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RESPONSE OF UNDERSTORY SPECIES TO CHANGES IN 
PONDEROSA PINE STOCKING LEVELS IN THE BLACK HILLS 

Daniel W. Ureskl and Kieth E. Seversonl 

AI~S~MCK-The objective of this study was to test the hypothesis that there are no differences in unders to~~~ procluc- 
tion, by species, due to stocking levels of Piizt~s ponclansa (ponderosa pine). Understoiy production was estimated, by 
species, on 3 replicates each of 8 growing stock levels, ranging from clearcuts to unthinned, stands, in both sapling- and 
pole-sized pine stands (48 plots) over 3 nonconsecutive years. All stimds were approximately 70 yr old when thinning 
treatments were applied. Procluction of many herbaceous species,' especially Agropy-on spp. (wheatgrasses) and C[tt-ex 
spp. (sedges), cleclined as growing stock levels (measured in terms of basal area) of ponderosa pine increased. While 
trends in total production were similar, there were specific .differences between sapling and pole stands. Sedges and 
Oryzo~~sis  aspetfolia (roughleaf licegrass) produced more-in sapling stands, whereas Dnnt/zonia intermedia (timber oat- 
grass) was more abundant in pole stands. Shrub production, dominated by Arctostaphylos ma-tirsi (bearberry), was rela- 
tively consistent across all stocking levels except unthinned. Although the total number of species declined as pine basal 
area increased, a few species, such as Linnaea bm-eulis (twinflower) and Sheplaerdia canadensis (buffaloberry), were 
found only under relatively dense pine canopies. While floristic species richness was greater at lower stocking levels of 
ponderosa pine, the total number of species would be greater if all stocking levels were present. 

Key tcur[Is: ~inclerstor!y, ponchrosa pine, Blrrck Hills, plurtt q~ecies, bimnass, prodi~ction, stocking lecels,flotistic clicersity. 

Understory-overstory relationships have 
been studied extensively in Pinus ponderosa 
(ponderosa pine) stands in western North 
America (Ffolliott and Clary 1982). These 
studies have reported the response of forage 
classes, grasses and forbs, to overstory para- 
meters such as canopy cover and basal area. 
Most have coilcluded that herbaceous under- 
story vegetation exhibits greater growth when 
the competing overstoiy is reduced. Recent 
work on understoiy-overstory relationships in 
the Black Hills has related production of 
graminoids, forbs, and shrubs to various grow- 
ing stock levels of Pinus ponderosa in both 
sapling and pole stands (Uresk and Severson 
1989). 

However, conventions governing manage- 
ment of public lands are changing. Emphasis 
is being placed on ecosystem management. 
This approach blends social, physical, eco- 
nomic, and biological needs and values to 
assure productive, healthy ecosystems (Kauf- 
mann et al. 1994). Key features of ecosystem 
management are the protection and restora- 
tion of biodiversity, which Kaufmann et al. 
(1994) define as the variety of life and its 
processes, including variety in genes, species, 

and ecosystems, and the ecological processes 
that connect eve~ything in ecosystems. Practi- 
cal application of principles of ecosystem man- 
agement will require more specific data. In 
the case of understory-overstory relationships, 
this means a better understanding of responses 
by plant species, rather than groups of species 
such as grasses, forbs, and shrubs. 

The purpose of this paper is to describe 
how individual plant species responded to 
changes in basal area of Pinus ponderosn and 
to discuss how these responses could affect 
plant species richness in the understoiy of 
Pinus ponderosn forest in the Black Hills. This 
study was designed to test the null hypothesis 
that understory production does not differ by 
species due to changes in Pinus ponderosa 
growing stock levels. 

The study was conducted on the Black Hills 
Experimental Forest, about 30 krn west of 
Rapid City, South Dakota. The overstory 
within the experimental forest is dominated by 
Pinus ponclerosa. Understory shrubs2 include 
Arctostnplaljlos uva-ursi (bearberry), Prunus 
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viigiilinnn (common chokecherry), Berbcris 
l-el3e11s (Oregon grape), Amalcrizchiei~ (111z('olin 
(Snskatoon servieeberrp), and Syii~phoricur~~os 
spp. (sno\vberry). Co~unloll herbs include 
Oryzopsis ns)lel-folin (roughleaf ricegrass), 
Dan fl~onia in teimedin (timber oatgrass), Carex 
spp. (sedges), Poa pro1e17sis (I<entuclcy blue- 
grass), Lafhyrus ochl-olsucus (cream peavine), 
and Can~l~aizztla rotuizdz$olia (bluebell). Most 
of the experimental forest is dominated by the 
Pillus poizderosulArctosta~~1zylos uua-ursi habi- 
tat type (IJoffinan and Alexander 1987) or I-IU- 
5, Pinus ~~011dsrosalSyn~p11ol-icalyos albulA1-c- 
tostaplzylos uva-ursi, as described by Tbilenius 
(1972). 

The experimental forest encolnpasses about 
1375 ha and elevations range from 1620 m to 
1800 m. Average annual precipitation is 600 
min, 70% of which falls fro111 April through 
September, Soils are primarily gray wooded, 
sl~allow to moderately deep, and derived froin 
metamorphic rock (Boldt et al. 1983). 

