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On identifying significant co-occurrence of species in space and time.— In the present paper the
concepts “chorotype” and “chronotype” are defined operationally as the groups of species whose
distributions overlap more than expected at random in space and time, respectively. A probabilistic
method for testing the existence of such significant groups of species starting from a classification
analysis of species according to either their geographical or temporal distribution is proposed. Two
examples of the operational use of these concepts in biogeography are also provided. In example 1 we
test for the existence of chronotypes of migrant soaring birds through the Straits of Gibraltar; in
example 2 we not only detect chorotypes of micromammals in Europe, but also investigate the possible
causes of the shared distributions.
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Introduction

From a biogeographical point of view, a set
of species may share distribution patternsin
space or time or, on the contrary, may be
distributed independently of each other. If
the former is true, then the species are to
be placed in a theoretically discontinuous
sequence, either in space or time. Some bio-
geographical categories have been pro-
posed that correspond to these discontinu-
ous sequences, and which we will name
“chorotypes” (BAarRoNI-Ursan! et al., 1978) for
space, and “chronotypes” for time. The term
“chronotype” can refer to migration pat-
terns of birds, successional stages of vegeta-
tion, seasonal occupation of habitats, or even
the groups of species belonging to the same
geological period.

Defined in this way, each species consti-
tutes a chorotype and a chronotype in itself,
but the aim of the biogeographer is to de-
tect some spatial or chronological patterns
in the distributional data shared by several
species. If such patterns exist, it is not neces-
sary to invoke a different process to explain
distribution of each species, but some fac-
tors may be responsible for the distributions
shared by each group of species, and the
overall environmental or historical interpre-
tation may be more comprehensible. How-
ever, chorotypes and chronotypes do not
refer to the ecological relationships between
the species implied in the term guild or eco-
logical community, because the species that
share a geographical range may occupy dif-
ferent niches and even belong to different
communities.

In the following, the meaning of the
biogeographical categories “chorotype” and
“chronotype” is discussed and a quantitative
technique that allows us to test for their
existence and define their limits displayed.
Two examples of their application are also
provided.

The coefficient model in association
analysis

Similarity indices are frequently used to study
the coexistence of species in an approach
called the coefficient model (see Jackson et
al., 1992). However, SIMBERLOFF & CONNOR

(1979) stated that most indices of similarity
are not associated with probability values,
since their underlying distributions are un-
known, thus preventing high and low lev-
els of association between species from be-
ing recognized objectively with regard to
what may be expected at random. The only
distributions which have been studied in
the literature are the simple matching coef-
ficient (GoobaLL, 1967), the Baroni-Urbani
and Buser coefficient (Baroni-Ursant & BUSER,
1976), the Jaccard coefficient (Baroni-UrsanI,
1980; ReaL & VaRrGas, 1996), and the Phi
coefficient (Jackson et al., 1992). Thus, these
are the indices suitable for testing the sta-
tistical significance of similarity values.

Classification and ordination

When a matrix of similarity coefficients be-
tween species has been obtained, it may be
analysed in two ways: by ordination, that is,
by attempting to arrange the species within a
theoretically continuous sequence; or by clas-
sification, the aim of which is to place the
species in discontinuous groups (McCoy et
al., 1986). In many studies both methods are
used as complementary analyses (KEnT &
BaLLArD, 1988). However, there is no objective
and clear criterion for preferring one analysis
to the other according to the data. A con-
servative approach to this problem may be to
consider the existence of a continuous frame-
work as the null hypothesis, and to test the
groups obtained in a classification analysis
against this null hypothesis.

Certainly, one cannot infer that a group
structure exists from the partition of data
resulting from a classification. The results of
classification analyses are usually displayed
as dendrograms. WHITTAKER (1975), BIRksS
(1976), McCov et al. (1986) and BewIN &
McDonaLwp (1993), among others, pointed
out that some distortion is caused by repre-
senting a multidimensional similarity matrix
by a bidimensional dendrogram. This dis-
tortion can lead us to accept artificial
groups of species that do not correspond
to what is actually found in nature (Kent &
BALLARD, 1988; VAarGAS, 1993).

