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Abstract. Numbers of plant species were recorded in species-
rich meadows in the Bilé Karpaty Mts., SE Czech Republic,
withtheaimto evaluatethe sampling error made by well-trained
observers. Five observers recorded vascular plants in seven
plotsranging from 9.8 cm? to 4 m2 independently and were not
time-limited. Inlarger plotsadiscrepancy of 10-20% wasfound
between individual estimates, in smaller plots discrepancy in-
creased to 33%, on average. The gain in observed species
richness by combining records of individual observers (in com-
parison with the mean numbers estimated by single observers)
decreased fromthesmallest plot (27-82% for two to five observ-
ers) to the largest one (13-25%). However, after misidentified
and suspicious records were eliminated, the gain was much
lower and became scal e-independent; two observersadded 12%
species, on average, and theincrease by combining specieslists
made by three or more observers was negligible (3% more on
average). It is concluded that most discrepancies between indi-
vidual observerswere caused by misidentification of rare seed-
lings and young plants. We suggest that in species-rich mead-
ows plants should be recorded by at least three observers
together and that they should consult all problematic plant
specimens together in the field, to minimize errors.

Keywords: Sampling error; Speciesrichnessestimate; Species-
rich meadow.

Introduction

Plant species lists are increasingly needed for many
purposes (Boulinier et a. 1998; Keating et al. 1998). In
simpledescriptiveinventories, vegetation analysesand in
biodiversity studies high quality plant censuses are re-
quired (Hawksworth 1996; Pickett et al. 1997). With
notable exceptions species lists recorded in the field or
compiled from literature are treated as exact; errors in
species number estimates have rarely been considered or
studied. However, it has been shown that even between
two experienced persons collecting data in exactly the
same areathere can be aconsi derable discrepancy, called
‘pseudoturnover’ by Nilsson & Nilsson (1985), ‘ spurious

turnover’ by Rusch & van der Maard (1992), sampling
error by Leps & Hadincova(1992) or biasin sampling by
Wilson (1995). For example, Kirby et d. (1986) found
that only 53-76% of species was recorded by different
observers in the same forest and in the same season.
Sampling errors reported by other authors are usually
lower. Fromidands0.3-2.19 hainsizeNilsson & Nilsson
(1985) reported amean sampling error of 11.4%. Infixed
quadrats, 5m x 5minsize, situated ingrasslands, Leps &
Hadincova (1992) found a mean difference in species-
richness estimates between two observers of 13%.

Several factors have been reported to be responsible
for the sampling errors. For example, the numbers re-
corded by the observers may be decreased because of
problemsdistinguishing similar plants(Nilsson& Nilsson
1985; Kirby et al. 1986; Wilson 1995). Overlooking
seedlings may aso reduce the number of recorded spe-
cies, whereas plant misidentification may result in an
increase in species number if the seedling isidentified as
a plant not yet present in the list. Expectations of the
species number may affect efficiency and sampling time
of individual observers. Some authors have atendency to
increase their effort when the number of species so far
recorded is unusualy low (Leps & Hadincova 1992)
whereasotherstend to search for speciesmorethoroughly
inquadratswith many species (Wilson 1995). Someother
factors may affect the quality of census data, such asbad
weather (either too hot or too cold, windy or rainy) and
long working days, when the observer becomestired. All
these factors have a negative impact on the intentness to
the work. Sampling efficiency is another factor which
may affect species numbers (Nilsson & Nilsson 1985;
Kirby et al. 1986). After al, collaborators may either
disturb the observer or stimulate him/her, depending on
the circumstances. Apparently, there are many factors
which affect the quality of plant censuses, and in many
cases their effect can be either negative or positive, de-
pending on other factors.

In this paper we present data based on a simple



700 Klimes, L. et al.

experiment in which we attempted to rule out most of the
abovefactors. Five observers, intensively trained in plant
searching and identification in the neighbourhood of the
experimental plot before the experiment, madetheir cen-
susesin small, exactly delimited plotswithin afew days,
working independently. They werenot allowed to disturb
the vegetation in the studied plots and their work was not
time-limited. Fortunately, the weather was not too bad to
affect any of the observers. Therefore, most ‘external
disturbances were ruled out and our comparison should
reflect the differencesin abilities of individual observers
to find and identify plants, and not their background and
training.

Thesampling errorscan possibly bereducedif records
by individual observers are combined. We used this
approach to estimate the gain in species number by a
combination of records by two to five observers. Some
literature data suggest that sampling errorsmay depend on
the spatid scale (Nilsson & Nilsson 1985). Therefore, we
performed our experiment in plotsranging from 9.8 cm2to
4 m?, to see the effect of various plot sizes.

