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Plant species diversity refers to variety 
and abundance; it does not necessarily relate 
to meadow health but may provide information 
important in an ecosystem context. Monitoring 
to detect change in diversity usually begins 
with estimating alpha (within) diversity of 
plant communities. Because few such estimates 
exist for meadow site classes or specific sites 
of the Sierra Nevada, California, we com­
puted Margalef's diversity index (Dm), which 
stresses species richness, and Simpson's 
index (Ds), which stresses species dominance, 
for two sets of frequency data. Frequency was 
estimated by the nearest shoot-to-point method 
and the rooted quadrat method. In addition, a 
relative index (Dr) was calculated on the basis 
of the number of species on individual sites 
divided by the average number of species 
recorded for 107 meadow sites. Regardless of 
the data set or index, species diversity was 
lower for sites at or near the environmental 
extremes of moisture. The methods used to 
estimate frequency, estimating species num­
bers, and the value of diversity estimates are 
discussed. 

Retrieval Terms: Relative index, Margalef's 
index, Simpson's index, jack-knife estimates, 
plant species, frequency 
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Ip 

eadows are the most biologi­
cally active of the plant 
community types of the 

Sierra Nevada, California. They contribute 
a high proportion of the forage for many 
forest grazing allotments, park preserves, 
and wilderness areas. They supply habitats 
for wildlife populations. By providing 
scenic vistas, the meadows' timbered edges 
are favored campsites of forest, park, and 
wilderness visitors. The meadows also help 
to filter sediments from water from sur­
rounding slopes, thereby assuring clean 
streams and lakes. These characteristics 
indicate that the meadows of the Sierra 
Nevada possess high biological diversity. 

Biological diversity refers to variety 
and abundance; it involves ecological 
processes, structures, and functions and 
may occur at any spatial scale; 1 it is variety 
or multiformity-of different forms or 
kinds.2 Included under the biological 
umbrella are genetic, species, structural, 
and landscape diversities. 

Furthermore, there are alpha (within), 
beta (between), and gamma (large scale) 
diversities.3 Alpha diversity is represented 
by a plant community, the populations 
co-occurring at a specific time in a specific 
space.4 Beta diversity is represented by 
differences between communities present 
along a gradient (e.g., topography, soil 
acidity, or moisture regime) or the same 
place over time. Gamma diversity is repre­
sented by the kinds of plant communities 
present or the total number of species 
present in a specific geographic area (e.g., 
meadow system or watershed). 

1 

ows: 
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Diversity has two components, richness 
and evenness.5,6 Richness refers to the 
number (variety) of different kinds of 
things (species, for example), while even­
ness refers to the equality of the kinds of 
things (abundance or numbers, for example). 

A key to the high biological activity, 
hence diversity, of meadows is the mix of 
plant communities represented by indi­
vidual sites. Meadow sites are defined as 
areas of homogeneous species composi­
tion that have a general species composi­
tion visually different from that of adja­
cent areas.7 The plant species present may 
be the same, but their proportions of the 
vegetation will be visually different on 
different sites. Meadow site classes are 
composed of sites with the same dominant 
species and similar composition. 

Climax plant communities are often 
thought to possess higher diversity than 
seral communities. But within specific 
sites, physical/chemical factors or intense 
competition, or both, may work to reduce 
diversity.8 Also, gamma diversity will 
likely be higher when the communities of 
an area are in different stages of a sere than 
when they are all in the same stage. 

Increasingly, land managers are asked 
to monitor and estimate change in diversity. 
In order to derive the greatest benefit from 
monitoring efforts, managers need to know 
how to interpret high versus low diversity 
within and among different plant commu­
nities. Monitoring diversity will usually 
begin with an estimate of alpha diversity. 
Nevertheless, now such estimates are rare 
for meadows of the Sierra Nevada. 
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I Dr = re lative index of diversity; Dill Margalef' s index of di versity; D. Simpson' s iudex of 
dj ver~ity . 