Eight growing stoclc levels (GSL) of Pii~zts 
ponderosn including clearcuts and unthinned 
controls were sainpled in both sapling- and 
pole-sized stands. These GSLs were nuineri- 
cally designated as 0, 5, 9, 14, 18, 23, 28 m2 
ha-1, and unthinned. Growing stoclc indicates 
all living trees in a stand. Growing stoclc level 
is the basal area (1112 ha-1) of a stand adjusted 
to account for differences in the average size 
of trees left in the stand after thinning. There- 
fore, the numerical designation of GSL 
approximates, but does not necessarily equal, 
the actual basal area of the stand. Basal area of 
0 m2 ha-1 indicated clearcut plots. Average 
basal areas of unthinned pole stands ranged 
from 37 to 40 m2 1x1-1 in 1981, while unthinned 
sapling stands varied from 27 to 33 in2 ha-l. 
Three replicated plots were randonlly assigned 
fioin a total of 48 plots and installed for each 
GSL from 5 to unthinned in sapling- and pole- 
sized stands in 1963. Stem diameters were 
8-10 cin in sapling-sized stands, and 15-18 
cln in pole-sized stands when treatments were 
installed, Three replicated clearcut plots in 
each of t11e sapling- and pole-sized stands were 
selected and treated in 1966. Cut material was 
removed from all plots. Each of the 24 plots in 
sapling stands was 0.1 ha and the 24 pole stands 
were each 0.2 ha. All GSLs were sampled in 

1976; but budget restrictions resulted in sam- 
pling only 5 levels (0, 5, 14, 23 1112 ha-', illld 
unthinned) in 1974 :1nd 1981, 

Production of understory vegetation was 
measured during August 1974, 1976, and 1981 
on six 15-111 randomly placed transects per 
plot. Twelve 30 x 61-cm quadrats were ran- 
domly located along each transect in 1974 and 
1976. These data indicated that an increase in 
nunlber of quadrats would provide a better 
estimate of minor plant species. Therefore, in 
1981, 25 circular plots ineasuring 0.125 in2 
each were systematically located along 5 of the 
transects. Current annual growth of all herbage 
was hailrested at ground level for each species. 
All leaves and terminal portions of twigs to the 
first node were clipped 011 shrubs, also by 
species, Material was oven-dried at 60°C for 
48 11 and weighed. Weights were averaged and 
expressed as mean per plot for data analysis. 

Ileterogeneous variances were present, so 
data were transformed using a log(,)+ 1 trans- 
formation, analyzed with a one-way analysis of 
variance (years and stands analyzed separately) 
and means separated by Tukey's-I-ISD proce- 
dure. I11 those cases where heterogeneous vari- 
ances persisted, lneans were separated using 
Dunnett's T3 (Dunnett 1980). Statistical infer- 
ences were made at a probability level of 0.1 
for type I error to decrease type 11 erroc 

Plant nomenclature follows Great Plains 
Flora Association (1986) and Van Bruggen 
(1985). 

Several variables for this study were con- 
trolled to reduce variability. Effects of tree size 
class were separated, all plots were replicated 3 
times on the same soil type and had similar site 
indices, all stands were approximately 70 yr old 
when treatments were applied, and data were 
collected over 3 separate years. I-Iigh natural 
variability in the understoiy among replications 
was common despite this control. As a result, 
statistical tests often revealed nonsignificant 
diKerences despite widely separated means. 
The common occurrence of heterogeneous 
variances resulted in analysis via Dunnett's T3, 
a conseilrative test. Therefore, the standard 
error is as important as the mean values in the 
tables, especially values for individual species. 

Relationships between overstoly and general 
categories of understory (graminoids, forbs, 
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T,\BLE 1. Understory procluction (kg ha-1, oven-driecl basis) for 1974 in sapling-sized pontlerosa pine stands growing 
at different tree stocking levels, Black Hills, South Dakota. Numbers are means f stxndarcl errors. Values within a row 
followecl by different letters are significantly clifferent at the 0.10 probability level. 

Growing stock levels (rnqla-1) 

Clearcuts 5 14 23 Unthinned 

GRAMINOIDS 
Agropyron caninum 
Bromus marginntcts 
Broinzrs porteri 
Cnr-ex spp. 
Dnnthonin intennedza 
Elyinzts spp. 
Festucn octoflorn 
Koelerin pyrainidntn 
Oryzopsis asperifolin 
Oryzopsis pungens 
Poa prntensis 
Poa interior 
Schizachne purpurascens 

Total 676 f 1 l O a  806 f 231a 212 +Slab 81 f 41-6 6+_b 

FORBS 
Achillea inillefoli~im 
Agoseris glntrca 
Annphalis inargaritacea 
Antennarin neglectn 
Apocyntltn nndrosnem$oliolil~in 
Artemisia s pp. 
Aster spp. 
Aster lneuis 
Astragnlzts aclst~rgens 
Astragalus alpinus 
Astragalzcs tenelbrs 
Cainpanzlla rot~lndifolin 

shrubs, and total) aboveground biomass pro- 
duction were previously reported (Uresk and 
Severson 1989). 

