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Abstract: Researchers evaluated the usefulness of two statistical methods, not used in omithological studies
to measure associations between granivorous grassland bird species and between the same species and seven
different vegetation characteristics. The study was carried out in winter in the region of Cuchillas de la Zarca
in Northwestern Mexico. Kendall’s coefficient showed little consistency in the determinations and only 2.19%
of the associations between species were sigmficant (p<<0.05). Armymodramus bairdii, Ammodramus savannarum
and Sturnella magna were positively and significantly associated as were dimophila cassini and Passerculus
sandwichensis. Gregorius’s method was more consistent in determimng the association (A) between
Gramivorous grassland birds () and vegetation features (B) with 48.9% of the estimations being significant.
A total of 12 species were associated with shrub height, 7 with grass height, 19 with herbaceous height, 13 with
shrub cover, 16 with grass cover, 18 with herbaceous cover and 14 with other types of cover such as superficial
decomposing organic material. Researchers conclude that these statistical methods may be of greater utility in
ornithological studies than their historical absence from this branch of biclogy indicates.
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INTRODUCTION

The principal objective of avian ecological studies
is to measuwre and understand the roles of habitat
characteristics (Johnson, 2007) and the quantitative
determination of features related to population parameters
of individual species and the community is the basis of
successful conservation programmes (Sherry and Holmes,
1995; Morrison et al., 2006). Populations of grassland
birds have decreased more than those of any other group
of birds (Sauver et al., 2008) as a result of changes in land
use (Askins et ai., 2007).

Recent studies have focused on the relationships
involving vegetation characteristics and the presence and
distribution of grassland birds (Davis, 2001), reproductive
success (Christoferson and Morrison, 2001), density and
abundance of birds, size and shape of the habitat patch
(Davis, 2004), territory requirements (Vickery et al.,
1994; Johnson and Igl, 2001), agricultural activity
(Vickery et al., 2004), grazing pressure (Fondell and
Ball, 2004), grassland management practices
(Madden et al, 2000, Nocera et al., 2007) and the
availability of insects while nesting (Poulin and
Lefebvre, 1997). Jones (2001) carried out a complete
literature search of habitat selection studies m avian

ecology. Likewise, Johnson (2007) reviewed methods of
measuring habitat quality. Both researchers identified the
need to be able to interpret findings by applying
statistical methods appropriate to the objectives of the
investigation (Sutherland ef al., 2005; Morrison ef al.,
2006).

To this end, some investigators have proposed the
use of unconventional statistical methods to estimate
assoclations between species and habitat in forestry
studies of Wehenkel et of. (2005) and Gregorius (1998)’s
method and between msect species (Legendre, 2005)
however, these techniques have not been used in avian
ecology studies until now.

The objectives of the present study were therefore to
estimate associations between Granivorous grassiand
bird species and between the species and vegetation
during winter in Northwestern Mexico by use of statistical
analyses not typically used in ornithological studies.

MATERIALS AND METHODS

Study site: The study area is located in the Grasslands
Priority Conservation Area (GPCA) known as Cuchillas de
la Zarca (CEC and TNC, 2005) (Fig. 1), which is part of the
Chihuahuan desert. The area lies in Southern Chihuahua
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Fig. 1: Location of the Cuclullas de la Zarca grasslands priority conservation area

and Northern Durango, Mexico and covers an area of
6,297 km® between geographic coordinates 105°04'
30.86"W and 24°41' 41.28"N and 104°57' 07.48"W and
25°27' 04.24"N. Vegetation n the site 1s composed of dry
thicket (91%) and natural grassland 9%. The thicket
consists of the following genera: Larrea, Prosopis, Acacia,
Ephedra, Nolina, Opuntia, Tuniperus and Quercus and the
herbacecus stratum include Bouteleoa, Aristida, Buchloe,
Andropogon, Muhlenbergia, Sporobolus, Heteropogon
and Pleuraphis.

Study design: Researchers used a GIS to construct a grid
of 16-18 km’ blocks covering the entire surface area of the
GPCA. There were selected sixteen blocks in which native
grassland vegetation occurs and which also contain
=5 km of paths and marked points at every 500 m within
the blocks. There were selected three transects at random
for monitoring birds and vegetation within each block
(Panjabi et al., 2007).

Bird monitoring: Researchers followed the methodology
proposed by Panjabi ez al. (2007), i.e., two observers who
were trained to recognize grasslands birds walked in pairs
along transects of 1 km from the first three randomized
points n each block n which wallkang paths were available
and used GPS for navigation.

