s i n c e  f i r e  (Gibson and Hulbert 1987) and burns,  
e spec ia l ly  f requent  ones, reduce f o r b  d i v e r s i t y  (Kucera and Koel l ing  1964, 
Henderson 1981, 1990, Abralns and Hulbert 1987, Gibson and Bulbert  1987, Evans 1988, 
Gibson 1988, Zimmerman 1992). Repeated f i r e  can e l iminate  annuals  (Vogl 1974>, of 
which t h e r e  a r e  so= na t ive  t o  p r a i r i e .  Conversely, warm-season f i r e s  d ramat ica l ly  
increase cool-season g rasses  (Ewing and Engle 1988), t h u s  a l s o  skewing t h e  f l o r a  
toward a g r a s s  component. In heathlands,  infrequent  f i r e s  produce h igher  p l a n t  
d i v e r s i t y  than frequent  f i r e s  (Main 1981). 

Reduced d i v e r s i t y  i n  favor  of g rasses  might be an e c o l o g i c a l l y  accep tab le  
outcome except t h a t  (1) it is favor ing already dominant species and (2) no g r a s s e s  



a;e endemic t o  p r a i r i e  but some fo rbs  a r e  (Wells 1970). Consistent  with t h i s ,  a s  
of 23 ~ u g u s t  1993, no p r a i r i e  grasses  were l i s t e d  under t h e  f e d e r a l  Endangered 
Species ~ c t ,  but s e v e r a l  f o r b s  were, e .  g. Mead's milkweed (dsc lep ias  meadii > , 
P r a i r i e  bush-clover. (Les~edeza  l e ~ t o s t a c h v a ) ,  Bunning buf fa lo  c lover  (Trifol ium 
stoloniferum),  and e a s t e r n  (Platanthera leucophaea) and western (P. ~ r a e c l a r a )  
p r a i r i e  fr inged orchids ,  al though of i t s e l f  t h i s  does not mean t h a t  these  f o r b s  a r e  
f i re-decreasers  nor t h a t  t h e  endangered spec ies  list is necessa r i ly  complete. 

F i r e  a l s o  inc reases  vegeta t ive  biomass (Daubenmire 1968, Benderson 1982), 
sometilnes referred t o  a s  "renewing the  p r a i r i e "  ( f l o r a  only,  not fauna),  which is a  
r e s u l t  of s t imula t ing  doniinant grasses.  Again, of i t s e l f  such evidence does not .  
i n d i c a t e  ecologicai benef i t .  Having more r a t h e r  than l e s s  see= l i k e  a  conserva- 
t i o n  benef i t ,  but not  i f  i t 's more of dominants a t  the  expense of d i v e r s i t y  and 
r a r i t i e s ,  which it appears t o  be. Repeated f i r e  can even c r e a t e  p lant  monotypes i n  
va r ious  hab i t a t s ,  such a s  grass lands  and marshes a l ready low i n  d i v e r s i t y  because 
of extremg condi t ions  (Vogl 1974). Fanaging an ecosystem t o  c r e a t e  uniformity,  
even age/height, and maximum production has usual ly  l e d  t o  lower d i v e r s i t y ,  pre- 
c i s e l y  because dominants must be ,s t imula ted  t o  accomplish t h i s  (Hosenzweig 1992). 

Increased f o r b  f lowering (a lso  "renewing t h e  p ra i r i e" )  occurs short-term 
p o s t f i r e ,  a l l  the  mre apparent by t h e  usual  proximity of a r e a s  one o r  more yea r s  
p o s t f i r e ,  which can have dramat ica l ly  fewer f lowers (see Monarchs and L i a t r i s  i n  
"Analysis of adjacent  l i k e  uni ts"  above). But how many and which s p e c i e s  show . 
t h e s e  dramatic b l o o s  (dominant forbs  vs. rarer ones? warm-season ones r a t h e r  than 
s p r i n g  f lo ra? ) .  That f o r b s  decl ine  i n  t h e  long term implies t h e  shor t - te rm'burs t  
of f lowers is a t  t h e  expense of f lowers l a t e r ,  burned o r  no t .  This  e f f e c t  a l s o  has 
a n  a e s t h e t i c  (non-sc ient i f ic )  aspect .  But many Wisconsinites l i k e  pine planta-  
t i o n s ,  yet these  are much less na tu ra l  and d iverse  than a c t u a l  f o r e s t s  (Terborgh 
1992). Thus, a e s t h e t i c s  do not necessar i ly  c o r r e l a t e  with ecologica l  benef i t .  
~ u s t i f ~ i n g  f i r e  management with an a e s t h e t i c  s e e m  a t  cross-purposes t o  conserva- 
t i o n ,  f o r  t h i s  t eaches  the  pub l i c  t h a t  we should only conserve t h a t  which is p r e t t y  
and t h a t  p r e t t i n e s s  i n d i c a t e s  successfu1.conservatian. Instead,  w e  should 
c u l t i v a t e  -an a t t i t u d e  t h a t  whatever is na t ive ly  d iverse  and eco log ica l ly  sound is 
a l s o  a e s t h e t i c a l l y  p leas ing,  even i f  it must be an  acqu i red~ tas te - -no t  t h a t  we 
shou ldn ' t  apprec ia te  when a e s t h e t i c  and conservation i n t e r e s t s  coincide,  but  t h e  
beauty of p r a i r i e  b u t t e r f l i e s  does not seem t o  endear them t o  f i r e  managers. 

The botanical  e f f e c t s  do not endorse t h e  concept t h a t  f i r e - i s  eco log ica l ly  
sound o r  necessary f o r  t h e  f l o r i s t i c  b iod ive r s i ty  of p r a i r i e .  Invoking c u r r e n t  
f i r e  e f f e c t s  on f l o r a  a s  i n d i c a t o r s  of previous p reva i l ing  processes, though, 
implies t h z t  such an approach is admissable with o the r  components of t h e  ecosystem, 
and I  cannot imagine how one could cons t ruct  a p laus ib le ,  parsimonious f i r e  
paradigm based on t h e  response of p r a i r i e  b u t t e r f l i e s  and grass land b i r d s  t o  f i r e  
(see "RESPONSE TO MBBAGEJEIJT, " "LITERATURE REVIEW - EFFECTS OF FIRE ON 
BUTTERFLIES," and "LITERATURE REVIEW - EFFECTS OF FIRE OH BIRDS', above). 

Butr ient  cycl ing.  This  is f requent ly  c i t e d  a s  a  f i r e  benef i t ,  but ash  amounts 
t h a t  r e s u l t  from f i re  have not  been demonstrated t o  a f f e c t  p r a i r i e  f l o r a ,  al though 
such at tempts have occurred ( O l d  1969, Hulbert 1988). "Locking up" n u t r i e n t s  i n  
accumulated biomass is not considered eco log ica l ly  de t r imenta l  t o  o ther  ecosystems 
(e-g .  old-growth f o r e s t ) .  Most n u t r i e n t s  vaporize i n  p r a i r i e  f i r e s  r a t h e r  than 
r e t u r n  t o  t h e  s o i l  (Boerner 1982)--there seems t o  be genera l  agreement on t h i s  
Po in t ,  although apparent ly  =om dispute  t h i s ,  a s  i n  Ackerman (1993)--and much of 
what remains is leached away by p r e c i p i t a t i o n  (Boerner 1982). But even i f  a r a p i d  
r e t u r n  of n u t r i e n t s  were occurring,  why is t h i s  good f o r  b iod ive r s i ty?  Increas ing 
the" nu t r i en t  c a p i t a l  of European dry grass lands  degrades them and g r e a t l y  reduces 
f l o r i s t i c  d i v e r s i t y  by favoring a few aggressive p lan t  s p e c i e s  t h a t  outcompete t h e  
many spec ies  previously co-exist ing i n  the  s t r e s s f u l  condi t ions  of dry  s t e r i l i t y  
(Hopkins 1991). Hobbs and Hunnecke (1992) consider  f e r t i l i z i n g  t e r r e s t r i a l  
communities ak in  t o  eu t roph ica t ion  i n  aqua t i c  hab i t a t s .  - .. 
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L i t t e r  r e m o v ~ l .  While excessive l i t t e r  a c c m l a t i o n s  m y  appear t o  d i s f a v o r  
c e r t a i n  p r a i r i e  p lanzs ,  t h i s  does not  mean t h a t  p e r i o d i c  complete e l imina t ion  of 
cover by burning is b e n e f i c i a l .  Indeed, l i t t e r  is not  only  use fu l  a s  cover but  
a l r n  a s  niches f o r  animals; its e l imina t ion ,  even b r i e f l y ,  e r a d i c e t e s  t h e i r  h a b i t a t  
(Lamt te  1975). Given t h a t  f i r e  s t i m u l a t e s  dominant g r a s s e s ,  it only b r i e f l y  
a l l e v i a t e s  l i t t e r  buildup, f o r  f i r e  a c t u a l l y  c a u s e s ' g r e a t e r  l i t t e r  problems i n  t h e  
f u t u r e  by increas ing production. I t  t a k e s  4-6 years  f o r  l i t t e r  t o  reach p r e f i r e  o r  
long-unburned duff l e v e l s  i n  dry  p r a i r i e s ,  but  only 1-3 gears  i n  =sic CVoz1 1974, 
Henderson 1982). In Missouri, p o s t f i r e  p l o t s  can a c t u a l l y  have nore l i t t e r  a f t e r  
only  L yenr post f i r s  t han  uxlburced c o o t r o l s ,  ~ n d  l i t ter  i n  xnburned p l o t s  a c t ~ n l l y  
decrezsed over time while t h e  duff i n  annual ly  burned p l o t s  exceeded unburned by 
t h e  end of each year (Kucers and Ehrenreich 1962). brehm and Hulbert (1980) found 
t h a t  while 45% of p r a i r i e  l i t t e r  and s t and ing  dead p l a n t  matter  decomposed from 
Ayri l  t o  August, 55% d i d  i f  t h e  l i t t e r  was tram7led on 1 Apri l ,  i n d i c a t i n g  t h a t  i f  
trampling occurred continuously a s  i n  p r e h i s t o r i c  p r a i r i e s  with n a t i v e  ungula tes  
(see "Precontact p r a i r i e  fauna" below), l i t t e r  would decompose even more rap id ly .  
Furthermore, even i f  heavy l i t t e r  may reduce f lower and/or biomass production,  its 
accumulation over time pos t - f i r e  apparent ly  does not harm d i v e r s i t y ,  which a l s o  
increases  with time s i n c e  f i r e  (see  "Response of p r a i r i e  f l o r a  t o  f i r e "  above). - 

warm in^ t h e  ground. T h i s  r e s u l t s  from f i r e  but no one has expla ined why t h i s  
is ecologica l ly  b e n e f i c i a l ,  e s p e c i a l l y  s i n c e  it is accompanied by g r e a t e r  d i u r n a l  
temperature extremes because of l ack  of i n s u l a t i n g  l i t t e r  (Samways 1990). 

Weed con t ro l .  The idea t h a t  f i r e  should c o n t r o l  e x o t i c  p l a n t s  d o e s n ' t  make 
sense t o  me f o r  weeds ought t o  be well  adapted t o  f i r e ,  s i n c e  they are adapted  t o  
disturbance,  e s p e c i a l l y  humn-caused ( C u r t i s  1959), and humans cquse a l o t  of f i r e s  
(see "Lightning" above). Yly experience bea r s  t h i s  ou t :  e .g .  sweet c l o v e r s  and 
t h i s t l e s  p r o l i f e r a t e  p o s t f i r e  where few o r  none were ev iden t  p r e f i r e  ( see  p l a t e s )  
but  spot  mechanical con t ro l  (poss ib ly  combined with he rb ic ides )  have appeared more 
e f f e c t i v e  a t  conta in ing and reducing t h e s e  spec ies .  Numerous s t u d i e s  have 
documented t h a t  f i r e  promotes invas ive  f l o r a ,  both na t ive  and a l i e n ,  no t  j u s t  i n  
p r a i r i e  but a l s o  i n  heaths and sc rubs  (Vogl 1974, Main 1981). C u r t i s  and Par t ch  
(1948) and Dibol l  (1986) found t h a t  f i r e  allowed mare weedy invasion than no 
treatment and mowing, r e spec t ive ly .  Ruderals, which t a k e  advantage of t h e  opening 
i n  the  canopy, invade even more a f t e r  warm-season f i r e s  (Ewing and Engle 1988). 

According t o  DECM (19921, burning is not  p a r t i c u l a r l y  e f f e k t i v e  f o r  weed con- 
t r o l .  F i r e  is claimed e f f e c t i v e  only f o r  t h r e e  s p e c i e s ,  bu t  f o r  one of t h e s e ,  on ly  
repeated t rea tments  may be ef fec t ive--d is favorable  f o r  b i o d i v e r s i t y  management. 
F i r e  of a l l  t y p e s  o r  f i r e  a lone  is completely i n e f f e c t i v e  f o r  s e v e r a l  s p e c i e s ,  
while f o r  o ther  species only c e r t a i n  types  of f i r e  ( i . e .  a narrow phenological  
window) a r e  e f f e c t i v e  o r  have mixed e f f e c t i v e n e s s  o r  are e f f e c t i v e  only combined 
with o ther  t reatments.  While m o s t  e x o t i c s  have recommended t rea tments  o t h e r  t h a n  
f i r e ,  f o r  many s p e c i e s  an e f f e c t i v e  t rea tment  t h a t  is c o s t - e f f e c t i v e  and r e l a t i v e l y  
benign f o r  non-target spec ies  (i .e.  as broadcast  f i r e  is n o t )  is e lus ive .  Blue- 
grass ,  f o r  which f i r e  may be most touted ,  is only reduced somewhat o r  conta ined,  
not el iminated by f i r e .  E.g. ,  13 consecutive yea r s  of annual o r  b ienn ia l  s p r i n g  
f i r e  reduced b luegrass  cover by only 30-40% vs. no change i n  unburned (Svedarsky e t  
a l .  1986). Smith (1993) i n d i c a t e s  the  same spec ies - spec i f i c ,  r a t h e r  s p o t t y  
e f f i cacy  of f i r e  i n  weed con t ro l  as i n  DECM (1992). In  both manuals, f i r e  can 
of ten  only be considered e f f e c t i v e  if one is w i l l i n g  t o  achieve only r e d u c t i o n  
r a t h e r  than e l imina t ion  of t h e  weed and/or one is t o l e r a n t  of t h e  need f o r  f r equen t  
treatments, which I would f i n d  more acceptable  i f  they  were highly r e s t r i c t e d  a s  
spot  t reatments t o  in fes ted  areas .  These are r a t h e r  l a x  s t andards  f o r  s u c c e s s  no t  
necessar i ly  enjoyed when a l t e r n a t i v e s  a r e  evaluated (e.g. spot  he rb ic id ing) .  

Animal adap ta t ions  t o  f i r e .  Contrary t o  claints i n  p r e s s  r e l e a s e s ,  brochures,  
and articles i n  t h e  popular p r e s s  t h a t  animals, e s p e c i a l l y  b i r d s  and mammals, are 
adapted t o  f i r e  and s u f f e r  l i t t l e  mor ta l i ty ,  examples of mass animal m o r t a l i t y  i n  
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both wild and ==gement fires in prairie and other habitats include the Greater 
Prairie Chickens (Bent 1932), small prairie ~~~l~ (Costell0 1969, hrty et al. 

, 1991), tree (Vise 19861, and birds in Australia (Reilly 1991). Because 
of variability in fire behavior and ethological characteristics, animals' responses 
are not adequate to assure a high probability of surviving fire and its,aftermath, 
and a vertebrate ;'shock phase" occurs postfire as with insects (see "LITERATURE 
REVIEY - EFFECTS OF FIRE OH IHSECTS" above) (Main 1981, McClure 1981). Typically 
the generalist and invader animals benefit while specialists decrease postfire. 
E . ~ .  omivorous (generalist) African mammals recolonize burned areas faster than 
specialist and insectivorous mammals (research reviewed by de Van Booysen and 
Tachton 1984); this is also true of Australian birds (McFarland 1988). In heath 
and scrub, animals feeding on a narrow ~pectrum of plants (1.e. specialists) are 
disfavored by fire (Hain 1981). AS for whether fire was beneficial for bison, 
while their forage (grasses) produced more biomass postfire (see "Effects on 
prairie flora of fire" above), Costello (1969) considered it "reasonable" to assume 
that prairie fires Billed many bison outright and also caused them to starve if all 
above-ground grass was burned off over a large area. 

Drought and fire, Although this is when natural fuels are most flammable, yet 
not necessarily most likely to receive a natural ignition from lightning, 
prescribed-burned prairie dwing droughts results in disproportionately greater 
decline in plant diversity (Henderson 1990) and bird abundance (Zimmerman 1992) . ' 

than in unburned prairie. Soil moisture measurements in early spring can 
anticipate incipient drough$s in time to avert these fires (Zimmerman 1992). 

Fire is (more) natural. What is "natural"? "Natural" for its owi' appearance 
is a culturally biased, subjective aesthetic, although "natural" as measured in 
biodiversity is scientifically quantifiable. Fire management relles heavily on the 
use of advanced ("natural"?) machinery to imitate (how well?) what is believed (how 
accurat~ly?) to have been natural fire, and requires unnatural landscape features 
(e. g. &wed, disked, or plowed firebreaks; uniform geometrically precise burns). 
Alternate treatments may also look highly unnatural--e.g. haying, spot-herbiciding- 
-yet they lhay actually be mimicking a natural process at least as well as fire (see 
"Precontact prairie fauna" below) and appezr more beneficial to biodiversity. 
Besides, prairies so fragmented and smll that they can't support most of their 
common native megafauna by definition are unnatural. How can "natural" processes 
be mde to occur there? Which is the more worthy "natural" value: natural 

, processes or native biodiversity? I vote for biodiversity. It is faith--not 
science--when one believes that fire has its own magically natural and essential 
but as yet unidentified effect on the ecosystem beyond what science has established 
as the effects of particular treatments on biodiversity. This belief is no more or 
less valid than that of a butterfly researcher who may find magic in a prairie 
supporting rare butterflies (and conversely, a permanently de-flowered prairie if 
they are lacking). But none of these kinds of magic has a basis in science. 

S ~ B B ~ V  of evidence advanced for fire. I conclude that convincing evidence, 
while avidly sought, has not yet been brought forward to substantiate that prairie 
fires either were frequent prehistorically or are beneficial today for conservation 
of bi~di~ersity, pet a disturbingly large body of contrary evidence exists. I am 

denying that prairies burned, but the frequency of fires occurring anywhere 
within a large area is quite different from frequency at an average given point, 
and I suggest that while fires somewhere within prairie may have occurred frequent- 
ly (whatever that means), the scientific evidence for a prehistoric point fire 
frequency remotely close to that on many prairie-preserves today does not exist. 
Given that, the continued assertion of universally very frequent presettlement 
~rairie fire has the appearance of an after-the-fact explanation for why modern 
fires do not have the degree and kinds of effects desired <e.g.. brush and weed 
control). While I welcome fire managers to continue their science--so long as it 
entails (1) testable hypotheses that allow the possibility to confirm or refute the 
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f i r e  paradigm and (2) s c i e n t i f i c  sampling on an experimental  r a t h e r  t h a n  wide 
s c a l e ,  I s l s o  be l ieve  it would be more b e n e f i c i a l  f o r  b iod ive r s i ty  t o  seek  o t h e r  
explanations f o r  t h e  processes causing wood- and weed-free, b iodiverse  p r a i r i e s .  