For the experiment we selected a species-rich grass-
land, where plant identification is relatively difficult be-
cause most plant individuals are perennia and usually
sterile, multiplying vegetatively. Moreover, most indi-
viduals belonged to grasses and Carex specieswhich are
often difficult to identify. Due to these circumstances we
believe that in other plant communities of the temperate
zone the sampling errors made by well-trained observers
under optimal conditions should be lower than those
reported here. On the other hand, the discrepanciesin the
census data, shown in this paper, are likely close to the
minimum which can be achieved in similar plant stands
because the presented results reflect an ideal situationin
whichtheobserversminimizeall possiblefactorscausing
discrepancies between their census data.

Thestudy area

The experiment was carried out in the core of the
National Nature Reserveof Certoryje, BiléKarpaty Mts.,
Czech Republic (48° 54' N, 17° 25' E). Mean monthly
temperatureswere 9.4 °C and the mean annual precipita-
tionwas464.1 mm during thelast 10 years (meteorol ogi-
cal station at Stréznice, 8 km from the plot). The experi-
mental area was Situated in a grassland with scattered
Quercusspp. trees, at andtitudeof 440 ma.s.l.,onaSW-
faced dopewithaninclination of 5°. Soil conditionswere
as follows: pH [H,0]: 5.99; total nitrogen: 0.47%; total
carbon; 5.45%. Ca: 8.42 mg/g; K: 0.05 mg/g; Mg: 0.72
mg/g; Na: 0.052 mg/g; P: 0.234 mg/g (estimated in a1M
BaCl, extract, with the |CP OES method). The grassland
has not been fertilised in the past decades. Thefollowing

speciesattained amean cover of 2% or morein June1998:
Bromus erectus (21%), Carex montana (16%), Molinia
arundinacea (6%), Cirsium pannonicum (4%), Prundlla
grandiflora (3%), Viola hirta (2%), Potentillaalba (2%),
and Brachypodium pinnatum (2%) (estimated in 25 plots,
0.5 m2 each, situated 20 m from the studied area; Klimes
unpubl.). Themaximum above-ground biomasswasabout
250 g/m? in 1998 and the total cover of vascular plants
was about 70%. A more detailed description of the spe-
cies composition of the grassand and its abictic environ-
ment isgiven in Jongepierovaet a. (1994), Klimes et al.
(1995) and Klimes (1999).

M ethods

Seven non-overlapping plots were randomly placed
and fixed in an apparently homogeneous and species-rich
grasdand area, 8m x 8 minsize. Thelargest plot was4 n?
in size. The next plots were always 4 x smaller than the
previousone, sothat the smallest plot wasabout 9.8 cm2in
size. Thethreesmallest plotswerecircular and delimited by
a wire; their diameters were ca 3.5, 7.1 and 14.1 cm,
respectively. Themedium plotswere quadrats, 25 cm x 25
cmand 50cm x 50 cmin size, ddlimited by arope. Thetwo
largest plotswererectangles, 0.5mx2mand0.5mx8m
in size, dso ddlimited by arope. The observers were not
allowed to enter the plots to prevent trampling and other
disturbance. Therefore, species censuseswere madewhile
lying or kneeling on the ground.

In June 1998, before the experiment started, the ob-
servers spent about a week identifying plantsin alarge
number of small plotsin the surroundings of the experi-
mental plots. Therefore, they saw nearly all plants occur-
ring in the studied area many times, including different
ontogenetic stages. They also repeatedly discussed uncer-
tain identifications and corrected their records, if neces-
sary. The five observers were either professiona bota
nists or PhD students with at least three-years of experi-
ence with the flora of the Bilé Karpaty Mts. Therefore,
their backgrounds were similar.

During the experiment each observer worked com-
pletely independently in each of the seven plots, without
discussing the numbers of recorded speciesor difficulties
with plant identification. The order of the plots was not
fixed. Some observers did their work within one day,
others during two days. However, sampling time per plot
andfor al seven plotswasnot limited toremovetheeffect
of differencesin efficiency of individual observers. The
sampling time, i.e. thetime required to censusplantsina
plot, was recorded. After the five observersfinished their
censuses, the first author combined the species lists and
triedto confirminthefield speciesoccurrencesin particu-
lar plots recorded by a single observer (further on called
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singletons) or by two observers (doubletons) only.