Graminoid Response 

Carex spp., Oryzopsis nsperjolia, and Agro- 
pyron caninurn were the most productive 
species under sapling stands (Tables 1-3). 
Only Carex spp. and Oryzopsis asperfolia pro- 
duced significantly more herbage at GSL 14 
m2 ha-1 and below. Poa pratensis and Dantho- 
nia intermedia were also common under 
saplings but biomass of both was lower. Only 
Oryzopsis asperfolia and Danthonia interme- 
din were common in GSLs above 18 m2 ha-l. 
Trends noted in pole-sized stands were some- 
what similar (Tables 4-6). One of the most 
important differences between sapling and 
pole stands, however, was that Carex spp. and 
Oryzopsis asperfolia produced relatively less 
in pole stands than in sapling stands, whereas 

Dnnthonia intermedia produced more, partic- 
ularly in clearcuts. As in saplilig stands, signif- 
icant differences by species among GSLs were 
rare. Only Carex spp, were found to produce 
more at lower GSLs in 1981  a able 6). 

The general responses of graminoids in both 
sapling and pole stands were similar to other 
Black Hills studies that included data on species 
(Pase 1958, Wrage 1994). Pase (1958) limited 
descriptions to the most important species 
(the rest were combined into an "other" cate- 
gory); but Wrage's descriptions (1994) were 
complete. Pase's study included a variety of 
sites throughout the Black Hills; and Wrage's 
study area, on soils similar to ours but a differ- 
ent habitat type, was about 10.5 km SE and 
350 m lower in elevation than the experimen- 
tal forest where this study was conducted. 

Both studies reported responses similar to 
those herein, but some important differences 
were evident. Pase (1958) found that significant 



Growing sloelc le\jels (m2 110-I) 

Cirsttrit~ spp. 36 i 30 
Dell~hii~iuit~ bicolor < 1 
B-1gci.oi1 spp. 3 + 3 < 1 < 1 
firrgni.in ucscrr 915 9 + 7 4 1 3  2 5  < I  < 1 
Golizri~~ boreole 3r t3  < 1 
Lacltlcrr spp. < 1 1 + 1  
Loll~!lrws ochroleuctts 5 1 <111 27 + 5'1 12 + 71'1' 7 + 4al, l + < l ~  
Lii~i~oecr bo~.eolis 17 i 17 < 1 
Ox!llropis sericeo < 1 
Solidago spp. < 1 
Rrrarocuin oSficit~ale < 1 < 1 < 1 
Vicio ai,~eiicni~o < 1 < 1 < 1 < 1  
Viola spp. 8 + < 1  1 2 f  10 1 + < 1  1 + < 1  l r t  < l  
Zizin aptera < 1 

Total 134 + 39" 102 rt lGRb 37 + 14~b 34 + 22811 8 + 411 
SllnuBs 

Ainelai~cAier uh~$olia 
Arctostaphylos uva-ttrsi 
Betberis repei~s 
Populus tlai,~uloidas 
Rosu woohi i  
Rubus iduazrs 
She~,Aerdia coi~odei~sis 
Spiraea betulifolia 
Syinphoiicaipos spp. 
lloccirtruin sco~~or i z i i~~  

3 5 2  l r t  < l  
244 rt 74 205 + 56 293 + 78 255 + 48 5 0 1 7  

8 5 8  
1 + 1 < 1 <1  < 1 < 1 
7 + 3  7 + 5  4 + 3 4 +  1 1  l r t  < l  

28 + 23 23 + 7 5 + 4 
9 + 9  

2 f  2 l +  <l l +  <l 4 + 2 1 +  < 1  
18+8  7 + 2 4 + 3  3 + 1  1+ <1  

21 * 21 
-- 

Total 

ailloui1ts of Oiyzopsis asperfolia persisted under 
moderately dense canopy cover (40-59%, 19-27 
1112 ha-1 basal area) and dense canopy cover 
(60-71%, 28-33 1112 ha-1 basal area), which 
coinpared with our findings. Pase (1958) and 
Wrage (1994) used canopy cover ill their 
papers; we coilverted these to basal area esti- 
mates using Bennett's (1984) model: % canop)7 
cover = 0.51BA(ft2 ac-l) - 1.94, R2 = 0.83. 
Wrage (1994) did not find Oryzopsis as~~eifolia 
in his plots. Both Pase and Wrage noted that 
Dantlzonia (oatgrass) was most abundant under 
intermediate pine canopies. We found the 
same relationship under sapling stands, but in 
pole stailcls Danthonio was more abuildailt in 
clearcuts than in other GSLs. Pon, the inost 
abuildailt grass component in open stands 
studied by both Pase and Wrage, was coillilloil 
but subdoinii~ant in this study. Pase (1958) 
listed Poa platensis, Sporobolus Izeterolepis 
(prairie dropseed), and Carex spp, as the most 

coilln1oil graminoids in pine cover class 0-19% 
(0-9 m2 ha-1 basal area). Wrage (1994) listed 
Poa, Carex spp., and the exotic Bmizus ineunis 
(smooth brome) as being most coimnoil in open 
stands (<30% pine covel; 14 1112 ha-1 basal 
area), We fouild Agrop yron caninu?iz, Carer 
SPP., and Oryzopsis aspe~foliu most abuildant 
in 0 and 5 GSL sapliilg stands and Dolztl?onia, 
Carex spp., and Agropyron cmzinunz most 
abundant in pole stands. 

