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Sensitivity of Frequency Plots for Detecting Vegetation Change

Abstract
Field procedures that will monilor v€getation changes are required to assess rhe eff€cts ofnanagemenr actiriiies on rangetands.
The more sensitive rhe noniroring nethodolo$, rhe ea.l'er any evaluarion of managernenr programs may be acconptished.

-4s a veg€talion attribute that can be sanpled, frequency has many desirable qualiries: it is srabie over rime, easity rneasured,
and the r€sultins dBta is readily analyzed. While frequency is nor suirable for yeaetation descriprion, it does offer tle potentiai
for detecting vegetarion change with successrve messures ov€r trme.

Studies $ere unddta&en to conpare the relative sensitiviries to vegerarional change of three frequency ptot sizes (lox25,
15i33.5 and 20x50 cn). The t€sring was csrried out in four different range conmuniti€;. Ar €ach sne,L"q""""y of *"*."*"
by species was obtained with each of the frequency plots. Known percentages of veg€ration were then excluded fron furrher
sampling, thus sinularing changes in the vegetation over tine. The transect was th€n r€sampled. Th€ ptot size detecring rh€
smallest _amount of change wirh a given number of sanples vas deerned ro be rhe most sensirive for a given site.

Results show that each of the frequency plots vas yery sensitive to successional change. Of the three fiequency plor sizes
tested, an increas€ in plot size brought about a corresponding inprovement in sensiriyiry ro vegetational change in the par-
licular ty!€s of v€getation ssmpled. In the vegetaiion sampled in this srudy, rhe plot sizes were not targe e".uitr to p.oauce
frequencies that were less sensitive than the smatler ptor sizes.

Introduction

Since effective evaluation of range managemenr
programs requires proper assessmenl of vegeta-
lional change. the need for efficient monitoring
of range trend has long been recognized (Pick--
ford and Reid 1942, Ellison 1949). Without early
detection of trend, it becomes difficult to reverse
vegetational change not meeting management
goals, since the change is usually well advanced
by rhe time it is detected. In addition, current
monitoring techniques often require prohibitively
long time spans to note any change due to the
imp lementa t  ion  o f  managemcnt  ac l ions .

Successional trend, as an indicator of change
in condition. is expressed by a change in sper"ies
composition (Costello 1956). This change in com-
position can be theorerically measured by cor-
responding changes in cover, yield, density or fre-
quency. Holrever, some of these attributes are
more sensitive to successional chanse than
o lhers .  For  e f f i c ien t  de tec t ion  o f  t rend,  i t  i s
preferable to select an easily measured att bute
tha t  i s  sens i t i re  to  smal l  changes in  spec ies  com-
position, yet insensitive to weather-induced fluc,
tuations. Although cover and yield data are useful

in applications such as production studies, they
are not desirable for detecting range lrend.
Seasonal and yearly weather fluctuations greatly
affect yield and cover (basal and foliar); hence
their levels are too transient for effectively
measudng successional change. Density, as op-
posed to cover and yield, is an essentially stable
attdbute, particularly with perennial vegetation.
Unfortunately, measuring and recording density
can be very time consuming, particularly if the
plants are small and numerous, or if they re-
produce vegetatively (Stricller and Stearns 1963).
For these reasons, frequency (species presence
or absence) is a more desiable attribute for
measuring range trend. Since it is partially deter-
mined by density, it is stable over periods of time.
In addirion, frequency is easily and quickly
measured, requiring only species' presence in a
plot, and data are readily analyzed statistically
(Brown 1954).

Frequency's requirement for different plot
sizes according to vegetation type sampled (Ker-
shaw 1973) makes it a poor choice for describ-
ing vegetatioD; it is difficult, wirhout one stan-
dardized plot size, to conceptualize frequency

Northwest Science, Vol. 60, No. 4. 1986 279



data. However, frequency has the potential for
use in trend studies where the data desired
represents a difference between two sampling
dates rather than a single absolute measurement.
Therefore, the objective of this study was to
derermine if frequency plot data would be more
sensitiye to detecting small levels of range trend.
The greatest benefit of a more sensitive method
of measuring trend would be the earlier detec-
tion of vegetational change resulting from man-
agement practices.

Methods

Field l\4ethods

During the summer of I98t, four sites located
within 70 km of Salmon, Idaho, were studied.
These sites were selected to test the procedures
in a yariety of vegetational types. Listed as
habitat types (Hironaka er aL l9B3, Steele et aL
l98l), the sites are:

l. Pinus ponderosa/Festuca idahoensis. Located
at an elevation of 1500 m, this site exhibited
a typical (Morris and Mowat 1958) fire'
maintained P. ponderosa stand structure. It
combined an uneven-aged stand overstory
with a grass-dominated understory.

