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Abstract

In this study we assess the bias in estimates of bird richness in a tropical wetland. We used 18 months of data from point
counts to estimate the species richness in a coastal lagoon in Oaxaca and computed eight species richness estimators. We
evaluated estimate inaccuracy using the sum of total richness that we obtained with combined sampling techniques between
2006 and 2010. We selected the richness estimator of minimum inaccuracy and used randomized species accumulation
curves to investigate differences in species densities obtained with 10 and 20-minute counts. To ascertain if habitat type
influenced richness estimates, we compared the bird diversity associated with contrasting mangrove and estuarine
environments. The total richness for the lagoon was 185 species and the jackknife 2 richness estimator showed the
minimum inaccuracy. The randomized accumulation curves of 10 and 20 minutes displayed partially overlapping
confidence intervals and an increasing time lag between the count durations at equivalent densities. The rarefaction curves
from contrasting habitat types showed significantly higher richness and species density in the estuary while the jackknife 2
estimator indicated similar sample coverage in both habitats. We identify important consequences of the sampling
methodology that we used and conclude that point count sampling resulted in incomplete species detection but facilitated
comparative analyses.

Keywords: point counts, total richness, richness estimator, inaccuracy, bird diversity, mangrove.

Estimacion de la riqueza y densidad de especies de una comunidad de aves en una laguna costera del Pacifico
mexicano

Resumen

En el presente estudio evaluamos el sesgo en las estimaciones de riqueza de especies de aves en un humedal tropical.
Utilizamos 18 meses de datos provenientes de puntos de conteo para estimar la riqueza especifica en una laguna costera de
Oaxaca y calculamos ocho estimadores de riqueza. Evaluamos la inexactitud de las estimaciones utilizando la cifra de
riqueza total que obtuvimos con una combinacion de técnicas de muestreo entre 2006 y 2010. Seleccionamos el estimador
de riqueza de inexactitud minima y utilizamos curvas de acumulacion de especies aleatorizadas para investigar las
diferencias entre las densidades de especies obtenidas con recuentos de 10 y 20 min. Para determinar si el tipo de habitat
influy6 en las estimaciones de riqueza, comparamos la diversidad avifaunistica asociada a los ambientes contrastantes de
manglar y estuario. La riqueza total para la laguna fue de 185 especies y el estimador jackknife 2 presentd la minima
inexactitud. Las curvas de acumulacion aleatorizadas de 10 y 20 min presentaron superposicion parcial de los intervalos de
confianza y un desfase temporal creciente entre los lapsos de conteo a densidades equivalentes. Las curvas de rarefaccion de
tipos de habitat contrastantes reflejaron una riqueza y densidad de especies significativamente mayor en el estuario,
mientras que el estimador jackknife 2 indic6 una cobertura de muestreo similar en ambos habitats. Identificamos
consecuencias importantes de la metodologia de muestreo que utilizamos y concluimos que el muestreo con los puntos de
conteo resultd en una deteccion de especies incompleta, pero facilitd el andlisis comparativo.

Palabras clave: puntos de conteo, riqueza total, estimador de riqueza, inexactitud, diversidad de aves, manglar.
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Introduction

Detecting all the species in a bird community is usually a
demanding task and avian studies in ecology invariably
rely on sampling if they aim to estimate the number of
species that occur in a given habitat or area. Sampling
units of equal dimensions are recommended for analysing
spatial patterns of species richness (Whittaker ef al. 2001)
and in ornithology, point counts and transects are
commonly used to standardize sampling effort. However,
the exclusion of species observed outside standardized
sampling units increases the probability of under-
estimation (Bojorges et al. 2006). Furthermore, not all
species within the sampling unit will be detected and point
counts are relatively poor at detecting small birds that
forage close to the ground or that seldom vocalize (e.g.,
Trochilidae and Parulidae: Blake and Loiselle 2001).
Sampling with mist-netting can improve the detection of
certain species but there are inherent biases in both count
methods and captures (Rappole et al. 1998). Other sources
of negative bias that are particularly relevant in tropical
environments are the high species richness, the high
proportion of rare species, and the reduced detectability of
birds in dense vegetation (Karr 1981, Brose et al. 2003,
Mao and Colwell 2005).

Despite shortcomings in species detection,
sampling methods of standardized effort provide a basis
for making robust comparisons of the number of species
observed between sites. Rarefaction curves allow the
comparison of observed or estimated species richness at
comparable numbers of individuals and it is also possible
to do this with sample-based rarefaction if the abscissa is
re-scaled to individuals (Gotelli and Colwell 2001).
Despite this, ornithological studies tend to use randomized
species accumulation curves as a function of samples
(Macedo et al. 2007, Ugalde-Lezama et al. 2010,
Bojorges-Bafios 2011), representing species density rather
than richness (Gotelli and Colwell 2001), which has
implications when interpreting the results (Moreno and
Halffter 2000, Moreno and Halffter 2001, Willot 2001).

As a consequence of incomplete sampling, using
sample data to estimate the number of species that in
reality occur is a key objective for conservation biology
(Colwell and Coddington 1994, Brose et al. 2003),
especially if estimates are accompanied by confidence
intervals (Colwell et al. 2004). At least seven non-
parametric methods and nine function-based extrapolation
methods have been used to estimate bird richness
(Boulinier et al. 1998, Herzog et al. 2002, Bojorges-Bafos
and Lopez-Mata 2006, Archaux and Bakkaus 2007,
Gonzalez-Oreja et al. 2010, Ugalde-Lezama et al. 2010,
Bojorges-Bafios 2011), with non-parametric incidence-
based estimators receiving greater use. However, on
evaluating the accuracy of nine richness estimators with
data on birds in Bolivia, Herzog et al. (2002) selected the
parametric Michaelis Menten model over seven non-
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parametric statistics. In contrast, jackknife methods were
identified as preferable for breeding birds in the USA
(Boulinier et al. 1998) and for low diversity bird
communities in an urban area of Mexico (Gonzalez-Oreja
et al. 2010).