We considered 11 species as ui1cominoil in 
sapling stands, defining uncommon as produc- 
ing < 5  kg ha-l in 53 stands over all years 
(Tables 1-3). Included among these were Bro- 
nzus ozarginata (mountain brome), Scl?izachne 
pu~~urasceias (false melic), Oryzopsis pungens 
(mountain ricegrass), and the exotic Agropyron 
c~istaturn (crested wheatgrass), There were 10 
uncommon graminoid species in the under- 
story of pole-sized stands (Tables 4-6). Two of 
these, Bromus marginatus and Oryzopsis 



TABLE 2. Understory production (kg ha-1, oven-dried basis) for 1976 in sapling-sized ponderosa pine stands growing at different tree stocking levels, Black Hills, South Dakota. 
Numbers are means i standard errors. Values within a row followed by different letters are significantly different at the 0.10 probability level. CR 

Growing stock levels (m2 ha-1) 

Clearcuts 5 9 14 18 23 28 Unthinned 

Agrostis stoloniferu < 1  2 i 2  2 +  11 l i l  < 1 < 1 < I  

Agropyron caninum 144 i 81 101 f 64 100 f 22 26 + 20 18 -+ 9 < 1  

Carer bpp. 595 i 290 261 i 228 55 f 37 49 + 10 28 + 17 8 f  4 10 + 7 1 4 5 7  

Danthonia intermedia 36 + 20 67 t 22 87 + 36 77 f 13 55 i 28 41 f 14 3 + 2  I f  < l  

Koeleria pyramidatu < 1  

Oryzopsis a q e n ~ o l z t ~  71 + 46 311 i 160 83 i 45 298 2 182 107 f 43 67 i 15 2 6 f  11 42 i 19 

Poa prutensis 

Stipa cornata 

Unknown grass < 1 

867 f 247.1 340 2 79"11 454 + 187.11) 216 i 74a1).1'~ 127 1811~ 
F 
'J1 

Total 796 i 81" 39 f 19c 37 i 24' - 
Z 

Achillea milkfoliuir~ 133 f 39 3 7 2  19 30 f 8 1 0 5 7  6 i 3 8 i 5 2 f  2 E' 
Antennaria neglecta 4 i 4 4 i 2 4 i 4 2 f  2 1 i 1 6 i 4 < 1 S 

r - 
Apocynum androsaemzfolium < 1 3 f 1  < 1 < 1  V? - 
Aster laecis 

Ashagalus adsurgens 

Campanula rotundifolia 

Chenopodium capitatum 

Cirsium spp. 

Delphinium bicolor 

Erigeron subtrinemis 

Fragaria zjesca 

Galiurn boreale 

Lathyrus ochroleucus 

Solidago spp. 



TABLE 2. Continued. 

Growing stock levels (m2 ha-1) 

Clearcuts 5 9 14 18 23 28 Unthinned 

FORBS (continued) 

Tarmacum oficinale <1 

T$olium repens <1 3 1 3  5 i 5  

Unknown forb 20 i 15 6 1 5 5 i 5 <1  

V t m  americana l 7 i 9  1112  2 2 i 8  2 5 2  2 k 1  

Vtola adunca 1 3 i 2  5+ 1 4 1 4  3 i 3  < 1 <1 < 1 111 % 
0 

Total 296 1 33" 246 i 38ab 306 5 86" 64 i 16abc 39 1 16abc 43 i l l b c  19 i 8c 1.5 i 9c Z s - 
SHRUBS 2 

Amelanchier aln$olia <1 <1  9 k 6 5 5 3  6 5 3  4 1 3  < 1 <1  z 
Arctostaphylos uva-ursi 760 t 354 1095 t 411 1081 i 255 753 i 326 1243 1 185 553 i 344 787 1 327 260 1 114 z 

L-i 

Berbens repens 3 5 3  1 0 1  10 151 C 
Populus tremubides 98 ? 81 <1  < 1 5 u 
Prunus virginiana 11 1 (1 + 

9 1 5nl7 -a 
Rosa l~oodsii 9 i 3db 18 1 12" 10 i 3.111 7 5  <lb 6 i 217 l 1 < l h  2t<l17 4 A 

V 

Rilbrts h e u s  70 1 70a 29 i 12~11 45 1 6" 4 i 417 654b < 113  z I: 
Shepherdin canademis 85 f 85 7 i 7 

Symphoncarpos spp 24 5 15 1 4 1  12 2 3 5 1  7 1 5  5 1 3  3 i 1  2 2 1  1 1 < 1  

Unknown shrub 2 i 2  

Vaccintum scoparium 14 1 14 4 2 4  

Total 964f 411 1156 f 54 12535233 778f331 1267f178 5975330 791 i 329 269 i 111 
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TAI~I.E 3. U~idersto~y prodi~ction (kg ha-', oven-dried basis) for 1981 in sapling-sized ponderosa pine stands ~1.0wiIIg 
at different tree stocking levels, Black Hills, South Dakota. N~uulbers are means + standard errors. Values \vithin a row 
followed by different letters are significantl)? different at the 0.10 level. 