Precontact  prairie fauna 
The Borth American p r s i r i e  h a s  been c a l l e d  t h e  'American Serenget i ,  p a r t i c u l a r -  

l y  p r i o r  t o  t h e  exrtinction wave a t  t h e  end of t h e  l a s t  ice age (Wilson 1992), but 
a l s o  more recen t ly ,  f o r  what was l o s t  i n  d i v e r s i t y  was counterbalanced by s h e e r  
numbers--possibly t h e  g r e a t e s t  biomass d e n s i t y  of t e r r e s t r i a l  v e r t e b r a t e s  g l o b a l l y  
(Allen 1954)--until European con tac t .  The d i v e r s i t y  of na t ive  p r a i r i e  mammals 
ex t i rpa ted  o r  s e r i o u s l y  reduced s i n c e  con tac t  is a m z i n g ;  precontact  range maps of 
s e l e c t e d  spec ies  ( Y a p s 2 9  a r e  2 somewhat crude mgasure es t imat ing  t h e i r  a r e a l  
coverage but not regional  abundance. Of primary relevance t o  t a l l g r a s s  p r a i r i e  a r e  
beaver, porcupine, e l k ,  and bison; r eg iona l ly  r e l evan t  a r e  Richardson's ground 
s q u i r r e l  (northwestern Minnesota), mule deer  (Winnesota), moose ( w e s t  c e n t r a l  and 
northwestern Xinnesota),  and ante lope  (westernmost Kinnesota and Iowa). 

Measures of abundznce a r e  exrtrapolat ions s i n c e  s c i e n t i f i c  surveys  d i d  not  
occur p r i o r  t o  t h e s e  species '  indiscr iminate  reduct ions ,  but a r e  based on an 
abundance of measurable and q u a n t l f i a b l e  evidence, e . g .  f o s s i l s ,  s k i n s  and 
specimens, r ecords  of commerce (e.g. t r app ing) ,  a s  well a s  eyewitness accounts .  . 
These accounts have apparently been much more r igorous ly  questioned by t h e  s tandard  
methods of h i s t o r i c a l  (and s c i e n t i f i c )  i n t e r p r e t a t i o n  than  f i r e  accounts  ( see  
"Evidence advanced f o r  the  f i r e  paradigm" above), probably because mucp more 
independent evidence e x i s t s  f o r  animals than f o r  f i r e .  E.g.,  e x t r a p o l a t i o n s  of 
bison numbers from eyewitness accounts  are r a t h e r  u n i v e r s a l l y  rej ,ected because they 
produce astronomical numbers, even though some of t h e s e  accounts appear r a t h e r  
r e l i a b l e . ,  In f a c t ,  people who discounted r e p o r t s  of b ison numbers produced even 
more astronomical es t imates  when they  observed t h e  herds  themselves (Allen 1954, 
Roe 1970, KcHugh.1972). , I r o n i c a l l y ,  c u r r e n t  e s t ima tes  of bison--generally about 
60,000,000, range 30,000,000-120,000,000, with most l i v i n g  i n  t h e  p r a i r i e s  and 
p l a i n s  (Hall and Kelson 1959, lrlorris 1965, Klbs and Wnschmann 1968, Bowak 1991)-- 
are based on convert ing t h e  biomass of t h e  rangeland ca r ry ing  capac i ty  f o r  cows 
i n t o  bison numbers, then sometimes s u b t r a c t i n g  a few mi l l ion  t o  a l low f o r  e l k  and 
pronghorn. Thus, zoo iog i s t s  assume t h a t  bison were l i m i t e d  by forage ,  1 . e .  they  
were ea t ing  up mos t  of the  prirnary production i n  p r a i r i e .  

Wisconsin had "many thousands" of bison (Jackson 1961), e l k  were forljterly 
abundant southward and westward (herds  of 400 seen,  h t t h i e s s e n  1959) but  p resen t  
throughout, and moose were abundant northwestward (DBR undated). Useful a s  t h i s  
information is, it does not account f o r  small- and even large-scale v a r i a b i l i t y  of 
animal dens i ty  wi th in  t h e i r  main range. But while one can quibble about t h e  
regional ,  even rangewide abundance of p a r t i c u l a r  s p e c i e s ,  even on an order  of 
magnitude, one cannot but conclude t h a t - t h e  mammal fauna of the  p r a i r i e  ecosystem 
has been profoundly reduced i n  biomass and d i v e r s i t y  s i n c e  contac t .  

V e ~ e t a t i v e  e f f e c t s  of fauna. Although it is impossible f o r  sc ience  t o  show 
how now e x t i r p a t e d  animals would a f f e c t  a s i t e  i f  t hey  were present ,  they  were 
c l e a r l y  having s i g n i f i c a n t  e f f e c t s ,  with eco log ica l  r e l e a s e  of t h e  f l o r a  r e s u l t i n g  
i n  t h e i r  absence (App. 22).  E.g., bison not only very heavily grazed ("over- 
grazed") the  p r a i r i e  i n  some years  t o  t h e  horror  of white eyewitnesses, but  a l s o  
t o r e  up t r e e s  and i n  high d e n s i t i e s  converted savannas i n t o  p r a i r i e s  (Larson 1940, 
Allen 1967, Edwards 1978, England and DeVos 1969, Moore 1988). Although bison a r e  
less s e l e c t i v e  i n  t h e i r  d i e t  than  most herbivorous mammals, they n e a r l y  exc lus ive ly  
graze on grasses:  >80% grasses  and 96% a common f ind ing  i n  near ly  a l l  s t u d i e s  
reviewed (Xeagher 1986). While bison and c a t t l e  a r e  genera l ly  considered r a t h e r  
similar i n  food h a b i t s  (Jackson 1961, C o l l i n s  1987>, b ison e a t  twice a s  much w a r e  
season and 50-752 as much cool-season g r a s s  biomass b u t  fewer f o r b s  and sh rubs  than 
domestic c a t t l e  (Peden e t  a l .  1974, Schwartz and E l l i s  1981). 



?his t h e  exceeding dominance of g rasses  i n  p r a i r i e s  today i s . a t  l e a s t  
i n  p a r t  an ecologica l  r e l e a s e  from bison grazing,  corroborated by t h e  f ind ing  t h a t  
tallgrass p r a i r i e  advanced westward a f t e r  bison were e l iminated  (Larson 1940, Allen 

- 1954) and the  genera l  tendency i n  grass lands ,  p a r t i c u l a r l y  those with a long evolu- 
t iona ry  h i s to ry  of grazing,  f o r  grazing t o  dec rease - the  abundance of t h e  m o s t  domi- 
nant  f l o r a  ( a l c h u n a s  and Lavenroth 1993). Since bison may have h e l p e d F p r a i r i e s  
spread and p e r s i s t ,  eastward, e .  g. i n  Tennessee, and * not j u s t  by herbivory but a l s o  
by rubbing trees (Seton 1929, ~ l l e n  1954), t h i s  sugges t s  t h e  ecologica l  r e l e a s e  
from bison eastward allowed f o r e s t  and savanna t o  expand westward. C a t t l e  a r e  a l s o  
=re sedentary (a b e n e f i t  i n  t h e  context of domest ic i ty ,  where pronounced migratory 
h a b i t s  a r e  unfavorable) than bison, implying t h a t  while bison could apply intense 
herbivory pressure,  it was not nearly a s  cons tant  l o c a l l y  a s  we observe today i n  . 

cow pastures.  But s ince .  bison can climb b i l l s  s o  s t e e p  peopleecannot follow and 
reach only mountain sheep roam among l a r g e  animals (Roe 1970) and t r ave r se  
extens ive  f o r e s t s  (Xeagher 1986>, no p r a i r i e  s i t e  w a s  i naccess ib le  t o  them. 

.Browsers n a t i v e  t o  p r a i r i e  e a t  ( " se t  back," "control")  most p l a n t s  f i r e  mana- 
. g e r s  cons tant ly  b a t t l e  (App. 221, E.g., beavers occurred i n  stupendous numbers 

precontac t  (Matthiessen 1959),, lending credence t o  Jackson 's  (1961) s tatement t h a t  
beavers crea ted  and maintained many low p r a i r i e s  i n  Visconsin. Even reduct ions  i n  
t r e e  s q u i r r e l s ,  which occurred a t  i x m n s e l y  h.igher numbers presettlelae.nt than today 
(Vise 19861, must have r e s u l t e d  i n  an  eco log ica l  r e l e a s e  e s p e c i a l l y  i n  recrui tment-  
of oaks, hazelnutd, and h ickor ies ,  whose seeds  t h e s e  species. p re fe r .  White-tailed 
deer  a r e  apparently a t  about t h e  'kame dens i ty  i n   isc cons in as around 1800 and a r e  

, t h e r e f o r e  not more abundant today than precontac t -  (Jackson 1961). . Their  herbivory 
e f f e c t s ,  which considerably open a shrubby understory, a r e  q u i t e  apparent  from 
exclosures ,  e .  g. a t  Sandh i l l  Wildl ife  Area (see p l a t e s  i n  Swengel,. 1993a) ; but t h e  
a r e a s  both ..inside a& outs ide  such exclosures  anywhere i n  Wisconsin a r e  a l s o  

. . 
e x c l o s ~ , e s , . o f  e l k ,  moose, and bison. T h u s , t h e s e  e x t i r p a t e d  s p e c i e s  had herbivory ' 
ef f ectsi iaddit ive t o  those  now seen f o r  deer ,  which conse rva t ion i s t s  tend t o  decry 
es damaging t o  t h e  f l o r a  (e .g.  ~ i r a r d  e t  al. 1993>, even though dee r  are na t ive  and 
n a t u r a l l y  abundant. What would conse rva t ion i s t s  th ink  of  even more.ungulate 

' 

herbivory, even though t h i s  was na tu ra l ly  occurring p reh i s to r i ca l ly?  
Elsewhere, browsers i n  normal d e n s i t i e s  can coht ro1,brush  e f f e c t i v e l y .  I n .  

Russiaq s teppes  s l i g h t l y  cooler  than Wisconsin savannas, moose p re fe r red  oak 
savanna habitats and reduced oak b i o m s s  production by 50% while a t  a population 
d e n s i t y  held. a r t i f i c a l l y  low because of the objec t ionable  "damge" t h e y  caused 
(Zlot in  and Khodashova 1980). In Alaska moose can cause t h e  deciduous s e r e  of 
f o r e s t  succession t o  be skipped because of  t h e i r  tremendous species-speci f ic  
'herbivory ("damage") (Miquelle and Van Bailenberghe 1989). I t  may seem 
con t rad ic to ry  t h a t  browsers inhabited p r a i r i e s  i f  p r a i r i e s  were pr imar i ly  
herbaceous. Apart from t h e  numerous records  c l e a r l y  documenting t h e i r   presence, 

, browsers would p laus ib ly  be on t h e  p r a i r i e  because (1) woody s p e c i e s  occured i n  
r i p a r i a n  a reas  and even out  i n  p r a i r i e  more widely than commonly i m g i n e d  (Higgins 
1986a) and ( 2 )  if woody spec ies  were i n  a pos i t ion  t o  colonize  p r a i r i e  such that 
hypothet ica l  f i r e s  were necessary t o  con t inua l ly  bea t  them back, why wouldn't 
browsers ins tead  be u t i l i z i n g  t h i s  food source? 

. - 
Borthern pocket gophers, Richardson's ground s q u i r r e l s ,  and p r a i r i e  dogs a r e  

much maligned f o r  t h e i r  presumed damage t o  rangeland and forage competition with 
. l i ves tock  because t h e s e  rodents  a r e  found only i n  a r e a s  t h a t  a r e  c l o s e l y  cropped 

from heavy grazing ("overgrazing"). However, t h e s e  s p e c i e s  follow, r a t h e r  than 
cause, heavy graz ing (Hall and Kelson 1959,. Burt and Grossheider 1976). Given 
t h i s ,  it f o l l o w s t h a t  a cons tant ly  close-cropped p r a i r i e  vegetat ion occurred widely 
1x1 t h e  h i s t o r i c  r a n g e s  of these  species,  inc luding westernm~st  Hinnesota, which 
b i s o n ' i n  fact maintained on mi l l ions  of a c r e s  of t h e  P l a i n s  (Coste l lo  1969). 
: . ., .;The whole s u i t e  of na t ive  p r a i r i e  megafauna had i n t e r a c t i v e  graz ing e f f e c t s  

n o t ~ n e c e s s a r i l y  evident  from t h e  e f f e c t s  of each alone.. E.g., p r a i r i e  dogs and . 
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c a t t l e  graz ing t o g e t h e r  maintain brushfree,  f l o r i s t i c a l l y  d i v e r s e  shor t -  and mixed- 
g r a s s  p r a i r i e  i n d e f i n i t e l y ,  while n e i t h e r  s p e c i e s  e lone  does (Bond 1945). This  
implies t h a t  bison and o ther  ungulates i n  combination with pocket gophers and 
ground s q u i r r e l s  loight have done t h e  szme i n  t a l l g r a s s  p r a i r i e .  V a r i a b i l i t y  i n  t h e  
d i v e r s i t y  and abundance of mammalian herbivores  i n  d i f f e r e n t  micro- and micro- 
regions of precontac t  t a l l g r a s s  p r a i r i e  would cause va r i ab le  herbivory e f f e c t s ,  
marvelous c o n d i t i o n s  f o r  t h e  evolut ion of b i o d i v e r s i t y  but a chal lenge  f o r  its 
conservation now on fragmented, s c a t t e r e d  preserves .  

I f r e e l y  admit I cannot present  research  on how some important but  now 
ex t i rpa ted  s p e c i e s ,  e .g .  e l k ,  in t e rac ted  i n  t h e  p r a i r i e  ecosystem because t h i s  
c a n ' t  be s t u d i e d  today, which is prec i se ly  t h e  po in t .  Thei r  absence predisposes  
our  ignoring t h e i r  relevance t o  understanding how t h e  p r a i r i e  biome functioned 
precontact .  We may never know well enough how t h e  mammalian herbivores  a f f e c t e d  
"pr is t ine"  precontac t  p r a i r i e ,  which was a c t u a l l y  a hardworking rangeland 
maintaining a v a s t  megafauna (Schumacher 1975). We can, however, proceed wi th  a n  
understanding t h a t  herbivory waslqervasive p recon tac t ,  with a l o g i c a l  r e s u l t  t h a t  
canopy and f u e l  load  were considerably reduced, leading t o  l a r g e  n a t u r a l  
f i r eb reaks ,  and seek ways t o  " res tore"  t h e s e  e f f e c t s  on p rese rves  today i n  ways 
demonstrated t o  b e n e f i t  what l i v e s  the re  now. 

Faun i s t i c  n u t r i e n t  cvc l ina  and niche c r e a t i o n .  Those i n t e r e s t e d  i n  n u t r i e n t  ' 

cycl ing  should cons ider  the  immense resource turnover  occurring i n  p r e h i s t o r i c  
p r a i r i e  v i a  megafsuna herbivory. In another  ecosystem, moose, r o e  deer ,  and 
European ha res  f a c i l i t a t e  much of n u t r i e n t  c y c l i n g  i n  Russian s t eppes  '(Zlotin and 
Khodashova 1980). The r e s u l t i n g  fur and dung a l s o  c rea ted  n iches  on which t r u l y  
obl iga te  i n v e r t e b r a t e s  ( i n  t h e  s t r i c t d s e n s e  of t h e  word) depenct (Morris 1971). 

Analonous ~ r a z i n ~  systems. Vorldwide some grass land systems remain r e l a t i v e l y  
i n t a c t .  The Seregen t i  o f f e r s  an approximate p a r a l l e l  t o  t a l l g r a s s  p r a i r i e  i n  
length of growing season, l a rge  ungulate bionass,  and p lan t  product iv i ty .  There 
ungulates c r e a t e  a "grzzing l a m "  (''overgrazing" t o  our eyes?) ,  y e t  t h e i r  herbivory  
s t imula tes  80% g r e a t e r  p lant  production and inc reases  f l o r i s t i c  d i v e r s i t y  
(McBTaughton 1983, 1985, a l s o  found i n  o t h e r  g raz ing  systems, e . g .  Shrimal and Vyas 
1975>, and improves forage q u a l i t y  compared t o  experimental exclosures ,  with s o  
l i t t l e  l i t t e r  ( f u e l )  remaining a s  t o  preclude n e a r l y  a l l  f i r e s  while maintaining a 
very open landscape (McBaughton 1983, 1985). Some have proposed that p r a i r i e  was 
a l s o  primari ly a graz ing system (Larson 1940, England and DeVos 1969, Moore 1988). 

"Disturbance" and "dama~e" of herbivores.  While perhaps a semantic f i n e p o i n t ,  
I  believe t h e s e  terms con t r ibu te  t o  biased and inaccura te  c o n s t r u c t s  of p r a i r i e  
ecology. I q u e s t i o n  t h e  term " d i ~ t u r b a n c e ' ~  t o  descr ibe  feeding by herbivorous 
megafauna, s i n c e  t h i s  term usual ly  does not  apply ( r a t h e r  a r b i t r a r i l y )  t o  f eed ing  
by other herbivores--e.g. mice, b i rds ,  insects--nor is t h i s  o r  a comparable t e r m  
used t o  desc r ibe  o t h e r  exchanges between t r o p h i c  l e v e l s ,  e .g .  carnivory,  
decomposition, s o i l  converted t o  p lant  biomass. This  term i q l i e s  a d i s c r e t e  
event,  a s  o t h e r  d is turbances  l i k e  l ightning,  f i r e s ,  and windthrows a r e ,  and can 
a l s o  have a nega t ive  connotation by a s s o c i a t i o n  with such unnatura l  human-caused 
disturbances a s  plowing, whereas herbivory by p r a i r i e  fauna is a continuous 
phenomenon of varying degrees of i n t e n s i t y  through time by s p e c i e s  t h a t  very much 
ought t o  be t h e r e  and ought t o  be doing w b a t  t h e y  are doing. 

"Damage" (and "overgrazing") by normally behaving na t ive 'he rb ivores  a t  
(sub)normal d e n s i t i e s  is another  unobjective and objec t ionable  concept that 
a r b i t r a r i l y  s i n g l e s  out  one of many exchanges among t r o p h i c  l eve l s .  S o i l  
displacement and u t i l i z a t i o n  by p l a n t s  are not "damage" nor is carnivory  nor  
decomposition. The concept of "damage" appears  t o  der ive  from h o r t i c u l t u r e  and 
fo res t ry ,  i n  which both humans and o ther  animals may be competing f o r  p l a n t ' y i e l d s .  
~ u t  -p ra i r i e  p r e s e r v e s  a r e  not i n  management t o  maximize ha rves t  (biomass) but to  
maintain b i o d i v e r s i t y ;  p r a i r i e  biomass production could be increased f i v e f o l d  by 
planting them i n  corn ,  but no conservat ionis t  ( inc luding u s )  would advocate t h i s .  



t h e  reesoning (adzpt, leave, o r  die)  t h a t  f i r e  managers have used t o  assume 
t b t  b u t t e r f l i e s  knohm t o  l i v e  i n  p r a i r i e  must be adapted t o  f i r e s  assumed ( I  be- 
lieve incorrec t ly> f requent  (see "IFTRODUCTION" above), t h e  p r a i r i e  f l o r a  zest 
assuredly ass-d a&pi~-d t o  herbivory. I~ldeed, both Y . ~ \ : L  and Thompson (iS82) 
i n  Berth hwrlcr  and  XclJaugSton !;!?8C: i n  Africa have found evidence f o r  co- 
evolut iou o; ,:-sssland f l o r i s t i c  communities and l a r s e  ungulates. P r a i r i e  g rasses  
a r e  e s p c i a l l y  advpted t o  grazing, f o r  they grow from t h e  base, not  t h e  t i p s ,  allow- 
ing them t o  continue production despi te  graz ing (Coste l lo  1969). Thus, t h e  absence 
of t h i s  herbivory may i n  f a c t  be more "damaging" t o  t h e  f l o r a  than its presence. 
In fact, grazing promotes evenness i n  p lan t  composition e s p e c i a l l y  i n  g rass l ands  
with a s t rong  e v o l u t i o n v y  h i s t o r y  of graz ing (Mllchunas and Laoenroth 1993). 

