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RELATIVE INFLUENCE OF OBSERVER ERROR AND PLOT
RANDOMIZATION ON DETECTION OF VEGETATION CHANGE
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Abstract. A study was conducted in sagebrush-steppe vegetation, near Kemmerer, Wyoming, U.S.A., to
separate the effects of observer error and plot randomization on the estimation of interannual changes
in plant species richness, evenness, diversity and total cover. Multiple observers of the same set of qua-
drats produced significantly different estimates of diversity due to differences in the length and composi-
tion of species lists and cover estimates. A single observer’s estimates of different sets of quadrats had
equivalent diversities and reflected the same community. Changing observers, introduced less variability
in floristic richness, in a relative sense, than did plot randomization. However, when species presence was
combined with ocular estimates of cover, changing observers introduced more error into the estimation
of diversity incorporating evenness and the characterization of the trajectory of change than did spatial
randomization of plots. The desirability of using permanent plots and the same competent observer over
time to detect vegetation change was reconfirmed as was the need to objectify estimates of abundance.

Introduction

Vegetation changes over time are especially difficult
to reliably detect on sparsely vegetated, but strongly
patterned landscapes in arid to semi-arid climates (Frie-
del and Shaw 1987a, 1987b). In order to separate the
contributions to variation due to space from those due
to time, use of permanent plots has frequently been pro-
posed (e.g., Austin 1981). Sequential observation of per-
manent plots (as opposed to randomized plots) has costs,
however, in loss of statistical power due to the consi-
deration of autocorrelation (Gurevitch and Chester
1986), and in the restriction to nondestructive sampling
techniques in order to allow resampling on the same
spot.

A second, less tractable source of variation in vege-
tation data is observer error (Lamacraft 1978, Sykes et
al. 1983). Multivariaté approaches which can consider
multiple characteristics of many species are increasing-
ly used to summarize observed changes in community
composition (Hopkins 1968, Van der Maarel 1969, Au-
stin 1977, Austin et al. 1981, Hacker 1983, 1984, Fo-
ran et al., 1986, Hatton and West 1987, Wester and
Wright 1987), but a disadvantage of multiple variable
and multispecies estimation is that the identification
and evaluation of a number of characteristics of all spe-
cies present increases the opportunity for observer
error.

Recent literature on island biogeography suggests
that much of what was estimated to be real species tur-
nover may be an artifact arising from sampling errors
among observers (Nilsson and Nilsson 1982, 1983, 1985),
raising serious doubts about the validity of many stu-
dies of compositional turnover. Kirkby et al. (1986)

found large differences in the number of species recor-
ded by observers along the same transect in woodland
vegetation. Both Nilsson and Nilsson (1985) and Kirk-
by et al. (1986) recommended having the same obser-
ver (s) over time when trying to characterize the change
in species presence/absence. The presumed increase in
precision may, however, be countered by reductions in
accuracy if the chosen observer does not consistently
obtain a complete list of species really present.

The incorporation of abundance estimates further
complicates observer error. Nondestructive estimation
of abundance, whether allometric or ocular, involves
a non-zero error term which may bias or cloud real dif-
ferences in vegetation over time. Bannister (1966), how-
ever, recommended the use of ocular estimates of plant
cover as the basis for ordination and it remains a wide-
ly employed method of evaluating plant abundance. Co-
ver is complicated by variations in life forms, surface
contrasts, canopy relationships and actual mag-
nitude (Holm et al. 1984, Hatton et al. 1986; Friedel and
Shaw 1987a, 1987b). These complications may be ex-
pected to increase differences among observers’ cha-
racterizations of plant communities in addition to the
differences among their lists and respective abundan-
ces of species present.

This study evaluated the relative importance of ob-
server error and plot randomization on the characteri-
zation of a stand of sagebrush-steppe vegetation. Given
multiple observers of the same plots, do their estima-
tes of species diversity significantly differ? If so, is the
varying value due to differences in their estimates of
richness and/or evenness. Were observer’s plant lists
subsets of one another or did they indicate different
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plant communities? Given the same observer of differ-
ent sets of random plots, are the diversity estimates for
the various sets equivalent? If so, do they represent the
same parent population? When expressed as the ave-
rage of each set of observations, do the values for rich-
ness, evenness, diversity and total cover differ between
the observers’ estimates of the same set of plots and
those made by a single observer on a different set of
plots? The answers to these questions have implications
in the design of any vegetation study intended to mo-
nitor change.