Choosing a species richness estimator for a given
context is complicated by the factors which influence
them: the sampling method, the conditions in which
sampling in done, and the characteristics of the
community studied (Colwell and Coddington 1994, Brose
et al. 2003). Unfortunately, calibrating estimators requires
knowledge of total richness which is rarely available
(Palmer 1990, Herzog et al. 2002, Brose et al. 2003),
especially in species rich communities.

Ornithological studies in the Neotropical coastal
zone have employed point counts, transects and mist
netting to sample bird communities in mangrove forests.
In these conditions, fixed-radius point counts aid in the
detection of species (Macedo ef al. 2007), avoid the need
to take data while moving across difficult terrain
(Lefebvre and Poulin 1997), and cover a standardized
area. However, the duration of point counts used in coastal
lagoons varies from 10 minutes to 1.5 hours (Lefebvre and
Poulin 1997, Martinez-Martinez and Cupul-Magaiia 2002,
Macedo et al. 2007), raising an important methodological
issue. Species detectability increases as a function of
count duration, particularly for species with low detection
probabilities, with concomitant implications when
monitoring bird populations (Buskirk and McDonald
1995, Dawson et al. 1995, Lynch 1995, Drapeau et al.
1999). To date, the available evidence of point count
duration affecting species detectability has come from
terrestrial habitats, mainly at temperate latitudes.

The diverse fauna of mangroves is associated
with an open ecosystem that in coastal lagoons has strong
connections with estuarine environments (Lugo 2002). It
would therefore be consistent if ornithological research in
this context focused not only on mangrove stands, but
included connected ecosystems. However, this has seldom
been the case and estimates of avian diversity in coastal
lagoons have usually been obtained exclusively from
mangroves. Estimates of bird diversity from Neotropical
mangroves include 82 and 57 species on the Panamanian
Pacific and Caribbean (Lefebvre and Poulin 1997), 75 and
50 on the Colombian Pacific and Caribbean (Naranjo
1997, Chaves-Fonnegra et al. 2005), and 81 species in
Brazil (Macedo et al. 2007). In Oaxacan mangroves
values range from 68 to 72, while in the specific area of
the present study 66 and 88 species have previously been
estimated in the mangrove, including some observations
from adjoining environments (Becerril 2001, Bojorges-
Baiios 2011). In contrast, Amador et al. (2006) employed
a comparable sampling effort in mangrove forest and in
open areas of a coastal lagoon in Baja California. They
recorded between 22 and 33 species per transect in the
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area without trees and between 15 and 28 in the
mangrove, documenting a total of 56 species.

In the present study we question the viability of
using fixed-radius point counts to detect species in bird
communities associated with the coastal lagoon of La
Ventanilla-Tonameca, Oaxaca. We consider the
inaccuracy of species richness estimators and raise two
salient questions concerning the influence of count
duration on the estimation of bird species density: What
interaction exists between count duration and sampling
effort? How does count duration affect species richness
estimators? We also ask how the absence of mangroves in
some sample units influences estimates of bird species
richness or density, with a view to addressing the
consequences of including areas outside mangroves when
estimating avian diversity in coastal lagoons. Our three
specific objectives were: 1) to evaluate the inaccuracy of
standardized sampling and eight species richness
estimators by calibrating estimates with a value of total
richness; 2) to judge estimates of species density obtained
with point counts of two different durations, and; 3) to
interpret an applied comparative analysis of bird diversity
from two contrasting habitat types in terms of bias in
richness estimates.

Methods

Study area

The morphological structure of the coastal zone in Oaxaca
consists mainly of flat or undulating plains along a narrow
stretch between the Sierra Madre del Sur mountain range
and the Pacific Ocean (Hernandez et al. 2009). The study
area was within the ecosystem of the La Ventanilla-
Tonameca coastal lagoon, which is situated between
15°40'N and 96°34'W and has an approximate area of 750
ha. The climate in this location is classified as warm sub-
humid, with an annual temperature above 26°C and
annual rainfall of approximately 900 mm (Trejo 2004).
The site is within a wider precipitation region that receives
an annual rainfall of 646 mm and an average of 91% of
this occurs between May and October (Pérez-Morga et al.
2013).

The Tonameca River is the main source of fresh
water, it enters the lagoon towards the western end and
during rainy season a tidal channel crosses the barrier
beach in front of the river. The area has a few scattered
trees (Spondias sp.) but the hydrophytic community is
dominated by rushes, canes, lilies and halophytic grasses,
including Typha domingensis (southern cattail), Cyperus
giganteus (giant flatsedge), Hymenachne amplexicaulis
(bamboo grass), Nymphea ampla (dotleaf waterlily), and
Pistia statiotes (water lettuce). Extensive mudflats are
exposed by the tide and other hydrological dynamics.

At a distance of 5 km from the river mouth, the
eastern end of the lagoon only connects with the ocean
during years with sufficient rainfall. The trees of
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Rhizophora mangle (red mangle) and Laguncularia
racemosa (white mangle) grow in this area, on flat land
that is little exposed to tidal currents. The low velocity of
water currents and the well-developed root system of this
mangrove are characteristic of fringe forest (Lugo and
Snedaker 1974), as is the physiographic structure of the
stands (Tovilla et al. 2010). Further inland R. mangle is
found growing in drainage basins of seasonal water
courses in basin forest conditions (Lugo and Snadekar
1974). Although this mangrove is prone to periodic
disturbance by hurricanes (Ruiz et al. 2013), the forest
was in a mature phase when samples were taken for the
present study.