Images of p r e h i s t o r i c  ~ r a i r i e .  How one conjures  p r e h i s t o r i c  p r a i r i e  deter-  
'mines t h e  image one seeks  t o  reproduce i n  preserve management. Most apperent ly  
imagine t h e  p r e h i s t o r i c  p r a i r i e  landscape a s  vas t  expanses of ta l l  g rasses ,  which 
s e t t l e r s  described a f t e r  90% of the  bison were destroyed. This  image appears t o  be 
a r e s u l t  of recent  animal ex t inc t ions  caused by white se t t lement .  Although I 
ga ther  most managers would be hopr i f ied  t o  have anything approaching t h e  "grazing 
lawnw occurring anywhere a t  any time i n  a p r a i r i e  preserve,  t h e  evidence on 
~ g a f a u n a  i n d i c a t e s  t h a t  herbivory pressure was immense i n  p r e h i s t o r i c  p r a i r i e .  

Analonv of m a z i n g  and havinq. Unintensive haying (no more than once per  
year)  has been b e n e f i c i a l  f o r  maintaining brushfree na t ive  p r a i r i e  f l o r a  (Weaver 
1968, Solecki  and Toney 1986) and mwing can be e f f e c t i v e  a s  a "browsing" con t ro l  
of brush. E.g. mowing el iminated a r e c e n t l y  developed brush problem a t - a  wet 
p r a i r i e  i n  Ontario and dramatical ly r e s to red  f l o r i s t i c  d i v e r s i t y ,  p a r t i c u l a r l y  of 
r eg iona l ly  s i g n i f i c a n t  s p e c i e s  (Dougan e t  a l .  1990). The b e n e f i t s  of p r a i r i e  
haying a r e  a l s o  evidenced by t h e  f a c t  t h a t  many p r a i r i e  preserves'deemed worthy of 
conservation were hay p r a i r i e s  f o r  genera t ions  pre-preservation. 

s ince  no one would a s s e r t  t h a t  Natives were haying t h e  p r a i r i e ,  one might 
d i s m i s s  t h i s  a s  a h igh ly  unnatural  modern management of se rend ip i tous  e f f i cacy ,  a s  
I did-  unt 11 - t h e  b u t t e r f l y  da ta  forced me t o  examine it more c lose ly .  The 
s p e c i a l i s t  - b u t t e r f l i e s  a r e  s t r i k i n g l y  averse  t o  f i r e  (genera l ly  presumed t h e  
dominant p r e h i s t o r i c  p r a i r i e  process) ,  but  a l l  spec ies  I ' v e  been ab le  t o  compare 
f a r e  much b e t t e r  i n  haying s i t u a t i o n s .  Thus, they a r e  better adapted t o  haying 
than f i r e .  &anwhile, some spec ies  show sonewhat analogous responses t o  haying and 
grazing, i n  t h a t  t h e y  do b e t t e r  i n  both of these  (e.g. Regals; Dakotas i n  Borth and 
South Dakota) than under f i r e  management, even though graz ing is almost always 
represented only by p r i v a t e  c a t t l e  farming, a poor analogy f o r  p r a i r i e  preserve 
management. S p e c i a l i s t  grass land b i rds  show a s i m i l a r  ave r s ion  t o  f i r e  and 
apparent adapta t ion  t o  grazing and haying. The "grazing lawn" and heavy grazing 
(as  bison a t  l e a s t  sometimes d id)  sounds l i k e  a r e c e n t l y  c u t  f i e l d  t o  me. 

Bevertheless, while mechanical and f a u n i s t i c  c u t t i n g  a c t u a l l y  do s h a r e  many 
s i m i l a r i t i e s ,  haying is a more d i s c r e t e  and uniform phenomenon, while graz ing is a 
more constant ,  gradual  process leading t o  higher l o c a l  d i v e r s i t y  of impact (Hopkins 
1991). Note that while f i r e  is c l e a r l y  ca tas t roph ic  f o r  many i n s e c t s ,  Morris 
(1975) a l s o  considered c u t t i n g  ca tas t roph ic  because of its d i s c r e t e  suddenness i n  
comparison t o  graz ing,  a gradual process. Furthermore, haying remnves more 
resources from p r a i r i e  than grazing, e .g .  35 t o  1 kg/ha/yr of ni trogen,  11 t o  t r a c e  
k g / w y r  of phosphorus, 3 t o  t r a c e  kg/ha/yr of potassium i n  haying and graz ing 
respect ive ly  (Owensby and Anderson 1969). Of course, t h e  mechanically c u t  
vegetat ion can remain i n  place;  although t h i s  would not a l l e v i a t e  l i t t e r  
accumulation a s  much a s  hay removal, the  l i t t e r  decomposes more rap id ly  t h a n  i f  it 
is l e f t  s tanding uncut and more of the  n u t r i e n t s  would remain wi th in  t h e  s i t e .  
,- Reolication of n a t u r a l  Drocesses. The claim of some f i r e  managers t h a t  they  

a r e  k i n l ~  concerned wi th  r e s t o r i n g  n a t u r a l  processes (as opposed, apparent ly ,  t o  
t h e  conservation of b i o t a )  would r ing  t r u e r  i f  they were equal ly  zealous f o r  a l l  
Proce- - - by including now reduced or absent  megafauna herbivory i n  the  management 



equation. The small. size of habitat patches may preclude reintroductions but not 
other methods of biotic or mechanical grazing at a site. Even when reintroduction 
i,n a prairie is actively pursued, I have never found conservationists proposing or 
actually reintroducing any megafauna either et a diversity (bison are just a start) 

( or density that even approaches those prehistorically. While one may argue that 
herbivory pressure comparable to that precontact might be "damging" (1.e. 

I 
disfavorable to biodiversity) on today's fragmented preserves, it is disingenuous 
to assert thzt the ecosystem is not adapted to an herbivory process known to have 
prevailed precontact but at the same time to aspire to restore another process 
(fire) at precontact frequency, even though this is currently unknown even to an 

I order of magnitude, could easily (I believe probably) be occurring on preserves at 
much greater than prehistoric frequencies, and seemingly regardless of the effects 
on extant animal populations such as specialist birds and butterflies. 

I A hypothetical example: Given that kangaroo rats severely reduce by up to 99% 
the prevalence of heavy-seeded native annuals in the Chihuahuan desert (Terborgh 
19881, suppose that kangaroo rats were somehow extirpated from this ecosystem, 
resulting in ecological release of the annuals.; Would managers be will'ing.to 
restore these animals at all or in any,numbers, or would this be considered too 
"damaging" to the flora, no matter how natural the rats might be? 

I Climate/soil 
Abundant paleontological evidence indicates that on a geologic time scale, 

climate determines general vegetation characteristics and expansions/contractions 

I 
of habitats (King 1981, Pielou 1991). Prairie occurs in areas with a certain range 
of precipitation-evapotranspiration ratios; the west-facing Mississippi River Bluff 
prairies surrounded by forest are explained by microclimatic variation within and 
outside of this range (Transeau 1935). Even on a small scale, the prairie-forest 
border moved back and forth in response to wet and dry periods, e.g. major tree 1 diebacks in droughts of 1913-14 and the 1930s (Weaver 1954). Pielou (1991), 
although not discussing the frequency of fire, described how fossil and 

I palynological data indicate that fire resets vegetational communities to the one 
appropriate for current climatic conditions, probably by opening bare ground to 
invading seeds. Vhile ecological inertia slows the migration of plant communities 

I 
in response to-climate change, so that vegetation can locally persist centuries 
later than it "should" based on climate, a massive fire can quickly allow one 
community to replace another (Pielou 1991). Since Wisconsin has been wetter but 
not commensurately hotter in the past 12 years (Tab. 6), current climatic 
conditious have apparently becone mre favorable for forest vegetation, suggestive I that management fires are accomplishing the opposite of intended by resetting the 
vegetation to that best adapted to current climte. This may explain why, although 

I many assert that fire (ought to) eliminates woody seedlings, it often appears that 
fire enhances recruitment of woody seedlings by opening the herb canopy. 

Table 6. Bumber of three-month running averages 1951-80 for temperature and 

( precipitation from 1982-92 in two regions of Wisconsin that were above, near, and 
below normal.<HOAA 1987, 1992, 1993). 

----- TEMPERATURE---- --. ,-PRECIP ITAT I OH--- 

I above near .below above near below 
normal normal norms1 normal normal normal 

Cluster 2. (West Central and Central Wisconsin reporting stations) 
1982-92 65 11 56 73 8 ' 51 
i993 (many) 

Cluster 4. (Southwest and South Central Wisconsin reporting stations) 
1982-92 53 5 74 74 3 . 55 
1993 . . (9+) , . 
-, .. 



~ ~ ~ l i ~ t i ~ m  t o  biodiversity/ecosystem consemat ion  
This d e f i n i t i o n  of biodiversity--" t h e  f u l l  s e t  of spec ies ,  gene t i c  v a r i a t i o n  

wi th in  these spec ies ,  t h e  r z r i e t v  of ecosystems t h a t  con ta in  t h e  species ,  and t h e  
na tu ra l  abundance i n  which these  itents occur" (Office of Technology Assessment 1987 
a s  c i t ed  i n  Redford and Stearman 1993, emphasis mine) encompasses ecosystems and 
landscapes. I t  is impossible t o  f u l l y  achieve b i o d i v e r s i t y  conservation a s  defined 
above g lobal ly ,  f o r  so= species and ecosystens w i l l  be d ispropor t ionate ly  under- 
represented r e l a t i v e  t o  t h e i r  occurrence p r i o r  t o  human c i v i l i z a t i o n ,  while o t h e r s  
w i l l  be relat lxrely (not necessar i ly  absolute ly)  overrepresented i n  r e l a t i o n  t o  t h e  
previous occurrence. Tgus, conse rva t ion i s t s  p r i o r i t i z e  t h e  r a r e s t  a spec t s  of 
b iod ive r s i ty  by t a r g e t i n g  r a r e  species  and r a r e  ecosystems f o r  conservation a c t i o n ,  
as these a r e  t h e  a s p e c t s  of b iod ive r s i ty  most l i k e l y  t o  be permanently l o s t .  

Biodiversi ty i n  ~ r a s s l a n d s .  While t h e  p r a i r i e  f l o r a  has  t h e  g r e a t e s t  b i o m s s ,  
it contains r e l a t i v e l y  l i t t l e  of t h i s  ecosystem's b iod ive r s i ty .  Bo g rasses  a r e  
endemic t o  p r a i r i e  (Wells 1970) but some f o r b s  and even more fauna are .  The scale 
of t h i s  d i f ference  is evident  by examples. A 15-acre Michigan o ld  f i e l d  (Evans 
1975) had I53 f lowering p l a n t s  (7% of spec ies )  but  21997 animal spec ies  (93%); 
i n s e c t s  comprised 92% of t h e  animal diversity--271 fauna s p e c i e s  (14%) belonged t o  
t h e  Order Lepidoptera ( b u t t e r f l i e s  and moths)--and 4% were ve r t eb ra tes .  Thus, 89% 
of the  f i e l d ' s  s p e c i e s  d i v e r s i t y  was inver tebra te .  Up t o  1080 spec ies  of 
Lepidoptera have been recorded in:~uro~ean dry g rass land  (10 hec ta res  i n  s i z e ,  arid 
i n  Austrian dry g rass lands  1041 of t h e  insec t  s p e c i e s  present  were dependent on 
t h i s  hab i t a t  type--and 852 of these were r e d - l i s t  s p e c i e s  (van Dijk 1991). 
Lepidoptera a r e  a s u b s t a n t i a l  por t ion  of t e r r e s t r i a l  animal biodiversity--they a r e  
exceeded only by b e e t l e s ,  with s o c i a l  i n s e c t s  (Order Hymenoptera) near ly  a s  
diverse--and a n i m l s  a r e  much more d ive r se  than f l o r a  (Wilson 19W).  

Despite th i s ,  managing ecosystems such a s  p r a i r i e s  f o r  t h e  benef i t  of i n s e c t s  
may not appeal even t o  conservat ionis ts ,  much l e s s  t h e  genera l  public .  Although 
some species have been found t o  be keystones whose d e c l i n e  o r  l o s s  s i g n i f i c a n t l y  
a l t e r s  the  - e n t i r e  ecosystem (Wilson 1992), I have no evidence t h i s  is t h e  case with 
any p r a i r i e  i n s e c t s  and don ' t  expect it t o  be t h e  case  e i t h e r .  I suspect  t h a t  a l l  
t h e  s p e c i a l i s t  b u t t e r f l i e s  could disappear (and have i n  some p laces )  without 
de tec table  e f f e c t s  on t h e  ecosystem--or even more than a few people not ic ing  t h e i r  
absence. Insec t s  se rve  a much more use fu l  conservation r o l e  a s  fine-tuned 
ecologica l  i n d i c a t o r s  t h a t  a r e  numerous, the re fo re  a f f o r d i n g  much p o t e n t i a l  f o r  
r e p l i c a t i o n  (confirmation) of r e s u l t s .  Declines and e x t i r p a t i o n s  of p r a i r i e -  
ob l iga te  insec t  s p e c i e s  a r e  i n  f a c t  i n d i c a t i v e  of an  a l r eady  e x i s t i n g  d i s i n t e -  
g r a t i o n  o r  pe r tu rba t ion  of a s i t e  (Moffat and McPhillips 1993). Thus, whether one 
chooses t o  t a r g e t  i n s e c t s  f o r  s p e c i f i c  conservation a c t i o n ,  t h e  hea l th  of an 
ecosystem's insec t  community r e f l e c t s  t h e  overa l l  eco log ica l  q u a l i t y  of t h e  si te.  

F i re  and o t h e r  processes  i n  b iod ive r s i tv  conservation.  From our r e s u l t s  and 
l i t e r a t u r e  review, I cannot f i n d  evidence t h a t  f l o r i s t i c  o r  f a u n i s t i c  d i v e r s i t y  of 
t a l l g r a s s  p r a i r i e  is adapted t o  f i r e  a s  a dominant o r  p r e v a i l i n g  ecologica l  pro- 
c e s s ,  nor t h a t  they b e n e f i t  from f i r e  management today. I have no research  t o  c i t e  
t h a t  demonstrates a b e n e f i t  from f i r e  f o r  the  p r a i r i e  ecosystem (b iod ive r s i tv ,  not  
bio-), nlthough I have synthesized much research  t o  show t h a t  f i r e  t y p i c a l l y  fa-  
v o r s  g e n e r a l i s t s  and invaders  and d i s favors  h a b i t a t  s p e c i a l i s t s ,  which runs  counter  
t o  the  conservation s t r a t e g y  of e spec ia l ly  t a r g e t i n g  rare and endemic s p e c i e s  for 
act ion .  This does not  mean t h a t  f i r e  has  no p lace  i n  t h e  conservation of biodiver- 
s i t y .  F i re  combined with o the r  management types  is more b e n e f i c i a l  than f i r e  
alone,  and &frequent f i r e  is more benef ic i a l  t h a n  f requent  f i r e ,  s o  I admit t h e  
p o s s i b i l i t y  t h a t  f i r e  may have a l imited r o l e  b e n e f i c i a l  t o  b iod ive r s i ty  conserva- 
t i o n ,  although 1 d o n ' t  have any research t o  ci te i n  f avor  of t h i s .  I t  is a l s o  
Poss ib le  that t h e r e  a r e  fire-dependent spec ies  of conservat ion  concern, al though I 
have no s u b s t a n t i a t i o n  f o r  t h i s  e i the r .  I remain ba f f l ed ,  however, by t h e  
pervasive, in t ens ive  use of f i r e  a s  the  dominant or s o l e  approach f o r  conservation 



management especially but not only in tallgrass prairie, for highly experimental 
and weakly or not scientifically substantiated procedures should not be done on a 
grand scale, for this allows the possibility of huge mistakes. Furthermore, the 
efficacy of mechanical cutting and particulcr kinds of herbivory in maintaining 
weedfree, woodfree, floristically and faunistically diverse grasslands 'indicates a 
general adaptation of the ecosystem to some sort of'prehistoric herbivory regime. 
Thus, this should have a primary role in modern prairie management. 

Scientific discussion of this report. I have no doubt that many fire managers 
disagree with my literature review, although I encourage them to use the scientific 
method, rather than their fervent hopes and beliefs, to evaluate the role of fire 
in the ecosystem. By drawing on the data (not necessarily the opinions and 
conclusions) of the citation classics, I find considerable substantiation for my 
findings. BUT the extent to which we disagree on fire effects and roles only 
reinforces my point that the benefits and efficacy of fire mnagement are by no 
means established. Therefore, this management should not be discussed as if it 
were efficacious, and should not,be applied pervasively and constantly in prairie 
preserves, although it is. I enthusiastically invite response to this report and 
especially welcome additional relevant scientific papers. I will gladly receive 
scientific communication and refutation, but I reject emotional and personal attack 
'as inappropriate. If, as some apparently contend, fire is obviously essential t15. 
ecosystens, then science should not have much difficulty substantiating it, and 
there is no need to invoke "religion" and emotion. If someone can scientifically 
demonstrate how biodiversity, including my study species, are adapted,to fire and 
benefit from it, I will welcome the data. 

CONCLUSIONS, 
Principles 

Study what is most important to know, not what is easiest to measure. Most 
fire research addresses easily quantified things, e.g. rates of nutrient turnover, 
biomass, numbers of flowers, body counts of insects (identified only to order or 
family!). While this is valid information, it has no obvious application to 
conservation of biodiversity, which must relate fire to how rare and s~ecialist 
populations respond, not to total biomass produced. It is more difficult to design 
such research.ahd produce definitive answers, but it CAB be done. Likewise, it is 
much easier to tally nurqber and extent of prescribed burns (e.g. TBC 1993), or 
account for dollars and man-hours expended. But this seem to value "the more, the 
better," rather than the ecological benefits accrued, if any. The more I hear only 
about how much time and how much press and how many acres and how much fun were 
associated with prescribed burns, the more I find myself unavoidably concluding 
that nothing better was found to say about these fires. Instead, tell me how rare 
flora and fauna are faring postfire, and whether fire management is demonstrably 
the best course of action on behalf of rare biodiversity. 

Desi~n research to make fair cowarisons amon% mana~ement types. It is unfair 
to compare plots grazed or hayed to produce a nearly or completely constant "golf 
course" sod with burned plots treated no more frequently than once per year. To be 
fair, all treatments should be sampled at similar intensities. Either burn in a 
way to replicate the "golf course" as much as possible (with no application to 
conservation management I can think of) OR (preferably) graze/hay .unintensively 
enough to be fairly compared with conservation fire management. Since fire 

. managers do not feel bound to burn only the way farmers do, grazing and haying for 
prairie management need not conform to farm practices either. It's no great 
accomplishment for conservation fire to appear better ecologically than farm 
procedures done for profit with no attempt to conserve biodiversity, although I 
have cited instances in this report where farm practices can be more beneficial 
than conservation fire for birds and butterflies. The real test pits only I 

conservation-type treatments of grazing, mowing/haying, and fire. An important 



i c o r o l l a r y  is t h e  f a c t  t h a t  sc ience  CABNOT determine which management type (e.g. 
fire, haying, grazing) is b e t t e r  when only one is being s tud ied  (e. g. d i f f e r e n t  age 
classes within a f i r e  p r a i r i e ) .  

