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Abstract

Black rats, Rattus rattus, from Chafarinas Archipelago constitute one of the westernmost
insular populations of the species in the Mediterranean region. To evaluate the influence
of insular conditions on body and skull dimensions, the biometric characteristics of a sample
from Congreso island were determined and compared with nearby mainland populations
(Malaga —southeastern Iberia— and Morocco). Results show that Congreso specimens
are similar in size to Iberian specimens and in skull shape to Morocco animals. Consid-
ering this later fact and the geographical proximity between Chafarinas and the Morocco
coastline, it seems likely that Congreso black rats had their source in North-African pop-
ulations. The size similarity between Iberian and Congreso rats does not appear to be the
expression of a genetic relationship but a biometric convergence. Actually, the specimens
from Malaga correspond to one of the largest mainland forms of R. rattus from western
Europe, and the size of Congreso rats might constitute another case of gigantism that appears
as an adaptive response to insularity in black rat populations from small western Mediter-
ranean islands. Lack of interspecific competition and low predation pressure in Congreso
could have contributed to the black rat size increase.

Key words: craniometry, island syndrome, Mediterranean islands, Rattus rattus,
rodents, somatometry.

Resumen. Andlisis morfométrico de la rata negra, Rattus rattus, de la isla del Congreso
(Chafarinas, Espania).

La rata negra, Rattus rattus, de las islas Chafarinas constituye una de las poblaciones mas
occidentales de la especie en la region mediterranea. Para evaluar la influencia de la
insularidad en las dimensiones corporales y craneanas, se determinan las caracteristicas
biométricas de una muestra procedente de la isla del Congreso y se comparan con las
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correspondientes a poblaciones continentales proximas (Malaga —sudeste ibérico— y
Marruecos). Los resultados indican que los ejemplares de Congreso presentan un tamafo
similar a los ibéricos y una forma semejante a los de Marruecos. Esta Gltima circunstan-
cia, y la proximidad geogréfica existente entre Chafarinas y la costa marroqui, sugiere que
los animales de Congreso proceden de poblaciones norteafricanas. La similitud biométrica
observada entre los ejemplares ibéricos y de Congreso no parece ser el resultado de una
relacion genética sino de una convergencia. De hecho, la poblacion de Malaga constituye
una de las formas continentales de R. rattus de mayores dimensiones en Europa occiden-
tal y el tamano de los ejemplares de Congreso podria ser la expresion de un caso de gi-
gantismo, como el registrado en otras poblaciones insulares de R. rattus del Mediterraneo.
La ausencia de competencia interespecifica y la baja presion de predacion en Congreso
pueden haber influido en dicho incremento de tamafio.

Palabras clave: craneometria, islas mediterraneas, Rattus rattus, roedores, sindrome de
insularidad, somatometria.

Introduction

The black rat, Rattus rattus, was introduced by Man to the Mediterranean islands,
at least, 3500 years ago (Cheylan, 1986). Rats exploit a variety of insular habitats
because of their adaptive capacity and trophic diversity, and they are often the only
mammal found on islands with limited natural resources or extreme environment-
al conditions. It is the most widespread mammal on the islands in the western
Mediterranean region, lacking only on very small isles with poor vegetation di-
versity, and islands that lie far from the mainland and without maritime traffic
(cf. Cheylan, 1986, 1988).

On islands mammal communities are subjected to several evolutionary forces
respect to continental populations, referred to as the insular syndrome by Blondel
(1986). Rodents from small islands are usually larger than their mainland coun-
terparts. Many hypothesis have been proposed to explain this general pattern (cf.
Angerbjorn, 1986), and diverse causal factors, such as the climate and the geo-
graphic characteristics of the island (area, latitude, distance from mainland), insu-
lar species diversity (predation pressure, competition), intraspecific competition
and physiological advantages of immigrants, have been argued (Case, 1978; Fos-
ter, 1964; Heaney, 1978; Lomolino, 1985; Melton, 1982; Sondaar, 1977). Like
other rodent species, R. rattus also shows size variation under the effect of insu-
larity, which has been well studied in many western Mediterranean islands (Alco-
ver, 1983; Cheylan, 1986; Granjon & Cheylan, 1990, 1993; Kahmann & Haedrich,
1957).