Sampling design and methodology

We obtained samples from two areas of approximately 50
ha, with each area comprising one habitat type: mangrove
or estuary without forest. Our usage of the habitat concept
is broader than the species specific perspective (Whittaker
et al. 1973) and we apply the term “habitat type” to the
habitat of a bird community, as defined by vegetation,
hydrology and topography (Fuller, 2012). Point counts
were carried out in one station within each habitat type
(station 1 = mangrove and station 2 = estuary without
forest) and we hereafter refer to the combination of
observations from stations 1 and 2 as the overall study.
We established 24 point count sites, with the precise
position dictated by accessibility. The average distance
separating the 12 points situated in station 1 from those in
station 2 was 3.34 km (SD=0.36).

Within stations, neighboring sites were separated
by a minimum of 100 m, with an average of 140 m
(SD=50; Ralph et al. 1992, Buskirk and McDonald 1995,
Simon et al. 2002). The number of sites and the distance
between them conform to an intensive point count
methodology (Ralph ef al. 1992), which we chose with the
aim of acquiring good estimates of bird species richness in
these rare and confined wetland habitats (Ralph et al
1995). Counts of two durations were carried out within a
standardized area of 0.78 ha, the equivalent of a fixed 50
m radius. Sampling was done on foot or in a paddle boat
and each site was visited on a monthly basis for 18 months
between November 2008 and April 2010. In station 2,
environmental conditions in November 2008 and in
January and June of 2009 made access to eight count sites
impossible. It was therefore necessary to take eight
additional counts in July 2009 and 16 in May of 2010, in
order to obtain an equal sample size for both stations.

The first author carried out all counts during the
first two hours of daylight, six visits per month were
made, including four sites per visit, and sites were visited
in a random sequence to exclude the effects of circadian
rhythms. The number of individuals of all species seen or
heard within the standardized area was recorded. While
some birds in flight were included, we distinguished
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between those individuals that flew over the site without
stopping and those that entered repeatedly to exploit
resources or environmental conditions. In this way, we
only included those individuals observed interacting with
the site (Remsen 1994, Gomez de Silva et al. 1999). We
divided a 20-minute count duration in two 10-minute
intervals, which were not considered as independent, but
rather as cumulative (Buskirk and McDonald 1995,
Dawson et al. 1995, Lynch 1995). Only those birds not
detected in the first 10 minutes were included in the
second interval, with the specific intention of generating
samples of differing durations but comparable in all other
attributes (i.e. location, time, date and observer).

Our estimates of total richness for the overall
study and constituent stations only included species
observed interacting with the estuarine and mangrove
habitat types. We combined species recorded during point
counts (irrespective of the fixed radius), those detected
during the approach to and movements between count
sites, and those observed during random searches from
2006 to 2010. We also incorporated six additional species
recorded within the mangrove forest in a previous study
that combined random searches with mist netting
(Bojorges-Bafios 2011). Two other available surveys were
not used to estimate total richness, because one had only
recorded species that we ourselves recorded (Mellink et
al. 1998) and the other included habitat types in addition
to mangrove and estuary (Becerril 2001). Nonetheless, we
identified species that the three recent surveys in the study
area had not recorded (Mellink ez al. 1998, Becerril 2001,
Bojorges-Bafios 2011). We report all results using the
nomenclature, taxonomy and sequence of the American
Ornithologists’ Union check-list of North American birds
(AOU 1998), including the fifty-fourth and previous
supplements (Chesser ef al. 2013).

Analyses of estimates
To generate a statistical expectation of observed species
density (SOBS) for both 10 and 20-minute counts, we
randomized the standardized sampling databases 100
times, using re-sampling with replacement in EstimateS
software (Colwell 2009). We applied eight species
richness estimators with the same software and procedure:
Incidence-based Coverage Estimator (ICE), Abundance-
based Coverage Estimator (ACE), Chao 1 (CH1), Chao 2
(CH2), first order jackknife (JK1), second order jackknife
(JK2), Bootstrap (BS) and Michaelis-Menten (runs
method: MM). To obtain representative sub-groups for
further analyses of SOBS and the richness estimators, we
extracted the 100 randomizations corresponding to each of
six samples for each count duration (n=1,200), with the
six samples separated by three-month intervals from 3 to
18 months.

Based on the estimated total richness of the
overall study, we plotted the inaccuracy of SOBS and
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each estimator using the average squared relative error of
representative  sub-groups and evaluated estimator
precision by visually inspecting the central dispersion of
inaccuracy (Brose et al. 2003). We used Mann-Whitney
U-tests to determine differences between the estimators
(two-tailed 0=0.05), analysing the numerical estimates
rather than the inaccuracy measures. We calculated the
percentages that maximum estimates of both count
durations comprised of the total richness, using re-
sampling without replacement and 1,000 randomizations.
We refer to this percentage as estimate coverage, as an
analogous term to Chao and Jost’s use of sample coverage
(2012).

We used the criteria of minimum inaccuracy
(sensu Brose et al. 2003) to select one species richness
estimator for further analysis. We generated randomized
species accumulation curves of this richness estimator and
SOBS to evaluate species density in the overall study with
both point count durations (Gotelli and Colwell 2001). In
order to obtain a temporally structured reference, we
plotted the samples representing the six three-month
intervals, with the total richness included as a reference.
We obtained the estimates and confidence intervals of
SOBS using the Mao Tau algorithm in EstimateS (Colwell
et al. 2004, Colwell 2009). Following the justification of
Payton et al. (2003), in which theoretical and simulation
results are used to demonstrate the low rate of type I error
in the comparison of 95% CI, we used the recommended
84% CI in the comparison of the two count durations to
approximate a test with 0=0.05. We applied 1,000
randomizations using re-sampling without replacement to
generate averages and 84% CI for the selected species
richness estimator. Owing to the conditional character of
confidence intervals generated by re-sampling without
replacement, these are omitted for the sample
corresponding to 18 months. In order to evaluate the effect
that count duration may have on estimator variables, we
plotted the accumulated numbers of singletons,
doubletons, uniques, and duplicates, using averages of
1,000 randomizations (Longino ef al. 2002).