Discard t h e  idea t h a t  f i r e  p r a i r i e s  a r e  t h e  base l ine  f o r  p r a i r i e  b i o t a .  This 
is circular .  On t h e  one hand, managers burn t o  l e a r n  how it w i l l  change a p r a i r i e  
(and hope it w i l l - - 1 .  e. "enhance" o r  "renew" i t),  y e t  then use t h e  s p e c i e s  

1 composition of f i r e  p r a i r i e s  (preserves  a l ready i n  f i r e  moagerrtent) t o  def ine  the  
i p r a i r i e  b io ta .  But a  considerable subse t  of t h e  p r a i r i e  community is f i r e  

decreasing, no matter  what kinds of f i r e s  a r e  done. I f  measurements a r e  taken only 
i 
I .  a f t e r  (many yea r s  o f )  f i r e ,  o n e ' s  understanding of t h e  p r a i r i e  b i o t a  may be highly 

I skewed t o  underrepresent  f i r e  decreasers .  A r e l a t e d  l i n e  of c i r c u l a r  and s e l f -  
f u l f i l l i n g  reasoning j u s t i f i e s  p r a i r i e  f i r e  management. Because p r a i r i e s  burned a 

I 
l o t ,  they must be adapted t o  f i re  and because p r a i r i e s  a r e  adapted t o  f i r e ,  they 
must have burned a l o t .  This does no t  al low the  cons t ruct ion  of s c i e n t i f i c a l l y  

I 
t e s t a b l e  hypotheses t o  confirm o r  r e f u t e  t h e  fire paradigm. Perhaps it does not 
occur t o  some t h a t  t h e  f i r e  paradigm needs t o  be t e s t e d ,  but t h a t  is t h e  s c i e n t i f i c  
method, and even t h e  *most seemingly se l f -evident  t r u t h s  must be v e r i f i e d .  If 

1 something is s o  se l f -evident ly  t r u e ,  sc ience  should e a s i l y  s u b s t a n t i a t e  it, but 

1 some wsel f -evident  t r u t h s "  have been found s c i e n t i f i c a l l y  untenable. 
Conservation of f l o r a  and fauna need not  c o n f l i c t .  A s  HopBins (1991) # 

! observed, m a n a g e ~ n t  f o r  both p l a n t s  and animals has been t r a d i t i o n a l l y  viewed a s '  
incom?atible but t h e  two groups don ' t  have t o  be a t  odds i n  grass land conservation. 
While p r a i r i e  managers c l e a r l y  give me the  impression t h a t  ~ n a g e m e n t  ( i .e .  f i r e )  
f o r  p r a i r i e  f l o r a  c o n f l i c t s  with t h a t  f o r  a n i m l s  ( e spec ia l ly  p r a i r i e  ' insec ts ,  and 
f l o r a  should n a t u r a l l y  be favored) ,  I d isagree .  F i r s t ,  I do not s e e  t h e  b e n e f i t s  
t o  f lora o f ' f i r e  management t h a t  I  a l s o  c l e a r l y  s e e  a s  damaging t o  animals, and I  

- do s e e  .the b e n e f i t s  from conservation haying and graz ing f o r  both f l o r a  and fauna. 
Itoreover, animals, e s p e c i a l l y  s p e c i a l i s t  i n s e c t s ,  r equ i re  a heal thy and d iverse ,  - 
na t ive -and  n a t u r a l  f l o r a  t o  th r ive .  F ina l ly ,  conservation of ecosystems by 
d e f i n i t i o n  is a h o l i s t i c  approach. Somehow a l l  t h e s e  s p e c i e s  co-existed, desp i t e  
competi t ion and predat ion ,  i n  t h e  same ecosystem p r e h i s t o r i c a l l y ,  s o  it should be 
p o s s i b l e  f o r  most (with t h e  exception of megafauna on small preserves)  t o  co-exist 
favorably  on preserves  today. This should, a t  least, be our s t a r t i n g  assumption. 
I recognize t h a t  r a r e  s p e c i e s  can and should cause us  t o  d i f f e r e n t i a l l y  emphasize 
t h e  management of p a r t i c u l a r  spec ies  a t  p a r t i c u l a r  sites and subs i t e s .  I suspect  
t h a t  much of t h e  "conf l i c tM is a human a r t i f a c t ,  i n  t h a t  s c i e n t i s t s  from d i f f e r e n t  
f i e l d s  may c o n f l i c t  i n  t h e i r  p a r t i c u l a r  i n t e r e s t s  and p r i o r i t i e s  and preferences. 

Inver tebra te  conservation 1s not a t  odds Q i t h  o t h e r  conservation objec t ives .  
T h i s  s tudy shows a c o r r e l a t i o n  of numbers and response between p r a i r i e  b u t t e r f l i e s  
and grassland b i rds .  Tiger  bee t l e  d i v e r s i t y  c o r r e l a t e s  highly with o the r  
v e r t e b r a t e  and i n v e r t e b r a t e  t axa  (Pearson and Cassola 1992). There ' s  a c e r t a i n  
l o g i c  i n  t h i s  tendency, f o r  the  same evolut ionary oppor tun i t i e s  and c o n s t r a i n t s  
apply  t o  211 b io ta ,  and s p e c i e s  l i v i n g  i n  t h e  same h a b i t a t s  must adapt  t o  t h e  same 
cond i t ions  and processes (although i n  d i f f e r e n t  ways and t o  d i f f e r e n t  n iches) .  

Conserve ecosystems from t h e  t o p  down i n s t e a d  of bottom up. Animals i n  the  
h igher  t roph ic  l e v e l s ,  such a s  p r a i r i e  grouse, depend on heal thy  lower t roph ic  
l e v e l s ,  s o  t h a t  success fu l  conservation of t h e  higher l e v e l s  r equ i res  success  a t  
t h e  lower l e v e l s  too.  While I advocate paying a t t e n t i o n  t o  the  conservat ion  of a l l  
b iod ive r s i ty ,  if one nus t  choose, focus on t h e  higher l e v e l s  r a t h e r  than  t h e  lowest 
( t h e  f l o r a ) .  A focus  on t h e  f l o r a  hopes o r  presumes t h a t  i f  t h e  f l o r a  looks the  
way we th ink it should be, t h e  a s soc ia ted  animals must agree with us, while a  focus 
on higher t roph ic  l e v e l s  l e t s  t h e  animals speak f o r  themselves. I t  is poss ib le  t o  
have t h e  f l o r a  without t h e  a s soc ia ted  fauna, but one cannot have t h e  fauna t o  any 
h e a l t h y  degree without a  heal thy  f l o r a .  I and o t h e r s  have seen both s i d e s  of t h i s  
equat ion  with p r a i r i e - s p e c i a l i s t  b u t t e r f l i e s .  If  conservation focuses on f l o r a ,  
that m y  be a l l  we g e t  but  i f  we succeed a t  conserving t h e  as soc ia ted  fauna,  we  



w i l l  necessar i iy  succeed i n  conserving t h e  f l o r a  too.  E. g. southwestern P T ~ S S O U ~ ~  

devised its management combination of haying, graz ing,  and f i r e  t o  conserve p r a i r i e  
chickens and grass land b i r d s ,  but it has  a l s o  been success fu l  a t  maintaining o r  
enhancing r a r e  p l a n t s  a s  well ( C h r i s t i s e n  1985, Solecki  and Toney 1986, T.  Toney 
pers .  comm.), not t o  mention s p e c i a l i s t  b u t t e r f l i e s .  

Maximizing p l a n t s  may not b e n e f i t  a s soc ia ted  i n s e c t s ;  it is management, not  
preservat ion s t a t u s ,  t h a t  determines whether t h e s e  i n s e c t s  p e r s i s t .  E.g. ,  i n  
England, removal of graz ing z f t e r  s i t e  p rese rva t ion  increased t h e  abundance of wild 
thyzne, l a r v a l  food f o r  t h e  r a r e  Large Blue (Kzculinea arion!, but d i r e c t l y  cnused 
t h e  ex t inc t ion  of t h e  b u t t e r f l y  by e l imina t ing  t h e  h a b i t a t  f o r  a n t  s p e c i e s  with 
which it had an ob l iga to ry  m u t u a l i s t i c  r e l a t i o n s h i p  (Warren 1992). 

Manasenent d i v e r s i t y  f avors  b iod ive r s i ty .  A d i v s r s i t y  of t rentment t y p e s  (not 
j u s t  d i f f e r e n t  ways of applying one k ina  of management) is most l i k e l y  t o  mainta in  
t h e  most p r a i r i e  f l o r i s t i c  b i o d i v e r s i t y  (Col l ins  and Barber 1985, C o l l i n s  1987, 
Col l ins  and Glenn 1988). Such approaches a l s o  l e a d  t o  higher ar thropod d i v e r s i t y  
(Usher and J e f f e r s o n  1990). A mosaic of f i r e  and non-fire management a r e a s  is fa -  
vorable t o  conservation of r a r e  grass land gal l inaceous  b i r d s  and an te lopes  i n  South 
Africa (research review by de Van Eoysen and Tachton 1984). I suspect  t h a t  much 
res is tance  t o  d i v e r s i f y i n g  conservzt ion  knagement of p r a i r i e  away from primary/ 
s o l e  re l iance  on f i r e  r e s u l t s  from an  ant ipa thy toward farming, not from sc ience .  
Farming destroyed-most of p r a i r i e ,  but  a l s o  was responsib le  f o r  maintaining much df 
what was l e f t  (both what became preserves  and remziins i n  p r i v a t e  proper ty)  and may 
hold the key t o  o p t i m l  p r a i r i e  mnagement today < i .e .  grzzing,  haying).. 

O p t  f o r  d i v e r s i t y  i n  management approach and appearance within and amow s i t e s  
r a t h e r  than a s i n ~ l e  "bes t  mnagenent approach" and appearance f o r  p r a i r i e  every- 
where. "One-size-fits-all" m a n a g e ~ n t  approaches do not t a k e  i n t o  account d i f f e r -  
ences among s i t e s  and t h e  b e n e f i t s  of d i v e r s i t y  among sites. E.g. i f  a p r a i r i e  
s i t e ' s  land use h i s t o r y  has s i g n i f i c a n t l y  skewed its spec ies  composition toward 
grazing inc rease r s ,  then  a r a d i c a l  change i n  managentent, e .g .  t o  f i r e ,  is no t  
l i k e l y  t o  favor  b i o d i v e r s i t y ,  f o r  some of the  graz ing i n c r e a s e r s  w i l l  l i k e l y  not  be 
f i r e  t o l e r a n t  and some f i r e - t o l e r a n t  graz ing dec rease r s  w i l l  l i k e l y  no longer  e x i s t  
a t  the s i t e .  Thus, I recommend that managers accommodate t h e  s p e c i f i c  needs of 
pa r t i cu la r  r a r e  s p e c i e s  a t  a preserve ,  which w i l l  vary among s i t e s ;  such accommoda- 
t i o n  may require  varying m a n a g e ~ n t  g o a l s  and approaches wi th in  a s i t e  (Hobbs and 
Huenneke 1992). Moreover, we w i l l  never be a b l e  t o  evaluate  t h e  long-term e f f e c t s  
of d i f f e ren t  conservation s t ra tegies- -and discover b e t t e r  techniques--if we d o n ' t  
do d i f fe ren t  th ings .  Conformity is a human value;  d i v e r s i t y  is a n a t u r a l  va lue .  

Emphasize r e s u l t s  over fashion.  Southwestern Missouri is t h e  only p lace  I 
know of where (some) t a l l g r a s s  p r a i r i e  preserves a r e  managed pr imar i ly  with haying 
r a t h e r  than f i r e .  The r e l a t i v e  n e r i t s  of t h i s  approach a r e  r e a d i l y  apparent ,  b u t  
it was only by paying c l o s e  a t t e n t i o n  t o  r e s u l t s ,  not  a b s t r a c t  (untes ted)  t h e o r i e s  
of the day, t h a t  such management ~ u s t  have pe r s i s t ed .  PIanagers who apply f i r e  a s  
frequently and widely a s  poss ib le  today would do w e l l  t o  remember t h a t  "Smokey t h e  
Bear" was once a s  fashionable.  Given t h a t  they f e e l  f i r e  suppress ion w a s  a p p l i e d  
t o o  frequently and widely and s i m p l i s t i c a l l y ,  how can they be s o  c e r t a i n  t h a t  
posterity w i l l  no t  a l s o  t h i n k  the  same about today ' s  fancy with f i r e ?  

Apply u s u s t a i n a b l e  development" t o  p r a i r i e .  I t  is d e l i g l t f u l  t o  s e e  high- 
qua l i ty  p r a i r i e  vegeta t ion  with s p e c i a l i s t  b u t t e r f l i e s ,  sonetintes i n  amazing 
numbers, on p r i v a t e  proper ty  i n  conservative haying and graz ing regimes. I n  
southwestern Missouri, hay p r a i r i e s  produce farm p r o f i t  and p r a i r i e  b i o d i v e r s i t y  
(including fauna) a t  t h e  same time (T. Toney pers .  comm. >, where a v a r i a t i o n  on a 
s i n g l e  midsummer hay c u t  is app l i ed  t o  both pub l i c  and p r i v a t e  p r a i r i e s  
benef ic ia l ly  f o r  conservation.  Hot only t h a t ,  haying the  preserves  b u i l d s  
cooperation with l o c a l  farmers,  who do t h e  c u t t i n g  and t a k e  t h e  hay, and helps pay 
f o r  preserve management, a s  with graz ing a t  Pine Butte,  Hontana (Cheater 1993). 

- Do not assume that f l o r i s t i c  d i v e r s i t y  and endemism r e f l e c t  f a u n i s t i c  
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diversity and endemism. Invertebrate surveys should be included in biodiversity 
assessents because their patterns of diversity cannot be assumed to follow those 
of and plants. In some cases plant diversity positively correlates 
with that of invertebrates, but sometimes the correlation is inverse or non- 
existent (Oliver and Beattie 1993)- 

Invertebrate surveys are feasible. Conservntipn should not and need not be 
based on plants alone. First, invertebrate surveying has been clearly denonstrated 
feasible using brief training sessions of biotechnicians to identify species (as 
with tiger beetles, Pearson and Cassola 1992) or to sort samples into "recognizable 
taxonomic units" (Oliver and,Beattie 1993). Furthermore, conservation agencies do 
not have to do this work themselves. E.g. our research is a volunteer labor; while 
we have sometimes received grants (for which we are very grateful), our time 
(including months of data analysis) have been entirely volunteer. We and other 
volunteer experts on invertebrates want to contribute, but I have experienced these 
(perhaps unwitting) barriers. (1) (Fire) management occurs before invertebrate 
surveyors even know the site exists, yet surveys should occur prefire (see below). 
(2) I have never been approached, by any managers of my study sites in the Upper' 
Kidwest (1.e. they have never initiated communication with me) regarding future 
management or other conservation issues at these site(s1, even though they clearly 
know about my research and what my concerns and expertise are (Swengel 1990a, 
1991b, 1992a-b); I have nevertheless apparently had some small effects,,for which.1 
am grateful, but I initiated those discussions. This gives the impression, no 
matter how unintended, that my study species and my expertise are not valued. 

Survevs are as important as manaaement. If money and manpower ex'ist to manage 
a site, then the site can (and should) be thoroughly surveyed for biodiversity 
first. A site simply cannot be effectively managed for biodiversity when managers 
do not know what's there. The effectiveness of management is best evaluated in 
comparison- with pre-management measurements. If you don't have the tlme/money to 
survey, you don't have the time/mney to manage either. Surveys should also be 
ongoing during management. How else can you know you're being successful? 

Re-examine the benefits of sinnle-species conservation. Vhile conservation of 
ecosystems has an intuitively obvious appeal, with demonstrable benefits on a gross 
scale (e.g. large parks and wilderness areas), how individual rare species fare is 
the ultimate test of the efficacy of any conservation program. Rare species should 
remain an important focus of conservation, as they contribute disproportionately to 
landscape-scale diversity and are the mst likely components to be lost globally. 

Tall~rass prairie is a biodiversitv conservation hotspot. Prairie once 
occurred over a huge expanse and has been mostly destroyed (see "Introduction"). I 
think that sociopoliticsl factors explain why the biodiversity of tallgrass prairie 
is not adequately recognized as a globally high conservation priority: 
-prairie is perceived too far gone (decimated, uninteresting), in effect giving 

up on what's left; yet small sites can maintain high diversity for long periods; 
-the "charismtic megafauna" are largely gone (even though they are a tiny 
minority of prairie biodiversity); 
-the region has a relatively thin human population density but high human deve- 
lopent effect--a rare occurrence; usually they correlate, so that the higher 
the development effect, generally the larger the scientific and conservation 
constituency and greater the dollars available to advance a conservation agenda; 
-experts on prairie fauna (the predominant diversity of prairies) are thinly 
spread over taxonomic groups and space; this was a huge biome, with a fair 
amount of biogeographical variation. 

Hanagriment recokndat ions 
- .; Comments on fire. In previous reports (Swengel 1991b, 1992a-b), I have 

discussed what my data substantiated about how SOT to burn, e. g. do not burn in a 
. 1-4 year.rotation. Some have misinterpreted this to endorse' a five-year rotation, 



which I never have and do not  now, f o r  I do not  have da ta  s u b s t a n t i a t i n g  t h i s  as 
tenable  f o r  p r a i r i e - s p e c i a l i s t  populzt ions.  My da ta  do s t r o n g l y  i n d i c a t e  t h a t  
a l t e r n a t e  management types  a r e  p re fe rab le .  Frequent f i r e  depresses  s p e c i a l i s t  
b u t t e r f l y  populat ions t o o  much, but  inf requent  f i r e  i n  t h e  absence of o t h e r  
processes produces poorer h a b i t a t  f o r  these  s p e c i e s  than i f  a l t e r n a t e  conservat ion  
management t rea tments  were being app l i ed .  Even if f i r e  were t h e  main e c o l o g i c ~ l  
process i n  p r e h i s t o r i c  p r a i r i e ,  t h e r e ' a r e  a t  l e a s t  f i v e  important ways that modern 
f i r e  m a n a g e ~ n t  d iverges  from its p r e h i s t o r i c  occurrence, which would have been 
patchier ,  more va r i ab le  seasona l ly ,  of an unknown frequency <so t h a t  modern 
r o t a t i o n s  could be much t o o  f r e q u e n t ) ,  i n  the  context  of v a s t  unburned surrounding 
p r a i r i e  h a b i t a t ,  and i n  combination with o the r  processes ( e s p e c i a l l y  immense 
herbivory). If  f i r e  is appl ied  t o  p r a i r i e  preserves ,  it should be done i n  a way 
t h a t  much more c l o s e l y  approximates t h e s e  precontact  r e a l i t i e s .  I do n o t  recommend 
t h a t  burning be banned, f o r  I can admit the  p o s s i b i l i t y  t h a t  f i r e  i n  some form and 
frequency might have some b e n e f i t  t o  b iod ive r s i ty ,  but I anxious ly  awai t  and expect 
s c i e n t i f i c  confirmation of t h i s  and t h e  use of f i r e  only commensurate wi th  
s c i e n t i f i c  s u b s t a n t i a t i o n  of its b e n e f i t s  f o r  b iod ive r s i ty .  

Our h i ~ h e s t - p r i o r i t y  recommendations. My co-researcher and I l i s t e d  t h e  
r e c o ~ n d a t i o n s  we most  want t o  s e e  app l i ed  a s  soon and widely as p o s s i b l e  f o r  t h e  
benef i t  of p r a i r i e  b iod ive r s i ty .  

Scot t  Swengel Ann Swengel: 
1. I n s t i t u t e  haying on l a rge  percent-  Minimize f i r e  i n  t h e  management regime 

ages of previous ly  burned p r a i r i e s .  t o  be t h e  l e a s t  used option.(-  
2. Reduce f i r e  d r a m t i c a l l y :  no 1994 Use mechanical t r ea tmen t s  f i r s t  t o  

f i r e s  a t  si tes with any f i r e  i n  accomplish a s  many management g o a l s  as 
1993; 110% a r e a  burned/year/site.  poss ib le .  

3. Graze h i l l y  s i t e s  hard t o  hay. Set  a s i d e  (even smal l )  never-burn 
management a r e a s  f o r  o t h e r  t r ea tmen t s ,  
e s p e c i a l l y  mechanical c u t t i n g .  

4. Continue the  management t h a t  main- Divers i fy  types of management 
ta ined t h e  p r a i r i e  ( l i g h t  graz ing,  t rea tments  (i. e .  not  j u s t  f i r e ) .  
annual haying) before preservat ion .  

5. Control brush with mowing and heavy Doing nothing is a v i a b l e  a l t e r n a t i v e ,  
brushing equipment: handcutt ing t o o  e s p e c i a l l y  u n t i l  adequate surveying 
labor-intensive. and monitoring have been e s t a b l i s h e d .  

6. Apply t h e  same r u l e s  t o  management 
of p r iva te  p r a i r i e s .  They should be 
p r e f e r e n t i a l l y  g razeuhayed  t o  be 
more cos t -ef fec t ive  f o r  owners. 