The observers used 8x42 binoculars and a laser
distance meter to record species and mumbers of birds
observed and the perpendicular distance to the transect
of birds found individually or in groups. The bird census
was carried out between JTanuary 20 and February 15, 2009
from 08:00-12:00 h every day. The observers focused on
gramvorous species and counted the number of
individuals of each species per block monitored.
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Vegetation measurements: Immediately after completing
the bird censuses, the observers turned round and walked
the transect in the opposite direction to measure the
vegetation. The observers stopped every 100 m to
measure ground cover within 5 m and shrub cover witlhun
50 m with a GPS unit. Measurements included percentage
cover of grasses, herbaceous plants, bare ground and
other cover as well as grass, herbaceous and shrub height
(Pamabi et al., 2010).

Measurement of associations between bird species:
Operational concepts of species association refer to
groups of species that are significantly found together
without this necessarily implying any positive biological
interaction among the species. Bird species association
was measured by Kendall’s coefficient of concordance
(W), a non-parametric statistic. This 1s a normalization of
the Friedman test statistic and can be used to measure the
agreement among several (p) judges that assess a given
set of n objects.

Depending on the field of application, the judges can
be variables, characters, etc., although in the present
study, they are species. The W and the Friedman test
vary only m the formulation of their respective null
hypothesis. In the Friedman test, the null hypothesis 1s
that there is no real difference among the n objects (sites).
Kendall’s test focuses on the p judges. If the null
hypothesis of the Friedman test 1s true, this indicates that
the judges have produced rankings that are independent
of one another.

This is the null hypothesis of Kendall’s test
{(Legendre, 2005). Instead of using the usual row-margimal
sums of ranks R, (Siegel and Castellan Jr., 1988) there
used the close relationship between Spearman’s
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correlation coefficient ry and W to compute Kendall’s W
statistic: W can be calculated directly from the mean ()
of the pairwise Spearman correlations ry by use of the
following relationship (Siegel and Castellan Jr., 1988, Zar,
1999; Legendre, 2005):

wo (DT
P

(1)

where, p is the number of variables (or judges) among
which Spearman’s correlation coefficients are computed.
For two variables (or judges) only, W is simply a linear
transformation of ry W = (1, +1)2 and in this case, a
permutation test of W for two variables is the exact
equivalent of a permutation test of ry for the same
variables. Equation 1 shows that judges are only
considered concordant if their Spearman correlations are
positive.

Two judges that give perfectly opposite ranks to a
set of objects have a Spearman correlation of -1, hence
W = 0 (no agreement) for these two judges; this is the
lower boundary of the coefficient of concordance. For two
Judges only, r; = 0 gives W = 0.5 which indicates a greater
or lesser degree of unammity among the various
responses. If the test statistic 1, is and therefore, W is 1

then all the survey respondents have been unanimous
(Legendre, 2005).

Measuring associations between bird species and
vegetation: Researchers applied the association (A)
developed by Gregorius (1998) wherein, o and P
represented bird species and vegetation, respectively.
The relationship is denoted as A(w|B) and can reach two
extreme values: complete association of ¢ with p where,
A(alp) = 1 and complete absence of association where,
Alalp) = 0.

The wording « 1s associated with [ can also be read
as ¢ depends on is determined by or is a function of p.
This measure is analogous to the estimation of the
regression coefficient and is asymmetric in the sense that
Aep) # A(P|er). Formally:

A(Bla)= D A(B=blo).n(B=b)

1 )
S 2ln(a=alp=b)-n(a-ap+b)

acCeo

AR =blo)=

Where, II is the relative frequency.

Statistical analysis: The sampling strategy suggests the
use of permutation tests to assess the possibility that the
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observed associations (1, W, A) may have resulted from
random assighment. Significance probabilities (p values)
are given in terms of the proportion of permutations for
which the association measures (ro, W, A) exceed the
observed value. On this basis, observed W, 1, and A
values are to be interpreted as sigmficantly large or
significantly small if the pertinent significance probability
is small (<0.05) or high (>0.95), respectively. In both cases,
forces other than random forces must be assumed to be
wvolved in generation of the observed associations
(Manly, 1997, Legendre, 2005, Wehenkel ef al., 2005).
Researchers used PROC UNIVARIATE and PROC GLM
from SAS; for parametric statistical analyses.