The black rats from the Chafarinas archipelago, three small islands near the
Moroccan coastline, constitute one of the westernmost insular population of the
species in the Mediterranean region. Although the presence of black rats on these
islands is known for a long time (Calderdn, 1894), to our knowledge their bio-
nomic traits have never been studied. The original purpose of this paper was to
investigate whether detectable biometric change was also taking place in this
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Figure 1. Map of Chafarinas Islands.

population. With this aim, a sample of black rats from one of these islands (Con-
greso) was analysed and compared with nearby mainland populations.

Study area

The Chafarinas Archipelago (Melilla, Spain) is located off the eastern Mediter-
ranean coast of Morocco (35° 12° N 2° 27° W), about 4.5 Km from the nearest
mainland (Ras El Ma, Morocco) and 49.5 Km from Melilla. It is formed by three
small volcanic isles named, from West to East, Congreso, Isabel II and Rey Fran-
cisco (figure 1). Isabel II (8.5 ha) is separated from Rey Francisco (12.39 ha) at
about 200 m, and is the only one that has been inhabited permanently since the
settlement of a Spanish military detachment in 1848. Congreso is a rocky island
of 950 m long and 500 m wide, with an area of 23.86 ha, and about 900 m from
Isabel II. It rises as a slope from east to west, where it has a maximum height of
137 m, and its coastline is composed of steep, rugged cliffs, at the foot of which
there are some rocky small beaches. The surface of Congreso is practically cover-
ed by vegetation, mainly constituted by Salsola oppositifolia, Atriplex halimus,
Suaeda vera (F. Chenopodiaceae), Pistacia lentiscus (F. Anacardiaceae), Lycium
intricatum, Whitania frutescens (F. Solanaceae), Periploca laevigata (F. Asclepi-
adaceae) and Launaea arborescens (F. Asteraceae). The climate of Chafarinas cor-
responds to the classical Mediterranean type of the northern coast of Africa: warm
or mild, with wet winters and hot, dry summers (for details see Griffiths, 1972).
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Material and methods

The sample studied consisted of 42 black rats (18 males, 20 females, 4 sex ?)
trapped on Congreso Island during March and April of 1994 and June of 1995. For
biometrical analyses, animals were distributed into three age classes (juveniles,
subadults, adults) according to the sexual state and considering, additionally, the
criteria gived by Kahmann & Haedrich (1957) and Alcover (1983), based on the
degree of toothwear. The distribution of the individuals in age classes was as fol-
lows: juveniles: 6 (3 males, 3 females); subadults: 14 (6 males, 8 females); adults
22 (9 males, 9 females, 4 sex 7). Each specimen was weighted (BM: body mass in
g) and in pregnant females the weight of the embryos was subtracted. Head and
body length (HBL), tail length (TL), ear length (EL), and hind foot length (HFL)
were also taken (in mm).

For comparisons with nearby mainland populations of R. rattus, 51 specimens
from Malaga (southeastern Spain) and 21 specimens from several localities of
Morocco were studied. Specimens from Malaga and Morocco were also aged
using the criteria mentioned above. The distribution of these samples by location,
age class and sex is as follows: Malaga (shores of the Guadalhorce river; collec-
tion of Departamento de Biologia Animal, Universidad de Malaga): 10 juveniles
(6 males, 4 females), 15 subadults (7 males, 8 females), 26 adults (14 males, 12
females). Morocco (collection of Muséum National d’Histoire Naturelle, Paris):
Tiznit, 1 juvenile (sex ?); Meknés, 2 juveniles (1 male, 1 female), 2 adults (1 male,
1 female); Nafifik forest, 1 adult (male); Taddert, 1 juvenile (male), 4 subadults
(1 male, 3 females), 3 adults (females); Zagora, 1 juvenile (male), 1 subadult
(male); Aoufous: 1 juvenile (female), 3 adults (1 male, 2 females); unknown loca-
tion, 1 juvenile (sex ?).