Hy co-researcher and husband, S c o t t  Swengel, has been e s s e n t i a l  t o  t h i s  work: 
instrumental i n  most  data c o l l e c t i o n  and very he lp fu l  i n  d a t a  compi la t ion ,  s t a t i s -  
t i c a l  ana lys i s ,  l i t e r a t u r e  review, d a t a  i n t e r p r e t a t i o n ,  and r e p o r t  e d i t i n g .  I  
g r a t e f u l l y  acknowledge grant  funding covering some expenses of t h i s  research:  Lois  
Almon Research Grants f o r  Illinois-Iowa-Wisconsin i n  1990-91 and 1993, The Nature 
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Appendix 1. Dates of a l l  survey v i s i t s  t o  a l l  s tudy s i t e s .  -Jn=June, J l=Ju ly ,  1' Ag=August, s = s p t e m b e r .  

ILLIIOIS 
r a i r i e  sitp Cauntr 

C a r r o l l  
Bicentennial Ogle ' 

Byron 0 i l e  29 21 24 
Harlen Hills Vinnebago 29 21 24 
Yachues Lee/Ogle 31 27 30 15 11 1 29 24 
T hoason-Fulton Vhiteside 31 27 30 30 

IOV' 
1 pra i r i e  e i t q  

Crossmn 
Haffner 
Hayden 

, Kalsow jl Stinson 

Dickinson 
Hpward . 
Dickinson 

, Howard 
Cerro Gordo 
Pocahontas 
Kossuth 

Jn  Jn  Jn  J 1  
pra i r i e  e l t e  &&y 82 80 9 3  
Audubon Clay 25 18 
Bicentennial Clay . 20 19 

Blazing S t a r  Clay 26 19 
Bluesten Clay 25 18 

Chippewa 
Foxhom~ Vilkin 

I F r e n c h ~ n ' s  Bluff Ilormn 
Hole-in-the-Mountain Lincoln 20 30 18 16 
lettledrunmer Vilkin 
Lundblad Murray 

Pope . 17 
Pra i r i e  Coteau P i p e t o n e  

i 
Pra i r i e  Ihrshes Lyon 
Seven S i s t e r s  Douglas/Otter T a i l  20 
Staffaneon Douglas 17 
TOM Ha11 Vilkin 
Twin Valley llorman 20 19 
Vestern Borth Vilkin 
Vestern South Vilkin 
Zilluaerman Becker 19 

e r a i r i e  s i t e  County , Bellamy Hay Vernon 
Buffalo Vallow Barton 
Bushwacker Vernon 

Barton 
Clear Creek Barton 
Comtock Barton 

Barton 
Penton 
Barton 

Dorsett R i l l  Case 

I 

'I 

Vernon 
Vernon 
Vernon 
Barton 
Barton 
Dade 
Vernon 
Vernon 
Cedar 
Cedar 
Cedar 
Cedar 
Cedar , 
Barton 
Barton 
Vernon 
Lawrence 
Dada 
Vernon 
Barton 
Dade 
Dade 
Barton 
Barton - 
Bate6 
Barton. 
Cedar . . .  
St.  C l a i r  
Barton 
Barton ' 
St.. C l a i r  
Jaeper  

I Pl igh t  Lake 

V l ~ l S I I  J n 
p r a i r l e  s l t c  
Black Earth 

CouptV &I 
Dane 

Blue River Grant . 
County Highway X Wood 

.Private  pasture Crawford 
Dewey Grant 28 
Dike 17 Jackson 
Mural t Green 
Oliver  Green 
Pine Island Columbia 
Bush Creek Crawford 
Schluckehier Sauk 
Spring Green Sauk 29 
Sprlng Green Vest Sauk 
Thomaon Dane/lowa 

' Greater Thomuon Iowa 

I 

Thousand's I Dane 
Thousand's I I Iowa 

Gama Crass 
Gay Fepther 
Golden 
Hunk~h 
Indigo 

, L i t t l e  Osage 
L i t t e  Osage V Hay 
&-KO 
No-KO H Hay 
No-KO SH Hay . 
&-KO SSIJ Hay 
Nonegaw , 
I(o- Bo- 1 
Xon-Shon 
Montevallo Hay 
Xount Vernon 
IIlawatbe 
Osage 
Pawhuska 
Penn-Sylvania 
Penn-Sylvania Y Hay 
P r a i r i e  S t a t e  Park 
Redwing 

Vale Green 

I Ripgut 
Riecb 

! Sky . 
Tabervi l le  

I Treaty Line 
Tzi-Sho 
Vah-Kon-Tah 
Vah-Sha-She 



'Appendix 2. ~ectak records of specialist species. , ~at'a from Dana (1991): V=very common 
(100'6 of visits), C=common ("35), F=frequent (11-25), O=occasional (5-lo>, R=rare (2-41, 
 single: 

( OTTDE bW DAKOTA SKIPPERS OT IL-VI 1990-93 OTT WIlira 1990-93 DAK XIEH 1990-93 
ma1 fern uns all maleafem uns all male fena uns all 

Yarrow Achillea millefolium 

I Prairie dandelion A~oseris Leadplant Anorpha canescens 1 1  2 
Showy milkweed Ascleoias speciosa 
Butterfly weed A .  tuberosa 2 2 I Vhorled milkweed A .  verticillata 
Green milkweed A .  riridiflora 

I 
Ground plum Astra~aius 
Aster, upland white A .  ptarmic. 1 1 
Calvlovhus serrulatus , 
Thistle, Hill's Cirsium hillii 1 1 
Thistle Carduus 1 1  ( Golden aster Chryso~sis 
Canada thistle Cirsium arvense 

I Thistle Cirsium Coreopsis Coreopsis 9 9 
Pale purple coneflower E. anaus. 
Fleabane Eri~eron 1 1  2 
Kustard Erysimm inconspicuum 1 Blanketflower Caillardia aristata 
Bedstraw Galium 
Wild licorice Qcvrrhiza le~idota ) Blue lettuce Lactuca 
Brazingstar, dwarf L. cylindracea 9 5 2 16 
Blazingstar, dotted L. punctata 
Yellow flax Linum sulcatum 
Alfalfa Xedica~o sativa 
Yellow sweet clover H. officinalis 
Wild bergamot Honarda f istulosa 31 ' 18 2 51 ( Sundrops Oenothera 
Locoweed Oxvtropis 

I Slender penstemon Yenstemon Prairie-clover, purple Petalost. 6 2 8 
Prairie-clover, white P. candidum 
-Phlox Phlox 

1 Conef lower, gray-headed R. oinnata 1 
Black-eyed Susan Rudbeckia hirta . 3 1 4 
Groundsel Senecio 
Rosinweed Silphium inte~rifolium 2 2 ) Rigid goldenrod Solida~o ri~ida 1 3 4 
Goat's rue Tephrosia vir~iniana 1 1 
Goat's beard Tra~opo~on pratensis ( Alsike clover Trifolium hybridurn 
Red clover Trifolium pratense 
Vervain Verbena 1 1 I Death camass Ziaadenus 

TOTAL 68 33 5 106 



~ ~ ~ e b d i x  2. continued. 
II 

I Appendix 2. continued. 
/I 

P O ~ U I B P :  + bBOC08 SKIPPEBS WV X I  1990-93 A80 U 1990-93 
all ~1 fen uns a11 

prairie danPelion (Anoseris) 2 
Ground plum (Astraaalus) 4 
Modding thistle (prduus) 1 5  8 
Golden aster (Cbrvsopsis) 1 
Thlstle (Cirsium) 1 1 
~ o ~ e o ~ s i e  (Coreopsis) 32 1 1 
Pale purple coneflower (8. nnuust. ) 34 1 3 2 6  30 
Purple coneflower (E. pallida) 
Pleabane(Er1aeroq) 1 
Ox (eye (Hellopsis bellantboides) 6 5  

8 
1 
1 

1 1 
Sainfoin ( soralea onobr chis) 
Blkk-eyedPsusan (Rudbec:ia birta) 5 
Vervain (Verbena) 1 1 

TOTAL 154 1 8 31 40 

ABD XD 1992-93 
.a1 fen una all 

mrl 
1 XInvEsoTA 

feeding on canid feces 
Vild onion (w) 
Swamp milkweed (A. incarnata) 2 
Showy milkweed (A. speciosa) 
Conmon milkweed ()I. svrlaca) 1 
Vhorled milkweed (A. vert lci 11,) 1 
nodding thislte..(Carduus) 2 
Velted thistle (Carduus) 
Thi6t le (Clrsium) 9 

: Canada thistle (C, arvense) 1 
Coreopsis ( oreo sis) I pale purpleFcone:louar (p. an%) I 
Joe-pye-weed (E tortun) 

! . bximilian s u n f E e r  
! (peliantbus maxiniliani) 
1 Ox eye (Helio~sis helianthoides) 
! Rough blazingstar (&. aswra) 

Dwarf blazingstar (J,, cvlindracea) 
Dotted blazingstar (&. ~unctata) 
Prairie blazingstar (L. pvcno.) 1 
Vood lily (Li iun hila Iph.) ' Alfalfa (Xediiano Eativ:f 

I Vild bergamot (M. fistulosa) 5 ' Purple prairie clover (u) 1 
Pblox (phlow) 1 
Goldenrod (L~_c!ldsRq) 

1 Sow thistle (Sonchuq) 
j kadowsweot (Spiraea) 

Snowberry (fimhoricarpoq) 
Vervain (Verbena) 

fen una alL 
1990 

2 
1. 
2 

fen uns a 1  fern uns 
1991 1992 

a 1  fen rras 
1993 

1 
L E O I A R D I W P A ~  SKIPPERS ILL-VIS 1992-1993 

ma1 fern une all 

~ o l b e n  aster (Cbr so 616) 
~ o v k h  blazinastarv(L~atris aswra) 3 2 24 29 
Dotted blazingstar (&. ~unctata) 
Purple prairie clover (Petalostemum) 
Uprlght coneflower ( . columnifera) 
a d y  goldenrod (S. n!aorol&) 
Rigld goldenrod (Solldano rixlda) 
fOTU 3 2 24 29 

XllllBSOTA 
m l  fen 
4 1 
2 
1 ' 

1 
13 2 

1 
1 

1 
1 

21 _ 5 

1992-93 
una all 
3 8 

2 
1 
1 

5 20 
1 

1 2  
1 
1 

8 37 

ILL 1991-93 
BBCAL PPlTILLARl .a1 fen une 
Swamp milkweed ()Isclepias incarnata) 
Butterfly weed (4. tuberosq) 
Valted thistle (carduus) 
Hill's thistle (C. bjllii) 1 
Thistle (Cirsium) 
quean Awe's lace (Daucus carota) 
OX Cye ( I o is) 
lough bl!2&k (b. asp-) 2 
Dwarf blazingstar (L. cvlindr.) 
Vild bergamt (F. flstulosa) 1 

1 

1 

REGAL FPPITILLARI a 1  fen une a11 
116SOllPI 15-19 Jun 9 2  1992 
Yarrow ()Ickillea pillefolium) 1 1  2 .  
Indian hemp (A~ocvnum cannablnu~) 6 . 1 7  
Sullivant'o milkweed (& s-) 3 1 4  
Common milkweed (decle~iaa ryriacr) 15 1 16 
Buttqrfly weed (~scleplag tuheross) 11 11 
Ceanothus (Cennothug) 
Coreopsis (Coreopsis) 53 9 4 6 6  
Deptford pink (Dianthus ormeria) 4 4 
Pale purple coneflower (k pallid%) 358 31 58 447 
Pleabane (Erlaeron) 
Shrub honeysuckle (Lanicera) 6 6 

. Vild bergamt ((onarda fistulosa) 65 7 2 74 
Wild quinine (eprtheniuq ~ r i f o l i u n )  4. 4 
Beardtongue (f'en6temn dinitalig) 

' Palsc dragonhead (Phvsoste~is viralnlana) 3 3 .  
S m o t h  sumac' (b glabrg) 3 '. 3 
Black-eyed busan (pudbeckia m) ' Sensitive briar (Scbronkig yncinati) 1 2 2 5  

: Red clover (frifolius watenss) 
Total 533 5 1  68 652 

' a 1  fen UM all 
14-18 J M  93 1993 lOVA 1981-93 VlSC 1990-93 

m l  fen uns ma1 fen une 



Appendix 3. Results of analysis of variable effects (Wann-Vhitney analysis) for 
specialist species. Nean ratee (per hour) lacking similar letters after them are 
signlficaatly different (P<0.05 *-tailed). Bear significant values (0.05<P<0.06) 
are underlined--e.g. means the value was nearly significantly different from A but 
since is was not signifl,cant, it is treated as an A). Boldfaced letters were 
significant at P<0.01. (A)=not tested because sanple<b. The largest subsample '. 

possible for recently burned vs. unburned is presented, with additional 
subsamples if large enough for statistical testing. Plight period is in 
phenologlcally adjusted Julian date unless otherwise noted. 

1 Appendix 3. continued. 

species: Leonard* s pawnee Pawnee Dnkota 
flight: , Aug 20t . Aug lot 171-179 
geography: 9 sites in lllinois 4 sites in- Mianesdta having.species Minnesota 

h Visconsin having species 

1 m a n  Y =an Y mean 1 ,nean 
units rate-d units ratekd yatehd & yatehd 

A. weather: 
poor - 3 .18.942 15.61(A) 
mediocre -*  3 4.202 3.67tA) 
good 31 12.912 22.80 27 28.112 42.69 A 

i .  

species: Poueahiek Poueehiek M t m  O t t m  
flight: 170-182 187-216 
geography: Wlnnesota 7 sites in V I  h IL having species 

, Y mean I mean I mean Y mean 
units rate2sd units rate?sd gl& .yate?sd a rate- 

A. weather: 
55 8.45231.53 A 18 10.972 19.12 A 

. %acre 63 12.882 36.03 AB 42 6.88t 11.62 A 
good 72 14.442 32.88 87 9.922 20.83 A 

B.add to select1 nothing 
year: 
1990, (0 individuals) - 
1991 (5 individuals) - 
1992 (6 Individuals) 18 42. 612 50.33 A 
1993 31 12.91+ 22.80 , 17 , 8.632 11.32 B 

C.add to select: 
'prairie type: 
wet - 
mesic - 
dry 31 

veg. quality: 
degraded 2 

1 semi-deg. 13 
! high qu. 16 
I diversity: 

uniform 31 
diverse - 

size! 
small 10 
large 21 

B.add to select: nothing 
year: 
1990 - 
1991 - 
1992 86 17.732 39.57 A 
1993 101 5.292 5.29 B 

41 12.822 21.71 A 
17 13.602 17.36 A nearer to 
36 9.932 21.62 AB-> 1993 than 
51 4.472 12.05 B 1990-91 

C.add to select: 1992 1993 1990-1991 1992-1993 
prairie type: 
wet 22 4.602 10.10 A 23 0.402 1.09 A - - 
=sic 17 3.132 6.59 AB 21 3.20f 10.13 A - - 
dry 47 29.152 50.37 B 57 8.032 26.43 A 57 13.282 20.49 83 7.062 17.13 

vcg, quality: 
degraded 6 2.222 5.44 A 5 0.002 O.OO(A) 9 0.35s 1.05 A 13 1.832 3.24 A 
seml-den. 24 5.342 '9.15 A 25 2.94t 9.68 A 10 14.982 22.11 B 19 4.472 9.11 A 
high qu: 56 24.702 47.32 A 71 6.492 23.80 A 38 15.892 21.83 B 51 9.35f 20.83 A 

divers1 ty: 
uniform 25 3.462 7.71 A 37 2.072 7.71 A 57 13.282 20.49 83 7.062 17.13 
diverse 61 17.742 45.55 A 64 7.152 25.05 A - , 

- 
D. recent burn status: 

. .  1. add to select: nothing nothing nothing diverse, dry units 
-In large prairlam - 

burned 5 O.OOf 0.00(A) 7 15.042 15.64 A 3 6.'25t 10.83(A> 19 6.35f 12,73 A 
unburned ..26 15.392 24.17 A 9 64.062 58.19 B 14 Q. 142 11.75 A 55 9.202 15.10 A 
2. add to select1 wet b r~asic uniform 

units, large 
burned 10 0.002 0.00 A 
unburned 20 1.022 2.68 A 

. ,  , ' ,  ' i ' ,  . i .,::., . 
. , .. .: ;; ,A;:iJ.;;., 

. .' . . . .  , ... . , ,,. . . * , ,,,, .. ...t:>1: 

3 j:. ..;.. !&;: ;$+,f: 

. . . . ,  , . , : .... ' ;.!':: ... ','. . 

size: -. 
snall 26 17.692 31.19 A 35 12.582 33.10 A 37 14.342 17.05 A 62 8.882 19.20 A 
large , 60 17.742 42.93 A 66 1,422 5.79 A 21 10.772 25.55 A 25 1.412 5.61 B 

1 D. recent burn status: 
1. add to 6.lccti dry nothing not degraded small sites 
burned 8 0.42f 1.26 A 22 0.222 0.72 A 6 1.512 1.74 A 5 -  6.50210.12(A) 
unburned 38 35.962 53.90 B 79 6.702 23.08 A 42 17.732 22.26 B 54 9.5990.26 A 

2. add to select: wet b m s i c  
burned 7 0.002 0.00 A 
unburned 32 4.832 4.83 A 
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Appendix 3. continued. 
' II 

I1 
specles: ' h o p  Arogoe kog0s 
f ligAt: 175-205, - 
geogiaphy: 6 sites in Hinne- Hissouri Missouri 

. . sota having species 

Y mean Y mean 1 mean ' units rate+sd ratekd units rateltsd 
A. wejthr: 

poor 12 0.732 2.52 A 9 0.132 0.38 A 
, gdiocre 30 0.792 1.84 A 39 1.192 2.38 A 

gflod 
47 1.902 3.90 A 92 1.532 4.40 A 

 add to select: 
year: 

1990 27 
1991 25 
1992 38 
1993 0 

I/ 
 add to select, 
prd'irie type: 
A t  10 

> +sic 7 
dry 71 
veg. quality: 
degraded 14 
sed-deg. 16 
high qu. 58 

diversity: 
uniiorn - 
difverse 88 

nothing nothing 

2.152 4 .82A - 
1.78+ 3.18 A - 
0.482 1.22A 43 3.522 

(0 observed) 07 0.382 
, . 

1990-1992 1992 

0. o o t  0.00 A 5 0.0ot 
11042 2 .75A 4 0.002 
1 .592 '  3.44 A 34 4.452 

nothing . 

size: 
s&ll 39 0.752 1.95 A 22 2.382 5.48 A 41 0.11% 0.49 A '  

. large 49 1.852 3.89 A 21 4.722 6.54 A 56 0.582 -1.62 A 
11 

D. recent burn status: 
1. kdd to select: nothin8 nothing nothing 
bdrned 22 0.592 1.89 A 7 0.142 0.36 A 11 0.00t  0.00 A 
unburned 66 1.622 3 .52A 36 4.182 6 .44A 86 0.432 1.36A 

I 

I 

1 

i Appendix 3. continued. 

species: Regal Regal R e g a l d m  Gorgone 
flight: 191-239 . - - - 

i geography: V. Upper Xidwest Hissouri lIissouri , Upper Xiduest- 

I only unite that had any Gorgones 
I Y .  m a n  I =an . I m a n  

i 
I l individule 

unite ratebd , ygi& yatebd, rate- /total t i q  . - - I A. weather: . .  . >  

1 poor 72 11.522 18.74' A 9 35.19+ 43.51 A 9 22.012 25.59 A ' , , .. I :. 
mediocre . 7 3 '  '26.932 28.18 B 39 33.242 52.02 A 39 27.752 47.90 A . , . .  . , , .. 
good ' 212 22.802 26.17 B .92  41.462 58.94 A 92 42.112 66.52 A ' . , .  . 