2. Artemisia trid,entata stbsp. ooseyano/Festuca
idahoensi; Several Pscudotsuga menziesii
trees were present on this site, alrhough there
was no indication of previous occupation by
this species. The elevation was 1975 m,

3. Arte misia trid.entata s\bsp. oaseyana/Festuca
idahoensis. Located at an elevation of 2250
m, this site had been prescribed burned three
years prior to sampling.

4. Arte misia tride ntata subsp. oaseyano/Festuca
id.ahoensis, This site was located on an ex-
posed high ele,ration (2725 m) with an abun-
dance of small forbs and few shrubs. The few
Artemisia ir'divid:uals present were small and
stunted.

Vegetation data reported in this study con'
sist of the herbaceous component only. Use of
scientific names except for Artemisia lollows
Hitchcock and Cronquist (19?3).

The sampling process consisted of three
phases, designed to simulate trend sampling over
a period of years. In phase 1, frequency and cover

baseline measurements were taken. Phase 2 con-
sisted of randomly ericluding known amounts of
vegetation from further sampling, simulating a
known compositional change over time. In phase
3, the plots sampled in phase I vere resampled
after the vegetation change had been created.
Phases 2 and 3 were compleled lhree times. since
three different levels of change were studied.

The sampling unit consisted of a series of suc-
cessively larger metal plot frames arranged in a
nested configuration. The frequency plot sizes
were 10x25, 15x33.5, and 20x50 cm, rePresenting
areas of 250, 500, and 1000 cm2, respectively.
The nested configuration allowed for direct com-
parison of any one plol size lo anothcr. since a
plant located in a particular plot would also be
included in all plots of a larger size.

At each site, ten l0-m lransects 1{ere located
within a uniform area. The transects were usu-
ally placed parallel to each other at a distance
of two to three meters. Along each transect, 40
of the nested configurations were uniformly
spaced, for a total of 400 samples per slte.

At each of the 400 nested configurations, fre-
quency of occurrence for individual species with-
in each of the three frequency plots was recorded.
A plant was defined as being present if any por-
tion of the rooted cro$n occurred within the
quadrat. In addition, 120 systematically located
point measurements were made along each tran-
sect (1200 points per site) to measure foliar cover.
These frequency and cover measurements com-
prise the aforementioned phase l Nert, phase
2 was conducted. Changes in species number and
abundance were created to simulate successional
trend. To do this, randomly located sections of
the transect, each 20-cm long, were marked off.
Each section also extended perpendicularly ftom
the transect 50 cm to include all sizes of the sam-
ple plots. Any plant located within these "exclu-

sion areas" was considered to have disappeared,
thus simulating a vegetation change over time.
To achieve the desired levels of change (10, 20,
and 30 percent reduction in vegetation) 5, 10, and
l5 exclusion areas, respectively, were located. By
superimposing the randomly located exclusion
areas over the uniformly spaced sample plots,
varying amounts of vegetation change {ithin a
single sample plot could be created, from com-
plete exclusion to no change. Neither of these
extremes occurred frequently. Instead, varying
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amounts of partial overlap occured between the
sample plots and the exclusion areas. Following
each of the three levels of change, phase 3 was
accomplished by resampling rhe original sample
plots and the exclusion areas. Following each of
the three levels of change, phase 3 was accom-
plished by resarnpling the original sample plots,
minus the exclusion areas, for frequency and
cover.

In surnmary, the field sampling consisted of:

l. a) recording the initial frequency data for the
three plots within each of the 400 concen-
tric configurations per site;

b) recording foliar cover generated by 1200
points per site;

2 .  c rea t ing  a  change in  the  vege la l ion i

3. resampling the original frequency plots and
cover points after the change had been made.

Steps 2 and 3 were done three times, once at each
level of change introduced (10, 20, and 30 per-
cent). While this study considered "change" to
be a reduction in species variety and abundance,
a reversal of the data could be used to discuss
the effects of species increase, With the same set
of data, however, the results of an increase were
not  tes ted .  S in r "e  th is  s tudy  $as  les l ing  var ious
plot sizes for sensitivity to small levels of change,
the amount of change induced was limited to a
maximum of 30 percent.