Dataanaysiswasperformed using anoriginal dataset
and adata set from which suspiciousrecords—singletons
and doubletons—not found by thefirst author at the end of
theexperiment wereremoved (further on called corrected
data). Notethat thecorrected dataare not necessary free of
errors because some species could have been overlooked
at the end of the experiment, especialy in larger plots.
Therefore, the real species numbers probably are dightly
higher than the corrected estimates.

The gain in species number by a combination of
records by two to five observers was estimated from all
possible combinations of the given number of observers
and compared with themean numbersestimated by single
observers.

Results

Foeciesrichness

A total of 112 vascular plants were recorded by the
five observers in the seven plots (based on uncorrected
data). None of the species were found in all plots and by
all observers. The most frequent species, Viola hirta, was
found in 4.9 plots on average (out of 7), followed by
Leontodon hispidus, Linum catharticum, Brachypodium
pinnatum, Bromus erectus and Carex caryophyllea. 12
species were found once and by a single observer. Alto-
gether 48 singletons were recorded in the seven plots.
Two species were recorded as singletons in three plots,
nine speciesin two plots, and 37 speciesin one plot. The
percentage of singletons decreased with increasing plot
size whereas the percentage of plants recorded by all
five observers increased (Fig. 1). In the smallest plot
about 50% of species belonged to singletons, whereas
in the 4 m2 plot 16% were singletons.

The percentage of singletonswas approximately the
same with four observers, one observer (E) recorded
about two timesmoresingletonsinsmaller plotsthanthe
others. The percentage of singletons recorded in the
smallest plot increased with sampling time (r = 0.836, P
< 0.02; regression analysis).
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Fig. 1. Percentage of speciesrecorded by oneobserver (single-
tons; full bars) and by all five observers (hatched bars) in plots
of various sizes. 100% corresponds to the total number of
species recorded in a particular plot.

The number of species recorded in small plots was
relatively low. However, inthelargest plotsahigh species
richness was found. In 1 m?2 58 to 67 species were re-
corded by individual observers, inthe4-m? plot, 71to 88
species were found (Table 1).

Combining uncorrected species lists by individual
observers increassed the species numbers considerably,
especialy in larger plots. The difference between the
corrected and uncorrected data increased if data from
more observers were combined. Mean species gain by a
combination of the uncorrected data from two observers
was nearly 40% in small plotsand 12%in thelargest plot
(Fig. 2A). Thegain by combining thedataof three, four or
five observers was aso considerable — nearly 20% per
observer moreinthesmallest plots. Inlarger plotsthegain
decreased if data from more observers were combined,
being about 2% when the last observer was added (Fig.
2A). However, after the data were corrected for suspi-
ciousrecords, the scale-dependency became poor and the
gaindecreased dramaticaly (Fig. 2B). Thegainin species
number by combining recordsof two observersdecreased
to 9-20% and adding data of one more observer further
increased the species number by 2.6% only. The fourth
observer added about 1% and thefifth observer only 0.3%
of species, on average (Fig. 2B).

Table 1. Number of speciesfound by thefive observers (A to E) in plots of different sizes. Based on the uncorrected data. Sampling

time (minutes) in brackets.

Observer/area[m? 0.000977 0.003906 0.015625 0.0625 0.25 1 4

A 4(5) 11 (19) 19(27) 30 (40) 39 (49) 58 (54) 74 (61)
B 4(2) 9(9) 17 (9) 29 (16) 43 (26) 65 (59) 88 (111)
C 5(5) 12 (13) 19(23) 30(36) 39 (50) 67 (79) 84 (180)
D 4(2) 10(5) 18(22) 29 (15) 38(30) 61 (43) 76 (78)
E 5(8) 8(14) 21(13) 27 (23) 40 (38) 60 (50) 71 (80)
Observers A-E combined 8 18 29 41 54 75 99
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Fig. 2. Mean gain in species richness (%) by combining
records of two to five observers. 100% corresponds to the
mean number estimated by single observers. A. Original data.
B. Corrected data.

Sampling efficiency

Thetime needed for aplant censusinindividual plots
markedly differed between individual observers(Tablel).
For exampl e, plant censusinthesmallest plot wasmadein
2to8minutesandinthe 1-m2plotin43to 79 minutes. The
variation of the sampling time decreased with increasing
plotsize, fromthesmallest plot tothe 1-m?2 plot. However,
it then increased in the largest plot where 61 to 180
minuteswere needed. Consequently, the scale-dependent
finding rate (mean time needed to find a species) also
differed betweenindividual observers(Fig. 3A). Insmaller
plots the pattern was unclear but in the largest plots the
finding rate usualy increased. Observer A showed an
opposite trend; except for the smallest plot, his finding
rate decreased monotonously with plot size (Fig. 3A).