&add to select: not poor nothing nothing 
year: 

1990 45 25.922 29.54 A - - 
1991 76 23.53f 28.65 A - ' - 
1992 73 23.072 25.88 A 43 30.952 35.19 A 43 35.762 52.49 A 
1993 91 23.752 28.77 A 97 42.232 62.94 A 97 37.292 63.49 A 

C.add to salect: nothing ' nothing 
prairie type1 
wet 79 18.802 20.72 A 10 13.762 23.51 A 10 15.735 28.25 A. 
mesic 73 11.932 18.79 B 12 13.612 23.42 A 12 11.132 20.63 A 
dry 133 93.422 31.43 C 117 43.812 59.22 B 117 41.572 63.96 B i veg. pulityt 
degraded 20 16.982 17.14 A 5 4.802 10.73cA) 6 2.002 4.47(A) I semi-deg. 85 21.182 28.43 A 5 1 1 . 8 3  1 7 7 A  5 8.002 12.61IL) . 

i high qu. 180 24.002 27.90 A 130 41.112 57.35 A 130 39.272 61.70 A 
1 diversity: 

uniforn 117 10.922 15.87 A 22 14.082 21.05 A 22 13.522 23.15 A ' 
diverse 168 32.872 30.12 B 118 43.372 59.26 B 118 41.162 63.88 B 

 size^ 
small 120 17.802 18.99 A 63 28.882 42.46 A 63 25.352 37.43 A 
large 165 28.272 31.66 B 77 46.852 64.19 A 77 46.20,+ 72.63 A 

'< . i D.recent burn status: 
1.. add to select: dry dry, diverse dry, diverse . prairies 

diverse, large 
burned 19 16.582 1 6 . h  A 14 4.062 7.46 A 14 2.242 3.76 A 4 4/1.47=2.73/hr 
unburned 56 48.312 39.14 B 96 52.042 62.26 B 96 49.822 67.84 B 16 28/6.22=4.50/hr 

2.' add to select: =sic, bayens " <, ... .,<. , . , ,. $ uniform, large . . .  , , j .  . 1. 
.burned . 1 1  4.562 4 .58A 0 .  . , .. . 
unburned 16 14.872 13.72 B l a  ii8/7. i i = 1 5 . e 4 f i ~  ' 

3. add to select: wet, . . .  j:,: !,%!:...:; 
uniform, large 

r.:.,:,. ' burned 13 2.802 5.94 A 
unburned 21 -20.932 18.07 B 

4. add to select: dry, 
, . . . . :  . .  ; < .'.,.. 1 . ; i  

: diverse, em111 
;.,> ! ' : -  . . .bu;ned 6 17.33% 21.95 A : '  

: .  . .  : .- ;,.: I : .! 
unburned 44 29.62% 15.72 A . .' .! 

I , I .  add to select: malo, '. .I . . 
uniforn, s ~ l l  i 

burned , 6 0.142 0.35 A ' 3  , 

unburned 17 1.59k 5.36 A . , I  
L 





I1 
Apypdix 4. continued. ! 

II 
species: Monarch finarch Monarch finarch 
fli$ht: early (<215) early (<215) early (<215) early (<215) 

I 
&eo&apby: B. Upper Midwest 8.  Upper Widwest V. Upper Nidweet V. Upper Widwest 

(longitude<94*) ' (longitude<9Q0) (longltude)940) (longitude)94f) 
j 

11 8 I 

II 1 mean . Y mean Y ' =an 1 mean ! 
11 ..its ratezed units yatesd unite rate?sd units ratebd 

A. wefther: 
I - 

71 5.242 10.69 A poor 67 7.402 20.80 A 
dkdiocre 99 12.262 17.78 B 92 5.462 8.26 A 
&od 215 9.242 14.74 B 151 6.462 9.09 B 

11 , 
&ad! to select: weather not bad weather not bad weather good weather good 
year: 
1990 49 11.752 14.68 A 53 8.082 7.93 A 
1991 22 8.242 7.97A 28 11.892 11.73 A' 
1992 146 13.71f 17.34 A 38 5.322 9.23 B 
1993 93 4.422 13.58 B 31 0.332 1.42 C 

II 
C.add to select! 

I 

*rAirie type: 
wit B 
dsic 2 
dJy . 201 
veB. quality: 
degraded 48 
slni-deg. 49 
high qu. 117 
di$ermity~ 
uniforn 155 
diverse 59 
size: 
skll 205 
ld'rge ' 105 

II D. recent burn status: 
1. Ihdd to select: not degraded, nothing not degraded nothing added 11 , uniform, 6-11- 

- 

burned 31 13.752 16.43 A 7 5.682 13.30 A 17 9.092 6.00 A 6 0.742 1.81 A 
uiburned 98 7.272 8.76 A 86 4.322 13.68 A 55 7.752 7.86 A 32 6.182 9.81 A 

Appendix 4. continued. 

species: finarch lonarch finarch lo-h 
flight: early (<215) late 0214) late 0214) late 0214) 
geography: V. Upper Midwest E. Upper Widwest V. Upper Widwest V. Upper Niduest 

(10ngitude>94~) (10ngitude<94~) (lo~gitude)94~) . (longitude>94.) 

I =an 1 man I &?an ' I mean 
rate-d 1atek.d rate?sd units ratehd 

A. weather: 
poor -- - 
~diocre 
good . 

B.add to select: weather good weather good notbing nothing 
year: 
1990 25 10.542 14.55 A - 
1991 89 13.472 20.59 A 66 698.41t2380.0 A 
1992 29 32.142 30.63 B 87 100.61Z515.06 AB 
1993 101 19.352 27.02 C. 105 57.07.SO5.55 B 

C.add to select: 
prairie type: 
wet 23 
=sic 21 

dry 57 
veg. quality: 
degraded 5 
semi-deg. 25 
high qu. 71 
divsrsity: 
uniforn 37 
diverse 64 
size: . 
small 35 
large 66 

1993 

0.112 
0.732 
0.582 

0. oo* 
0. 00* 
0.712 

0.482 
0.522 

0.292 
0.612 

D. recent burn status: 
1, add to select: nothing uniform, 61~11 not dry, uniforn not degraded, wet, 

uniform 
burned 22 0.782 3.10 A 25 20.302 28.37 A 15 2931.124402.0 A 9 372.60949.54 A 
unburned 79 0.42 1.53 A 111 11.662 21.19 A 19 07.122 57.57 B 28 239.18S31.14 B 

2. add to select! diveree, large dry, diverse not degraded, -sic, 
, , uniform 

burned 10 15.90f 14.91 A 7 29.77f 40.30 A . 6 94.71f175.95 A 
unburned 59 22.262 23.84 A 18 17.352 32.03 A 23 52.?3*69.41 A 
3. add to 6electt not degraded, dry, 

I 
diverse 

burned 17 19.41$'21.26 A 
unburned 73 28.622 39.13 A 



1 '- Appendix -5. Ranking of s i t e s  i n  t h e  Upper Midwest by.mximum single-day survey  
t o t a l s  of Poweshiek and Dakota Sk ippe r s .  I have never s e e n  t h e s e  species i n  
I l l i n o i s  and Wisconsin. A 1 1  t a b u l a t e d  surveys  occurred du r ing  t h e  s p e c i e s '  
f l i g h t s .  I ---POmSHIEK--- ---- DAKOTA----- 

YEAR YEAR YEAX YEAR 
STATE Ir!. 'It!. LAST MAX. MAX. LAST --YEARS VISITED-- 

SITP u -- OBS. QBS. 03s. OBS. OBS.. 89 90 Gl 92 93 
Iowa 

S t  inson 2 4 
Freda Haffner  9 
Capler 7 
Crossman 1 
Hay den 1 
Kalsow 0 

Xinnesota 
Hole-in-the-Mountain 246 
P r a i r i e  Coteau 196 
Staf fanson  115 
Bluestem 37 

- Ordway 35 
Blazing S t a r  24 
Clinton 22 
P r a i r i e  Yksshes 18 
Chippewa 15 
Bicentennia l  . 13 
Lundblad 4 
Pembina T r a i l  3 
Audubon 2 
Twin Valley 4 
Western Horth 2 
Swift  County1 1 
Bicentennial  Hay 0 
Frenchman's Bluff  0 
Anna Gronseth 0 
Blue Mound SP 0 
Buffalo River  SP 0 
Expandere WHA 0 
Foxhome 0 
Kettledrummer 0 
Mslmberg 0 
Pankratz 0 
Pipestone BlS 0 
Red Rock 0 
Seven S i s t e r s  0 
Town Hall 0 
Western South 0 
Zimmerman 0 

X X X X X X  
.X X  

x x x x  
X  X X X X  

X  X X  X  
X '  . X  X f X  X .  
X  

X  ,. X  X  
X  X  X  X  
X  X X X X  

X  
X  

x x x x  
: x x x x  

X  X X  
X  

X  X  ; 
X 

X  
X  X  
X 

X  
. X  X  X  
X  X  

X  
x 

X  
X  

x x x x  
X  X X X  

X  
x -  X  X  

I 
' I a t m e  Conservancy p rope r ty  west of Appleton, preserve  name unknown. 



Appendix 6. Ranking of sites in the Upper Midwest by mximum single-day survey 
total of Ottoe Skippers and Begal Fritillaries. A11 tabulated surveys occurred 
during the species' flights; B=visit during Regal but not Ottoe flight; *=had 
weather. 

Illinois 
' lachusa 

Harlem Hill 

! 

0 - - 26 1993 1993 X  X X X  
1 1993 1993 0 - - X  
0 -  - - X R X X  0 - 

----- OTTO&---- ----- BEGAL----- 
YEAR YEAR YEAR YEAB 

STATE M X .  M X .  LAST MAX. HAX. LAST --YEAIS VISITED-- . ., 

OBS. OBS. OBS. OBS. OBS. 0- 88 89 .E 81 82 83 

Appendix 6. continued. 

/ 

STATB 

Bicentennial 0 -  - 0 - - X P X X X  
Byron Forest Pres. 0 - - 0 - - X  
Thomson-Pulton 0 -  - 0 - - X  X X  

Iowa 
Preda Haffner 2 1989 1989 25 1989 1989 X  B 
Stlnson 0 - - 17 1991,93 1993 X  X  X  

Minnesota (continued) 
Anna Cronseth 
Buffalo River SP 
Clinton .. , . 
Expandere 
Halmberg . 
Pankratz 
Penbina Trail 
Red Rock 

. Zimrermn 
Visconsin 
Crawford County 
Muralt 
Thoeson-Greater 
Oliver 
Spring Green 
Dewey 
'Rush Creek 
Black Earth 
T hornson 
Thoueand' 6 I I 
Blue River 
Dike 17 
Gaseer , 

Highway X  
Pine Island 
Schluchebier 
Spring Green Vest . 
Thousand's I 
Vale 

---- om@----- 
YEAR YEAR 

MAX. MAX. LAST 
Q& o x  O& 

Kalsow 0 - - 16 1991 1993 X X X  
' Cayler 0 - - 13 1993 1993 X  B 
I' Hayden 0 -  - 1 1993 1993 X  X X X  

Croaemn 0 - - 0 - - x x x x  
Uoffmn 0 - - 0 - - x 
Turin Loess Hills 0 - - 0 - - X  

Minnesota 
Hole-ln-the-Hountain 13 1989 1992 418 1990 1893 X  X  X  X  X  P 
Chippewa 0 - - 190 1991 1993 X  R X  X R 
Bicentennial 0 - - 157 1991 1893 X  X  X  X  R 
Staffanson 0 - - 104 1991 1993 X X X B  
Prairie Coteau 0 - - 104 1993 1993 X  B 
Bicentennial Hay 0 - - 93 1993 1093 R X  B ' Prairie )(arches 0 - - 77 1992 1993 X  X R 

---- REGAL---- 
YEAR YEAB 

MAX. HAX. LAST --YEARS VISITED-- 
om. 00s. = & % g = 

I 

60 1993 1993 x x 
38 1990 ,1992 X  X  X  X  X  X  , 

21 1992 1993 X  X  
4 1991 1993 X X X  X  X  
0 - - x x x x x x  
0 ' - .  - .  X X R X X X  
0 -- - : ,  x x x 
1 1!389 1989 X  X  X  X  X  X  . 
1 1900,92,93 1993 X  X  , X  X  
1 1992,83 1993 X  , X  )I X  X  
0 - - R  . x x  
0 '  - - X ' X X X X X  
0 - - -  ' x x  
0 - - 

0 X X X X  
0 - -' x 
0 - - x x  X X X  
0 - - x 
0 -. - X , ' X X B  
0 , -, - x :  

Ordway 0 - - 74 1990 1993 X X X R  
Bluesten 0 - - 62 1990 1993 X- X  X '  X  R  
Blazing Star 0 - - 51 1901 1993 X X  X  X  R 
Town Hall 0 - - 43 1992 1993 - X  X  X  R 
Foxhorn 0 - - 42 1992 1992 X X R  
Seven Sisters 0 - - 35 1991 1993 X X X P  

I Audubon 0 - - 31 1991 1993 X  X  X  B 
Veatorn South 26 1991 1993 R B 
Twin Valley 0 - - 24 1991 1993 X X X R  
Vestern llorth 0 - - 16 1992 1993 X  X  B 
Blue Hound SP 0 - - 15 1988 1989 X  X  

I 

Frenchmn's Bluif 5 1992 1992 R B 
Pipestone UM 0 - - 2 1989 1989 X  
Swift County' 0 -  - 2 1988 1988 X  
Kettledruar 0 -  - 1 1992 1992 X  X  B 
Lundhlad 0 -  - 1 1993 1993 X  R P 

> 

"'Iature Conservancy property west of Appleton, preserve n a m  unknown. 



Appendix 7. Ranking of sites in the Upper Hidwest by eraximum single-day survey 
total of Arogos Skippers. 1 have never seen this species in Illinois, Iowa, or 
Vlsconsin. All tabulated surveys occurred during the species' flight. 

YEAR YEAR 
STATE M Y .  NAX. ARO. LAST --YEARS VISITED-- 
SITE @& OBS. OBSERVED & & @ 
Minnesota 
Hole-in-the-Ntn new 32 1990 1992 X X X  
Hole-in-the-Ntn old 5 1991,1992 1992 X  X X  X  X  
Ordway 2 1990,1991 1992 X X X  
Prairie Coteau 2 1993 1993 X  (X) 
Staffanson 2 1991 1992 X X X  
Bicentennial 1 1990,1991 1990 X  X X  X  
Chippewa 1 1991,1992 1992 X  X  X  
Bicentennial Hay 0 - - X  
Blazing Star 0 - - X  X X X  
Blueetem 0 - - X  X X X  
Clinton 0 - - x 
Anna Cronsetb 0 - - X  
Audubon 0 - - X X X  
Blue Nound State Park 0 - - x x  . 
Buffalo River SP 0 - - x 
Expandere VKIL 0 - - X  
Poxhoue 0 - - X  X  
Kettledrunmer 0 - - X X  ' 
Lundblad 0 - - X  
Nalmberg 0 - - X  
Pankratz 0 - - X  
Pembina Trail 0 - - X  
Pipestone MN 0 - - X  
Prairie Warebee 0 - - X  X  
Red Rock 0 - - X  
Seven Sisters 0 - - x x x 
swift County' o - - X - 
Town Hall 0 - X  X  X  - 
Twin Valley 0 - - X  X  X  
Vestern Uorth 0 - - X  X  
Vestern South 0 - - 
Zinuermn 0 - - X  X  

I 'Iature Conservancy property west of ippleton. preserve ur unknown. 

Appendix 8. Ranking of sites in Hissourl by maximum single-day survey totals of 
Arogos Skippers and Regal Pritillaries. 

I i ----- A B ~ ~ - - - -  ----- REGAL---- 
YEAR YEAR YEAR YEAR 

i STATB WAX. M X .  LAST WAX. M X .  LAST --YEARS VISITED- - OBS. OBS. OBS. PBS. OBS. & a 02 
Nissouri - public prairies 
No-KO 0 - - 283 1993 1993 X  X 
Taberville 2 1992 1993 180 1993 1903 X  X  
Little Osage 2 1992,93 1993 137 1992 1993 . X X  
Va h-Kon-Ta h 5 1993 1993 118 1093 1093 X  X 
Wonegaw 1 1992 1992 102 1993 1993 X  X  
Tzi-Sho 4 1992 1992 78 1993 1993 X  X  

I 

Clear Creek 20 1992 1992 66 1992 1992 X  
O s a ~ e  2 1993 1993 66 1993 1093 X X  
Red Ving 0 - - 66 1993 1993 X  
Cay Feather 7 1992 1992 64 1992 1993 X  X  
Bipgut 0 - - 52 1002 1902 X  X 
Gama Graes 0 - - 49 1892 1993 X X  

i Catlin 0 - - 45 1992 1093 X X 
Buffalo Vallow 0 - - 39 1993 1993 X  
Prairie State Park 12 1992 1992 38 1992 1003 X X  

I Risch 10 1092 1992 16 1992 1993 X  X 
i Won-Shon 0 - - 12 1093 1993 X  

Uiawathe 2 1992 1993 12 1993 1993 X  X 
Treaty Line 0 - - 12 1993 1993 X j sky O - - lo 1993 1993 I: I 
no-YO- I 0 -  - o 1993 1993 x 
Hunkah 0 - - 6 1002 1993 

i 
x x 

Pawhusks 0 - - 5 1003 1903 X  
I Bushwhacker 0 -  - 4 1993 1993 X  

Dorsett Hill 0 - - 4 1902 1993 X  X 
Vah-Sha-She 0 - - 4 1992 1903 x x 

I Constook 0 - - 3 1993 1993 X  
Golden 0 - - 3 1003 1993 X  X  
Penn-Sylvanih 0 -  - 2 1993 1903 x 
Diamnd Grove 1 1992 lQ02 1 1092 1992 . X 
Dorris Creak 0 -  - 1 1092 1092 X  X 
Cook 0 - - 0 - - X  
Plight Lake 0 - - 0 - - X  X  
Indigo 0 - - 0 - - X  
bunt Vernon 4 1002 1992 0 - - X 

nissouri - point scans of private hay prairies 
Little Osage V Hay 15 1993 
No-KO E b y  6 1902 
Penn-Bylvania Hay . 5 1992 
Bellany Hay 3 1992 
Nontevallo llay 2 1992 
No-KO SSE Hay . 2 1992 
No-KO SB b y  2 1992 



I 

Appendix 9. Results of Kann-Vhitney U test for effects of recent fire in the 
Upper Kidwest, presented as number of tests in that category of significance' 
out of the total number of tests for that species. A non-significant (Pt0.05, 
two-tailed test) change is defined as a two-fold difference between means in 
recently burned and unburned units. Sig-significant (P<0.05), Isanon- 
significant, dec-decrease, inc-increase. 

l9b0-@ DATA 
species 
. s~ecialists: 

iowesbiek Skipper (Oarism poweshiek) 
Regal Fritillary (Sueverb u) 
Ottoe Skipper (flesperla -) 
Arogoe Skipper (Atrvtonq m) 
grasslands: - 
Aphrodite Fritillary (S~everla avhrodite) 

, C o w n  Vood lymph (Cercvonis penala) 
Weadow Fritillary (Clossiana bellona) 
Silver-bordered Prit. '(Clossiana selene) 
Black Swallowtail (pauilio polvxenes) ' . 
Nelissa Blue (~caeldes'mllesa melissa) 
Commn Rlnglet (Coenon~m~bn inornnta) 
Delaware Skipper (Atrvtone delaware) 
Tawny-edged Skipper (Polites fhenistocles) 
Crossline Skipper (f'olites orinenes) 
Eastern Tailed Blue'(- cowntas) 
American Copper (Lvcaena ~blaeas) 

generalists: 
Coral Hairstreak (parkenclenus titus) 
Great Spangled Frit. (Sprveria cvbele) 
Clouded Sulphur dates 165-197 (L philodicx) 
northern Broken Daeh (Vallenurenia 9-j 
Cabbage Mito (Artonela m) 
Clouded Sulphur datee 198-253 (G pbilodicg> 
Orange Sulphur ( C m  eurvtbem) 
Pearl Crescent (pbvciodm wtbnros) 
American Lady (Vanessa virainiensis) 

' imnlgrants/migrantsr 
Variegated Pritlllary (guvtoieta claudia) 
Monarch dates 165-214 (Dasaug plexippus) 
Palnted Lady (Vanessa cardul) 
Nonarcb dates 215-254 (m plexlpous) 

1990% DATA 
& E k Q  
Poweahiek Skipper 
Ottoe Skipper 
Dakota Skipper 
Pawnee Skipper 
Regal Fritillary 
Leonard's Skipper 
Arogos Skipper 
Aphrodite Fr.-V. Upper Midwest 
Aphrodite Fr. -E. Upper nidwest 
Great Spangled Prit. 
Konarch-early-V. Upper Midwest 
Ibnarch-early-l. Uppr Xidwest 

, Monarch-late-E. Upper Midwest 
,' Moyrch-late-V. Upper Nidwast 

Total Sig 1s lo Is Sig 
individuals dec dec c h a n ~  inc inc 

1.4 
2/2 
1/2 1 /2 
2/5 1/5 2/5 

sig YE no YS sig 
dec dec c h a u  inc lac 
1/3 2/3 
1/2 1/2 
1/2 112 
1/2 1/2 
3/5 1/5 1/5 

1/1 
1/1 

214 2/2 
1/2 112 
1/3 2/3 
1/3 2/3 

2/2 
2/2 
3/5 2/5 

Appendix 10. Results of Iknn-Vhitney U test .for effects of recent fire in 
Missouri, presented as number of tests in that category of significance out of 
the total number of tests for that species. A non-significant (P20.05, two- 

., tailed test) change is defined as a two-fold difference between means in 
recently burned and unburned unlts. Sig=si~nificant (P<0.05), Bs=non- 
significant, decldecrease, inc=increase. 