2 As dcfilled by Ratliff ' and ordered from highest to lowest d ivers ity b) Din' 
3 N"ilIe~l sboot-to-point composilion 9 

---

--- ---

The objective of this paper, therefore, 
is to provide land managers indices of plant 
commun ity alpha diversity to serve as 
guides to indices that can be expected gi ven 
similar vegetation. Two sel" of diversi ty 
indice are given: ( I ) average diversit ies 
['or meadow site classc~ and (2) , verage 
diversities for ind ividual sites ,9, IO 

METHODS 

Data 
Data from 82 meadow si tes in 14 

meadow site classes (Stanislaus National 
For SI to the Sequoia National Forest ) 
were u!>ed 7 The data from e' ch ~ile 
constituted a list of the plan! specie.'> found 
(excepltrees) and their ares! !'ihoot-lo­
poi nt frequencies , Species lists \\' ere 
derived fro m thorough searches of lhe sites 
before and during sampling, Frequencies 
were calcu lated from a sample of 300 
points per site. 

second set of data came [Tom two 
meado s in Yosemite 'ati lOal Park. to 
Rooted frequency (presem:e) was recorded 
for the species on 12 sites in the meadows, 
using 100 random ly located quadrats p r 

site. For purpose ' of this study, the quad­
rats from each site were randomized into 
10 samples of 10. For sampl ing rooted 
frequency, the quadrat size used ( 10 cm x 
10 cm) wa" found < ppropriate n dry 
meadows in Idaho and is used on mead­
0\ . of the Paci fi c Soulhwest Region of 
the Fore~t Service. I I,I~ 

Diversity Indices 

Two common indices of diversity were 
used : ( I ) Margalcfs {Om = (S -1) lin N J, 
where S is U,e number of ~pecies and N is 
the total number of imJividu als (hits or 
occurrence ') for all sp cies: (2) Simpson's 
{Os = liD}, 

s 
where 0 = L (n; (IIi - I)/N (N - 1)) 

i = j 

and l1 i i<; the number of individuals of tbe 
ith ~pecies .6 The~e ind ices were selected 
beea I~e they do no t requ ire testing 
assumplions regarding the underlying 
species abundance d i ~tributiol1s , In addi­
tion, Dm was selected for its simplicity 
and because if stresses the species rich­
ness component. D, was selected because 
11 is well known and stresses the species 
evenness (dominance) component. 

In addition, a relative index ( Dl i = s/ 
Ss) was uscd , w'here Si is the number of 
species found on a specific sile (i) and Ss 
is a standard number of species. 'I his 
simple index was used to avoid problems 
such as variation in sampling techniques. 
It is a mea<;ure [species richnes I' lalive 
to the standard . 

AnaJyses 
A guiding motive wa:, to provide man­

agers est imates of alpha di versity that could 
be compared with estimates found on 
meadow sit s ith similar vegetation. 
DireCI comparISon of differen t indices for 
eo;timaLing alpha di vcn, ity wa~ not intended. 

Dr. Om. and Os were calculated for each 
of 82 sites .7 Average diver~ity was CalCll­

laleu fo r all 82 s ites and for eac h of 14 
meadow. ite classes (wble J) .1,9 Within ­
cl ass variances were estimated but not used; 

the llum bt'fS of sites were generally few 
and did not constitute a random sample. 

Species totals for all 100 quadrats were 
u. ed 10 compute the three diversity indices 
for e eh of the J2 sites in Yosemite. to 
Jack-kn ife d ive r<;ity estimate~ and 
pscudovalues were Ulen computed by de­
leting, ill turn, eacb random sample {)f len 
quadrats , Pseudovalues frOIll the jack-knife 
procedure are a~ymptotically normally dis ­
tributed. their mean is Ule best estimate of 
diversity . anu the "t" distribution may be 
used to compute confluence intervals.6 

Therefore. from the ps udovalues, the 
average and standard error of each di versity 
index were derived for each sile. 