Thesampling rate (mean time needed to censusplants
on 1 m?) decreased with increasing area according to the
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Fig. 4. Time-dependent accumulation of species numbers
recorded by observer B in the 4-m? plot; accumul ated number
of species=49.79 * log(time [minutes]) + 0.985, R? = 0.998,
P < 0.0001; regression analysis, the two last values were
removed from the analysis.
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Fig. 3. Scale-dependent finding rate (mean number of species
recorded per minute) (A) and sampling rate (mean time needed
to census plantsin 1 m?) (B) by the five observers.

power function in all observers (Fig. 3B). However, in
some plots the observers behaved unpredictably, spend-
ing either too littletime (all observersexcept for C, inthe
smallest plot) or unexpectedly much timethere (observer
D in the 0.016-m? plot, observer C in the 4-n?2 plat).

Discussion

Sampling efficiency and time-limitation

Sampling rate (mean time needed to census plants at
1 m?) has been suggested to be one of the key factors
responsiblefor the discrepancy between censuses of indi-
vidual observers (Kirby et al. 1986; Wilson 1995). In our
experiment thesampling ratewasmuchlower than that by
Leps & Hadincova (1992), who spent maximally 40
minutes per plot of 25 m2. However, in their plots only
18.6 species per plot occurred on average (combined
records), whereasin our areamorethan 128to 138 species
can be expected in plots of the same size, as calculated
from the species-area relationship. Still, sampling rate
cannot explain this difference because the relationship
between the time spent and the accumulated number of
speciesrecorded is curvilinear. During thefirst few min-
utes of acensusthe number of recorded speciesislimited
by the observer's ability to write down plant names,
whereaslater on much of thetimeisusedfor searchingfor
small and sterile specimens. After time was log-trans-
formed and the two last valueswere removed, accumula-
tion of species numbers in time becomes linear (Fig. 4).
The fitted line indicates that 83% of species were ob-
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served in 25% of the time and 97% in 46% of the time.
During the next 40 minutes only one species was found.
Therefore, evenif thetimewasmuch reduced, the number
of recorded species would remain high. These results
indicate that time limitation need not be the main factor
causingincompletenessof aspeciescensus (but seeKirby
et al. 1986). A comparison of observers A and B supports
thisview. Inthe4-m? plot observer A spent ca. 50% of the
time observer B needed. The first observer found 14
specieslessthan B. However, if B had stopped the search
at thesametimeas A, hewould have found, according to
Fig. 4, only two or three specieslessthan when recording
species for 50 minutes more. Therefore, the great differ-
enceinsampling timebetween thetwo observersdoesnot
explain the discrepancy in their species numbers.

Fortunately, sampling time can be relatively easily
controlled using the relationship between the number of
species so far recorded and time passed (Fig. 4). Accord-
ing to the curve in Fig. 4 and our experience from other
species-rich meadows a plant census should not be fin-
ished unlessno new plant speciesisfoundinaninterval of
about 5 minutes in plots 0.25 to 4 m? in size. For larger
plotsthislimit should beincreased because moretimeis
spent by walking.

In our experiment variation of the sampling time
decreased with increasing plot size, as one may expect.
However, inthelargest plot the minimum and maximum
sampling time differed with a factor three. Moreover,
except for one observer the finding rate increased in the
largest plot. These data indicate that in the largest plot
some observers needed a long time before they consid-
ered their work finished. As expected, the observers
markedly differed in the time they spent in searching for
the last few species. The data by a single observer (A)
indicate that a low finding rate in the largest plot could
limit the number of recorded species. His species num-
bers in smaller plots were above the mean whereas in
larger plotsthey were below it. All other observers spent
sufficient time at the plots recording al species which
they were capable of recognizing.

Plant misidentification and data correction

The meadows of the studied area are often called
‘flower-rich’. However, this does not mean that most
plantindividualsareregularly flowering. For example, in
aplot 2.25 m?in size only 5.9% shoots of vascular plants
were fertile in June 1998 (Klimes unpubl.). Therefore,
extensive knowledge of al plants at sterile stages is
necessary beforeaplant censuscan bestartedin meadows
similar tothosewehave studied. I dentification of recently
established plantsmay cause serious problems, especially
in smaler plots where adult conspecifics can rarely be
found in the plot. In June, the best time to do a plant

census, in the plot reported above, 4.0% of the shoots
were seedlings. Three of them were not present as adult
conspecifics (Klimes unpubl.). Therefore, we attempted
toidentify all young plants, including the seedlings.