Methods

The study was conducted in a mesic variant of the
sagebrush-steppe vegetation type (West 1983) near
Kemmerer, Wyoming (41:50 N 110:30 W). Further de-
tails on the vegetation and environment of that area
can be found in Hatton and Carpenter (1986) and Hat-
ton and West (1987).

Plot centers of twenty, round 1 m? quadrats were
randomly located within a 20 m by 50 m area of appa-
rently homogeneous vegetation and were permanently
marked with a metal rod in each plot center.

Percent cover by species, based on a vertical projec-
tion within the quadrat boundary (Hatton et al. 1986),
was estimated for the permanent quadrats in 1984 and
1985 by the junior author. Sampling was timed to cor-
respond to the onset of senescence among winter an-
nuals and peak vegetative growth of perennials (usually
early July).

In addition to the above, in 1985, four other trained
observers estimated plant cover by species on these sa-
me 20 permanent quadrats. These observers were gi-
ven simultaneous instruction in the technique, had
gained familiarity with local plant taxonomy on adja-
cent plots, and worked independently for six weeks in
the study area prior to obtaining the data used here.
A more experienced field taxonomist was present to
help in species identification, but only if requested by
an observer. Thus, any error arising in identification
among observer estimates was unlikely to be due to dif-
ferences in taxonomic prowess. Differences in lengths
of the species list are probably due to time and care
spent in searching out smaller species underneath lar-
ger ones and inherent powers of observation that may
be sharpened by experience. Finally, five sets each of
twenty randomly located quadrats were estimated by
the junior author in 1985 within the same study area.
All estimations in 1985 were made within a one week
period in July.

All observers attempted to estimate cover directly
to the nearest 1%. Use of cover scales was avoided be-
cause of the interactions between cover classes and the
precision with which estimates can be made (Hatton et
al. 1986). Diversity and compositional similarity among
the observers’ estimates and among the junior author’s

estimates was assessed via a technique developed by
Pielou (1986). Pielou’s method avoids problems arising
from the lack of independence among calculated simi-
larity coefficients and reflects the richness as well as
the evenness of the vegetation. Pielou recognized that
while the data produced by her technique were inde-
pendent, they were not suitable for nonparametric in-
ference based on tests of rank and therefore we applied
an exact test (Pielou 1977) based on a 2 x2 contingen-
cy table. Our inferential procedure was based on the
randomization t-test (Romesburg 1985), which requires
only independence among samples. This nonparametric
procedure may be expected to be more powerful than
the contingency test alternative since it requires no ar-
bitrary division of the data into classes.

From among the set of observers of the same set of
quadrats, two mutually independent pairs were ran-
domly chosen to test the null hypothesis that their di-
versity estimates were equivalent. Given that they were
not, the hypothesis that the less diverse of the pair was
a subset of the more diverse set of estimations was te-
sted, and randomization paired t-tests were employed
to determine if the differences in diversity were due
to differences in the estimates of richness and/or even-
ness. Evenness was expressed as the quotient of the in-
verse of Simpson’s (1949) index of concentration over
the number of species.

Pielou’s method, as modified above, was also used
to test the effect of randomizing sets of quadrats to test
the null hypothesis that the diversity estimates by the
same observer for 2 mutually independent pairs of ran-
dom sets of 20 quadrats were equivalent. Given that
they were, the hypothesis that the estimates for these
pairs were sampled from the same community was te-
sted via the randomized t-test.

Because inferences regarding vegetation change are
often made on the basis of all variables observed in the
entire sample and not individual observations, the da-
ta for each observer and each set of quadrats were com-
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Fig. 1. Species-area curve for sagebrush-steppe vegetation
in study area.



bined into a single record, representing a cumulative
sampling area of 20 m? by each observer. A species-
area curve, developed by the iterative method (Hatton
and Carpenter 1986), based on information from all of
the sets of quadrats, was constructed to demonstrate
that the sample size was adequate to characterize the
richness of the vegetation (Figure 1). The iterative me-
thod has been found (Hatton and Carpenter, 1986) to
be more reliable than traditional, graphical presenta-
tions of such data because misidentifications of rarer
species do not cause exaggeration of nominal diversity.