The method of McCoy et al. (1986), as
modified by ReaL et al. (1992) was used to
detect significant chorotypes and chrono-
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types. The main advantages of this method
are that the necessary calculus is simple,
and the significant groups are obtained on
a probabilistic basis. So, the species are not
considered as chorotypes or chronotypes
when the relation between their distribu-
tions is compatible with that expected at
random.

According to McCor et al. (1986), the
similarity values are to be transformed into
three classes identified by “+”, “-” and “0”
signs, according to whether the values are
significantly higher, lower or the same as
expected at random. The method of McCoy
et al. (1986) is modified to test for the exist-
ence of either strong or weak significant
biogeographical segregations between the
species.

For each dendrogram node a submatrix
of significant similarities that only included
the species involved in the node was es-
tablished. This submatrix was divided into
three zones: zone A and zone B, which
corresponded to each group of species
separated by the node; and zone AxB,
corresponding to the intersection be-
tween both zones.

Pp(AxA) is the number of pluses be-
tween each pair of species within zone A
divided by the total number of elements
possible for comparisons in zone A. So,
Pp(AxA) is the proportion of pluses in zone
A. Psp(AxA) is the number of species in
zone A that have at least one plus divided
by the total number of species for com-
parisons in zone A, which represents the
proportion of species in zone A with at
least one plus. So its possible to compute
d1(AxA) as follows: if the number of pluses
in A is zero, then d1(AxA)=0; otherwise,

d1(AXA) = Pp(AxA) x Psp(AxA)

vV (Pp(AXA))? + (Psp(AXA))>
Pm(AxA) and Psm(AxA) are defined as the
proportion of minuses in zone A and the
proportion of species in zone A with at least
one minus, respectively, and these are com-
puted in the same way as Pp(AxA) and
Psp(AxA), but by taking into account the
minuses. So d2(AxA) is defined in the fol-
lowing way: if the number of minuses in
zone A is zero, then d2(AxA)=0; otherwise,

d2(AxA) = —PM(AXA) x Psm(AxA)
¥ (Pm(AxA))? + (Psm(AxA))?

Pp(AxB) and Psp(AxB) are defined in a simi-

lar way as Pp(AxA) and Psp(AxA), but re-

ferred to zone AxB. Then d4 is zero when the

number of pluses in AxB is zero; otherwise,
Pp(AxB) x Psp(AxB)

¥ (Pp(AxB))? + (Psp(AxB))?

The parameters DW(AxA) and DW(BxB)
measure to what extent the similarities higher
than expected (+) tend to be in zones A and
B, but not in AxB (see McCov et al., 1986):

DW(AxA) = d1(AxA) - d2(AxA) - d4
analogously,

DW(BxB) = d1(BxB) - d2(BxB) - d4
where d1(BxB) and d2(BxB) are calculated as
d1(AxA) and d2(AxA), but computing the
pluses and minuses in zone B.

The parameter d3 is defined in the same
way as d4, but computing the minuses in AxB.
The parameter DS gives a measure of whether
the similarities lower than expected (-) tend to
be located in AxB, but not in A or B.

Ds = d3 -d4 - d2(AxA) - d2(BxB).

The statistical significance of the node was
assessed by a G test of independence of the
distribution of the signs “+”, “-" and “0” in
the three zones of the submatrix, giving the
parameters GW, for weak segregations, and
GS, for strong segregations. If similarities
higher than expected (+) tend significantly to
be in zones A or B, but not in AxB, that is, if
DW > 0 and GW is significant, then there is at
least a weak segregation between both groups
of OGUs, and the group whose DW is more
than zero constitutes a chorotype or a
chronotype. If similarities lower than expected
(-) significantly tend to be located in AxB,
but not in A or B, that is if DS > 0 and GS is
significant, then a strong segregation exists
between the groups.

d4 =

Chorotypes and chronotypes

The result of this classification method can
produce chorotypes or chronotypes, or the
non-existence of significant groups. The ex-
istence of a significant group indicates that
the ranges of the species included in the
group overlap more than expected at ran-
dom. If significant groups do exist, they may
be strongly segregated or weakly segregated.
A strong segregation signifies that the
ranges of the groups overlap less than ex-
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pected at random. A weak segregation
means that the between-groups range over-
lap is compatible with that expected at ran-
dom. Chorotypes and chronotypes thus rep-
resent real entities in nature which depend
on scale, since they are constrained to the
study area and to the geographical unit
used to partition the area.