Twenty-three measurements were recorded on each skull using a digital
caliper capable of measuring to 0.01 mm. Variables considered were: 1 Total skull
length (TSL), 2 condylobasal length (CBL), 3 nasal length (NL), 4 frontal length
(FL), 5 parietal length (PL), 6 interparietal length (IPL), 7 upper diastema length
(UDL), 8 incisive foramen length (IFL), 9 tympanic bulla length (TBL), 10 upper
molar series from the alveoles (UMSa), 11 upper molar series from the dental
crowns (UMSc), 12 skull case height (SCH), 13 nasal width (NW), 14 interorbital
width (IOW), 15 interparietal width (IPW), 16 occipital width (OW), 17 tympa-
nic bulla width (TBW), 18 zygomatic width (ZW), 19 mandible length (ML), 20
lower molar series from the alveoles (LMSa), 21 lower molar series from the dent-
al crowns (LMSc), 22 articular height (AH), 23 articular width (AW). For defini-
tions of measurements 2, 3, 7, 8, 10-14, 16 and 18-21 see Niethammer & Krapp
(1978); for 1, 9 and 17 see Granjon & Cheylan (1993); for 22 see Ventura &
Gosalbez (1989). Definitions of the remaining measurements are: 4, maximum
length of the frontal suture; 5, maximum length of the sagital suture; 6, maximum
length of the interparietal bone; 15, maximum width of the interparietal bone; 23,
width of the articular process taken at the mid point of its length.

Basic descriptive statistics were calculated for all samples. Characters were
tested for univariate normality by use of the Kolmogorov-Smirnov D-statistics,
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and homogeneity of variances was evaluated by Levene’s test. The significance
of the differences between sample means was assessed by analysis of variance
(test ANOVA); pairwise comparisons of character means were undertaken by
Scheffe’s method. These analyses were performed by use of SPSS programs
(Norusis, 1997). Samples were also subjected to distance analysis, using the aver-
age taxonomic distance, to determine the morphometric relationships between
geographic populations (Sneath & Sokal, 1973). From the matrix of distances
between samples a phenogram was constructed by the unweighted pair-group
method (UPGMA; Sneath & Sokal, 1973). A principal-components analysis based
on the character correlation matrix of standardized variables was performed. To
remove the effect of size, Burnaby’s method for size adjustment was used (Rohlf,
1994). The resultant adjusted data matrix was then used for the subsequent clus-
ter analysis. Cluster and principal-components analyses, and Burnaby’s method
were performed by the NTSYS-PC+ routines (Rohlf, 1994). For all sequential
tests, p-values were corrected by the Bonferroni adjustment (Rice, 1989), as mod-
ified by Chandler (1995).

Results

Statistical comparisons in adult specimens from Congreso revealed no significant
sex differences in the means of body measurements, although in all parameters
males showed higher averages than females (table 1). The percentage index
between TL and HBL ranged between 100 and 118.03, and adult means did not
show significant intersexual differences either (table 1). In none of the specimens
studied was TL shorter than HBL. Although the index mean was slightly higher
in juveniles and subadults than in adults, the relationship between these lengths
did not vary significantly with age, either in males or in females.

Since the sample from Morocco was composed of specimens from different
locations and years, and body measurements of individuals from Morocco and
Malaga were taken by different researchers, no statistical comparisons between
sexes or among geographic populations were undertaken. So, the significance of
the differences among samples was tested only on skull variables. Intersexual dif-
ferences in adults were not significant in each sample, and therefore skull data of
males and females were grouped for subsequent analyses. Descriptive statistics
for skull variables and interorbital index (Schwabe, 1979) in adult specimens for
the samples studied are shown in table 2. It is worth mentioning that although
specimens of our Morocco sample came from scattered locations, which in some
cases have different ecoclimate, they were homogeneous in skull size, as can be
deduced from the absence of significant differences between the variances of the
samples.

Analysis of variance among adults from Congreso, Malaga, and Morocco
showed significant differences in most skull variables; in general, the highest aver-
ages corresponded to the Iberian sample and the lowest to the Moroccan (tables 2,
3). Comparisons between pairs of samples revealed that specimens from Congre-
so and Malaga were biometrically very similar, with significant differences only
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Table 1. Values of body measurements of Rattus rattus from Congreso Island. TL% =
(TL/HBL) x 100.

Males Females

n X sd min. max. n X sd min. max.