In all cases, the value of Ss used Lo 
compute Dr was Ule average of the Si from 
107 siles sampled over a LO-ycar pCliod 
(1 973 to IY83). As above. Ule sites were 
not a random ScUll pIe of meadow sites of 

Table l-ClllSS names, numbers ofsites sampled (N), average 'Illmbers o/species (SIJ),perceTlt cOlllpo~itinn 
lif "II' III/1St frequent specie.~ (COlllp), (II/d llleans of three indices of species diversity Jor 14 meadow site 
d.lJs~es illihe Sierra .'VI'vada, Cllfi/amia. 

r Divcr'i i y index ' 


Mcadow CJ a$~2 N Sp Comp1 0, Om D. 


pel 

HypericuJl/Ip'0I)'FiOlLum!Violp Ihi Ibid; bl)g) 19 29.6 9.4· 1.31/6' .. 3.691 3.1188 

TrijaiiulII/l\linlllills (carpel clover) .t 28,S 19.7 1.357 3,375 8.010 

. 2 Allms'i (bcntgra~s). , . '20.0 ;!:n .0.944 . 3.06R 7,-R3(l 

Deschamp\ia/;\sler (tu fted hairgrass ) 6 n 5 14.2 1.062 2. 6:1 9 7.986 

Poa (Ken\Uck ~ blut:g~,\ssj . 3 210 4!!.3 0.991 2.631) 4.021 

MlIhlt.' llbergia/He/eaeharis (puJlup ll1uhly) 8 23.0 2 1.9 1.086 2.542 6.665 

He/eocliari.w,WuM<'Ilberglu 8' 20A ..33.~ . 0.962 .2.476 .. 5,766 
,r<.'wnewered <;pikerush ) .. 

C(/ia/1la~ros lis/O ryZ()psis (shorthair) 8 )8.5 39.3 0.873 2., 89 4.560 

n 'ifbiiuIIIIMufjhmben:!d (lllngsloik c lover) ..4 20,0 13.f:J U.944 .. 2;279 6.2+1 

Gel/lian a/Aster (I!cntian-a~!er) J 19.3 [3 .1 0.9 12 2. 104 5.947 

C"rex 1~,('b"{/#t!II\'i~ (Ncbniska 'ed~eJ ' 5 "HUi 38.2 .. 0.887 .. L89'\ . 3.837 

Heleacharis/Heleachnris (ephemera l-luke) 1 8.5 58.7 0 .402 1. 052 2 391 

CiHt!.te.dcr((JJ 'hOITh:ti r <;¢gc) 4 t05· 86.0 (),496 0 9(K 104M 

Carex rasl"" 11 (beuked sedge) 6 90 78 .5 0.425 0.906 2.494 

Overa ll average diversity 82 1. 0 10 2.5~ [ 6.096 

= =

2 USDA Forest Service Re~ , Note PSW-Rl\--I15 , )993 , 



the Sierra Nevada. Nevertheless, they cover 
!.he range in species numbers that may 
reasonably be expected. Therefore. Ss = 
2 1.187. and (as a best esti mate) U,e 95 
p rc ot confidence interval for the lrue 

value wa)o, 19.621 to 22.753 species. 

RESULTS 

Class Alpha Djversity 

What divers ity values may one exp 
LO find for different kinds of meadow? 

Hill 'ide bog m adows exhibited the 
highest plant specie~ diver,;; ity regardless 
of the index u ed (table 1). Such sites 
occur on sl opes and have " hanging" 
hydrologic regimes defined by constant 
watering by fl ows from splings and seeps. 13 

Mcadow site classes, representing the 
environmental extremes, had the lowest 
diversities, regardlessof th index, but each 
index WCL<, lowest on a different class. Fu ll 
agreement wa. not expected because Dm 
and Ds l)tress differem components of 
diver ity and are not significantly corre­
lated.6 Furthermore, Dr depended on the 
total number of species found, whereas 
Dm depended on the number of species 
encountered during sampling. Dr wa~ lowest 
on ephemeral lake sites, where thc "~unken 
con ave'· hydrology is defin d b season­
ally ponded water that is recharged by 
tlow~ from upstream. 13 Om was lowest on 
Carex roSfT(lla (beaked sedge) sites. These 
sites have ·'lotic·· hydrology, defi ned by 
moving surface water that is constantly 
recharged by 11ow<; from upstream. Ds was 
lowest on C. exserta (shorthairedge) sites, 
which occur on slopes or benches. T hese 
sites have ··xeric" hydrology, defined by 
bing recharged seasonally b precJpitation 
and becoming quite dry during summer. 