Growing stock levels (rnv~a-1) 

Clearcuts 5 14 23 Unthinnecl 

GIMMINOIDS 
Agropyrort cr-istc~ttrin 
Agropyron spiccrttrin 
Agropyron cartinuin 
Bl-oiws ~ncbrgincrttcs 
CcLrex spp. 
Dcri~thorvia intermeclicr 
Festuccr ooina 
Koelerin pyrc~midntu 
Oryzopsis aspenjolia 
Oryzopsis ptcngens 
Pon pratensis 
Poa interior 
Unknown grass 

Total 

Fonns 
Achilleci inillefolitrm 
Agoseris glnucn 
Antennaria neglecta 
Apocyrt~cm anrlroscreinijoliurn 
Astragcrbts ccrnaclensis 
Astrc~gcths nrlstergens 
Astrcrgcrhcs spp. 
Astragalus tenelltrs 
Ccrinpcrrtulcr rottmdijolia 
Cirsium vlclgare 
Delphinitcm bicolol- 
Erigeron spp. 
Frcigcrria uescc~ 

pungens, also occurred in sapling stands. Oth- 
ers included Koelaria cristata (prairie june- 
grass), which was common in sapling stands, 
Poc~ uric10 (plains bluegrass), Bromus porteri 
(nodding brome), and the exotic Phleum 
pratense (timothy). All uncommon species 
occurred in pine stands stocked at 114 m2 
ha-1 basal area. Wrage (1994: Appendix D) 
had 8 grass species that contributed <1% 
foliar cover in 53 stands over all years and all 
Pinus ponderosa cover classes: Agropyron 
repens (quackgrass), A. intermedium (intermedi- 
ate wheatgrass), Bouteloua curtipenduZ1a (side- 
oats grama), Calamagrostis mbescens (pine 
reedgrass), Muklenbergia torreyi (ring muhly), 
Schizachne pzwpuruscens, Sporobolzls asper 
(rough dropseed), and Stipa spartea (porcupine 
grass). 

Three exotic grasses were found under the 
pine overstory; one, Agrostis stolonVera (red- 
top), was common but scattered. The others, 

Agrop yron cristatum and Phleum pratense, 
occurred only in a single stand each. Poa 
pratensis was not considered exotic because it 
occurs in both naturalized and native forms in 
this area (Great Plains Flora Association 1986). 
Wrage (1994) reported 3 exotic grasses: Agro- 
p yron repens, Agrop yron intermeclit~m, and 
Bromus inermis. 

Altogether, we found and identified 22 dif- 
ferent graminoids in the pine understory in 
this study. Thirteen were common to sapling- 
and pole-sized stands while 3 and 2 species 
were unique to each respective size class. Pase 
(1958) reported 38 graminoid species and 
Wrage (1994) listed 23. 

A11 average of 9 graminoid species occurred 
in GSLs 0, 5, and 14 m2 ha-1 over all years. 
This was higher ( P  < 0.05) than the 6 and 5 
species found in GSL 23 and unthinned stands, 
respectively (Uresk and Severson 1989). The 
mean number of species present in pole 
clearcuts (11) and GSL 5 m2 ha-1 (10) was 



Cletuculs 5 14 23 Unthinnccl 

Galiiri~l boreale 18 1 13 111 2 1 2 < 1 
Ilie~~acizri~~ coi~rrdense < 1 111 
Iris ~~~issoui.ie~~sis <1 
Lotl~yrcts oclnaleucus 40 1 20 117 1 28 68 f 3 3  39 + 13 10 f 6 
Ui~i~riea borealis < 1 2 + 2 < 1 
Idiipii~~rs spp. 3 1 3 7 1 4  
Afoi~or(/a fisfti/os(~ 111 11  1 
Pol!~goi~unt persicail'ci 1 1 1 
Si~~ilacii~a stelloto 23.2 
Solirl*rgo s)~crrslflorcr 7-14 6 1 5 < 1 11 1 11 < 1 
Rroxacun~ ofJicinole 1 f 1  < 1 
Il%foliuil~ repelis 111 4 1 4 11 1 11 < 1 
\?cia a~~~eil'concr 57 1 35n 12 12"  9 19" 2 1 2" 1 1 lb 
j7ioln adainco 2 5 f 1  18 1 3  2 + 2 111 1 f 1  

Total 369 1 99" 276 1 Ga 117 1 52"'~ 92 1 101'~ 26 f l G c  

S13RUB.5 
A~~~elai~chler nlitifolio 2 1  1 
Arctostcip~~y~os urjo-wrsi 604 1 179 
Berberis r e f ~ e i ~ s  
Populars tremuloides 1 1 1 
Rosn woodsit 2512  
Raibus idasus 130 1 117 
SRepl~ercliq cn~lade~isis 
Spircceo betullfolio 111 
Syt~lphoricoq~os spp. 3 8 f  10 
I'occiniui~~ scopo~iiiin 

Total 802 f 307 

GMND TOTAL 2450 -1 168" 

greater (P < 0,05) than the 5, 5, and 3 species 
found in GSLs 14, 23, and unthinned stands, 
respectively (Ureslc and Severson 1989). Wrage 
(1994) counted 20, 19, and 16 grass species in 
his open (tree cover .<30%, 14 m2 ha-1 basal 
area), intermediate (30-GO%, 14-27 in2 ha-I), 
and dense (>GO%, 27 1112 ha-1) Pinus potzdmosn 
strulds, respectively, 