The objecrive of this study lvas to compare
changes in frequency levels detected by different
plot sizes. Without a reference standard, it would
be impossible to determine if the frequency
changes detected by one plot size were more pre-
cise than any other plot size. Frequency itself
could not be used as a reference for two reasors:
l) it is the value being tested, and 2) irs results
are highly related to plot size. For these reasons
a vegelation measurement other than frequency
had to be established as a reference. Density,
yield and cover vere considered. For practical
reasons, cover was the attribute chosen. It was
found, however, that basal cover levels at the sites
studied, were too small to be useful. Foliar cover
was thus chosen as the reference standard. It was
determined that sampling foliar cover at such an
intensive level (1200 points per site), would give
an accurate assessment of change (Table l). The
sole purpose of the foliar cover data was to deter-
mine whether a significant vegetation change had

occurred as a result of the exclusion process. No
attempt was made to relate cover to frequency.
Normally, foliar cover is not used to determine
trend; it is subject to yearly and seasonal en-
vironmental f luctuations. However, it was used
as a parameter in this study since all sampling
on a site was done in a few days' time, during
which vegetation changes were insignificant.

TABLE l. Perc€nt foliar cover before and after each exclu-
sion level, high eleearion Attemisia tridentata
snb.p. "a.seya.no/Festuca iddioe'rir habital type.

Percent Change in
Foliar Cover From
Original (0% Ex-

Exclusion Level i%)Foliar Cover clusionf Level

'Significant at lhe alpha = 0.20
"Significant ai rh€ alpha : 0.10
Significance deternined by separate 'r' test between the con'
trol level and each of rh€ rbree "exclusion" lerels.

Data Analysis

Sampling 400 plots is usually considered to be
too lime consuming for most management re-
quirements. Therefore, to enhance the usefulness
of this study, the original 400 nested configura-
tions lvere considered to be a population, from
which a random sample of 200 was drawn. The
600 foliar cover points associated with rhese 200
samples were also used in the analysis, All results
shown here are from the smaller (200) sample
size. Data from each of the four sites wci:€ ana-
lyzed independenrly; no attempt was made to
combine information from different sites.

Individual 't' tests were used with the foliar
cover data to determine, as a reference standard,
if the exclusion process had indeed made signifi-
cant changes in the vegetation. With alpha =
0.10 or 0,20, tests were made on differences in
percent foliar cover between the control (original)
level and each of the three separate "exclusion

levels." Each of the l0 transects (40 nested con-
figurations each) within a site was considered a
sample.

A Chi-square test with Yates' correction fac-
tor (Mueller-Dornbois and Ellenberg 1974) was

l 0
t8'
26..

38

3 l
28

0
t0
20
30
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used to determine, for each plot size, if signifi-
cant changes in frequency had occurred belween
the control and any of the exclusion levels, The
data used in these tests were the number of oc-
currences of each species per plot size at the con-
trol and each "exclusion level." With the total
number of samples taken also known, the fre-
quency data were arranged in a presence-absence
form, utilized in the Chi-square analysis. For all
species, the number of occurrences in each plot
size at the control level was tested against the
three erclusion levels. For the Chi-square test,
each species-plot size combination was con-
sidered a sample. Results were compared at alpha
levels of 0.20 and 0.10.

While placing the three plot sizes in a nested
arrangement helps ensure that any plants found
in a given plot size are subsequently located in
all larger plot sizes, statistical comparisons be-
tween plot sizes vould be inappropriate, since
the nesting procedure violates the rule of
independence.

Results and Discussion
Foliar Cover
Except as noted, only the results from the ex-
posed high elevation Artenisia tridentata stbsp.
oaseyano/Festuca idaioezsis habitat rype will be
reported. Results from the other three sites are
similar to this one, and are being excluded only
for brevity.

Results of the separate t-test procedures using
the foliar cover data from the Artemisia triden
,@ra subsp. I/aseyana,/Festuca id,aioensrs showed
the following: Il was not possible to detect a
significant difference (alpha = 0.20) in foliar
cover when only l0 percent of the vegetation was
excluded (Table l), However, at lhe 20 percent
"exclusion level," a statistical (alpha = 0.20) dif-
ference in foliar cover was noted. After 30 per,
cent of the vegetation was excluded, a statistically
valid change (alpha = 0.10) occurred when com-
pared to the control level. Considedng the inten-
sity of the foliar cover sampling, this informa-
tion provides a standard against which the fre-
quency data can be compared; without the foliar
cover results, it would be irnpossible to validate
the frequency results. In addition, at all sites, the
percent changes in foliar cover from the control
levels nearly equalled the percent changes made
based on the exclusion level (Table l).