Most si tes of the mcadow clas es whose 
diversity indices stradUle the overall aver­
ages have "normal" hydrologic regime. 
Nomlal hydrology is characteristic of . ites 
thaL obtain water from the water table, are 
recharg d by precipitation , and may dry in 
the surface during summer.13 

Deviations from the overall averages 
were greater for tile least diverse classes 
than for the most diverse one. probably 
reflecting proportions of the di fferent 

lasses in the . ample . For eacl index. 2 ] 

percent r the sample sites were in the 
lass with the highest diversity, while the 

greatest proportion of sample sites in 

classes with the lowest diversities was 
7. 3 percent. For Dr, Dm, and 0" respec­
tively . the highes t J iversities were 38.2 
percent. 44.7 percent, and 45.8 percent 
more than and the lowe t di versities were 
60. 2 percen t, 64 .5 percent, 77.0 percent 
less than the overall averages . This fi nding 
point out tbe need for straLified random 
samplt ng when esti mating the gamma 
diversity of a mcadow , allotme nt, or 
watershed . 

Site AJpha Diversity 

What diversity val ues may olle expect 
to filld on specilic sites? 

Dividing tbe q uadrats on a site into 
10 samples probably reouced their 
value for estimaLin g frequenc y. Nev­
erthe less, do ing so provided a ay to 
estimate the means of divers ity indices 
and the ir sta ndard errors (tuble 2). [n 
turn , thal permitted the 95 percent 
confidence intervals to be computed . 
Site Dumber 3 , ror example. had the 
highest frequency of Carex nebraskensis 

(Nebraska sedge) and Aster afpigenus (al­
pine aster) (table 3). The 95 percent coo ­
fidence intervals for that site (with 9 
degrees of freedom) for Dr. Om. and 
D, were 0.703 < 0 1 < 0.896. 1.822 
< D m < 2.474, and 8.374 < Ds < 9 .302. 
Similar intervals may be comput d for 
the o ther sites, and by using the rooted 
freq uency method and the same ize 
quadrats, . ill1 ilar sites should have 
diver~itie$ w ithi n, or al Jea!\ t near, 
those intervals. 

Because different l11ethods of estimating 
freq uency were used. direct comparisons of 
the Dm's and Ds's for the two data sets 
could not he made. They neverthe les 
supported each other. Ordination of the 
Yosemite sites approximated a moisture 
gradienl. lO The lowe t di ver~ities occurred 
at or near either end of this gradient (table 
2) and thereby displayed the influence of 
environmental extremes. Diversity was 
higher at the w t end of the gradient Lhan 
at the dry end . but di versity wa. clearly 
highest on ites with medium moisture. 
Although diversity of the wettest of the 

Table ~ Three illdicu of plalll .~peciP.~ diversity ()II 12 meadow sites ill tile Sierra Nevada, }'osemite 
National PlIrk, California (based IJII -,"pecies presellt in lOn, IO·cm by JO-CIII quadrats). 

Site' 

3 

... ,. 

2b 

2a 

6b 

7 

I..)ivcrs ity index 

Relative M.rgale f s Simpson 's 

\J ' MeanJ Mean SE Meal1 SE 

- . 
.0.925 . 130 ·2.672' OA5!) 7:064 .0.218 

16 0.798 0.042 2.1 4R 0.144 8.838 0.205 

31 .IUI1' 4.950 O.HS 1.3 .9 1<; 