On the other hand, concerning geographi-
cal or chronological patterns alone is an in-
sufficient basis to determine the causes of
those patterns (ConNnOR & SIMBERLOFF, 1983).
Therefore, in a second step, the researcher
must investigate the possible causes of the
common patterns detected by the chorotypes
and chronotypes, since these concepts are
free of prejudice as regards the causes of
such patterns.

Example 1. Chronotypes of migrant
soaring birds through the Straits of
Gibraltar

The data recorded by Bernis (1980) on the
migration period of soaring bird species mi-
grating to Africa through the Straits of Gi-
braltar during four years were taken, only
selecting the 13 species on which reliable
information was available. Data for a total
of 15 weeks, from July 22nd to November
4th were obtained and a matrix of presence
of each species in each week was complied.
The Baroni-Urbani and Buser’s similarity

index (BaronI-UrsaNnI & Buser, 1976) was ap-
plied to each pair of species a and b:

V(CxD) + C

Y(CxD) +A+B-C

Table 1. Matrix of significant similarities among migrant soaring bird: + Values significantly
higher than expected at random, p < 0.05; - Values significantly lower than expected
at random, p < 0.05; 0 Values not different to those expected at random; An. A. nisus;
Cn. C. nigra; Cg. C. gallicus; Ca. C. aeruginosus; Fs. F. subbuteo,; Ph. P. haliaetus; Hp.
H. pennatus; Np. N. percnopterus; Pa. P. apivorus; Cp. C. pygargus, Bb. B. buteo; Cc.

C. ciconia; Mm. M. migrans.

Matriz de similitudes significativas entre aves migradoras: + Valor de similitud superior
al esperado por azar con p < 0,05; - Valor de similitud inferior al esperado por azar con
p < 0,05; 0. Valor de similitud sin diferencia significativa con lo esperado por azar. (Para

las abreviaturas ver arriba.)
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Fig. 1. Chronotypes (I - IV) established through the Straits of Gibraltar during the

autumn migration of 15 soaring birds: B Strong segregation; ® Weak segregation.
Cronotipos establecidos durante el periodo migratorio postnupcial de 15 especies de

aves planeadoras a través del Estrecho de Gibraltar (I-1v): W Segregacion

fuerte; ® Segregacién débil.

where D is the number of weeks in which
neither of the two species are present; A
and B represent the number of weeks in
which only species a and only species b is
present, respectively; and C represents the
number of weeks in which both species are
recorded together. This index, like all those
indices taking negative matches into ac-
count, changes its values when additional
species whose migration periods include
weeks in which the two species analysed are
absent, are included in the analysis (Buser &
Baroni-Ursani, 1982).

UPGMA (Unweighted Pair-Group Method
using arithmetic Averages) was used as the
classification method, because it uses an ag-
glomerative algorithm to carry out the classi-
fication and produces the least distortion of
the original similarities in this type of algo-
rithm (SneaTH & Sokal, 1973). Agglomerative
methods are preferred because as the null
hypothesis of continuity implies that the spe-
cies distribute independently of each other,
it is the association between them that has
to be demonstrated.

The matrix of significant similarities (ta-
ble 1) was obtained using the table in Baroni-
Ursan! & Buser (1976).

Four chronotypes (table 2; fig. 1)were
obtained. Ciconia ciconia and Milvus migrans
constituted an early chronotype strongly seg-
regated from the rest of species. The three
other chronotypes are segregated weakly.
The existence of chronotypes indicates that
these bird species do not migrate independ-
ently from each other, but that some of them
associate in shared periods of migration
which may be statistically distinguished from
other periods of migration shared by other
species. Buteo buteo constitutes a chronotype
formed by one species only, indicating that
this species does not associate with any other
in its chronological pattern of migration.

The chronological pattern defined by the
four chronotypes facilitates the searching of
the causes of the periods of migration. The
causes of the particular period in which each
bird species migrate are difficult to assess,
because the researcher must investigate
13 different causes related to the conditions
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Table 2. Significant segregation between the species groups established in the
dendrogram. GW and GS show weak and strong segregation between respective
groups: * p < 0.005; ** p < 0.001; *** p < 0.005. DW (AxA) and DW (BxB) show the

homogeneity inside each group analysed.