Foi,b Response 

Wrb response, relative to GSLs, was siini- 
1 ~ r  to that of gramiiloids except that forbs pro- 
duced about 30% less forage (Tables 1-6). No 
single forb species doininated ally GSL of 
either size class; however, Achillea nai1lifoliun.c 
(common yarrow), Cana~~anula rotundzjrolia, and 
Latlay~vs ochroleucus were the most common 
forbs found in pole stands (Tables 4-6). Aclail- 
leu ?1ailli$oliu17z and Lut1ay1.u~ oclwoleucus were 
the most abundant forbs in sapling stands 

(Rbles 1-3), but few significant differences 
by species ainosg GSLs were noted, Latlaymis 
oclaroleucus produced inore herbage in mid- 
level GSL sapling stands (5-23) in 1974 (Table 
I), and Fragnria vesca (woodland strawberiy) 
and Vicia americana (American vetch) produced 
inore in clearcuts in 1981 (Table 3), but 110 dif- 
ferences were noted ill pole stands. Pase (1958) 
reported Wfoliutn repels (white clover), &a- 
garia vesca, and Aclaillea millifolium to be 
abundant in open stands, but only Latlayrus 
oclaro2eucu.s and Solidago spp. (goldenrod) per- 
sisted under moderately dense pine canopies. 
Artelnisiu ltidouiciana (white sagewort), Gly- 
cyrrfziza lepidota (wild licorice), Psoralea nrgo- 
phylla (silverleaf scurfpea), and MonardaBstu- 
losa (wild bergamot) were the most comlnon 
forbs in Wrage's (1994) open stands, but only 
Glycyrrlaixa lepidota persisted into intennedi- 
ate stands. Forbs were scarce in his dense 
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FS: \~%i .~  4. Untlerstory protluction (kg ha-1, oven-tll.ietl I~asis) k ~ r  1974 in pole-sized pontlerosa pine stands growing at 
tliffc'rent tree stocking le\,els, Black Hills, South Dakota. Nurnl~ers are means f stantlal-tl errors. Values within a row fol- 
lowetl by different letters are significantly different at the 0.10 L~robal>ility level. 

Growing stock le\lels (mvia-1) 

Clearcuts I) 14 23 Unthinned 

G R ~ \ \ ~ I N O ~ D ~  
Agrostis stolonifera 
Agropyron spicntum 
Agropyroiz cclninim 
Brornirs mcrrginatus 
Brornlrs porteri 
Carex spp 
Dnrztlaoraic~ iratermedin 
Festtrccr octoflora 
Festircn ooinn 
Koeleria p yrninidntn 
Oryzopsis rrsper ifolia 
Pon spp. 
Poa pratensis 

Total 

FORBS 
Achillen millefoliu~n 
Antennaria neglecta 
Apocyrmm androsaetnijolitrm 
Astrngnkrs alpinus 
Astragnlzls tenellus 
Astrngnltrs spp. 
Cnrnpnnlrln rotiindifolin 
Cirsiul~z nr-oense 
Cirsilnn olrlgare 
Erigerorz spp. 
Fragn~l'n oescn 

stands; those most common were Galit~m 
borenle (northern bedstraw) and Smilacina 
stellntn (false Solomon's seal). 

Many forb species occurred under the pine 
canopy, but they contributed little to total 
aboveground biomass. We categorized 22 
species as uncommon, using "uncommon" as 
we defined it for graminoids. Wrage (1994) 
also noted many forbs that were generally 
scarce. If we arbitrarily classify uncommon 
species in Wrage's study as those having <1% 
foliar cover in 53 pine cover classes over all 
years, 18 forb species would be considered 
uncommon (Wrage 1994: Appendix D). 

Nine of the forbs found in the pine under- 
story are exotic species. Only 2, however, were 
common: Etraxc~cz~rn officinnle (common clan- 
clelion) and Tri,folit~m repens. These species 
are both ubiquitous over North America. Two 
others, both noxious weeds, Cirsizcrn aroense 
(Canada thistle) and C. vzclgare (bull thistle), 
were common only locally. Another, Linaria 

vz~lgaris (butter-and-eggs), was found only in 
pole clearcuts. The other 4, Polygonum persi- 
cnrin (lady's thumb), Tragopogon dtibius (goats 
beard), Sisymbr-ium nltissimum (tumbling mus- 
tard), and Rumex acetoselln (sheep sorrel), 
were rare. A large amount of Chenopo~lium 
cnpitntum (strawberry blite) was found in 1 
plot of 1 replicate of sapling GSL 9m2  ha-l in 
1976 (Table 2). It is unknown whether this 
species is indigenous or exotic (Great Plains 
Flora Association 1986). Wrage (1994) listed 4 
exotic species, Cirsium nrvense, Convolvulus 
nrvense (field bindweed), Tarnxacurn officinale, 
and Tragopogon dubius. All were clissed as 
uncommon except Convolvult~s arvense, which 
was common in open stands. 