22 1.208 0.069 3345 0.235 [ 1.988 0.349 

.19, O.9lU .(l.OS7 2.61}J 0:194' . ~.318 0.2D9 

19 1.109 0071 3.tlO 0.241 8.093 0.121 

1.076 0;057 3.014 ··0.1 99 .. 7.916 [UUO 

31 1.633 0.094 4 592 0.3 19 12.282 0399 

• 18 . 0:892 0.042 .. 2 .S1<l·· . 0.1 S8 0.291 

0.091 3.61 2 0.304 IOA23 OA05 

'9u 	 I 15 o.nX .11.069 2fi44 0.260 0.1 <)(i 

4A62 0.247 

8 I 25 1.307 

__~0._~5_6_ __0.04_ _2 _ ___1_.9_3_2 ___0_.1_5_3_ 

, Site order approx imates a decreasing soil moisture graoi"lIt (top to bottom): letters arc site subdivisons .'o 

1 N=nll mber of spec ies on the site. 

] .I ~ck-k nifc mean d Iversity bal>cd on 10 samples of 10 quadrats each. 

, Standard error of the jack-knife mean. 


3 	 USDA rore.t Service Res. Note PSW-RN-415. [ 993 . 



Table Rooted jreqll(!lIci.es (percelll) oj21 species 011 /lmeadow sites, )'osemite NllIional Park, 1983. 

Spec i e~ 

JJh(J'aC+ox~rl! tmlanderi 

Care).. ros /,."Io 
, 

Dnthamp.ti<j c:at!spitos(l . 


C£lIPX I/ ebraskensis 


A.I'/{·t alpigeml.' 


Junells orlhop/iyllus 


fh'fmc/lOri., paUt:;j1Qra.·· 


Mimuilis primuloides .
 

lllflc lI.t baiticu..\ 


PPrideridia bolanderi 


Hypericum QlUlgolloirin 

Tdfoliwn /ongipes 

DlIlIlltoniu cali/arnica 

Aster oi'{;fd<!lIta lis 

PI'mlel1l 0 1l I} 'dba? ii 

SlIflU('olumhilln<i 

Harkelia jtlfr(1 

A·C!rosli.~ lda/wt.'tl8i,r 

Polygoll llln doug lash 

LJipi/llls 1'J)t((l'rlu.,· 

Site' 

3 5 2b 2a 6b 6a 7 8 9h 
.-- - ­

42· 6. 

5 31 21 

' 16 . M . 24 
,. 

" J.. 1 
.' 

54 43 36 3 8 

1)3 56 33 

25 46 12 3 

.. IUO .40 . '. '94 9R ')6 'S9' 

, 30 68 J 28 7 

'1 27 7 Ii 42 

77 32 84 82 66 70 

46 ·57 . .42 ,59 .. 38· 

5 36 4 2 27 4 

ILJ· 26 .. .99 !lW' 23 

13 3S 80 9 1 80 

6 1.9 ~8 93 90 

2 11 

I Site order approximales a soil mo isture grad ient; le tters arc sile subd iv isons. 10 

12 sites appears greater than that of the 
wettest of the 82. beaked sedge and ephem­
eral lake ite~ ere not among those studied 
in Yosemite. 

Dr values are directly comparable, 
because only numbers of specie;, are 
involved and the index is based on a 
standard. , gain, sites at the extremes of 
the moisture gradient tended to have 
lower diversity than those near lhe middle. 

DISCUSSION 

Frequency Estimates 
Allhough both methods of estimating 

relati e abundance by frl:quency appear 
to renect specie diversity adequately, 
they have shortcomings. 

With the quadrat method two equa\Jy 
frequent spccie ' may differ considerably 

in actual abundance. For example, one may 
be repre ented by man . hoolS, whereas 
the other may be represented by relatively 
few shoals but be equally well dislributed 
and occur in the same number of quadrats. 
In order LO avoid that problem, the use of 
a large number of very small quadrats is 
suggested for estimating abundance 6 

E. pecially where quadrnt~ of a single 
size are used, managers may have LO 

ccept that son e frequencies will be too 
Itlrge and some too small to be of much 
value in assessing beta diversity over 
time. The lO-cm by IO-cm quadral used 
in Yosemite may be too large even on 
dry meadows in rhe Sierra Nevada. A 
quadrat of appropriate size will give a 
rrequency of between 63 percent and ~6 
percent for the most abundant species. l-l 

For lh sites in Yo. emite (except number 

4 

.. 14· 

9 

1 

5 

16 

11 26 55 3 

4() , . :w 15 15 50 

2 

75' 12 

II 48 22 

92 94 2 12 

26 46 6 89 63 

32 I 7. 

Sl ':!7 

,17 28 (, 

10 57 14 

(I .61 j6 

5), frequencies for the most abundant 
species exceeded thal range (tah/c 3). 

