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ARTÍCULOS

The historical biogeography and conservation value of taxonomic distinctness: The case of 
ferns flora of the Gibraltar Arc

Ángel Enrique Salvo Tierra1; José C. Báez2; Antonio Flores-Moya3

Abstract. The pteridofloras of nine locations in the Gibraltar Arc were analyzed using a taxonomic distinctness index. We found 
that the index could be a proxy of historical biogeography of the pteridofloras from this area. Moreover, the value of the taxonomic 
distinctness index of the different locations showed relevant relationships with certain geographic variables. Finally, we hypothesize 
about the value of the information derived from taxonomic distinctness index for conservation of the pteridoflora in the Gibraltar Arc.
Keywords: Pteridophytes, Western Mediterranean, Historical biogeography, Conservation

[es] Biogeografía histórica y valor conservacionista de la diferenciación taxonómica: ejemplo de la 
pteriflora de Arco de Gibraltar

Resumen. La pteridoflora de nueve localidades singulares situadas en el Arco de Gibraltar ha sido analizada utilizando un índice de 
distinción taxonómica. Encontramos que el índice podría ser una aproximación a la historia biogeográfica de las pteridofloras de esta 
zona. Además, el valor del índice de distinción taxonómica de las diferentes localidades mostró relaciones relevantes con determinadas 
variables geográficas. Finalmente, discutimos el posible papel de la información derivada del índice de distinción taxonómica en la 
conservación de la pteridoflora del Arco de Gibraltar.
Palabras clave: Pteridofitas, Mediterráneo Occidental, Biogeografía histórica, Conservación
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Introduction

The fern flora of the Gibraltar Arc, i.e., the geolog-
ical region corresponding to an arcuate orogen sur-
rounding the Alboran Sea, extending from the Iberi-
an Peninsula to Africa, has been extensively studied 
recently by Salvo Tierra et al. (2020). These authors 
suggested that the factors influencing diversity in 
fern floras of nine different mountain areas is so rele-
vant that they should be included in the management 
of the territory. They concluded that the altitudinal 
gradient and the amplitude of the dry period have de-
termined the distribution of pteridophytes in the Gi-
braltar Arc, a distribution in which the longitudinal 
gradient predominates over the latitudinal gradient. 
In particular, the oldest fern floras (with greater di-
versity) are located at the western ends of the arc on 
both continents. Five pterido-geographic units were 
detected, two of them spanning S Europe and N Af-

rica, and eleven chorotypes. Finally, considering the 
diversity, age, singularity, and degree of threat to its 
pteridoflora, it was proposed that the Gibraltar Arc 
could be considered as a ‘Sanctuary for ferns’, an in-
creasingly widespread conservation concept.

Taxonomic structure (based on the number of taxa 
included in higher levels of the taxonomic hierarchy) 
has been widely used in ecology to measure impacts 
on the diversity of ecosystems (for example, Clarke 
& Warwick 1998, 1999, 2001, Tucker et al. 2017, 
Pérez Hernández 2019). Taxonomic structure shows 
a latitudinal gradient and is maximum at the Equator 
(Krug et al. 2008). Among taxonomic richness esti-
mators, taxonomic distinctness (TD; Pérez Hernán-
dez 2019, and references therein) is particularly sig-
nificant because it appears to be less influenced by 
sample size than are species richness or Shannon spe-
cies diversity. Moreover, TD may be a more sensitive 
univariate index of community perturbation than spe-
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cies diversity (Pérez Hernández 2019, and referenc-
es therein). Furthermore, the statistical signifi cance 
of the TD index can be tested (Clarke & Warwick 
2001, Pérez Hernández 2019). Clarke & Warwick 
(1998) proposed the ∆+ index (i.e., Delta-plus) to es-
timate taxonomic distinctness. This index measures 
the overall mean taxonomic path length between any 
two randomly chosen taxa. Because the index has no 
dependence on sampling effort, the ∆+ fi gures com-
puted from different sources of data can be compared 
across studies with differing and uncontrolled de-
grees of sampling effort.

The main aim of the current note is to analyze the 
TD of fern fl oras from the Gibraltar Arc. The goal is 
to assess the differences in biogeographical composi-
tion on opposite shores of the Alboran Sea.

Material and Methods

Data origin

The determination of the OGUs (operative geograph-
ical units) was carried out according to criteria of ge-
ophysical homogeneity and in correspondence with 
the biogeographic units, according to Salvo Tierra et 
al. (2020). Nine mountain areas located in the Gibral-
tar Arc were selected, one for each biogeographical 
sector; the areas include the entire range of thermo- 
and ombrotypes found in these regions (Rivas Mar-
tinez 2008): Gata, Nevada, Tejeda, Ronda, Aljibe, 
Tingitania, Chaouen, Gurugú and Tlemcen (Fig. 1). 
The basic matrix of data is showed in the supplemen-
tary data (metadata available in Salvo Tierra et al., 
2020).

Data Analysis

The ∆+ index is computed according to the equation:

where s is the number of species observed, and wij
is the weight or distinctiveness value given to each 
taxonomic branch of the hierarchical classifi cation, 
from species i to the fi rst node in common with spe-
cies j. Thus, wij = 0 if i and j are the same genus, wij = 
1 if they are the same family.

We calculated the ∆+ index for each region (i.e., 
Tingitania, Chauen, Gurugú, Tlemcen, Aljibe, Ron-
da, Tejeda, Nevada, and Gata) using the free PAST 
software (Hammer et al. 2001). Confi dence intervals 
were calculated from 1000 random replicates taken 
from the pooled data set (Hammer 2020).