Frequency

The results of the Chi-square test on species oc-
currence are shown in Table 2. It is apparent that
two factors are interacting to determine if a given
plot size can detect a change in any species. 0ne
factor is the init ial frequency of the species, the
other is the magnitude of change in frequency.
To further reveal these effects on detecting trend,
the lowest level at which a change in species fre-
quency became significant (alpha = 0.20 or 0.10)
in any plot size is plotted against the control fre-
quency level (Fig. l). This graph shows that in
order to detect a relatively small change in
species occurrence, there had to be a large ini-
t ial frequency value. With smaller init ial fre-
quency values, it was more difficult for the fre-
quency plots to detect small changes in the
vegetation. Therefore, to detect as small a change
in the vegetation as possible, a plot size must be
used that will giye optimum frequency values.
Curtis and Mclntosh (1950) state that for fre-
quency sampling, plot size should be adjusted so
that the most prevalent species receives a fre-
quency value of63 to 86 percent. This study sup-
ports that view. Additionally, for trend detection,
plot sizes that give higher frequency values rhan
these should be avoided. If a species becomes
more prevalent over time to the point where it
reaches 100 percent fiequency, its usefulness for
detecting change is lost, since at this level, there
is no way to compare relative differences with
previous values. Figure I also shows that as an
increasing amount of change is created, the fre-
quency plots become more effective at detecting
that change; detection of large changes in the
vegetation can be accomplished with smaller ini
tial frequencies.

This srudy noted several other interrelated
points. First, as ieould be expected, plot size was
positively correlated with frequency, Thus fre-
quency, in turn (along with the magnirude of
change), determined the sensitivity of that plot
size to detecting change. The largest plot size
tested was generally most sensitive to detecting
change in the vegetation, due to the optimurn fre-
quency values it provided.

Second, the largest plot size tested usually
showed a change in a larger number of species
than did the smaller plot sizes. These additional
species are important, since they improve the sen-
sil ivity oI detecting change in 5pqqisr qernp65il isn.
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TABLf, 2. Results of the Chi-square analysis on ftequency for rhe Adenisia tri.tentata subsp. t asetnnolFestuca itl.ahoensis
habitat type. The first row for each plot size contains the initisl frequency and the three subsequent frequencies
resirlting from the exclusion process. The second row is the percent change {rom thal original frequency. Tbis list
includes only species in rlhich a chang€ was detected.

Species
Initial Plot

cover l%l size
Exclusion Level (/ol

l0 20 30

Phlox
multiflora

microph)'lla

glauca

Poa

sandberg i i

Carex

Erigeron

10x25

15x33.5

20x50

10x25

15x33.5

20x50

t0x25

I5x33.5

20x50

I0x25

15x33.5

20r50

10x25

15x33.5

20x50

10x25

I5x33.5

20x50

10x25

15i33.5

20x50

10x25

15x33.5

20x50

7.8

7.5

1 . 7

58
o

79
5

87
3

60
6

82
6 '

92
3

7
72
6

82
5

37
t2
50
6

58

34

48
8

63
7

t3 .
72
t2,.
83
8 " '

55

78
l0 r+
m

52

67
l3 * r
18

47

66
20..
79
12 " '

52
19"
73
16 . .
86

48
20"
62
19 . .
74

t4
22
2L
25',
3 l
t 8

24
20.
32
18"

16*

35
l 7
47
l 1
56
l0

32
l 1

t3
60
I l .

t 5
l 7

t4
34

28
22'
4 l
t 5
55
t3 .

27
l0
34
I3

8

l 6
l l
25
l l
36
5

30
t7
44
I

58
8

28
7

36
8

62

82

90

a7

95

60

77

86

53

62

36

52

68

l8

2A

38

36

48

63

30

39

50

4.?

31
26.'
43
19.
5 1
I8 .  +

30
11'

2 1 "
56
t8 ' .

25
3 l ' "
39
19'
52
l? ' *
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TABLf, 2 continued.

SpecieB
Initial

cover (%f
Plot
6izc 0

Exclusion Level i%l
l0 20

Eriogonun

Phlox
longifolia

Draba
d€nsifolia

10x25

15x33.5

20x50

10x25

15x33.5

20x50

t0r25

15i33.5

20x50

10x25

15x33.5

20x50

t 3
35.
23
2 l
37
16'

l 6
20

t4
38
l4

20
23
28
l8
40
l 3

I I

t 8
18
30
9

43
6

60
9

72
6

l 8
l0
26
IO
4 t
7

23
t2
30
t2

9

t2
I

20
9

32
3

40

66

77

20

29

44

26

34

46

l3

22

33

39
15 .
56
15 . .
68
t21.