RESULTS AND DISCUSSION

Bird monitoring: Researchers monitored birds along 96
transects each of 1 ki (6 per 16 blocks) and registered
16,635 individual birds from 31 families, 63 genera and 79
different species of which 26 (32.9%; 7,257 individuals)
were Granivorous grassland birds. The species found
and the relative abundances of each are shown in
Table 1.

Vegetation measurements: Table 2 shows the results of
vegetation characteristics on the region.

Association between bird species: Of the 684 associations
between 26 species of gramivorous birds estimated by use
of Kendall's coefficient only 15 were sigmficant (Table 3).

Table 1: Abundance of granivorous bird species in Cuchillas de la Zarca in

winter 2009
Abundance

Species Alphacode! n  Average® SE? (%)

Aimophila botterii AIMBOT 1 0.06 0.06 0.013
Aimophila cassinii AIMCAS 7 043 018 0.096
Aimophila ruficeps AIMRUF 7 043 032 0.096
Ammodpamus bairdii AMMBAI 49 305 0.52 0.675
Ammodramus savannarum AMMSAV 80 5.00 098 1.102
Amphispiza bilinecta AMPBIL 119 743 3.87 1.639
Anthus spragueii ANTSPR 40 250 063 0.551
Calamospiza melanocorys CALMEL 3 0.18 013 0.041
Cedearius ornctus CALORN 936 5850 30.88 12.897
Cedfipepla squameata CALSQU 126 7.87 384 1.736
Carpodacus mexicanus CARMEX 11 0.68 028 0.151
Chondestes grammacus  ~ CHOGRA 326 2037 11.83 4.492
Eremophiia alpestris EREALP 6 037 027 0.082
Melospiza incolnii MELLIN 9 056 028 0.124
Molothrus cier MOLATE 42 262 262 0.578
Passerculus sandwichensiy PASSAN 417 2006 645 5.746
Pipilo fitscus PIPFUS 49 306 085 0.675
Pooeceles gramineus POOGRA 1607 10043 2232 22144
Spizelia breweri SPIBRE 692 4325 1271 9.535
Spizeia pallida SPIPAL 148 925 418 2.039
Spizelia passerina SPIPAS 1871 116.93 20.64 25782
Sturnella magna STUMAG 149 931 1.61 2.053
Sturnelia neglecta STUNEG 22 1.37 049 0.303
Zenaida asiatica ZENASI 57 3.5 218 0.785
Zenaida macroura ZENMAC 481 30.06 596 6.628
Zonotric hia levcophrys ZONLEU 2 0.12  0.08 0.027

Rix-letter alpha codes, international nomenclature, AQU calculated using
PROC UNIVARIATE from SAS®
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Table 2: Mean vegetation characteristics per block in Cuchillas de la Zarca in winter 2009

Height Caver (%)

Blocks Shrub (m) Grass (cim) Herb (cm) Shrub Grass Herb Other

56 1.540° 10.708 7.7681 2,635 4975 9.13%¢ 19.832¢
64 0.796f 28.96%° 19.40%* 3.502% 66.25+¢ 10.114%= 14.23%
65 0.911>F 10.468 9.50% 9,592:.4 62.20¢¢ 12.21%4 14.11%¢
66 2.025° 26.16+¢ 11.88% 5.595% 60.58%¢ 9.91% 16.23°f
71 1.545° 23.23%¢ 18.35% 7.2624¢ 65.08* 14.91% 10.43%1
76 1.541° 21.90%¢ 12.48% 4.900F% 70.910 9.258 8.30%

77 1.53¢ 15.205¢ 15.50%¢ 11.155 62,58 12,834 11.91%
83 0.750F 26.10+¢ 15.71%4 2.9705 63.21% 11.06%8 13.054
88 0.9881 23.71b¢ 14.38%¢ 6.0425F 50.83% 11.91°¢ 17.50°¢
92 1.138= 10.83¢ 10.71°%= 15.950¢ 43.008 13.16%¢ 24.83*

93 1.005%f 19.90%1 20.73¢ 19.017 36.38" 18.83 23.11%®
144 1.056% 13.20¢8 6.43% 1.295 66.08+¢ 6.108 15.03%
145 1.315%¢ 31.25* 14.85%4 2.8555% 68.68*° 8255 104854
146 1.565° 13.558 8.98F 336250 50.76° 8465 18.18%¢
147 1176 27.68* 13.96%¢ 2,483 69.85%° 8.10s 11.20%
150 1.416>¢ 19.75%1 18.73% 7.183%¢ 57.66° 11.21%F 14.31°8