HBL juv. 3 12600 13.00 118 141 3 11633 493 113 122
subad. 6 177.33 16.05 157 199 8 162.00 13.56 146 180

ad. 9 20256 1458 172 224 9 196.00 12.86 179 220

TL  juv. 3 136.67 1350 123 150 3 131.00 11.79 121 144
subad. 6 192.83 1447 169 207 8 181.63 1332 163 200

ad. 8 217.00 9.69 201 229 8 213.13 6.08 205 223
HFL juv. 3 3050 132 29 32 32900 0.00 29 29
subad. 6 3550 152 33 37 8 3363 151 31 35

ad. 9 3563 156 32 38 9 3444 101 33 36

EL  juv. 3 1867 115 18 20 3 1800 1.00 17 19
subad. 6 2150 105 20 23 8 2056 073 20 22

ad. 8 2338 149 21 26 9 2317 127 21 25

BM juv. 34700 1513 35 64 3 4733 929 37 55
subad. 6 146.58 29.57 106 176 8 11500 28.03 85 155

ad. 9 201.11 4954 145 290 9 196.73 39.92 135 245
TL% juv. 3 10858 576 10424 115.13 3 11248 599 106.14 118.03
subad. 6 10899  6.02 102.15 117.83 8 11221 2.14 108.89 114.65
ad. 8 107.79 438 102.23 11686 8 108.63 556 100.00 114.52

in PL, UMSc, ML, LMSc, and AW. In contrast, divergences between Congreso
and Morocco were found in 15 out of 23 variables analysed (table 3).

In the distance phenogram derived from the standardized data matrix (figure
2A), large specimens from Méalaga and Congreso formed a separate cluster from
the Moroccan sample, which represented small-size individuals. The principal-
components analysis identified the characters that define the cluster. The 100% of
cranial variation was explained by the first two principal axes (80.22% and
19.78% respectively). Component I discriminated among size groups and had high
and positive loadings for all characters except for PL; component II was highly
correlated with this last variable and, to a lesser extent, with AW. In order to
remove the effect of size, Burnaby’s method was used. In this case, the phenogram
corresponding to the resultant adjusted data matrix separated the Malaga sample
from the cluster formed by Congreso and Morocco samples (figure 2B). The new
first two components explained the 95.53% and 4.47% of the variation, respec-
tively.
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Table 2. Values of skull measurements for adult specimens of Rattus rattus from Con-
greso (CO), Malaga (MA) and Morocco (MO). Results of I0% ( = (IOW/CBL) x 100)

correspond to all specimens for each sample.

n X sd min. max. n X sd min.

max.

TSL  CO 18 4342 161 3993 4685 NW CO 21 460 035 386

MA 19 4432 159 4155 47.94 MA 26 441 023 404
MO 8 4084 179 3756 42.97 MO 8 430 026 3.90
CBL CO 20 4182 165 3849 4524 IOW CO 22 617 027 568
MA 23 4250 139 3994 4554 MA 26 625 024 573
MO 9 3905 173 3595 4155 MO 9 600 015 583
NL CO 21 1601 076 1437 1743 IPW CO 20 1167 043 11.09
MA 23 1634 073 1510 1824 MA 22 1121 071 982
MO 8 1453 101 1327 1600 MO 9 1055 049 1001
FL  CO 21 1427 062 1287 1550 OW CO 19 1709 052 16.18
MA 23 1458 077 1283 1573 MA 24 17.13 052 16.19
MO 7 1378 087 1290 15.10 MO 9 1559 087 1444
PL  CO 18 720 019 68 756 BW CO 22 738 023 685
MA 20 805 044 736 891 MA 26 728 022 6580
MO 9 784 043 714 844 MO 9 702 018 6.69
IPL CO 18 663 031 612 713 ZW CO 19 2163 107 19.67
MA 22 636 047 565 1707 MA 26 2168 0.8 2026
MO 8 624 065 535 699 MO 8 2003 080 19.07
UDL CO 23 1191 076 1042 1325 ML CO 22 2560 1.16 2332
MA 26 1200 055 1106 13.34 MA 26 2665 093 2498
MO 9 1097 056 999 11.87 MO 8 2387 107 2205
IFL CO 23 784 042 701 846 LMSa CO 22 714 037 648
MA 26 787 045 715 879 MA 26 716 024 666
MO 9 748 048 649 8.8 MO 9 643 033 601
BL CO 22 799 029 733 854 LMSc CO 21 635 019 560
MA 26 776 033 716 840 MA 25 659 021 6.8
MO 9 738 013 712 1756 MO 9 621 018 598
UMSa CO 23 728 032 669 781 AH CO 22 1419 073 1285
MA 25 748 034 669 806 MA 26 1467 061 13.06
MO 9 701 032 631 742 MO 9 1298 074 11.90
UMSc CO 23 634 026 583 681 AW CO 22 362 015 337
MA 26 665 028 600 723 MA 26 327 0.6 301
MO 9 620 029 560 671 MO 9 319 021 292
SCH CO 17 1188 040 1127 1267 10% CO 33 1531 034 1421
MA 21 1192 041 1142 1261 MA 42 1510 029 13.98