Given the average values for the estimates of each
of the observers of the same set of quadrats and for each
of the random sets of quadrats estimated by the junior
author, the null hypotheses that the estimates of spe-
cies richness, evenness, diversity and total cover were
the same between the set of different observers and
the set of different plots were tested by means of ran-
domization t-test.

The averaged estimates for four observers (01-04) of
the same plots in 1985, for one observer’s averaged esti-
mates for 5 random sets of plots (R1-R5) in 1985, and
for one observer’s averaged estimates of the permanent
plots over two years (84, 85) were combined into a da-
ta matrix of 11 samples by 70 ‘‘species’’. (Some of the-
se ‘‘species’’ were due to different names applied to the
same plant by different, less-experienced observers.
The ‘‘real’”’ number of taxa, as judged by the most ex-
perienced observer, was a maximum of about 47 but
a mean near 40.).

These samples were ordinated by nonmetric multi-
dimensional scaling (Faith et al. 1987) employing the
Bray-Curtis (1957) dissimilarity metric for presence/ab-
sence analysis and the Kulczynski (1928) dissimilarity
metric for cover-weighted estimates. Ordinations along
the first two ordinal axes were used to demonstrate the
relative similarity;i among observers and among diffe-
rent sets of quadrats as compared with that between
the same set of quadrats estimated by the same obser-
ver over two years.
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Fig. 2. Nonmetric multidimensional scaling ordination of
four observers’ estimates in 1985 of species presence/ab-
sence in the same set of quadrats (01-04), five sets of esti-
mates in 1985 by the same observer of different sets of
quadrats (R1-R5), and the estimates by a single observer
of the same set of quadrats over two years (84, 85).

Results

Both of the pairs of observers’ estimates of diversi-
ty of the same set of quadrats differed significantly
(p<0.01), and in both cases the shorter list was a sub-
set of the longer list compiled by the other observer
(p=0.12 and 0.16, respectively). The differences in di-
versity within these contrasted pairs were due to dif-
ferences in both the richness (p<0.01) and evenness
(p<0.01) of the species.

Both pairs of different set of quadrats estimated by
the same observer had similar diversities (p=0.94 and
0.58, respectively), and were sampled from the same
plant community (p=0.58 and 0.93, respectively).

When estimates for each observer or set of plots were
combined (Table 1), the estimates of richness by obser-
vers of the same set were not significantly different
from the richness estimates of different sets by the sa-
me observer (p=0.52), but the estimated of evenness,
diversity and total cover differed significantly (p=0.04,
0.03 and 0.05, respectively).

Table 1. Estimated values for cumulative species richness, (20 m2) and evenness, diversity and mean total cover (%)
for the same set of twenty (1 m~) quadrats observed by the junior author (JA) and four other observers (01-04) and
for five independent sets of twenty quadrats estimated by the junior author (R1-R5).

JA 01 02 03 04 R1 R2 R3 R4 R5

Species .

richness 35 29 27 28 25 34 27 34 26 31
Species

evenness 0.22 0.30 0.26 0.25 0.25 0.18 0.25 0.20 0.23 0.19
Species

diversity 7.71 8.56 7.14 6.96 6.34 6.15 6.88 6.64 6.00 5.82
Total

cover 55.0 54.9 82.0 72.8 37.3 43.8 49.5 40.8 45.1 37.8
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Fig. 3. Nonmetric multidimensional scaling ordination of
four observers’ estimates in 1985 of cover by species in
the same set of quadrats (01-04), five sets of estimates in
1985 by the same observer of different sets of quadrats
(R1-R5), and the estimates by a single observer of the sa-
me set of quadrats over two years (84, 85).

Presence/absence and cover-weighted ordinations
had relatively low stresses in two dimensions (0.16 and
0.17, respectively). Kruskal (1964) considers stress a
measure of goodness of fit. The presence/absence or-
dination shows that either changing observers or sets
of quadrats sampled can overwhelm the change in ve-
getation detected by the same observer of the same set
of quadrats (Figure 2). This effect is even more drama-
tic when cover-weighted values are included in the or-
dination (Figure 3).