We used the species richness estimator with
minimum inaccuracy and the count duration we judged as
superior to apply a comparative analysis of bird diversity
in stations 1 and 2, combining both species richness and
species density in a graphical representation. We
generated sample-based rarefaction curves with the
abscissa re-scaled to individuals (Gotelli and Colwell
2001), presenting 84% CI that were computed with the
Mao Tau algorithm for SOBS and that were generated
with 1,000 randomizations using re-sampling without
replacement for the selected species richness estimator
(Payton et al. 2003). To indicate the species densities
within the context of the temporally structured reference,
we identified and plotted the samples corresponding to the
number of individuals recorded for each three-month

www.huitzil.net



interval. To further explore comparisons of estimates
between habitat types, we used total richness for each
station separately to consider estimate coverage for SOBS
and we used three-month intervals to review percentage
values of SOBS relative to species richness estimator
values (sampling coverage sensu Chao and Jost 2012).

Results

Standardized sampling consisted of 432 point counts, with
a total sampling effort of 114 hours, 11,616 and 15,290
individuals being recorded with 10 and 20-minute counts
respectively. One hundred and forty-six species were
observed in the overall study with 10-minute counts and
155 with 20-minute counts. The total richness for the
overall study was 185, including 89 species that were
additional to the three recent surveys that we reviewed
(Mellink et al. 1998, Becerril 1999, Bojorges-Bafios 2011;
Annex 1).

The SOBS estimates presented the greatest
inaccuracy (Figure 1) with values significantly different to
the richness estimators (P<0.05), 10 and 20-minute counts
produced estimate coverages of 79% and 84%,
respectively. The MM estimator generated values
significantly below those of the non-parametric estimators
(P<0.05) and achieved estimate coverages of 78% and
82% with 10 and 20-minute counts. BS, CH1 and ACE
produced similar results (P>0.05), with estimate coverages
for 10 minutes of 85%, 82% and 84%, respectively, and
89%, 89% and 90% for 20 minutes. There was no
significant difference between CH2 and ICE (P>0.05) but
these estimators did differ significantly from the others
(P<0.05). Estimate coverage of CH2 was 83% with 10
minutes and 92% with 20, while corresponding values of
ICE were 86% and 90%. Significant differences
distinguished the jackknife models from the others and
separated JK1 from JK2 (P<0.05). The estimate coverage
with 10 and 20-minute counts was 90% and 95% with JK1
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Figure 1. Relative inaccuracy of nine estimates of bird
richness in the coastal lagoon La Ventanilla-Tonameca,
Oaxaca. We obtained the nine estimates using standardized
sampling (SOBS) and eight richness estimators: Incidence-
based Coverage Estimator (ICE), Abundance-Based
Coverage Estimator (ACE), Chao 1 (CH1), Chao 2 (CH2),
first order jackknife (JK1), second order jackknife (JK2),
Bootstrap (BS) and Michaelis-Menten (MM). We calculated
the estimate inaccuracies using an empirical estimate of total
species richness: (estimate — total)/total)?. Statistical intervals
were calculated with the standard error and P values refer to
comparisons between estimates using Mann-Whitney U
tests. We found statistical difference at a 0.05 significance
level between all estimators except those circled.

and 89% (164 species) and 99% (184 species) for JK2
(Figure 1).

The randomized species accumulation curve of
observed species densities as a function of three-month
intervals did not produce an asymptote and the plotted
84% CI of the 10 and 20-minute counts displayed
intermittent overlap (Figure 2A). The difference between
the plotted values of SOBS for the two point count
durations diminished slightly as a function of accumulated
samples, while the lag between equal densities became
successively greater (Figure 2A). The selected richness
estimator (JK2) did not produce an asymptote either, and
the plots for 10 and 20-minute point counts presented
divergent tendencies towards the right of the graph
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Figure 2. Sample-based rarefaction of bird data from La Ventanilla-Tonameca lagoon in Oaxaca. Species accumulation is a function
of three-month intervals of sampling effort, with continuous and broken lines corresponding to 20 and 10-minute point counts,
respectively. Circles (A) represent observed species density (SOBS) and squares (B) represent second order jackknife estimates (JK2).
We generated the 84% CI analytically for SOBS (Mao Tau) and with 1,000 randomizations for JK2.
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(Figure 2B). Plots of both the doubletons and the
duplicates displayed a marked ascending tendency with
10-minute counts, in contrast with the other curves in
Figure 3.

Based on our previous findings, we used SOBS
and JK2 estimates from 20-minute counts for analytical
comparisons between stations. With the resulting
rarefaction curve, the SOBS values for station 1 were
consistently lower than those of station 2 and the 84% CI
did not overlap at comparable numbers of individuals or
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samples (Figure 4). The ratio of maximum SOBS/total
richness was 87/115 species for station 1 and 127/149 for
station 2, giving estimate coverages of 76% and 85%,
respectively. With regard to sample coverage, the greatest
difference between stations was at three months, with 71%
in station 1 and 67% in station 2. In the remaining three
month intervals, sample coverage increased from 74% to
80% in station 1 and from 74% to 79% in station 2, with
the difference between stations exceeding 1% at one point
only (1.4% at 15 months).
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Figure 3. Numbers of bird species represented by one and two individuals (singletons and doubletons: A) and found in one and two
samples (uniques and duplicates: B). Sampling was carried out using point counts in La Ventanilla-Tonameca lagoon, Oaxaca,
continuous lines represent data from 20-minute counts and broken lines are from 10-minute counts.
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Figure 4. Comparison of species richness in contrasting habitat types in the La Ventanilla-Tonameca coastal lagoon, Oaxaca. Station
1 corresponds to a mangrove forest and station 2 to a seasonally tidal estuary without mangrove trees. Data was collected using 20-
minute point counts, the abscissa is re-scaled to individuals, and three-month sampling intervals are indicated on each plot. Broken
lines represent 84% CI, generated analytically for observed species richness (SOBS: A) and with 1,000 randomizations for second
order jackknife estimates (JK2: B).
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Discussion