MO 8§ 11.16 043 10.68 11.96 MO 17 1548 030 14.50

5.38
4.89
4.70

6.59
6.77
6.34

12.58
12.58
11.50

17.99
18.08
16.84

7.7
712
7.24

2333
23.06
21.20

27.58
28.69
25.17
781
7.60
6.90
6.68
7.04
6.59
15.28
15.62
14.46
4.02
3.64
3.56
18.41
17.04
16.56




98 Orsis 15, 2000 Jacint Ventura; Maria José Lopez-Fuster

Table 3. Results of analysis of variance and individual comparisons between pairs of
samples. CO: Congreso; MA: Mélaga; MO: Morocco. *: p<0.05; **: p<0.01; ***: p<0.001;
—: no statistical significance. P-values corrected by the Bonferroni adjustment for columns.

F p CO-MA CO-MO MA-MO >X>
TSL 12.78 ok — ox oAk MA CO MO
CBL 15.27 ok — ok Ak MA CO MO
NL 15.86 ok — ok Ak MA CO MO
FL 3.45 — — — — MA CO MO
PL 27.13 ok Ak ok — MA MO CO
IPL 2.79 — — — — CO MA MO
UDL 9.14 ok — o o MA CO MO
IFL 2.81 — — — — MA CO MO
BL 14.19 ok — ok * CO MA MO
UMSa 6.99 o — — o MA CO MO
UMSc 12.20 ok o — o MA CO MO
SCH 10.95 oAk — ok HAK MA CO MO
NwW 4.44 — — — — CO MA MO
IOW 3.69 — — — — MA CO MO
IPW 11.71 ok — ok — CO MA MO
ow 24.60 o — oAk HAK MA CO MO
BW 8.41 HoE — ox — CO MA MO
ZW 11.36 Ak — Ak oAk MA CO MO
ML 22.56 Ak * o ok MA CO MO
LMSa 20.64 Ak — HAK Ak MA CO MO
LMSc 15.34 Ak o — oAk MA CO MO
AH 20.83 o — Ak ok MA CO MO
AW 33.83 ok ok ok — CO MA MO

Discussion

General body and skull dimensions of R. rattus from Congreso Island fall within
the range given for the species in the western Mediterranean region (e.g. Alcover,
1983; Cheylan, 1986; Granjon & Cheylan, 1990, 1993; Kahmann & Haedrich,
1957; Zamorano, 1985; Zimmerman, 1953). Although males were, on average,
slightly larger than females, there was no significant sexual dimorphism, which
agrees with the general trends shown by western Mediterranean black rat popula-
tions (e.g. Granjon & Cheylan, 1990; Zamorano, 1985).

In order to evaluate size relationships between Congreso rats and other
Mediterranean populations, comparisons with literature data were performed.
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A 1.76 1.60 1.44 1.28 112 0.96 0.80

MO

B 0.27 0.24 0.21 0.18 0.15 0.12 0.09

— —— CO

MA

Figure 2. Distance phenograms depicting the craniometric relationships between
samples from Congreso (CO), Morocco (MO), and Mélaga (MA). A: after stan-
dardized data matrix; B: after adjusted data matrix obtained by Burnaby’s method.
Cophenetic correlation coefficients are 0.996 and 0.874, respectively.

Thus, HBL and CBL were used as a measure of general body and skull sizes,
respectively. Since comparisons of this kind do not allow us to establish precise
conclusions, the biometric relationships deduced must be taken as approximate.
Respect to island populations (cf. Alcover, 1983; Granjon & Cheylan, 1990, 1993;
Kahmann & Haedrich, 1957), adults from Congreso showed a high average of
HBL, even higher than the means given for largest rats of the western Mediter-
ranean region (Provencal islands; cf. Granjon & Cheylan, 1990, 1993). Although
differences with the results given by other authors may be due to several factors,
such as the criteria used in age determination, physiological state of the individ-
uals or ecological factors, the HBL mean obtained in Congreso specimens corre-
sponds to a large form of R. rattus. This average is higher than 170 mm, which
agrees with results reported for rats from other small western Mediterranean
islands (surface<1500 ha; Granjon & Cheylan, 1990). Respect to mainland popu-
lations, the HBL mean obtained in Chafarinas specimens is also higher, even of
the same order as the highest averages reported for European populations (cf.
Becker, 1978; Zamorano, 1985), including animals of our sample from Malaga
(HBL of adults: x = 198.15, sd = 9.09, range 177-216, n = 35; from measurements
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taken by Zamorano). The mean of the relative tail length (TL%) of adults from
Congreso fits into the lowest values reported for European populations (cf. Alco-
ver, 1983; Granjon & Cheylan, 1990; Kahmann & Haedrich, 1957; Zamorano,
1985). Comparisons with literatura data do not allow us to deduce any relation-
ship between insularity and the variation of this index.