Discussion

Multiple observers, trained and sampling species pre-
sence and cover on an identical set of quadrats, simul-
taneously produced significantly different estimates of
species diversity, richness and evenness. That some ob-
servers’ estimates were subsets of others’ rather than
recording some different species indicates that error not
only arose from differences in cover estimates (as re-
flected in evenness), but also arose from differences in
their ability to detect the full set of species present in
a given quadrat. Having one observer estimate diffe-
rent sets of quadrats randomly located in the same area
produced no significant differences in the estimates of
diversity, nor did it indicate that the samples were
drawn from different populations. Evidence from the
ordinations, however, suggests that re-randomizing
plots each time data are taken does introduce noise in-
to the system. In this case, the noise arising from plot
randomization exceeded the difference in the same ob-
server’s estimates of the permanent quadrats over two
years.

The contrasts between the averaged estimates for ob-
servers of the same set of quadrats and the averaged
estimates for different sets of quadrats by the same ob-
server indicate that given enough opportunities at de-

tecting the presence of a species, observers will even-
tually produce similar species lists. The differences aris-
ing from the personal biases in ocular estimation of co-
ver, however, persist and obscure real differences in
composition and introduce artificial ones.

This study supports the observations by Lamacraft
(1978), Nilsson and Nilsson (1985), Kirkby et al. (1986)
and Friedel and Shaw (1987a, 1987b) that changing ob-
servers can lead to serious errors in vegetation data.
In a relative sense, however, it would appear that in
the case of this study, changing observers introduced
comparatively less variability into the estimates of chan-
ge in floristic richness than did plot randomization.
However, when species presences were combined with
ocular estimates of cover, changing observers introdu-
ced comparatively more relative error into the estima-
tion of diversity and the characterization of trajectory
than did randomizing the plots. Less subjective abun-
dance determinations, as in Carpenter and West (1987),
may reduce the noise associated with changing obser-
vers and allow a correction for biases. Given the ideal
of permanent quadrats in the study of vegetation chan-
ge and the concomitant requirement for nondestructi-
ve sampling, it is clearly desirable to either retain the
same observer over time (if he or she consistently pro-
duces a full species list and reasonably accurate esti-
mates of the variable (s) of interest in a time efficient
fashion) or to somehow objectify the detection of spe-
cies and the estimation of their abundances.

Acknowledgements. This study was supported by Grant DEB
81-01827 from the National Science Foundation. Authors wish
to thank Dr. David Roberts for assistance in the analytical
design.

REFERENCES

AuUsTIN, M.P. 1977. Use of ordination and other multivariate
methods to study succession. Vegetatio 35: 165-175.

AusTiN, M.P. 1981. Permanent quadrats: an interface for theo-
ry and practice. Vegetatio 46: 1-10.

AusTIN, M.P., O.B. WiLLIAMS and L. BELBIN. 1981. Grassland dy-
namics under sheep grazing in an Australian Mediterranean
type climate. Vegetatio 47: 201-211.

BANNISTER, P. 1966. The use of subjective estimates of cover-
abundance as the basis for ordination. J. Ecol. 54: 665-674.

Bray, J.R. and J.T. Curtis. 1957. An ordination of the upland
forest communities of southern Wisconsin. Ecol. Monogr.
27: 325-349.

CARPENTER, A.T. and N.E. WEsT. 1987. Validating the referen-
ce unit method of aboveground phytomass estimation on
shrubs and herbs. Vegetatio 72: 75-79.

Farth, D.P., P.R. MINCHIN and L. BELBIN. 1987. Compositional
dissimilarity as a robust measure of ecological distance. Ve-
getatio 69: 57-68.

Foran, B.D., G. Bastin and K.A. SHAw. 1986. Range asses-
sment and monitoring in arid lands: the use of classifica-
tion and ordination in range survey. J. Environ. Manage.
22: 67-84.



FrIEDEL, M.H. and K. SHAW. 1987a. Evaluation of methods for
monitoring sparse patterned vegetation in arid rangeland.
I. Herbage. J. Environ. Manage. 25: 297-308.

FriEDEL, M.H. and K. SHAw. 1987b. Evaluation of methods for
monitoring sparse patterned vegetation in arid rangeland.
I1. Trees and shrubs. J. Environ. Manage. 25: 309-318.