Inaccuracy of standardized sampling

The number of bird species detected during the 18
monthly counts at the 24 sites did not approximate the
total richness that we obtained for the La Ventanilla-
Tonameca coastal lagoon. Even without reference to total
richness, incomplete sampling was evident in the
standardized species density curves, which did not
produce an asymptote (Figure 2A). Similar results can be
found in other ornithological studies in tropical wetlands
(Macedo et al. 2007, Bojorges-Bafios 2011). Furthermore,
the number of locally infrequent species remained high
throughout the sampling: 14 singletons and 20 uniques
persisted at 18 months (Figure 4). Despite this, our SOBS
estimate coverage is comparable to (10-minute counts) or
higher than (20-minute counts) the coverage reported in
the only other comparison to total bird richness that we
reviewed (Herzog et al. 2002).

The lack of an asymptote in SOBS could also be
indicative of a community that is not delineated, either
temporally, spatially or methodologically (Longino ef al.
2002). Although the coastal lagoon is an operational
ecosystem rather than an arbitrary unit (Palmer and White
1994), the open and complex nature of mangrove
ecosystems (Lugo 2002) makes reaching an asymptote
with the associated bird species an unlikely possibility.
Some species only occur in the lagoon transiently during
migration and others are characteristic of the adjacent
marine or terrestrial ecosystems, but enter the wetland
periodically. Detecting birds with these attributes requires
a greater sampling effort than is needed for species which
hold summer or winter territories in the lagoon. Thus, the
particular characteristics of the coastal lagoon avifauna
accentuate the negative bias that is inherent in
standardized sampling.

Three species were only detected by mist-netting
in the overall study while two more were detected by mist
netting in the mangrove, where point counts failed. In
accordance with previous observations (Blake and
Loiselle 2001), these small passerines species included
two Parulidae (Geothlypis tolmiei and Setophaga
magnolia) and two species that forage at low levels
(Arremonops rufivirgatus and Pheugopedius felix; Annex
1). Importantly, point counts failed to detect a further 27
species in the overall study. In addition to non-
standardized sampling effort, increasing microhabitat
diversity by including areas outside point count sites but
within habitat types may have contributed to this
discrepancy. Observations made during point counts but
of individuals outside the fixed radius were common in
conditions of extensive visibility in the estuary
environment, particularly for shore birds and waterbirds.
Species recorded outside standardized sampling in the
mangrove were typically big and sometimes vocally
noticeable (e.g., raptors, waterbirds, Amazona oratrix and
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Campephilus guatemalensis). Other species not recorded
in point counts at either station included three crepuscular
species (two Caprimulgidae and one Strigidae), two
hummingbirds (Trochilidae) and five passerines (Annex
1).

If the objective of a study is to estimate total
richness, then there are obvious advantages to
accumulating observations over various years and
combining sampling techniques (Taylor et al. 1976,
Bojorges et al. 2006). The total richness of the study zone
is very high relative to other ornithological studies in
Oaxaca (Navarro et al. 2004). However, this is not an
over-estimation because we implemented a protocol that
promoted habitat-specific sampling and the inclusion of
ecologically relevant species only (Remsen 1994, Gémez
de Silva et al. 1999). As recommendations, we suggest
using mist-netting as a complementary method to point
counts, optimizing field trips by recording data between
counts and outside radii, and exploiting random searches
to overcome identification challenges.

On the other hand, if the objective is to use
species richness for analysing spatial patterns or making
robust comparisons, then using sample units of equal
dimensions controls the effect of area (Whittaker et al.
2001) and a balanced sampling design allows more than
one standardized method to be used (e.g., Rappole et al.
1998). If combining sampling methods influences the area
sampled (e.g., if random searches go beyond fixed radii),
then forgoing sample coverage and limiting analyses to
point count data may be advantageous. Furthermore,
graphical representations of species density as a function
of samples, such as Figure 2, are potentially useful for
planning studies of bird richness in similar environments
(Moreno and Halffter 2001). Even when comparative
analysis is not the central objective, we recommend that
study design include at least one sampling method with
standardized effort in units of equal dimensions, thus
conserving the option of achieving unbiased comparisons.

For the present study, we recognize that bias
stemming from non-independent observations limits
statistical interpretation of data from an intensive point
count sampling design (Ralph et al. 1992, Buskirk and
McDonald 1995). However, the spatial configuration of
mangroves can dictate sampling design and may limit the
scale of analysis (Whittaker et al. 2001, Deppe and
Rotenberry 2005). The spatial extent and seasonal
variation of the La Ventanilla-Tonameca lagoon do not
favour an extensive point count sampling design (sensu
Ralph et al. 1992) with few repeated counts at each site.
For the data we have, we think there is some justification
for the rarefaction assumption of random mixing of
samples or individuals (Colwell ef al. 2004). We think that
the statistics we provide are objective estimates of
probabilities and that they help to distinguish patterns
(Oksanen 2001). Furthermore, future data from replicate
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lagoons could be used to corroborate them (Oksanen
2001).