One-way ANOVA, completely random blocks model, PROC GLM, SAS®; Mean values followed by different letters are significantty different at o = 0.05,

Duncan’s test of multiple comparisons

Table 3: Association (W) between granivorous birds in the region of
Cuchillas de la Zarca, winter 2009 and its p value with 5,000

permutations
Species Association (W) p-value
Ammbai/Stumag 0.498 0.020
Ammbai/Passan 0.446 0.040
Ammbai/Ammsav 0.456 0.030
Spibre/Chogra 0.565 0.010
Spibre/Poogra 0.596 0.008
Pipfus/Spipas 0.445 0.040
Pipfus/Zenmac 0.593 0.008
Pipfus/Antspr 0.461 0.030
Pipfus/Ampbil 0.578 0.010
Aimcas/Passan 0.443 0.040
Aimcas/8pipal 0.468 0.040
Spipas/Calsqu 0.478 0.030
Chogra/Carmex 0.600 0.010
Antspr/Ampbil 0.618 0.007
Ampbil/Molate 0.448 0.020

Asgsociations at p<0.05 are significant and at p<0.01, highly significant

Association between granivorous bird species and
vegetation features: The significant results of the
182 associations (A) that there were tested between
granivorous bird species and vegetation characteristics
are shown in Table 4.

Bird monitoring: The Cuchillas de la Zarca GPCA is
umportant habitat for migratory grassland birds (CEC and
TNC, 2005) as 20 of the 26 species under study in all of
northwestern Mexico during the winter of 2009 were
present. Levandoski et al. (2008) ranked Cuchillas 2nd out
of nine sites with respect to nmumber of species and
density of individuals in a long term study of Chihuahuan
desert birds.

The most abundant species m the region were
Spizella passerina (25.7%), Pooecetes graminetis (22.1%)
and Calcarius ornatus (12.9%) which is not surprising in
light of the social behavior of these birds which gather in

large flocks (Sedgwick, 2004; Dunne, 2006). Furthermore,
P. gramineus was one of the most widely distributed of
the study species in Cuchillas de la Zarca and was present
in all blocks. This species may be so, widely distributed
because 1t tolerates habitats with high densities of herbs
and diverse shrubs (Wiens ef al, 1985). In contrast, the
species present at the lowest densities were:
Aimophila botterii (n = 1) which is a secretive bird that
needs high grasses (Jones and Bock, 2005), a vegetation
present 1 the study region;
Calamospiza melanocorys (n = 3), a gregarious bird
during winter but that concentrates in great flocks to
forage where food availability 1s good (Shane, 2000) and
Eremophila alpestris (n = 6), a species that inhabits
dry, open zones with short, low-density grasses
(Dinkins et al., 2001), the latter habitat was present in the
study region. Both of the latter species were found to be
abundant mn a study by Manzano-Fisher ef al. (1999) in
Northwestern Chihuahua, Mexico.

characteristic not

Vegetation measurements: The estimated vegetation
characteristics varied between sampled blocks. The
average vegetative cover for the study area was 85.6%,
average grass cover was 59.5£2.46%,; grass height
20.1641.75 cm; herbaceous cover, 10.940.76%; herbaceous
height, 13.7+1.07 cm; shrub cover, 6.61+1.26%; shrub
height, 1.2620.08 m and other cover, 15.1£1.15% (such as
organic material deposited on the ground which
represents a food source, protection and/or perches for
birds; Askins, 1994).

The differences in the mean valuescorroborate the
of Block (1987), who reported
differences between 31 of 49 estimated variables
which can be explained by temporal and spatial variations
in the habitat that generate conditions favoured by

findings et al
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Table 4: Association (A) of granivorous bird species () with vegetation characteristics () in Cuchillas de la Zarca, winter 2009

Vegetation characteristics ()