36
22".
54
18 . .
67
13"

I8
3 1 "
26

38
t7.

1 .0

0.7

9
3 l
l 4
36..
26
2 t '

'Significant at alpha = 0.20
"Significant at alpha = 0.10

Third, r.vith only one exception, a change
created by excluding l0 percent of the plants
along the transect could not be detected by any
of the frequency plot sizes. When exclusion levels
reached 20 and 30 percent, the resulting changes
in frequency could regularly be detected, espe-
cially with the larger plot sizes. Examination of
Figure I can provide estimations, for those sites
studied, of the minimum initial frequencies need-
ed to detect a particular change in frequency, For
example, at this site (a high elevation A. triden-
tata stbsp. t)dseyana./F, idai.oezsis habitat type),
a plot size providing an init ial frequency of at
least 60 percent would be necessary to detect a
subsequent l5 percent change in frequency. This
figure also shows that it was difficult for any
single frequency plot, of the sizes tested, to con-
sistently detect changes in frequency less than
about l0 percent, As the change became greater
lhan l0  percent ,  f requency  p lo ts  became qu i le
useful for detecting that change.

Fourth, the species in Table 2 have been
listed in descending order ofinitial (control) foliar
cover. This was done to illustrate that foliar cover
can be used as a guide for determining which
species might be abundant enough to show sig-
nificant changes when using frequency to detect
trend. This is not to imply that theie are direct
relationships between frequency and cover. It is,
however, very difficult to determine before sam-
pling what a species' frequency will be. Simple
ocular estimation of foliar cover can provide the
land manager wirh a rough estimate of the var-
ious species' abundance and of the frequency
plot sizes which might be successfully used on
a given site for trend analysis. For example, on
all sites, it was difficult to consistently detect
trend, using frequency, in any species with an
initial foliar cover less than about one or two per-
cent. If management needs were considered for
these four particular sites, frequency sampling
of species with foliar covers less than about one
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Figxre L lnitial frequency versus the smallest significant
(alpha = 0.20 or 0.10) pe.cenr change derecled
at any exclusion level, by plot size, (Artenisio
tidentata s$sp. Mseyano./Festucd id.ahoensis
habitat typ€).

or two percent might not provide much addi-

t ional information. Additionally, this level is a
crude approximation and applies only to those
sites covered in this study. There are, however,
situations where this foliar cover generalization
might not hold true. Species with large spreading
leaves and small bases would tend ro have high
foliar cover levels, yet low frequency levels. Since
the Chi-square analysis is based on species
presence-absence, one would not expect the small
f requency  leve ls .  in  these cases .  to  be  sens i t i ve
to change for such species with large foliar and
small basal cover,

In summary, the specific results for the

Artemisia tridentata s,:rbsp. oaseyana/Festuca
idahoensis habirat type are as follows. Density
and dispersion characteristics combined to create
high frequency levels. As a result, 12 of the 22
species found at this site reflected a statistical
change (Table 2). Initial frequencies of any plot
size-species combination showing a significant
difference varied from 22 to 95 percent. At this
site, either the 15x33.5-cm or 20x50-cm plot
would be adequate for detecting small changes
in the vegetation. They both detected abour the
same change (six and five percent, respectively),
and they detected differences in the same num-
ber of species (l l). This similarity is most l ikely
due to the high frequency readings that both plot
sizes developed. Although the 10x25-cm plot
detected differences in a large number of species
(10), the smallest change it could detect was 13
percent, more than twice that of either the
15x33.5-cm or 20x50-cm plots.

Conclusions

At four sites in ldaho, 10x25, 15x33.5, and
20x50-cm frequency plots were sensitive to known
changes in the vegetation. Each of these larger
frequency plots regularly detected small amounts
of vegetation change at alpha = 0.20 and 0,10.

Initial frequency as well as the magnitude of
change in frequency are primarily responsible for
determining sensitivity to vegetational change.
Those plot sizes giving higher initial frequency
readings were more sensitive to detecting sub-
sequent changes in frequency. The number of
species in which a significant change was de-
tec ted  was pos i t i ve l l  re la ted  to  p lo t  s ize .
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