Inaccuracy of richness estimators

Derived estimates of species richness are dependent upon
the input data and the attributes of our point count
sampling methodology governed species richness
estimator  inaccuracy. Nonetheless, the relative
inaccuracies of the eight models we evaluated provide
some indication of estimator performance in the context of
the present study. The greater inaccuracy of MM may
have been due to a poor fit of the model to the data
(O’Hara 2005) or the underlying relative abundance
distribution (Brose et al. 2003). That the abundance-based
CH1 model was statistically more inaccurate than the
incidence-based counterpart (CH2) may be attributable to
tendencies in the variables that comprise them. Because
the ratio between singletons and doubletons was less than
between uniques and duplicates, the abundance-based
model produced relatively lower estimates than the
incidence-based model.

If all other variables are kept constant, then
estimates produced with jackknife models increase as a
function of sample size. Thus, the use of 432 samples in
the present study may have influenced high estimates with
JK1 and JK2. The significant difference we found
between JK1 and JK2 agrees with the work of Archaux
and Bakkaus (2007) and the relatively low inaccuracy of
these models is consistent with empirical results
(Boulinier et al. 1998) and analyses of simulated
landscapes (Brose et al. 2005). The JK2 curves in Figure
2B do not reach a stable asymptote; however, there is no
certainty that an asymptote is achievable with non-
parametric estimators (Longino et al. 2002). The correct
interpretation of the derived estimates is, therefore, as a
lower bound, and this is particularly true when rare
species are present (Mao and Colwell 2005). This
interpretation is also justifiable on account of bias
stemming from double counts, as rare species whose
individuals are counted more than once become less rare
in the database and the resulting estimate is consequently
reduced. Thus, with intensive point counts in a habitat
patch of limited extension, richness estimators that
incorporate rare species (e.g., singletons and doubletons)
may present a negative bias.

The effect of point count duration

With regard to point count duration, the 10-minute counts
entailed a reduction from 144 to 72 hours sampling effort
and excluded only nine species. Based on the
interpretation of confidence intervals as a lower bound on
total uncertainty (Hahn and Meeker 1993), different point
count durations did not detect significantly different
numbers of species. On the other hand, the absence of a
continuous overlap weakens the case for accepting the
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null hypothesis and concurs with previous studies in
suggesting that different count lengths do produce
significantly different estimates (Buskirk and McDonald
1995, Drapeau et al. 1999). The non-linear relationship
between sampling effort and species accumulation
captures the interaction between count duration and the
number of samples taken (Figure 2A). At six months, the
20-minute estimate is 69% of the total richness and there
is a time lag of almost three months until the 10-minute
counts reach the same estimate coverage. At 12 months,
the 20-minute counts reach 79% but the 10-minute
estimate does not reach the same coverage until 18
months, thus the time lag between 10 and 20-minute
counts increases from three to six months (Figure 2A). We
interpreted this as evidence in favour of 20-minute counts,
which were subsequently used in the comparison between
stations. Furthermore, the weak convergence between the
two randomized species accumulation curves suggests
that, within practical time frames, a portion of the
community detected with 20-minute counts will remain
undetected with 10-minute counts.

The effect of count duration on the JK2 estimates
was mainly evident in the constituent variables. The
number of doubletons and duplicates detected with 10-
minute counts continued to increase from the fourth
month onwards and the doubleton and singleton curves
eventually crossed, as did the curves of uniques and
duplicates (Figure 3). In conjunction with differences in
SOBS, this produced 10-minute count estimates that were
low relative to 20-minute counts. Nonetheless, given the
overlapping 84% CI between point count durations,
limiting counts to 10 minutes could allow more sites to be
visited within the same period of morning activity without
obtaining significantly lower JK2 estimates. However,
within a fixed time unit there is a direct trade-off between
increasing the number of points visited by reducing count
duration and decreasing the total time spent counting due
to travel time between count sites (Buskirk and McDonald
1995). Perhaps due to the steepness of the apparent path of
the sun when at low latitudes, we noticed a marked
decrease in bird activity after early morning, leaving a
relatively brief opportunity for sampling. Furthermore, in
un-flooded conditions, movement on foot over saturated
terrain and through vegetation was slow. Therefore, we
believe 20-minute counts were justified in the present
study on three accounts: increasing lag between count
durations, decreasing trends in doubletons and duplicates,
and sampling logistics in tropical wetlands.

Estimates from two habitat types

In our comparative analysis of bird diversity, the use of
standardized sampling effort and area facilitated a
graphical representation that displays the number of
species both as a function of individuals and at
comparable numbers of samples. The rarefaction curves of
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stations 1 and 2 gave clear evidence that greater species
richness and density were found in the area without
mangrove (Figure 4), concurring with observations made
by Amador et al. (2006). This result highlights the
significance of sampling outside mangroves when
estimating bird richness in tropical wetlands. Interpreting
the mangrove avifauna as representative of a coastal
lagoon may lead to under-estimation, whereas
unintentionally including areas of mudflats with other
hydrophytic communities, when the study is in fact
focusing on mangrove avifauna, would probably lead to
over-estimation. These errors could be avoided by
establishing sampling units well within habitat types and
clearly stating the focal community under study.

The SOBS estimate for station 1 is similar to
previous richness values recorded in La Ventanilla
(Becerril 2001, Bojorges-Bafios 2011) and other
mangroves (Lefebvre and Poulin 1997, Chaves-Fonnegra
et al. 2005, Macedo et al. 2007), although estimate
coverage reiterates greater species detection when using
combined sampling techniques. Indeed, the total richness
estimate for station 2 is regionally high (Navarro et al.
2002) and that of station 1 exceeds richness estimates for
Neotropical mangroves (Lefebvre and Poulin 1997,
Naranjo 1997, Becerril 2001, Chaves-Fonnegra et al.
2005, Macedo et al. 2007, Bojorges-Banos 2011). While
we have confidence in accepting a clear margin between
SOBS and total richness within both stations, further
comparisons of estimate coverage are flawed by the
unstandardized sampling effort used to estimate total
richness within stations. We perceive contradictory signals
in the lesser estimate coverage but greater tendency
towards an asymptote in station 1, relative to station 2.
While possible explanations for differences between
stations are easy to conceive (e.g., denser vegetation and
use of mist-netting in station 1 increasing the difference
between SOBS and total richness), the analysis
underscores the difficulty in making comparisons when
standardized sampling methods and effort are not used.