GUREVITCH, J. and S.T. CHESTER, Jr. 1986. Analysis of repea-
ted measures experiments. Ecology 67: 251-255.

" HAackEegr, R.B. 1983. Use of reciprocal averaging ordination for
the study of range condition gradients. J. Range Manage.
36: 25-30.

HACKER, R.B. 1984. Vegetation dynamics in a grazed mulga
shrubland community. II. The ground storey. Aust. J. Bot.
32: 251-61.

HatroNn, T.J. and A.T. CARPENTER. 1986. An empirical test of
the mass effect determinant of species richness. Vegetatio
68: 33-36.

HatroNn, T.J. and N.E. WEsT. 1987. Early seral trends in plant
community diversity on a recontoured surface mine. Ve-
getatio 63: 21-29.

Hatron, T.J., N.E. WesT and P.S. Jounson. 1986. Relationships
of the error associated with ocular estimation and percent
cover, J. Range Manage. 39: 91-92.

HoiMm, A.M., P.J. CurRrY and J.F. WALLACE. 1984. Observer dif-
ferences in transect counts, cover estimates and plant size
measurements on range monitoring sites in an arid shrub-
land. Austral. Rangeland. J. 67: 98-102.

Horkins, D. 1968. Vegetation of the Olokemeji Forest Reser-
ve, Nigeria. J. Ecol. 56: 97-115.

KirkBY, K.J., T. BiNES, A. BURrN, J. MAacKiNTOSH, P. PITKIN and
I. SMITH. 1986. Seasonal and observer differences in vascu-
lar plant records from British Woodlands. J. Ecol. 74:
123-131.

Kurczynskl, S. 1928. Die pflanzenassociationen der Pieninen.
Bull. Int. Acad. Pol. Sc. Lettres Classe Sc. Mat. Nat. J. Ser.
B. Suppl. 11: 57-203.

KruskaL, J.B. 1964. Multidimensional scaling by optimizing
goodness of fit to a nonmetric hypothesis. Psychometrika

49

29: 1-27.

LamacrarT, R.A. 1978. Observer errors in sampling ecological
variables for range condition assessment. /n: D.N. Hyder,
ed., Proc. 1st Int. Rangeland Congress pp. 514-516. Soc. Ran-
ge Manage. Denver.

NiLsson, I.N. and S.G. NiLssonN. 1982. Turnover of vascular
plant species on small islands in Lake Mockeln, South Swe-
den, 1976-1980. Oecologia 53: 128-133.

NiLssoN, S.G. and I.N. NiLssoN. 1983. Are estimated species
turnover rates on islands largely sampling error? Amer. Na-
tur, 121: 595-597.

NiLssoN, I.N. and S.G. NiLssoN. 1985. Experimental estimates
of census efficiency and pseudoturnover on islands: error
trend and between-observer variation when recording va-
scular plants. J. Ecol. 73: 65-70.

PieLou, E.C. 1977. Mathematical Ecology. John Wiley and
Sons, New York.

PiELou, E.C. 1986. Assessing the diversity and composition of
restored vegetation. Can. J. Bot. 64: 1344-1348.

RoMESBURG, H.C. 1985. Exploring, confirming and randomiza-
tion tests. Computers & Geosciences 11: 19-37.

SivpsoN, E.H. 1949. Measurement of diversity. Nature 163:
688.

SYKES, J.M., A.D. HorriLL and M.D. MouNTFORD. 1983. Use of
visual cover assessments as quantitative estimators of so-
me British woodland taxa. J. Ecol. 71: 437-450.

VAN DER MAAREL, E.H. 1969. On the use of ordination models
in phytosociology. Vegetatio 19: 21-46.

West, N.E. 1983. Western intermountain sagebrush steppe.
In: N.E. West (ed.), Temperate deserts and semi-deserts. Vol.
5, Ecosystems of the World pp. 351-374. Elsevier, Am-
sterdam.

WESTER, D.B. and H.A. WrigHT. 1987. Ordination of vegetation
change in Guadalupe Mountains, New Mexico, U.S.A. Ve-
getatio 72: 27-33.

Manuscript received: January 1989