Segregaciones significativas entre los grupos de especies establecidos en el
dendrograma. GW y GS indican, la segregacion débil y fuerte entre los respectivos
grupos: * p < 0,005 ** 'p < 0,001; *** p < 0,005. DW (AxA) y DW (BxB) son los
pardmetros que estiman la homogeneidad interna de cada grupo.

Segregation

Groups combined by UPGMA Agregation Weak Strong

Group A Group B Coefficient DW(AxA) DW(BxB) GW p GS p
9-7 4-3 0.6295 0.5291 0.5291  33.4055  *** 00 NS
93 13 0.4960 0.4407 -0.0877  7.6517  ** 0.3109 N_S_
9-13 1-2 0.1284 0.4483 0.7071 21.0113  *** ] 31.4916 ***

of the breeding areas, the wintering areas,
the physiology of the organisms or their feed-
ing habits. However, it is more easy to search
for the causes of four chronotypes of mi-
grant species than for the causes of the mi-
grant periods of the 13 individual species.

Example 2: Chorotypes of micromammals
(insectivores and rodents) in Europe and
the environmental factors related to them

Europe was divided into 53 major physio-
graphical regions and recorded the pres-
ence of 24 insectivore and 62 rodent species
in each. The distribution maps of NIETHAMMER
& Krapp (1978, 1982, 1990), updated with
unpublished data from the Iberian penin-

sula compiled by the Spanish Mammal Soci-
ety (SECEM) and different national distribu-
tion atlases (Pucek & Raczynski, 1983; FAvARD,
1984; ArnoLD, 1993) were used.

The Baroni-Urbani and Buser’s index and
UPGMA, followed by the probabilistic
method described above was applied to this
matrix of presences.

Fiftheen chorotypes were obtained (see
fig. 2) on which we carried out logistic
regressions using the following environmen-
tal variables: annual range of temperature
(RT), mean annual temperature (T), mean
temperature of January (TJA), mean tem-
perature of July (TJU), potential evapo-
transpiration (PET), annual mean precipita-
tion (P), actual evapotranspiration (AET), and
distance to the Urals (DUR). P, T, TJA, TJU

Fig. 2. European chorotypes of micromammals (insectivores and rodents). Species
that do not associate with others have been excluded from the dendrogram: B Strong

segregation; ® Weak segregation.

Corotipos europeos de micromamiferos (insectivoros y roedores). Se han excluido del
dendrograma las especies que no se asocian significativamente con ninguna otra
especie: M Segregacion fuerte; ® Segregacién débil.
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and RT values were obtained from the
UNESCO (1970). PET and AET were derived
from the maps of the USSR NATioNAL COMMITTEE
FOR THE INTERNATIONAL HYDRoLOGICAL DECADE
(1977). The distance from the Urals (DUR)
was estimated using THE TIMES ATLAS OF THE
WoRLD (1988).

A logistic regression (SHoTT, 1991) was car-
ried out to characterize the distribution area
of each chorotype environmentally (see, for
example, Romero & Reat, 1996). With this analy-
sis the following equation was obtained:

p=e¥/1+¢¥

where "e” is the base of the Napierian loga-
rithm, “"p” is the probability that the
chorotype is present in the physiographical
region and "y” is a regression equation of
the form:

y=a+b X + X+, +n X
where x; are a selection of the environmen-
tal variables used.

The previous equation was used to esti-
mate the logarithm of the odds of the pres-

ence of the chorotypes. The odds of an event
is the probability of the event occurring di-
vided by the probability of this event not
occurring. So, the odds of finding a
chorotype in a particular region is given by
the logistic regression analysis, which also
selects the environmental parameters that
determine these events.

The logistic model was tested by the chi-
square test of goodness of fit. The estima-
tion of the parameters a, b, etc. in the previ-
ous equation was by maximum likelihood
and was tested by the test of Wald.