The relationship between SOBS and JK2 (i.e.,
sample coverage) only reflects standardized sampling and
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Annex 1. List of 185 bird species observed between 2006 and 2010 in interaction with the La Ventanilla-Tonameca lagoon
system, Oaxaca, Mexico (15°40'N, 96°34'W). Richness (S) refers to the number of species by order and family and
abundance refers to total counts for each species. Abundance values are from 20-minute point counts, “*” indicates species
not recorded with point counts, “**” indicates species detected exclusively by mist-netting. Station 1 is a mangrove, Station
2 is a seasonally tidal estuary without mangrove coverage, and Overall is the combination of both stations. “f” denotes
species not documented in recent previous studies.

Richness and abundance

Taxon Station 1 Station 2 Overall
ANSERIFORMES S=1 S=6 S=6
ANATIDAE S=1 S=6 S =6
Dendrocygna autumnalis * 14 14
Dendrocygna bicolor 0 16 16
Branta bernicla 1 0 4 4
Anas americana T 0 * *
Anas discors T 0 75 75
Anas clypeata 7 0 * *
GALLIFORMES S=1 S=1 S=1
CRACIDAE S=1 S=1 S=1
Ortalis poliocephala 40 * 40
PODICIPEDIFORMES S=1 S=2 S=2
PODICIPEDIDAE S=1 S=2 S=2
Tachybaptus dominicus 3 82 85
Podilymbus podiceps T 0 28 28
CICONIIFORMES S=1 S=1 S=1
CICONIIDAE S=1 S=1 S=1
Mycteria americana 2 1 3
SULIFORMES S=2 S=3 S=3
FREGATIDAE S=0 S=1 S=1
Fregata magnificens 0 10 10
Phalacrocoracidae S=1 S=1 S=1
Phalacrocorax brasilianus 21 285 306
ANHINGIDAE S= S = S =
Anhinga anhinga 69 6 75
PELECANIFORMES S=15 S=17 S=18
PELECANIDAE S=1 S=2 S=2
Pelecanus erythrorhynchos ¥ 0 * *
Pelecanus occidentalis 1 118 119
ARDEIDAE S=12 S=12 S=13
Ixobrychus exilis T * 4 4
Tigrisoma mexicanum 2 0 2
Ardea herodius 1 8 9
Ardea alba 58 116 174
Egretta thula 307 260 567
Egretta caerulea 7 29 36
Egretta tricolor 10 55 65
Egretta rufescens 0 5 5
Bubulcus ibis 218 4 222
Butorides virescens 252 79 331
Nycticorax nycticorax * 4 4
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Taxon

Richness and abundance

Station 1 Station 2 Overall

Nyctanassa violacea
Cochlearius cochlearius
THRESKIORNITHIDAE
FEudocimus albus
Plegadis chihi

Platalea ajaja

ACCIPITRIFORMES
CATHARTIDAE
Coragyps atratus
Cathartes aura
PANDIONIDAE

Pandion haliaetus
ACCIPITRIDAE
Geranospiza caerulescens T
Buteogallus anthracinus
Buteo magnirostris
Buteo plagiatus 1

GRUIFORMES
RALLIDAE

Porzana carolina T
Porphyrio martinicus
Gallinula galeata
Fulica americana
ARAMIDAE

Aramus guarauna

CHARADRIIFORMES
RECURVIROSTRIDAE
Himantopus mexicanus
Recurvirostra americana
HAEMATOPODIDAE
Haematopus palliatus T
CHARADRIIDAE
Pluvialis squatarola t
Pluvialis dominica ¥
Charadrius collaris T
Charadrius nivosus
Charadrius wilsonia
Charadrius semipalmatus 1
Charadrius vociferus T
JACANIDAE

Jacana spinosa
SCOLOPACIDAE

Actitis macularius
Tringa solitaria
Tringa melanoleuca T
Tringa semipalmata
Tringa flavipes
Bartramia longicauda T
Numenius phaeopus
Limosa fedoa
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11 28 39
61 * 61
S=2 S=3 S=3
27 81 108
0 5 5
* 37 37
S=6 S=4 S=7
S=2 S=2 s=2
6 99 105
1 17 18
S=0 S=1 S=1
0 3 3
S=4 S=1 S=4
* O k
5 3 8
4 0 4
* O *
S=5 S=4 S=5
S=4 S=4 S=4
* * k
21 35 56
5 71 76
* 59 59
S=1 S=0 S=1
1 0 1
S=3 S=40 S=40
S=1 S=2 s=2
* 292 292
0 11 11
S=0 S=1 S=1
0 8 8
S=0 S=7 S=7
0 5 5
0 1 1
0 67 67
0 92 92
0 31 31
0 77 77
O * k
S=1 S=1 s=1
66 302 368
S=1 S=18 S=18
3 143 146
O * k
0 90 90
0 77 77
0 22 22
O * k
0 27 27
0 16 16
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Richness and abundance
Taxon Station 1 Station 2 Overall