Although our abovegrouncl biomass esti- 
mates of forbs were less than for graminoids, 
there were more forb species than graminoid 
species. Fifty-three forbs, including 15 identi- 
fied only to genus, grew in the understory; 25 
identified species were common to both 



G(11izrill borec~le 
Irir inisso~~riellsis 
Locitrco spp. 
Lnthyr.~rs ocl~role~rcrrs 
Lii~crria oirlgaris 
Os!ltvopis s~licen 
Pol~ntilla spp. 
Solidago spp. 
Tnlaxacrrill ofjiciilale 
71ifolizriil repeils 
\Ticia aiilericai~a 
Viola spp, 

Total 

SHRUBS 
Ai~aeloi~chier ali~ifolin 
Arctostupl~ylos uua-uvsi 
Berberis repens 
Betzrla papyiifeva 
Juiliperrrs coir~?~lui~is 
Popultrs treiiwloides 
Rosa u;oo&ii 
Rubus idaeus 
Shepherdin cni~ader~sis 
Spiroen betulfolio 
Syi~l)~horicnq~os spp. 

Total 299 + 48 347 f 77 311 + 70 149 + 43 67 + 58 

GUYD TOTAL 998 184"  626 + 46" 387 + 8711~ 203 1341)~ 72 + 5 8 ~  

saplings and poles, while 6 and 7 species were 
unique to the sapling and pole understories, 
respectively. Pase (1958) and Wrage (1994) 
noted 63 and 41 forb species in their respec- 
tive studies. 

We found an average of 18 forb species 
over all years in clearcut sapling stands, which 
was significantly higher (P < 0,05) than the 
15, 13, and 13 species found in GSLs 5, 14, 
and 23 1112 ha-], respectively. Eleven species 
were found in unthinned stands, fewer (P < 
0,05) than in clearcuts (Ureslc and Severson 
1989) Trends were sinlilar in pole-sizeil stands. 
Twenty-one species were found in clearcuts 
and 18 in GSL 5, which was higher (P < 0.05) 
than the 12 and 13 f o ~ ~ n d  in GSLs 14 and 23, 
Fewest species (5) were found in untl~inned 
pole stands (Ureslc and Severson 1989). Wrage 
(1994) counted 36, 29, and 24 forbs in Pinus 
stands with open, intermediate, and dense 
canopy covers. 

Shrub Response 

Mean shrub production was similar across 
all Pinus ponderosa sapling stoclting levels in 
1976 and 1981 and in 1974 pole stands. In the 
remaining sapling (1974) and pole (1976, 1981) 
stands, all growing stock levels i~roduced more 
s11111bs than unthinned stands. I11 general, sl~i-ub 
l~roduction tended to be son1ewhat higher at 
mid-levels than in clearcuts and much higher 
than in unthinned stands, althougl~ differences 
amoilg lower GSLs were not sigi~ificant (Tables 
1-6). Arctostaplzylos uua-ursi accounted for 
most shrub productioil in all stands regardless 
of size class or stoclting levels, but differences 
were not sigilificant except in pole stands in 
1981 (Table G ) ,  Productioi~ of AI-ctostuplaylos 
uvn-ursi was 75-99% of total shrub l~roduction 
in sapling stands and 70-99% in pole stands. 
Lower percentages tended to occur in dearcuts. 
Iligher proportions of Rubus idaeus (red rasp- 
berry) and Synzplzoricalpos spp. (snowberry) 
were found in clearcuts. Rosa woodsii and 



TABLE 5. Understory production (kg ha-l, oven-dried basis) for 1976 in pole-sized ponderosa pine stands growing at different bee stocking levels, Black Hills, South Dakota Num- 
bers are means i standard errors. Values within a row followed by different letters are significantly different at the 0.10 probability level. 

Growing stock levels (m2 ha-1) 

Clearcuts 5 9 14 18 23 28 Unthlnned 

GRMINOIDS 

Agrostis stolonifera 3 i 2  1 + < l  <1 I f  < l  <1 

Agropyron cuninum 71 i 11 52 f 22 14+8 2 i 2  6 1  6 1 i 1 < 1 

Carex spp. 52 + 20 3 2 i 2 1  8 f 7 5 + 3  25 + 23 6 f  3 <1  l i < l  

Danthonia intenedza 406 f 69 180 i 58 116f 27 196 f 17 70 + 28 3 7 i  19 32 i 12 4f 3 

Festuca ovzna 1 0 i 5  2 i 1  

Oyzopsis asperijdia 70 i 70 38 + 38 12 + 12 2 + 2  5 i 5  4 f 2  

Oryzopsis pungens < I  5 i 3  < 1  8 + 7 < 1 < 1 

Pou pratensis 23 i 21 27 + 25 < 1 3 1  3 

Stipa spp. 3 i 3  

Unknown grass 3 f  3 6 2 6  

Total 

FOWS 

Achilleu 7nillefoliuin 

Agosens glaucu 

Antennaria neglecta 

Apocynum androsaemijolium 

Aster heais 

Astragalw adsurgens 

Campanula rotundifolia 

Cirsium vulgare 

Delphinium bicolor 

Erigeron subtrinemwl 

Frageria vesca 

Galium boreale 

Lathym ochroleucw 
Linaria vulgaris 

<1 

l i l  

c 1 

35 f 12 



TABLE 5. Continued. 