Species (o) Shr ht Gra ht Her ht Shr cov, Gra cov Her cov Oth _cov
Aimbot 0.663 0.000 0.253 0.522 0.882 0.383 0.546
Aimcas 0.195 0.161 0.176 0.336 0.188 0.189 0.311
Aimruf 0.663 0.000 0.253 0.193 0.168 0.097 0.546%*
Ammbai 0.134 0.283#+ 0.32] ** 0.132 0.098* 0.313%* 0.252%*
Ammsav 0.139## 0.000 0.275%# 0.193 ## 0.006 0.295%# 0.232%%
Ampbil 0.375%* 0.000 0.384 % 0.283 ## 0.538%* 0.456%* 0.316%*
Antspr 0.013 0.168%+ 0.249%:# 0.097 0.183 0.294## 0.079
Calmel 0.329 0.525%# 0.414 0.272 0.549+ 0.284 0.546
Calorn 0.218%# 0.252#%+ 0.192%# 0.380% 0.099+ 0.342%# 0.352%%
Calsqu 0.069 0.000 0.276%* 0.107* 0.025 0.143%* 0.317%*
Carmex 0.117 0.000 0.293# 0.522 0.337%* 0.436%* 0.001
Chogra 0.167%* 0.522 0.292 % 0.530%* 0.031 0.388%* 0.559#*
Erealp 0.329 0.022 0.414% 0.189 0.549 % 0.284 0.213
Mellin 0.338* 0.000 0.253 0.330% 0.118 0.161 0.213
Molate 0.666%# 0.000 0.254% 0.525%# 0.119# 0.385%# 0.549+*
Passan 0.006 0.034 0.093 ## 0.228* 0.072%* 0.062* 0.032
Pipfus 0.194 % 0.205% 0.300%* 0.114 0.230%* 0.375%# 0.159%
Poogra 0.033* 0.000 0.105 % 0.07% % 0.057 ** 0.056%* 0.075%*
Spibre 0.054 % 0.205%+ 0.300%* 0.008 0.005** 0.086%* 0.013
Spipal 0.034 0.000 0.120%* 0.205 *# 0.162%* 0.402%* 0.226%*
Spipas 0.031% 0.193 0.132%# 0.142%# 0.063 ** 0.093%# 0.013
Stumag 0.064 0.107* 0.180%* 0.050 0.073 ** 0.198%* 0.155%*
Stuneg 0.065 0.000 0.066 0.161 0.027 0.020 0.182
Zenasi 0.110 0.000 0.55G % 0.252 % 0.084 0.480%* 0.387**
Zenmac 0.073 % 0.067 0.077## 0.069%# 0.116%* 0.282%# 0.102%*
Zonleu 0.163 0.000 0.253 0.022 0.118 0.117 0.546

Vegetation measurements were made at sites where shrub cover was <13%; *p<0.05; **p<0.01

birds (Cody, 1985) in a region subjected to strong
pressure in relation to land use change due to agriculture
and cattle grazing.

Associations between granivorous grassland birds: Of
the 15 significant positive Associations (A) found
(Table 3), the most interesting are those between
Ammodramus bairdii and Sturnella magna and between
FPasserculus  sandwichensis  and  Ammodramus
savannarum as these species when abundant within their
breeding range are considered indicators of healthy
mixed grasslands (Davis, 2004). These associations are
even more significant in that it may be possible to assume
that the presence of one implies the presence of the other
especially when one of the species 1s difficult to find and
observe. In this sense, the associations between
Aimophila  cassinii and both  Spizella  pallida and
P. sandwichensis have important implications. The former
species 18 a secretive bird that requires dense grass close
to shrubs (Bock and Sharf, 1994) and it was 1dentified only
seven times in the surveys whereas the latter two species
form large flocks, respond to the production of grass and
herbaceous seeds on their wintering grounds are easily
observed (Ginter and Desmond, 2005) and were registered
148 and 417 times, respectively.

Researchers also found a positive association
between Anthus spragueii and Amphispiza bilineata
(Table 3). The former is a solitary species that prefers
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open areas with relatively low grass density and is
recognized as a grassland indicator species within its
breeding range (Davis et al., 2006, Koper et al., 2009)
while the latter prefers more dense, shrubby vegetation,
mostly Larrea tridentata (Dunne, 2006). The other
associations were species that occur in shrubby and
herbaceous vegetation and therefore estimation of W has
biological sense.

Association (A) between bird species and vegetation
features: In general, the values of A fluctuated between
0.00 and 0.880 although, the arithmetic mean was =0.200
for all bird species and all vegetation features. Various
studies have described and distinguished the preferences
of grassland birds on the basis of distinct habitat
resources, under different conditions (Herkert, 1994,
Fletcher and Koford, 2002). However, no studies have
been carried out to measure the association between
grassland species and features of winter vegetation in
Mexico by using statistical analyses not conventionally
used in orithological studies. Discussion of the present
results and comparison with similar investigations are
therefore limited. Overall, 70% of the 26 bird species
monitored were sigmficantly associated (A) with
herbaceous height followed by 69% with herbaceous
cover, grass cover (61.5%), other cover (53.8%) and shrub
height (46%). In a similar study carried out m winter in
Texas, Igl and Ballard (1999) found the highest density of
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grassland birds in sites with grass and bushes rather than
those with trees. In general, the findings regarding height
of vegetation revealed 9.1% lower association (A) with
bird species than those mvolving cover.