Arenaria interpres T 0 3 3
Calidris himantopus T 0 * *
Calidris alba T 0 32 32
Calidris minutilla 0 583 583
Calidris melanotos T 0 1 1
Calidris pusilla T 0 * *
Calidris mauri t 0 17 17
Limnodromus griseus 0 24 24
Limnodromus scolopaceus 0 13 13
Phalaropus tricolor t 0 * *
LARIDAE S=0 S=11 S=11
Leucophaeus atricilla 0 1013 1013
Leucophaeus pipixcan 0 11 11
Sternula antillarum 0 21 21
Gelochelidon nilotica T 0 * *
Hydroprogne caspia 0 2 2
Chlidonias niger 0 37 37
Sterna hirundo T 0 3 3
Thalasseus maximus 0 68 68
Thalasseus sandvicensis T 0 3 3
Thalasseus elegans T 0 63 63
Rynchops niger 0 50 50
COLUMBIFORMES S=5 S=4 S=5
COLUMBIDAE S=5 S=4 S=5
Patagioenas flavirostris 186 * 186
Zenaida asiatica 5 0 5
Columbina inca 7 32 39
Columbina talpacoti 9 18 27
Leptotila verreauxi 13 3 16
CUCULIFORMES S=2 S=3 S=4
CUCULIDAE S=2 S=3 S=4
Piaya cayana 7 4 0 4
Coccyzus minor 0 4 4
Morococcyx erythropygus T 0 1 1
Crotophaga sulcirostris 44 58 102
STRIGIFORMES S=2 S=0 S=2
STRIGIDAE S=2 S=0 S=2
Glaucidium brasilianum T 27 0 27
Ciccaba virgata T * 0 *
CAPRIMULGIFORMES S=1 S=4 S=4
CAPRIMULGIDAE S=1 S=4 S=4
Chordeiles acutipennis T 0 2 2
Chordeiles minor 0 2 2
Nyctidromus albicollis T * * *
Antrostomus ridgwayi t 0 * *
APODIFORMES S=5 S=5 S=6
APODIDAE S=2 S=3 S=3
Cypseloides niger 0 4 4
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Taxon

Richness and abundance

Station 1 Station 2 Overall

Streptoprocne zonaris
Chaetura vauxi 7
TROCHILIDAE
Heliomaster constantii T
Archilochus colubris T
Amazilia rutila

TROGONIFORMES
TROGONIDAE
Trogon citreolus

CORACIIFORMES
MOMOTIDAE

Momotus mexicanus
ALCEDINIDAE
Megaceryle torquata
Megaceryle alcyon
Chloroceryle amazona
Chloroceryle americana

PICIFORMES

PICIDAE

Melanerpes chrysogenys
Dryocopus lineatus
Campephilus guatemalensis t

FALCONIFORMES
FALCONIDAE

Caracara cheriway
Herpetotheres cachinnans T
Falco peregrinus

PSITTACIFORMES
PSITTACIDAE
Aratinga canicularis
Amazona albifrons
Amazona oratrix t

PASSERIFORMES
TYRANNIDAE
Camptostoma imberbe T
Contopus sordidulus §
Empidonax traillii T
Empidonax albigularis T
Empidonax difficilis
Pyrocephalus rubinus
Attila spadiceus T
Mpyiarchus tyrannulus 1
Pitangus sulphuratus
Megarynchus pitangua T
Mpyiozetetes similis
Tyrannus melancholicus
Tyrannus crassirostris T
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Richness and abundance

Taxon Station 1 Station 2 Overall
Tyrannus forficatus 0 2 2
Pachyramphus aglaiae t 4 0 4
VIREONIDAE S=4 S = S=4
Vireo belli 1 16 17
Vireo hypochryseus T 2 0 2
Vireo gilvus 1 0 1
Vireo flavoviridis T * 0 *
CORVIDAE S=1 S=0 S=1
Calocitta formosa 67 0 67
HIRUNDINIDAE S=4 S=5 S=5
Progne chalybea 1 13 47 60
Tachycineta albilinea t 14 70 84
Stelgidopteryx serripennis 81 155 236
Petrochelidon pyrrhonota ¥ 0 32 32
Hirundo rustica t 4 37 41
TROGLODYTIDAE S=3 S=3 S=3
Campylorhynchus rufinucha 98 134 232
Pheugopedius felix ok 93 93
Thryophilus pleurostictus 124 44 168
POLIOPTILIDAE S= S=1 S=2
Polioptila caerulea Hok 0 ok
Polioptila albiloris 0 5 5
TURDIDAE S=1 S=2 S=2
Catharus ustulatus T 0 1 1
Turdus rufopalliatus 52 2 54
PARULIDAE S=11 S=8 S=12
Parkesia noveboracensis 76 22 98
Mniotilta varia 22 1 23
Protonotaria citrea 1 0 1
Oreothlypis celata T 1 5 6
Oreothlypis ruficapilla 0 2 2
Geothlypis tolmiei o 1 1
Geothlypis trichas T 19 109 128
Setophaga ruticilla 63 1 64
Setophaga americana T 5 0 5
Setophaga magnolia Hok 0 ok
Setophaga petechia 160 43 203
Setophaga dominica 3 0 3
EMBERIZIDAE S=2 S=5 S=6
Saltator coerulescens 0 10 10
Volatinia jacarina T 0 1 1
Sporophila torqueola 1 0 14 14
Sporophila minuta T * 37 37
Arremonops rufivirgatus ok 0 o
Passerculus sandwichensis T 0 * *
CARDINALIDAE S=3 S=4 S=6
Piranga rubra ¥ * 0 *
Cardinalis cardinalis T 0 7 7
Granatellus venustus t 0 1 1
Cyanocompsa parellina t 0 * *
Passerina leclancherii 2 1 3
Passerina ciris * 0 *
ICTERIDAE S=8 S=7 S=9
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Richness and abundance

Taxon Station 1 Station 2 Overall
Agelaius phoeniceus T 0 29 29
Dives dives T 2 0 2
Quiscalus mexicanus 3966 389 4355
Molothrus aeneus 971 7 978
Icterus spurius 6 80 86
Icterus pustulatus t 32 8 40
Icterus pectoralis 80 30 110
Icterus gularis 1 2 3
Cacicus melanicterus 165 0 165
Fringillidae S=1 S=1 S=1
Euphonia affinis * 3 3
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