1992 DATA 
S~ecies 
specialiste: 
Regal Prltillary 
Arogos Skipper 

grasslands: 
Crossline Skipper 
Delaware Skipper . 
Black Swallowtail 
Eastern Tailed Blue 
Tawny-edged Skipper 

generalists: 
llorthern Broken Dash 
Coral Hairstreak 
American Lady 
Clouded Sulphur 
Orange Sulphur 
Great Spangled Fritillary 
Pearl Crescent 
immigrants/migrante: 
Painted Lady 
Wonarch 
Variegated Fritillary 

Total Sig Bs 
individuals &, &g 

no' us Sig 
&ggp=inc& 

10- DATA Sin Us Uo Us Sig 
S~eclee & ! g & c b a n n e - &  
specialists~ 
Regal FrlLlllary 1/1 
Arogos Skipper 2/2 

generalists: 
Great Spengled Frit. 1/1 
immigrants/nigrants: ' 

Monarch 1/1 



Appendix 11. S u m r y  of ~pecles response in pair analysis by category of 
management history. C=Y pairs of Units consistent with overall category trend, 
T-Y pairs stetistically tested with Chi-square goodness of fit test, S=Y pairs 
in sample. Consistency is defined as an indlvidual-pair trend following to any 
.degree (not necessarily significantly) the direction of a significant category 
trend. For a random (non-significant) category trend, consistency is *. 
individual-pair non-significance. A response index>l decreases with more recent 
fire (increhses with longer time since fire); <1 increases with more recent fire. 

I pairs Total 
C/T S obs exu 

Category! burned 
recently ' 

, . specialists: 
Poweeblek Skipper 2/2 2 1 83.86 
Dakota Skipper O/O 2 5 12.51 
Pawnee Skipper 1/1 1 6 25.72 
Arogos Skipper O/O 0 
Begal Pritillary 7/8 14 65 139.09 

grasslands: 
Tawny-edged Skipper '0/0 0 
Eastern Tailed Blue 0/0 3 8 , 4.92 

, nelissa Blue 0/0 0 9 8.40 

. . Aphrodite Prit. 5/5 12 27 71.10 
'Silver-bordered Fr. 5/5 8 11 95.17 
&adow Pritillary 2/72 7 4 17.20 
Common Ringlet O/O 1 1 0.66 
Commn Vood Yymph 619 17 249 369.70 

Total 
, obs en, 

unburned 
2t years 

generalietar 
Clouded Sulpbur 
Orange Sulphur 
Cabbage Vhite 
Great Spangled Pr. 
Pearl Crescent 

. . idgrante/ni~rantst 
Variegated Prit. , 

Painted Lady 
Monarch-early 
konarch-late 

P Response Wean Liatris 
value index abundance 

burn unburn 

Appendix 11. continued. 

Category: ' burned burned burn burn' 
recently last year 1 F 

specialists: 
Poweshiek Skipper 1/1 1 1. 6.55 11 5.45 0.0034 13.20 
Dakota Skipper 2/2 3 26 27.18 60 58.84 , 0.8762 1.07 

O/O 1 5 3.42 6 .  7.58 Pawnee Skipper 
Arogos Skipper O/O 2 3 1.94 1 2.08 
Begal Pritillary 2/2 7 86 122.55 165 128.45 0.0000 ' 1.83 

grasslands: . ' 
. Tawny-edged Skipper 
Eastern Tailed Blue 
Melissa Blue 
Aphrodite Prit. 
Silverbordered Pr. 
hadow Pritillary . 

' Gown Ringlet 
Common Vood Yymph 

generalists: 
Clouded Sulphur 
Orange Sulphur 
Cabbage Vhlte 
Great Spangled Pr. 
Pearl Crescent 
imigrants/migranter 
Variegated Prit. 
Painted Lady 
Wonarch-earl y 
Hoanrch-late 



I 
Appendix 11, continued. ' 

specialists: 
Powesbiek Skipper 
Dakota Skipper 
Pawnee Skipper 
Arogos Skipper 
Regal Fritillary 

grasslands: 
Tawny-edged Skipper 
Easters Tailed Blue 
Xelissa Blue 
Aphrodite Prit. 
Silver-bordered Fr. 
Meadow Fritillary 

. Commn Ringlet 
Commn Wood Yynpb 
generaliets~ 
Clouded Sulphur 
Orange Sul phur 
Cabbage Vblte 
Great Spangled Pr. 
Pearl Crescent 
inmigraots/migrants: 
Variegated Prit. 
Painted Lady 
Nosarch-early 
Wonarch-late , ' 

burned unburned 
last year 2t years 

burn unburn 
1 Yr 

! Appendix 11. continued. 

Category: unburned unburned unburn unburn I 
2t years 2t years 1 -. 

specialistst 
Powesbiek Skipper 1/2 4 87 77.67 a 97.33 0.1793 0.81 
Dakota Skipper O/O 3 6 4.59 2 3.41 
Pannee Skipper 
Regal Fritillary 4/4 7 80 72.90 87 94.10 0.3034 0.84 
grasslands: 
Tamy-edged Skipper 
Eastern Tilled Blue 
Melissa Blue 
Aphrodite Prit. 
Silver-bordered Fr. 
Neadow Prltillary 
Conmon Ringlet 
Commn Wood Uymph 
generalists: 
Clouded Sulphur 
Orange Sulpbur 
Csbbnge Vhite. 
Dreat Spangled Pr. 
Pearl Crescent 

'immlgrants/migrantsr 
Varlegsted Prit. . , 
Painted Lady 
Monarch-early 
Honarch-late 



~ ~ ~ e n d i x  12. Percentage each study species in the Upper Midwest deviated from a 
random (expected) distribution equal to proportion of time spent in that burn 
age'class of units 1988-92. Tabulation is linited to flight period and 
geography selections described in "Heth~ds.~ Total time is lpeasured in hours. 

to- Yin- 
tal divi- Y Years since last fire Volti- 

Species --- time duals units - 0 1 2 3 i -  
Specialists: 
Poweshiek Skipper 15.6 242 51 -97.3 - 5.0 t109.5 illl.1 1 
Ottoe Skipper 27.1 91 196 - 80.1 t 34.2 t 52.9 - 12.6 1 
Arogoa Skipper 22.3 55 87 - 75.9 - 67.2 - 60.1 t225.2 1 
Regal Fritillary 46.7 1,096 137 - 47.4 t 28.3 t 29.3 t118.3 1 

Grasslands: 
Silver-bordered Fritillary 30.5 171 105 - 87.5 - 80.1 t348.2 -100.0 2 
kadow Fritillary 125.8 528 453 - 71.0 t215.9 - 64.2 - 72.2 2 
Gown Ringlet 14.2 117 47 - 65.2 - 78.7 -100.0 t313.7 1 
Melissa Blue 43.3 256 150 - 59.0 - 28.7 - 60.7 t432.4 2-3 
Crossline Skipper 68.3 76 274 - 56.9 - 7.1 t223.8 - 26.1 1-2 
Delaware Skipper . 67.5 70 204 - 56.7 - 32.1 t136.6 t 36.5 1 
Aphrodite Fritillary 117.6 539 421 - 50.4 t 5.1 t111.5 t 16.5 1 
Black Swallowtail 81.4 129 282 - 29.4 - 27.9 t 69.9 t 30.1 2-3 
Conmon Vood lymph 130.0 5,332 460 - 16.5 t 44.8 t 34.7 - 34.3 1 
Tawny-edged Skipper 112.5 71 394 0.0 - 8.5 t 52.9 - 26.8 1-2 
Eastern Tailed Blue 147.6 150 546 t 44.0 - 69.5 - 36.0 t 12.4 3t 
American Copper 14.5 193 48 t 67.6 - 85.5 t 27.7 - 29.5 2-3 

Generalists: 
Great Spangled Fritillary 112.9 235 367 - 34.3 t 93.4 t 55.5 - 70.5 1 
Pearl Crescent 147.6 58 546 - 31.2 - 26.8 t 6.1 t 71.7 3t 
lortbern Broken Dash 84.5 129 260 - 29.4 - 27.9 t 69.9 t 30.1 1 
Auerican Lady 91.7 1 9 2 9 7 - 2 1 . 9 - 3 1 . 9 - 5 4 . 3 t 1 9 . 7 2 - 4  
Clouded S. flight:198-253 93.9 5,207 358 - 3.6 0.0 t 74.5 - 24.0 3t 
Cabbage mite 147.8 674 546 t 19.6 - 19.2 i 31.6 - 27.3 3t 
Clouded S. flight:165-197 53.1 523 183 t 30.0 - 1.7 - 40.6 - 39.9 3t 
Orange Sulphur 133.2 2,177 482 t 43.6 - 13.8 - 37.4 - 35.9 3t 
Coral Hairstreak 04.0 96 301 t 80.1 - 36.5 - 47.1 - 58.3 1 
Imlgrants/l(igmnter 
Variegate'd Fritillary 67.0 20 202 t 12.5 0.0 - 76.5 t 20.9 3t 
Xonarch 165-214 94.8 903.302 + 29.7 - 17.5 - 4.3 - 26.6 3t 
Monarch 215-254 52.8 22,364 244 t 55.5 - 94.4 - 90.0 - 96.5 3t 
Painted Ladv 147.6 170 546 t 91.8 - 02.6 - 64.0 - 59.7 3t - - . . . . - - . . - 

Total individuals 147.6 45,997 546 t 64.8 - 38.1 - 28.1'- 54.2 

Appendix 13. Percentage each study species in Uissouri deviated-from s random 
,(expected) distribution'equal to proportion of tlme spent in that managellent 
age class of units 1992-93. Total time is measured in hours. 

FIRE PmIRIEI to- 
tal 

Swcies - tlme 
Specialists: 
Arogos Skipper 10.2 
Regal Fritillary 10.2 

Grasslands: 
Crossline Skipper 9.2 
Delaware Skipper 9.2 
Black Swallowtail 9.2 
Common Vood Nymph 
Tawny-edged Skipper ' 9.2 
Eastern Tailed Blue 10.2 

Generalists: 
Great Spangled Fritillary 10.2 
Pearl Crescent 10.2 
northern Broken Dash 9.2 
A ~ r i c a n  Lady 9.2 
Clouded Sulphur 10.2 
Cabbage Vhite 
Orange Sulphur 10.2 
Coral Hairstreak 
Imnigrants/Migrants: 
Variegated Fritillary 10.2 
Monarch 10.2 
Painted Lady 9.2 

Y in- 
divi- Y Years since last fire 
duals units & L 

BAY PRAIRIE6 to- 
tal 

Species flea 
Specialists: 
Arogos Skipper 20.8 
Begal Fritillary - 20.8 

Grasslands: 
Crossline Skipper 20.8 
Delaware Skipper . 20.8 
Black Swallowtail 20.8 
"Comnon Vood Yymph 
Tawny-edged Skipper 20.8 
Eastern Tailed Blue 20.8 

Generalists: 
Oreat Spangled Fritillary 20.6 
Pearl Crescent 20.8 
Northern Broken Dash , 20.8 
American Lady 20.8 
Clouded Sulphur 20.8 
Cabbage Vhlte 
'Orange Sulphur 20.6 
Coral Hairstreak. 
Irmnigrants/Migrantst 
Variegated Fritillary 20.8 
Monarch 20.8 
Painted Lady 20.8 

Y in- 
divi- Y Years since last haying 
duals units & 1 

32 70 - 42.7 t 28.0 
1,591 70 t 0.1 - 11.6 

42 70 - 1.8 t 3.5 ' 

23 70 t 6.3 -11.9 
94 70 + 15.3 - 29.0 
0 
85 70 t 7.8 - 14.8 
12 70 t 52.7 -100.0 

10 70 t 6.9 - 13.0 
63 70 - 36.9 t 70.1 
13 70 - 29.5 t 55.9 
81 70 t 47.6 - 90.4 
31 70 t 23.1 - 43.8 
2 

189 70 t 22.0 - 41.7 
2 ,,+ . , . 5  

l ... 3 , .  

39 70 t 25.3 - 48.1 2 
175 70 t 40.4 - 76.8 
99 70 t 55.7 - 29.9 



I 
Appendix 14. Kruskal-Vallie one-way anelysie~ of variance of deviation from random 
distribution in each burn age class by species groups (habitat niche breadth, 
voltinism, family) and within species groups amng burn age classes. 
Rank le positively correlated with &representation (1.0. low ranblow 
numbers). Spec=specialist, grass=grassland, gen=generalist, imm/mig=immi- 
grant/mlgrant. HES=Hesperiidae, PAP=Papilionldae, PIE=Pieridae, LYC=Lycaen-.- 
idae, MYH=Yympbal idas, SAT=Satyridae, DAM-Danaldae. 

UPPERWIDYEST mean mean man mean mean man mean 
rantJ-r lJ l&&aa&m 

niche breadth: spec grass gen imm/mig 
(B=4) (1112) (U=9) (Y=4) 

year 0 4.75 12.46 18.83 24.25 
year 1 , 19.25 13.63 16.44 11.63 
year 2 16.88 17.33 15.17 5.75 
year 3 23.50 15.46 12.83 10.00 
voltinism: 1.0 1.5 2.0 2.5 3.0 

(U=l1> (U=2) (Y=2) (U=3) (B=11) 
year 0 10.50 13.50 3.50 16.17 21.55 
year 1 17.23 18.50 16.00 8.50 13.73 
year 2 17.45 23.75 18.50 14.50 10.82 
year 3 18.50 13.00 2.00 20.17 12.82 
unlvoltine species 
niche breadth: spec grass gen 

(M=4) (804) (1-3) 
year 0 3.25 6.25 9.33 
year 1 6.25 5.50 6.33 
year 2 5.25 6.75 6.00 
year 3 7.75 8.50 3.00 
family: BES PAP PIE LYC BYI SAT DAM 

(117) (14) (M=O (U4) (M=O) (U=2) (M=2) 
year 0 8.36 14.50 21.50 21.75 13.11 11.50 24.00 
year 1 15.79 12.50 18.88 6.50 18.08 15.50 8.50 
year 2 21.21 22.50 15.50 10.50 14.00 Q.50 7.50 
year 3 19.79 21.50 10.25 15.50 13.33 18.60 7.50 
year after burn: 0 1 2 3 Y maximum 

species rank 
specialists 3.0 8.0 10.0 13.0 4 16 
grasslands 19.3 21.3 30.5 26.9 12 48 
generalisto 21.2 18.8 18.8 15.2 9 36 
immigrants 14.3 7.0 5.5 7.3 4 16 

P ' Chi 
value 

. HlSSOURI mean mean wan. mean man man mean P Chi 
& & p J & a & J - r l J l & a w  

niche breadth: spec grass gen i d d g  
(U=2) (8-5) (1=6) (M=3) 

Burn 
year 0 1.50 7.40 10.67 10.67 0.1091 
Hay 
year 0 3.00 8.60 8.33 12.33 . . ' 0.2839 

-100- 

Appendix 15. Spearman rank correlation o f  species group. ritb deviation from 
random distribution in each burn age class (see App. 12,13). Rank correlates 
positively with erepresentation (i.e. low numbers-high rank). Coding for 
habitat niche breadth: l=specialist, 2=grassland, 3=generalist, 4=imi- 
grant/migrant. Us-not significant. 

I \ univoltine 
grouping: niche breadth vol tinism niche breadth 

coeffi- P' cwffi- P coeffi- P 
cient ralue clent palue value .*.- 

Upper Nidwest - burn 
year 0 -0.68700 <0.01 -0.58459 <0.01 -0.76088 <0.01 
year 1 0.11927 ns 0.21090 ns 0.00482 ns 
year 2 0.35064 <0.06 0.36832 <0.05 -0.11558 na . 
year 3 0.42532 <0.05 0.26553 ne 0.57307 ns 

Hissourl - .burn 
year 0 -0.57138 <0.05 
Nissouri - hay 
year 0 -0.45567 na 

I correlation with: year since burn 

j Upper Xldwest - burn 
specialists 0.77611 <0.01 1=16 
graselands 0.25759 ns 31-45 

I generalists -0.19372 as 1=36 
migrants/imnigrants -0.54571 <0.05 P=16 

i 



YAppendix 16. Absolute l e v e l s  i n  management age c la s ses :  mean observat ion  r a t e s  (pe r  hour)  a '  of s p e c i a l i s t  and s e l e c t e d  o t h e r  s p e c i e s  i n  burn and.hay age c l a s s e s ,  using t h e  same 
Yann-Whitney subsample s e l e c t i o n  t o  desc r ibe  both burn and hay samples ( i f  such a 
comparison is poss ib le ) ,  with t h e  added r e s t r i c t i o n  t h a t  da ta  f rom ' the  Upper Hidwest was 

I r e s t r i c t e d  t o  Hinnesota ( the  only s t a t e  i n  t h i s  region ,where hay p r a i r i e s  were sampled). 

species :  

I 
Pawnee Pawnee Dakota Arogos 

B mean B mean B mean H mean 
u n i t s  rate-d u n i t s  r a t e t s d  u n i t s  r a t e f s d  u n i t s  rnteltsd 

I Minnesota 
year:  1992 1993 1992-1993 1990-1992 

b n n e d  

I 
year  0 0 15.042 15.54 3 6.25210.83 19 6.35212.73 
year  1 4 14.22211.97 17 11.41217.75 
year  2 , 4 1.142 2.29 
year  3 4 2.372 4.74 

I ;:z+ 2 1.302 1.84 - 
hayed 

year  0 2 149.74i 58.22 2 20.432 20.61 1 18.00k 0.00 
year  1 2 51.962 0.76 

Missouri 
year: 

burned 
year  0 
year  1 

hayed I year  o 
year  1 

) species :  h o p s '  

B mean 
u n i t s  r a f e h d  

Minnesota 
year: 

burned 

yea r  1 
year  2 
year  3 
year  4 

yea r  1 

Regal 

B mean 
u n i t s  r a t e h d  

year:  B His;0uri 
burned 

y e a r O .  9 0.002 0.00.' 13 2.522- 4.97 
year1 3 0.002 0.00 7 15.912 15.85 

hayed 
y e a r 0  32 .0.50? 1.42 39 71.68275.11 ( y e a r 1  19 0.872 2.10 23 66.53260.17 

hayed - pr iva te  (annually ,hayed) 
yea r  0 7 48.392 48.59 

Poweshiek Poweshiek 

'B mean t N mean 
u n i t s  rate%d u n i t s  r a t e k s d  



I1 
Apppdix 16. continued. 