In particular, dimophila botterii and A. cassinii were
not significantly associated with any vegetation feature
(with the former having a value of A>0.800 for grass
cover, totally independently from herbaceous height and
cover). However, Jones and Bock (2005) observed a
positive correlation between grass height and cover
for the species m Arizona. In comparison, significant
A-values were obtaned for Aimophila ruficeps and
shrub height and other cover; a finding that describes the
preference of this species for chaparral environment with
few open areas (Thomgate and Parsons, 2005).

Ammodramus bairdii was strongly associated with
herb height and cover and to a lesser degree but
significantly so with grass height and other cover types.
These findings are consistent with those of Davis ef al.
(1999), who observed correlations between the abundance
of this species and moderate cover of organic material and
height of vegetation >25 and <100 c¢m. In Manitoba,
De Smet and Conrad (1991) found the highest density of
A. bairdii m mixed grass with herbaceous cover between
10 and 50%.

Random associations with height and grass cover
were observed for Ammodramus savannarum as well as
moderate yet sigmficant, correlation with herbaceous
height and cover. This was in contrast to the findings of
Ruth (2008), who reported that this species prefers tall,
relatively ungrazed grasses and shows little tolerance to
bushes. However, the latter study was carried out during
the breeding season of the species.

Calamospiza melanocorys, populations of which
have been decreasing annually is common and abundant
during winter m dry, shrubby grasslands of Durango and
Chihuahua and it is easy to find them alongside roads
(Shane, 2000). In the present study, there was a significant
assoclation between this species and grass height and
cover. The lghest significant value of A was that for
Molothrus ater and shrub height (0.666) with a similar
result for shrub and other cover; findings that are
consistent with those of Sharp and Kus (2006),
Jensen and Cully (2005) and Hauber and Russo (2000),
who reported that this bird was more abundant in sites
closer to woody vegetation which offer more sites for
perching. The A values for Spizella passerina and
Pooecetes gramineus (the most abundant species n this
study) and the vegetation variables were low but
significant as a result of the high frequency of occurrence
and wide distribution of the species which did not display
any marked preference for a particular type of vegetation
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structure or cover. Anthus spragueii was significantly,
although only slightly associated with grass and
herbaceous height and cover but totally mdependently of
shrub height these results are consistent with those of
Davis (2004) who found that the species prefers open
grasslands and that their abundance is related to the size
of the grass patch and area of grass cover. The highest
value of A for grass cover and herbaceous height
corresponded to Eremophila alpestris in contrast to the
observations of Robinson and Moore (2005), who
associated this species with bare ground.

The majority of associations (A) calculated for the
26 species of granivorous grassland birds i this study
can be explained on the basis of their behavior and habitat
selection 1n other sites and seasons. Researchers can also
conclude on the basis of the results that granivorous
grassland species use other resources such as seeds of
herbaceous plants and bushes to satisfy their winter
habitat requirements for food and protection. Researchers
therefore, obtained positive biologically significant results
in this first attempt to use Kendall’s coefficient of
concordance (W) and Gregorius’s method (A) to measure
associations between bird species and certain habitat
characteristics while recognizing that there are several
factors that influence winter habitat use in the arid
grasslands of northern Mexico (Macias-Duarte et al.,
2009).

CONCLUSION

Researchers  calculated associations  between
granivorous grassland bird species and between
vegetation and the species of granivorous grassland birds
wintering in Northwest Mexico by using Kendall’s
coefficient of concordance and obtained significant
values of W = 0.618 where, 0<W<1 for species with very
specific grassland or scrub habitat requirements. This
method could therefore be used to estimate such
associations within this field of research. However,
additional studies are required in order to standardize use
of the method and to confirm its reliability in avian
ecology. Researchers able to measure the
assoclation between  gramivorous  grassland  bird
species  and certain vegetation characteristics by
calculating A (Gregorius, 1998) and found significant
results in which A(|p)<0.666 where, O0<A (¢|p)<l.
Different bird species were associated to varying degrees
with the habitat where they were observed and recorded
during monitoring and the method generally, provided
consistent results which could be explained by studies at
different times and places and by use of other methods to
estimate similar associations. As with the Kendall

were
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coefficient, this method warrants further application in
avian research as it has already been used successfully in
other fields of science such as forest genetics.
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