According to the inspection done at the end of the
experiment most singletons belonged to seedlings and
young, poorly differentiated plants. Out of them some
were misidentified or overlooked by severa observers.
Many problems can be solved if a lens is used (eg.,
Leontodon hispidusvs. Slenenutansvs. Taraxacumsect.
Ruderalia; Centaurea jacea vs. C. scabiosa; Filipendula
vulgaris vs. Potentilla heptaphylla), which however be-
comes more difficult if plants cannot be removed from a
plot and the number of seedlingsis high.

The experience of individual observers may vary
substantially. Even observerswith alot of experience but
from different regions or trained in different vegetation
types may have serious problems with identifying sterile
plants. Thiswas shown by Tiixen (1972), who presented
specieslistsrecorded by 11 phytosociol ogistsfromdiffer-
ent European countries in a 12-m?2 grassand plot in
Germany. Some of them had serious problems identify-
ing even the dominant grass of the stand. They recorded
between 17 and 33 species, and in one case only 7 species
were shared by two observers.

In our experiment, those who took part in the experi-
ment were trained in plant identification in the studied
areaat |east oneweek beforethe experiment started. With
afew exceptionsthe observersdid not have any problems
with the identification of adult plants, even if sterile.
However, some species pairs are well known to be diffi-
cult toidentify if they are represented by sterileindividu-
as and untypical or young specimens only. In our plots
plants belonging to several species pairs were repeatedly
confused. For example, Poa angudtifolia can be mis-
identified with young plants of Festuca rupicola, unless
the folded leaves are opened, which itself is not easy. If
thenumber of shootsbelonging tothetwo grassesisafew
hundred, checking them all isimpossible. Similarly, just
emerging sterile shoots of Carex caryophyllea produced
by hypogeogeneousrhizomes can be confused with shoots
of C. michelii or C. tomentosa, and atypical shoots of C.
flacca can be misidentified with C. panicea shoots. The
fact that in some plots some observersrecorded one of the
three Carex species and other observers a different one,
indicates that there can be confusion.

Itisvery likely that most dubious recordsin our data
were among singletons. Some of the plants recorded in
particular plots by two observers also appeared to be
misidentifications, whereasall plantsrecordedinaplot by
three or more observerswerefound to be correct. In small
plots some observers had the tendency to identify even
poorly developed seedlings. Therefore, the proportion of
singletons was relatively high there and increased with
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sampling time. Most of these singletonswerelater proved
tobemisidentifications. Theeffort toidentify each single
plant at any ontogenetic stage therefore seems to be
contra-productive, because it resultsin a high number of
errors. Similarly, the difference between the number of
speciesin combined recordsof several observershased on
uncorrected and corrected data increased if records of
more observers were combined. This also indicates that
by a combination of severa uncorrected records the
speciesnumbersincreased mainly because of an accumu-
lation of errors. This problem can partly be solved if
individual observers work together and consult all prob-
lemsin the field. Our data suggest that in this case three
observers may find up to 98% of specieswhich seemsto
be satisfying for most purposes.

In some casesthedifficultieswith plant identification
are solved by merging similar species(e. g. Rusch & van
der Maarel 1992). Species aggregates represent a special
problem because proper identification of microspecies
represented by sterile plants is usually impossible. The
situation is even worse with some apomictic taxa which
do not differ much in their environmental demands and
may occur therefore together. In this case even fertile
plants are usually not identified to species (e.g., Taraxa-
cumsect. Ruderaliainour plots; Hieraciumsubg. Pilosella
and Rubus fruticosus agg. in other stands).

Conclusions

1. The discrepancy in species number estimates of
vascular plants between individual observers ranged be-
tween 10 and 20%.

2. The gain in species richness caused by combining
species lists recorded by five observers decreased from
the smallest plot (82%) to the largest plot (25%). How-
ever, after suspicious and misidentified records were
corrected, the gain became scal e-independent, being 12%
for two observers combined, on average. The increase
dueto the combining of specieslistsrecorded by threeor
more observers was negligible.

3. Most discrepancies between individua observers
were caused by misidentification of rare seedlings and
young plants.

4. Itissuggested that in species-rich meadows at |east
three observers should record plants together and prob-
lematic records should be checked in the field, to mini-
mize errors.
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