Using logistic regression six possible
causal factors for the chorotypes were tested:

1. Climatic stability. The zones with the
greatest climatic stability favour those
groups of species that have strict eco-
physiological requirements. Stability of tem-
perature by the differences between the
mean temperatures of January and July (RT)
were measured.

2. Energy availability. The presence of the

Table 3. Chorotypes of micromammals in Europe correctly explained by logistic regressions
according to the environmental factors analysed. The percentage expresses the
physiographical regions correctly classified as either belonging or not to the distribution

area of each chorotype.

Corotipos de micromamiferos en Europa correctamente explicados por regresion
logistica en relacién a los factores ambientales analizados y porcentaje de regiones
fisiogréficas correctamente clasificadas en funcion de su pertenencia o no al drea de

distribucion de cada corotipo.

Chorotype Environmental factor Equation % correct

Il Penetration route y =-0.0037 DUR + 8.42 94.34
mw - Energy availability _ y= 0.0210PET-12.31 9434

Vi Climatic stress y=-1 3700 TJU + 32.54 96_2_3 _
Vil _Penetration route y =-0.0024 DUR + 6.44 83.02

X Climatic stress y =-0.0078 PET + 6.68 - 8113
X Simultaneous availability y = 0.0580 AET - 35.16 92.45

of water and energy
XV Simultaneous availability y = 0.0120 AET - 7.00 73.58

of water and energy




Miscel-lania Zoologica 20.2 (1997)

57

chorotype may be limited by the available
environmental energy. The variables used to
measure available energy are the mean an-
nual temperature (T), the potential evapo-
transpiration (PET) and the mean January
temperature (TJA).

3. Water availability. Distributions of some
species are controlled by the availability of
water. The variable used here to measure
water availability is the mean annual precipi-
tation (P).

4. Simultaneous availability of water
and energy. Water and energy are bio-
logically useful when they are available
simultaneously (StepHenson, 1990). The vari-
able that measures this factor is the ac-
tual evapotranspiration (AET) (RosenzwelG,
1968).

5. Climatic stress. Extreme environmental
conditions may subject species to climatic
stress that very often goes beyond their lev-
els of tolerance. Increases in the potential
evapotranspiration (PET), mean annual tem-
perature (T), and mean July temperature (TJU)
can restrict the distributions of species sensi-
tive to climatic stress.

6. Penetration routes of biotas. The
number of species is inversely related to the
geographic distance from the zones of pen-
etration of biotas. The variable related to
this factor is the distance from the Ural Moun-
tains (DUR).

Seven chorotypes have been explained
according to the six preceding causal fac-
tors (table 3). Energy availability explains
one of the chorotypes; simultaneous avail-
ability of water and energy explains two
more; climatic stress explains another two
chorotypes; and penetration routes explains
the other two.

Eight chorotypes are not explained with
the factors considered a priori, although
some of them may be associated to the Medi-
terranean peninsulas, where the species prob-
ably differentiated.
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Resumen

Identificacion de solapamientos significativos
de especies en el espacio y en el tiempo

En el presente trabajo se define los conceptos
de “corotipo” y "cronotipo” de forma
operativa, es decir, como grupos de especies
cuyas distribuciones se solapan respecti-
vamente en el tiempo y en el espacio mas de
lo esperado por el azar, sin que ello implique
relacién ecolégica directa entre las especies.
Se propone un método probabilistico para
poner a prueba la existencia de tales grupos
significativos de especies, partiendo de un
analisis de clasificacion de las especies
consideradas en funcion de sus distribuciones
geograficas o temporales. Se aportan dos
ejemplos en relacién al empleo de los citados
conceptos en biogeografia. En el ejemplo 1
se investiga la existencia de cronotipos de
especies planeadoras migrantes a través del
Estrecho de Gibraltar; se obtienen cuatro
cronotipos diferentes (tabla 1, tabla 2, fig. 1)
que corresponden a grupos de especies cuyos
periodos de migracién difieren estadis-
ticamente entre si. En el ejemplo 2 ademas
de establecer los posibles corotipos europeos
de micromamiferos (fig. 2), se investiga las
causas aparentes que determinan su confi-
guracién, utilizando regresiones logisticas
para caracterizar, desde un punto de vista
ambiental, el area de distribucion de cada
corotipo (tabla 3).
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