I/ 

spe=ies: .  toe Leonard's 
Vlsconsin-I l l inois  Vlsconsin-I l l inois  

1 mean . I =an Y man 
, units rate-d uaits yate+sd - u n i t s  yote+sd 

yebr: 1990-1991 1993 
burned 
i e a r  0 6 1.512 1.74 5 0.002 0.00 
year 1 12 18.962 19.23 4 10.002 20.00 
year 2 11 14.402 18.96 4 0.002 0.00 
year 3 4 18.422 16.36 2 36.002 50.91 
year 4 - 2 18.092 10.15 
year 5 i  10 18.902 35.05 6 10.352 24.34 

year: 1992-1993 
burned 
year 0 5 6.502 10.12 
year 1 12 3.832 6.75 

. year 2 16 17.052 29.53 
y e a r 3  6 21 .53224.78-  
i e a r  4 5 5.092 7.48 
]ear 5 i  12 0.322 0.66 
$ear 15t 
/I 

Corgone 
Upper Widwest 

spe8iea: Great Spangled Aphrodite Aphrodite 

year: 
burned 
year 0 
year 1 

2 
year 3 
year  4 
year  5 

habed 
year 0 

1 
~ i s 2 0 u r i  

bukned 
jea r  o 
year 1 

bayed 
year 0 
year 1 

I 

, I mean 
u n i t s  rate-d . 

1990-1993 ' 

52 0.542 1.33 
42 0.812 2.09 
28 1.96% 3.17 
19 1.372 3.52 
3 0.002 0.00 
7 1.072 1.81 

. 7 0. o o t  0.00 
9 0.002 ' 0.00 

1992-1993 

18 0.35t  1.02 
10 0.002 0.00 

44 0.382 1.64 
26 0.552 1.55. 

Y mean 
vnltg rate-4 

1 mean 
units y a t e h d  

. , 

1992 

I Appendix 16. continued. 

species: Wo-h - e a r l y  Xonarch - e a r l y  

Nlnnesota 
year: 

burned. 
year O 
year 1 
year 2 
year 3 
year 4 

' year 5 
hayed 
year 0 
year 1 

l i s s o u r l  . 
year: 

burned .' 
year 0 
year 1 

hayed 
year 0 
year 1 

Y man Y mean ' 

rate-d units y t e h d  

I c e :  ~ n a r c b  - l a t e  Xonnrch - l a t e  

Wihnesota 
year: 

burned 
yoar 0 
year 1 
year 2 
year 3 
gear 4 
year 5 

hayed 
year 0 
year 1 

Y mean ' . 1 m a n  
y a t e s d  u n i t s  r a t e h d  

Nnnnrch - e a r l y  

Y mean Y m a n  
r a t e a d  $ate%d . . .  



Appendix 17. Observations of Regal Pritillaries at'selected sites 1988-93. The * 

maxlmudunit s u w d  takes into account the sex (if known) for pll observations. , E.g., on 
15 Jul 92, the 8 individuclls observed in 3s (out) were all males, while on the return, 6 
males and 1 female were observed in 35, so that a total of 9 different individuals (8 
 lee and 1 fernlo) were observed in this unlt that day. Wuralt burned units: 2 in 1988, 
1 in 1989, 3s h 4 1991. '31 return h 2 1992. Unite are mopped in Swengel (1992a,b). 

07- 30- 29- 11- 24- 
26 19 02 08 30 04 23 08 03 20 31 20 27 ' 30 15 21 11 25 01 30 13 18 21 11 25 
Jn J1  Ag Ag Ag J 1  J1 Ag J1 J1 J 1  Ag Ag Jn J1 J1 Ag Ag Sp Jn J1 J1 J1 Ag {g 
8&&@ &fia EEQ@ u u 9 J E g  9~~~~~~ 9J@@92@92 
0 1  0 2 0 4  0 0 1  0 0 0  0 0  0 0  0 0 1  
0 0  0 0 0 0  0 0 0  0 0 0  0 0  0 0  0 0 0  

) 15 )10)16)5 a 1 0  o o 1 1 0  o 2 . , 4  o o 
35 ) ) ) ) 5 1 0  0 1 8  1 1  0 5  1 3 1 0  
4 1 ) 1 2 1 3 1 1 0  0 0 1  0 0  0 7 0 1  
4 1 )  4 1 5 0  0 1 0  0 0  0 3 0 0 ,  
36 ) 5 ) 4 ) 2 1 5 0 1  1 0 7  1 2  0 5 0 0 
31 1 ) )  8 0 0  0 0 0  0 0  0 1 1 0  
2 0 1 0 ' 0 0 0  0 0 0  0 0  0 0 0 0 
1 ' 0 0 1  0 0 0  0 0 0  0 0  0 0 0 0 ,  

Total Contacta 1 9 3 3 4 8 2 1 8 2  1 2 1 7  3 3  ' 0 7  3 3 2 a  
Naxlnu/unlt 8-d 13 29 38 15 5' 2 1 2 11 2 3 0 7  2 4 2 2  

01 lver 0 0 0 0  4 1 0  0 0 0  0 0  1 0 0 0 

Iachuaa 1 
2 
3 
2 
1 
4 
5 
6 

Total contacts 

Thomon 1 
2 
3 
4 
3 
2 
1 

Total contacts 
Th-n . 3 
(Greater) 4 

8 
5 
8 

6 .  
7 

Total contacts . 

Thousand's I 1 0 
Thoueand'e I1 1 . 0 

2 0 
2 0 
1 0  

Total contacts 0 

Appendix 18. Observations of Ottoe Skippers at selected sites 1988-93. t = "very 
many." Units are mpped in Swengel (1992a, b). 

30 
28- 07- 30- Jn- 29- 11- 20- 
29 18 03 15 25 02 07 04 23 08 03 20 31 01 15 21 03 12 30 13 18 21 11 
Jn J1 J1 J1 J 1  Ag Ag J 1  J 1  Ag J1 J1 J l  J1 J1 J l  Ag Ag Jn J 1  J 1  J 1  Ag 

s* unit &g Q g g ( 1 9 ( 1 9 Q g  f!gEE f&go_L gggzfg E E Q W E  
Dewy1 )6)3 ) 1 4 0 2 0 11 0 

2 0 0 0 0 0  . 

X ~ m l t  1 5 32 
2 
3 11 
3s 
4 
4 
3s 
31 
2 
1 

Total Cant 5 32 . 

hrah Creek 13 10 2 13 

spring 1 
Green 6 

8 
9 

76 
3/2 
5 

Total cont' 3 1 0 8  





8 ' ~ ~ ~ e n d i x  20. Heri tage inventory ranks and f e d e r a l  and s t a t e  s t a t u s e s  (known t o  m e )  and my 
proposed rankings and s t a t u s e s  f o r  s e l e c t e d  p r a i r i e - s p e c i a l i s t  b u t t e r f l i e s .  Underlining 
i n d i c a t e s  which p a r t  of a double rank t h e  spec ies '  s t a t u s  is c l o s e r  t o .  
CUR/CUBR=current; PWROP=proposed 

Xeri tage ranks: 

I 
Gl=Cr i t i ca l ly  imperi led g loba l ly  because o f  extreme r a r i t y  (5  o r  fewer occurrences o r  

very few reamining ind iv idua l s  o r  acres) o r  because of some f a c t o r ( s )  making i t  
espec ia l ly  vuinerable t o  e x t i n c t i o n .  

G2'Imperiled g loba l ly  because of r a r i t y  (6 t o  20 occurrences' o r  few remaining 

I i nd iv idua l s  o r  a c r e s )  o r  because of 'some f a c t o r c s )  making ' i t  very vulnerable  t o  
e x t i n c t i o n  throughout its range. 

G3=Very rare and . l o c a l  throughout range o r  found l o c a l l y  (even abundatly a t  some of 

I 
its loca t ions )  i n  a r e s t r i c t e d  range t e .  g. , a s i n g l e  western s t a t e ,  a physiographic 
region i n  t h e  East)  o r  because of o the r  f a c t o r s  =king it vulnerable  t o  e x t i n c t i o n  
throughout its range; i n  terms of occurrences, i n  the  range of 21  t o  100. 

S l = C r i t i c a l l y  imperi led i n  s t a t e  because of extreme r a r i t y  (5 o r  fewer occurrences o r  
very few remaining ind iv idua l s  o r  a c r e s )  o r  because of some f a c t o r ( s 1  making it 
espec ia l ly  vulnerable t o  e x t i r p a t i o n  from t h e  s t a t e .  

S2=Imperiled i n  +a te  because of r a r i t y  (6 t o  20 occurrences o r  few'remaining . 

i nd iv idua l s  o r  a c r e s )  o r  because of some f a c t o r < s )  =king it very vu lne rab le  t o  
e x t i r p a t i o n  from t h e  s t a t e .  

S3=Rare o r  uncommon i n  s t a t e  (on t h e  order  of 21  t o  100 occurrences) .  

I 
SH=Of h i s t o r i c a l  occurrence i n  t h e  s t a t e ,  perhaps having no t  been v e r i f i e d  i n  t h e  p a s t  

20 years ,  and suspected t o  be still extant .  v 

SR=Reported f o r  s t a t e  without persuas ive  documentation t o  accept  o r  reject t h e  r e p o r t  
(usually e i t h e r  very recent  o r  o l d  -obscure r e p o r t s ) .  

SX=Apparently e x t i r p a t e d  from s t a t e .  I 0 =No s t a t u s  designated 
S ta tuses :  

A =needs t o  be assessed 
C2=category 2 ( f ede ra l  candidate s p e c i e s )  
E =endangered 
sc=spec ia l  concern (watch o r  candidate  s p e c i e s  a t  s t a t e  l e v e l )  j 

, T =threatened 

---- POk'ESHIEK--- ------ OTTOE----- ----- DAKOTA----- ---- AROGOS------ .----- REGAL------ 
RAHK STATUS RAMC STATUS. RANK STATUS RANK STATUS R U K  STATUS 

Range G2G3 g G 3  0 T/E G3? ? 0 A G2 C2 ? G2G3? 0 C2 G3 

Ohio SR S1 
Mich S1S2 S1S2 T TIE ? SH 
Ind SX SX - - ? E S 1 
I11 SH SX - - ? T E ? SX SC Sl? S1 E E SU 
Wisc S1 S l  SC E S1 S1 SC T/E  S2 
Minn S3 z S 3  SC SC S2 a S 2  T E S2 S2 T ? 52 x/E SU 
Iowa - S2S3 B S 2  SC T/E S2S3 SC T? S1 S1 E E S3S2 S2? 0 T? S4 
Fdssour i  ? ? S2s3? 53 
BDak 0 S1 O E  ? ?  S2 52 ? a s 2  0 S2 
SDak 0 a s 2  0 T / E  ? ? ? SJS2 ? S1 S 1 
Bebr ? ? ? 53 
Kans ? ? S3 
Okla ? ? SH 
Manit 0 S1 ? E ? ? S1 



Appendix 21. History of contact  betweeu'Bative Americans' and Whites 
(Buropeans) i n  Wisconsin, based on Jackson '(196i-> , Nesbit (1973), 
Smith (19731, c u r r e n t  (1977), and Spencer e t  a l .  <1977>. 1. 

about 
1600 before and a t  beginning of d i r e c t  contact ,  about 20,000 Batives i n  Wisconsin: 

1. Long-standing r e s i d e n t s  (Kenoxninee, Winnebago) 
2. Displaced/immigrating t r ibe , s  from Northeast and Southeast: 

(Chippewa [ 0j ibwal , Fox and Sauk; Kickapoo, Oneida, Potawatomi , 
Stockbridge, and others ,  a t  l e a s t  temporari ly)  

. 3. Santee-Dakota: sometimes ranged. i n t o  western Visconsin 

Warfare among t r i b e s  ensured 

1634 Bicolet  probably canoed from Lake Michigan i n t o  Visconsin t e r r i t o r y  
1673 J o l l i e t  and Xarquette t raversed Visconsin by boat v i a  the  Fox-Wisconsin 

, 

French voyageurs trapped, e s t a b l i s h i n g  t r ad ing  posts  i n  garr isons .  
B r i t i s h  agen t s  con t ro l l ed  t rade .  
Missionaries a r r ived .  
Xatives e s t a b l i s h e d  economic r e l a t i o n s h i p s  with French and B r i t i s h .  
Batives cooperated and conf l i c t ed  among themselves and Europeans. 

,' 
1763 Treaty of Par i s :  Wisconsin t r a n s f e r r e d  from French t o  B r i t i s h  
1783 Treaty of Par i s :  Wisconsin t r a n s f e r r e d  f r o m B r i t i s h  t o  Americans 

(on paper) . 
1815 Treaty of Ghent: Visconsin t r a n s f e r r e d  from B r i t i s h  t o  Americans 

( i n  f a c t )  
1815 American f o r t s  start being es tab l i shed  i n  Wisconsin 

Most white r e s i d e n t s  i n  Wisconsin were men engaged i n  fur t r a d e  
1816 m i t e  se t t lement  began 

Program of Native removal t o  reservat ions  west of Mississippi  River 
Chippewa and Menominee succeeded i n  g e t t i n g  rese rva t ions  i n  t h e  s t a t e  

- Hatives r e s i s t e d ,  were fo rc ib ly  removed, and some s t r a g g l e r s  re turned 

1825 Probable y e a r  o f , e x t i r p a t i o n  of beaver.from southern t h i r d  of s t a t e  
1832 Black Hawk War (Sauk and Fox res i s t ance)  
1832 White se t t lement  acce le ra ted  
1832' Ext i rpat ion of bison i n  Wisconsin 
1836 Wisconsin became a t e r r i t o r y  . . .  

1848 Wisconsin became a s t a t e  
1860 Bear e x t i r p a t i o n  of white-tai led dee r  from southern quar ter  of state 
1870 Probable year of e x t i r p a t i o n  of porcupine from southern half  of s t a t e  
1875 Probable year of e x t i r p a t i o n  of elk i n  Visconsin 
,1890. Probabie year of e x t i r p a t i o n  .of beaver from c e n t r a l  t h i r d  of s t a t e  
1900 Bear e x t i r p a t i o n  of beaver i n  Wisconsin 
1921 Ext i rpat ion of moose i n  Yisconsin 
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Appendix 22. Food and economic and habitat impacts of selected prairie fauna, 
ba~ed on Hall and gelson (1959), Jackson (1961), and Burt and Croesenheider 
(1970). 

Richardson' 6 Cround Squirrel (Spermphi lus ricbardsonii) 
Food: green vegetation, also.rmat 

I 
Bconodc inpucts: may damage green crops; destroys many insects 
Enbitat impacta: 

, Thirteen-lined Cround Squirrel (Spermpbllus trldecrrmlineatus) 

I 
Pood: seeds, insects, occasionally meat; omnivorous 
Bcononic impncts: follows clearing of land for agriculture; 'my damge 
crops, eats weed seeds and harmful ineecte; digs up newly planted or , ,  , 

sprouted corn; dameges vegetables 
Unbltat irpocte: 

Franklin's Cround Squirrel (~perraaphilua frank1 ini 1). 
Pod: green vegetation, seeds, insects, =at, bird eggs; 30t1 diet is animal 
matter; seeds, foliage, grasses, grains 
Bcononic inpacte: destroys some 'grain and eggs of ground-nesting birds, also 
destroys many insects; particularly fond of eating newly planted corn 
and other grains-:also when grains are ripe; eats vegetables; burrows a 
nuisnnce but not a danger to stock 
&bitat impacter 

. . Uorthern Pocket Gopher ( ~ h o m n ~ s  talpoldes) 
Pwd: . 1 ,  
Bcononic inpncts: overgrazed range indicated, not caused, by, this species; 
considered harmful in cultivated areas (comume foliage and roots; mounds / 
hinder harvesting) - 
Bobitat impcts: in most uncultivated areas, they are distinctly . i 
beneficial to soil formtion and vegetational productivity ovsr' Cl~e . i 
years; soil-forming agents (wnter co~~servation, aeration) 8 .  

Plalne Pocket Gopher (Ceomvs bursarius) 
PUIIP: roots, tubers, grsen herbage nnd leaves around Iburrow 

, Economic iynr:ls: con6idt:red harmful in cultivated areas ~consuum foliage 
and roots; wundtl hinder harvesting); usually inhabit waste areas in V I ,  
so does not have major bad lppacts -. 
Habitat impacts: soil-forming, (water c0n6ervatio6, aeration) 

~eaver (C- cinadensle) 
Food: bark. canblum. t w i ~ s  (by felling plants up to treee l+  ft in diameter) - - 
of willo&, alders; blrchee,-aspens, ale0 maple; also grasses & herbs near/in 
water, roots of aquatic plants 
&ononic impctu: timber destroyed but usually lorgrade; important fur 
animal; occasionally cause floods; m a t  edible; said to harm trout streams 
lkbitat impacts: d a m d  streams eventually form ponds, which in turn form 
montane meadows (out west); water conservation; brush clearing; mvrintaine 

- open habitat of low prairie 
porcupine- (Erethlzon darsatuh . 
Pood: cambium laver of certain trees (various conifers, willow, beech. maple, 
aspen, birch), bude, forbs, twigs, leaves, young evergreen needles; usually 
lives in timbered areas but aleo in chaparral (1.e. scrub, savanna, barrens): 
m y  be well away iron forest if suitable food, 0.6. willow, availablet in 
s u w r ,  aleo roots, leaves, stem, nuts, fruite 

I 
Beonomlo impacte:. undoubtedly damge, even kill trees on occasion; damges 
buildings, communication lines, treee; m a t  edible; neutral in VI: nvry 
locally damage forest plantings; negligible crop damge; nuisance of 

1 damaging various objects, buildings 
Unbitat inpacte: may damage treee 

Elk Wapiti) (Cm canadensis) 
Pood: grasses, herbs, twigs, bark; 8rasses;sedgea. herbs, many browse woody 
plants; grazes and browses on seasonal bnsis (primarily browsing in winter4 
minly grazes in spring; both in summer and fall) , 

Hconodc impacts: considerable damoge to vegetables, pastures, grainfields, 
haystacks; prize game animal 
Habitat inpncts: 

Black-trtiled (Jlule) Deer (Wocoileus bemionus) 
Pood: minly brome on shrubs and twigs, also graze on grasses and forbs 
Iiconbnlc impncts: ~ J o r  big game animl; considerable-damge to crops. 
range, forest land 
Bobitat inpacte: 

Vhite-tailed Deer (Odocoileus virninianuq) 
Pood: browses twigs, sbrubs, acorns; fun~i, grass 6 herbs in season; prlmrily 
, a browser; occasionally grazes 
Economic illpacte: major big game animal; considerable damge to young 

orchards, vegetable and grain crops 
Enbitat impacts: (frequently cited as dnmaging native plants) 

.hose (Alces alceo) 
Food: browse conifers, leaves of deciduous treesfshrubs, often bark, also 
aquatic plants, grasses and sedges; browses in winter on many woody shrubs 

, (twigo, bark, saplinge)~ mainly aquatic vegetation in summer1 primsrily a 
browser (willow, maple, muntain ash, birch, cherrj;, hazelnut, balsam fir) 
&ononlo i+cte: game animl 
Enhitat impacts: 

Cqribou (Reindeer) (pan~ifer tarandus) 
Pood: lichens; also herbs, msses, willowe, grasses; occasionally browsea 

Bconomlc impcte: i~nportant g a m  animal 
' . Babitat lapacts: 
Pronghorn (Antlloca~ra a~rerlcana) 

Pond1 browse on brush, also graze some on grass (weede, some grass) 
EcanoPic impacts: slight competition for rangeland; mostly feeds on forage 

. .that domeetic stock don't eat; big gaue 
Enbitat inpacte: 

Bison (Buffalo) (Bison bison) 
Pood: graze on grase; occasionally browses on brush (e.6. sagebrush) 
Bcononio impacte: . . 
Enbitat impacter wallowa .; 1 
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