Thirty-n ine percent of the species 
frequencies were above lhe lllini01UI1 of 
20 percent suggested for detecting change 
in tbe less abulidant specie , IS 

A point is u dimensionless (in practice 
a very small) quadrat, and direct hits on 
species (as with sampling pins) may be 
used to estimate their relative abulldances6 

In situations where ()ne encounter<; grazed 
and ungra7ed meadows. point hits on 
foliage can giv misleading resu lts. For 
that reason, basal point hits ha e be n used, 
but even in meadows. actual basal hits on 
plants Z}rc rare , for exampl , only 4 .4 
percenl or all basal hits on 82 sites were on 
plants (excluding mosses) .7 

The nearest shoal-lo-poi III meLhod do s 
not estimate percent ground cover. Never-

USDA Forest Serv ice Res. NOle PSW-RN-4 J5. 1993. 
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theless, for estimating diversity, that 
method appears to fit the need for large 
numbers of small quadrats and to reflect 
relative species abundances in meadows 
adequately. A point is the center of a 
circular quadrat of variable size, but I 
consider the average shoot-to-point 
distance in meadows to be short enough 
to justify accepting the nearest shoot to the 
point as being hit. The average distance 
from 4,766 random points to the centers of 
the nearest shoots was 5.902 ± 0.163 mm 
(a circular quadrat of 1.1- to l.2-cm diam­
eter).16 The method estimates the relative 
probability of finding a given species at a 
random point and hence relative species 
frequency. 

Nevertheless, because of the variable 
quadrat size and the likelihood of nonran­
dom shoot dispersion, the nearest shoot­
to-point method of estimating the propor­
tions of shoots by species is not statisti­
cally acceptable. Therefore, statistical 
inferences regarding individual species 
should be avoided. For that purpose, rooted 
frequency in quadrats of fixed size should 
be preferred. 

Species Numbers 

Estimating the number of species on a 
site appears to be a simple approach to 
diversity. The most prevalent species usu­
ally will be immediately obvious to the 
observer. Nevertheless, the more time spent 
in observation, the more species one will 
find. For example, different species may 
appear under different conditions, and sev­
eral periods of observation may be needed 
to be sure most species have been recorded. 
An alternative approach may be to record 
only those species found within a speci­
fied observation time, say 45 minutes, at a 
time when an indicator species reaches a 
selected phenologic stage. 

Why Assess Diversity? 

Indices of alpha diversity appear to be 
oflittle management value in and of them­
selves. Diversity indices do not necessarily 
relate to ecological state or meadow 
health. These characteristics may be better 
related to the basic measures of species 
cover, composition, and biomass produc­
tion. Nevertheless, plant species diversity 
is important as related to processes and 
flow pathways within and among com­
munities. Higher diversity implies a 
greater number of occupied niches.3 Over 
the growing period, plant species vary in 
their ability to capture the sun's energy, 
and a high degree of diversity in the plant 
community may equate with high diversity 
in other parts of the biotic system. For 
example, with several co-dominant rather 
than one dominant grass species, the 
diversity of decomposer organisms may 
be higher, thereby affecting nutrient cy­
cling rates. Herbivore diversity may be 
higher with many different herbaceous 
species than with few, thereby affecting 
herbage use. 

Thus, when considered in an ecosystem 
context, alpha diversity indices provide 
information that may not be immediately 
apparent from basic measures of the plant 
community. 
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The Forest Service, U.S. Department of Agriculture, is responsible for Federal leadership in forestry. 
It carries out this role through four main activities: 
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