As for CBL, adult specimens from Congreso showed higher means than black
rats from large western Mediterranean islands, such as Majorca, Minorca, Ibiza
(Alcover, 1983), Corsica (Kahmann & Haedrich, 1957), Sardinia (Cheylan, 1986)
or Crete (Zimmermann, 1953). Taking into account the correlation between HBL
and CBL in black rat populations deduced from literature data, there is an import-
ant discord between the CBL average obtained in Congreso and the means given
by Granjon & Cheylan (1990) for several insular Mediterranean populations.
Although in this latter paper CBL is not defined, on the basis of the descriptions
of the skull measurements given in a further paper by the same authors (1993), we
believe that their CBL corresponds to our TSL. Under this assumption, black rats
from Congreso have a relatively large skull, whose average length is of the same
order as the values reported for Provencal island populations. Respect to western
Europe continental rats, the mean of CBL of Congreso animals is also relatively
high (cf. Schwabe, 1979; Zamorano, 1985). As for the interorbital index
(Schwabe, 1979), values of our sample fall within the range of the 38-chromosome
type of R. rattus, which is the most frequent karyotype in the Mediterranean region
(Capanna & Civitelli, 1971; Cheylan, 1986; Yosida, 1980; although cf. Ladron de
Guevara & Diaz de la Guardia, 1981; Pretel & Diaz de la Guardia, 1978).

Statistical comparisons reveal that Congreso and southeastern Iberian speci-
mens show very similar averages for most measurements, which, in general, are
significantly higher than the means obtained in the sample from Morocco. This
biometric similarity explains that in the phenogram constructed from the stan-
dardized data matrix, samples from Congreso and Malaga formed a separate clus-
ter from the Moroccan sample. Nevertheless, when the size effect was removed
Congreso and Morocco samples were grouped. For geographical proximity, it
seems very likely that Chafarinas’ rats had their source in North-African popula-
tions, which might explain the similarity in shape between Morocco and Congre-
so animals. If so, dimensions of R. rattus from Congreso agree with the size
increase that small mammals may show in particular insular conditions (cf.
Lomolino, 1985). The similar size pattern observed in rats from Congreso and
Malaga would not appear to be expression of a genetic relationship, but rather a
biometric convergence. Literature data concerning skull size of R. rattus from
western Europe (cf. Granjon & Cheylan, 1990; Schwabe, 1979; Zamorano, 1985)
suggest that this convergence is not a function of a latitudinal variation.

Information on rat population from Congreso is not enough to test most of the
mechanisms that act on body size variation in insular small mammals, although
the influence of some of them, especially those related to insular species diversity
(see Angerbjorn, 1986), can be presumed. Black rat and rabbit (Oryctolagus cun-
niculus) are the only mammals in Congreso. Therefore, taking into account that
there are no other small mammal species or carnivores, it can be assumed that R.
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rattus has neither competitors nor predators on this island; despite the presence of
a couple of peregrine falcons, Falco peregrinus (Mayol, 1978), and the occasion-
al consumption of juvenile rats by the herring gull, Larus cachinnans (Pedrocchi
& Gonzalez-Solis, in verbis), the predation pressure of these birds on rats must be
irrelevant. So, the lack of interespecific competition and the very scarce predation
may operate on a size increase, as reported by Granjon & Cheylan (1990) for other
western Mediterranean black rat populations.

Since data on the biometric characteristics of black rats from Isabel II and Rey
Francisco Islands are not available, it is not possible to determine whether the size
increase reported for Congreso animals is a general event in Chafarinas. It should
be taken into account that differential population densities, immigration rates, and
anthropic influence (food availability, introduction of predators, environmental
changes, etc.) may lead to biometric divergence among insular populations. As
these factors act in a different way in the three islands, inter-insular biometric dif-
ferentiation cannot be ruled out.
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