Growing stock levels (m2 ha-1) 

Clearcuts 5 9 14 18 23 28 Unthinned 

Foms (continued) 

Sisymbrium altissimum 1+ 1 

Solidago spp. 1+1 
Solidago missouriensis 6 + 6 

Taraxacum oficinale 2 f  < I  <1 

Tiopogon dubius < 1 V 
9 f 6  0 

Tqolium repens 4659  6 +  6 Z 

< 1 tf 
Unknuwn forb 41k21 3 + 1  7 + 7  <1  t ; ~  P 

Vicin americann 2 5 2  8 + 8  < I f  <1 2+ 1 5 + 3  4 + 4  15 1 s: 
13+7 2 + 2  <1+ <1  <1  < 1  P Vioh  adunca I6 + 11 z 

Total 477 + 821 164 1 36ab 74 + 33" 73 5 31b 5 6 2  23b 27+ 8b 2455b 3 + 1 C  
Z 
W 

SHRW 
C 
Z 

6 f  3 4 + 4  6 + 4  2 + 1  1 + < 1  l + < l  3 
Amehnchier aln$ofolia 8 5 3  11+6 3 

Arctostaphybs uoa-ursi 687+ 187 827+428 1124f279 934+277 507 f 186 675 1 155 422 + 145 96 rir94 2 
65 + 65 1 + 1 3 Berberis repens 2 

Potentillafiticosa < 1  

~ u p u l k  tremuloides 9+9 1 + 1 < 1 

Rosa woodsii 21 + 13 3+3 6 + 5 3 5 2  4 2 3  2 5 1  < 1  < 1 

Rubus idaeus 82+ 11 84 + 55 < 1  

Shepherdia canadelzs-is < 1  23 + 23 81 + 52 26+26 

Symphoricarpos spp. 14+14 5 + 2  3 + 2  7 5 6  S f 2  1+ 1 2 5 1  2 1 1  

Total 821 1 220ab 1019 + 2 9 1 ~  1220 + 265" 948 1 279"" 550 + 161ab 681 + 15Sa1) 426 + 143b 100 f 94" 

GRAND TOTAL 1931 5 132a 1523 + 252."' 1456 _t 306.h 1226 + 306a1'1' 720 + 129" 756 51271'~ 4S5 + 1331' 113 + 96C 
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TAI~LE G. Understo~y production (kg hit-[, oven-clried basis) for 1081 in pole-sized pondel.os;t pine stands growing at 
tlifferent tree stocking levels, Black Hills, South Dakota. Numbers are means f standart1 errors. Values within a row fol- 
lowetl I>y tlifferent letters are significantly different at the 0.10 probability level. 

Growing stock levels (rnqla-1) 

Clearcuts 5 14 23 Unthinned 

GRAMINOIDS 
Agropyron cnninlr~n 
Aristirkl pzlrpuren 
Brorntrs porteri 
Cn1-e~ spp 
Dantlzotaia interrtzerlin 
Festltcn ovinn 
Koelerir~ pyrainidatn 
Oryzopsis crsperijolia 
Oryzopsis ptingerls 
Phleu~n prutense 
Pon pratensis 
Poa interior 
Unknown grass 

Total 

Fonss 
Achillecl inillefoliu~n 
Agoseris gllztcn 
A~atertnc~~Jn rleglectn 
Apocyntltn nndrosc~e~~a$oliron 
Astrccgaltrs spp. 
Astrclgalus crclsrrrgens 
Astragnltrs cc~nc~der~sis 
Astrngah~s tenellcts 
Carnpc~nulr~ rotirnclifolia 
Cirsiccin ou1gar.e 
Delphinit~m bicolol- 
Erigeron subrinervis 
Frngnrin vescn 

Rubus iclneus produced more at the 3 lower 
sapling GSLs in 1976 (Table 2), while Arc- 
tostaphylos uvn-ursi was more abundant in 
pole clearcuts in 1981 (Table 6). Pase (1958) 
noted the same patterns of Arctostaphylos 
uva-ur-si abundance, but this species did not 
occur in Wrage's (1994) study area. Symphori- 
carpos occidentalis was the most common 
shrub noted by Wrage (1994) under all Pinzts 
canopy levels. Juniperus communis (common 
juniper), rare on our study site and on Wrage's 
(1994), was abundant on sites studied by Pase 
(1958). This species is a predominant con- 
stituent of Pinits ponclerosn understory on 
limestone-derived soils (Thilenius 1972, Hoff- 
man and Alexander 1987). 

Fourteen shrub species occurred under the 
Pinus canopy, 11 of which were common to 
both sapling and pole-sized stands. One species, 
Vaccinium scopnrium (grouseberry), was unique 

to sapling stands and was common in higher 
GSLs (Tables 1-3). None of the shrub species 
under saplings were categorized as uncom- 
mon. Three species, all unique to pole-sized 
stands, were classed as uncommon: Junipencs 
commimis, Bettdn pnperifern (paper birch), 
and Potentilln fruticosa (shrubby cinquefoil). 
Pase (1958) counted 18 shrub species, while 
Wrage (1994) noted only 6. 

There were no differences (P < 0.05) in 
number of shrub species among sapling GSLs; 
they ranged from 6 to 8 across all levels with 
no apparent pattern. In  pole stands 8 shrub 
species occurred in clearcuts but only 4 species 
were found in GSL 5 (Uresk and Severson 
1989). Wrage (1994) did not note any differ- 
ences. He found 4 shrub species under open, 
5 under intermediate, and 5 under dense Pinus 
canopies. None of the shrubs found in the 
understory of our study or Wrage's were exotic. 