In addition, in a second step, linkage cluster anal-
ysis of the ∆+ index per locality was performed using 
a multivariate agglomerative method. Thus, we used 
the Bray-Curtis distance to generate the similarity 
matrix, using the free PAST version 4.02 software 
(Hammer et al. 2001). We chose Bray-Curtis distance 
to generate the similarity matrix, because it is espe-
cially recommended for standardized data (Yoshioka 
2008) (Fig. 2).

For each OGU, the values of latitude, longitude, 
maximum altitude, TD and TD range values (the dif-
ference between the upper and lower limits), specifi c 
richness, index m/t (Ito 1972, 1978) and degree of 
ploidy, as well as the percentages of the presence of 
each of the generalized tracks detected in the study 
area, were included in the analysis (Salvo Tierra et 
al. 2020).

Results and Discussion

The ∆+ index for each region (i.e., Tingitania, 
Chauen, Gurugú, Tlemcen, Aljibe, Ronda, Tejeda, 
Nevada, and Gata) was estimated. We did not ob-
serve signifi cant differences according to the criteria 
of the index. However, we observed three different 
and coherent similar groups according their ∆+ va-
lues (Fig. 1). Because the signifi cance of the index 
was developed under other criteria (in relation to the 
number of sampling stations, and the number of spe-
cies) (Clarke & Warwick 1998, 1999, 2001), we con-
sider that they may not be useful here.

From Table 1 we conclude: 1) There is a strong 
inverse correlation between the value of TD and the 
maximum altitude (the lower the altitude, the great-
er the distinctness), as well as with the geographical 
longitude (decreasing from west to east) and with the 
index m/t. 2) From this last analysis, it can be inferred 
that there is a correspondence between higher values 
of TD and the older pteridofl oras (the proportion of 
taxa with trilete spores = primitive character, is high 
compared to those with monolete spores = advanced 
character). 3) This same observation is corroborated 
on the one hand by analysing the correspondence be-
tween TD and the degree of ploidy (the lowest values 
of the degree of ploidy correspond to the most prim-
itive pteridofl oras), and on the other by observing 
that the lowest values of TD are correlated with those 
pteridofl oras in which the generalized tracks of wider 
distributions (heterochoric and circumboreal) have a 
greater weight. 4) Consequently, the highest values 
of TD correspond to the most relict pteridofl oras, 
although they arose from different historical events, 
and are scarcely ‘contaminated’ by species with wid-
er geographical ranges that were incorporated into 
the territory during subsequent events. 5) Finally, TD 
has a complementary signifi cance in the defi nition of 
priority conservation areas. In this sense, the lower 
values in the range of the upper and lower limits of 
TD for Aljibe and Nevada indicate a more ancestral 
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and consolidated flora, which would support a high 
priority as regions for the conservation of pterido-
phytes. This is confirmed when applying the Vane-
Wright et al. (1993) these two units are defined in the 
first cycle on the application method.

Acknowledgements

Dr. Eric C. Henry kindly revised the English style 
and usage.

References

Clarke, K. R. & Warwick, R.M. (1998). A taxonomic 
distinctness index and its statistical properties. Jour-
nal of Applied Ecology 35 (4), 523-531. https://doi.
org/10.1046/j.1365-2664.1998.3540523.x

Clarke, K. R. & Warwick, R.M. (1999). The taxonomic 
distinctness measure of biodiversity: weighting of step 
lengths between hierarchical levels. Marine Ecology 
Progress Series 184, 21-29. https://www.jstor.org/sta-
ble/24853226

Clarke, K. R. & Warwick, R.M. (2001). A further biodiver-
sity index applicable to species lists: variation in tax-
onomic distinctness. Marine Ecology Progress Series 
216, 265-278. doi:10.3354/meps216265

Given, D.R. (1993). Changing Aspects of Endemism and 
Endangerment in Pteridophyta. Journal of Bioge-
ography, 20 (3), 293-302. https://www.jstor.org/sta-
ble/2845638

Hammer, Ø. (2020). PAST manual version 4.02. Available 
from website: https://folk.uio.no/ohammer/past/

Hammer, Ø., Harper, D.A.T. & Ryan, P.D. (2001). PAST: 
Paleontological statistics software package for edu-
cation and data analysis. Palaeontologia Electronica 
4(1), 1-9.

IOTC (2019). Report of the 21st Session of the IOTC 
Working Party on Tropical Tunas. Seychelles, 21 - 26 
October 2019. IOTC–2019–WPTT21–R[E].

Ito, H. (1972). Distribution of monolete and trilete ferns in 
eastern Asia and Northern Oceania. The Journal Japa-
nese Botany 37,455-462.

Ito, H. (1978). Distribution of two spore patterns in ferns 
floras of the world (A preliminary survey). The Journal 
Japanese Botany 47, 321-326.

Krug, A.Z., Jablonski, D., & Valentin, J.W. (2008). Spe-
cies-genus ratios reflect a global history of diversifica-
tion and range expansion in marine bivalves. Proceed-
ings of the Royal Socociety B, 275, 1117-1123. https://
doi.org/10.1098/rspb.2007.1729.

Pérez Hernández, C.X. (2019). Distintividad taxonómi-
ca: Evaluación de la diversidad en la estructura tax-
onómica en los ensambles. In C.E. Moreno (Ed) La 
biodiversidad en un mundo cambiante: Fundamentos 
teóricos y metodológicos para su estudio. Universidad 
Autónoma del Estado de Hidalgo/Libermex, Ciudad de 
México, pp. 285-306.

Pielou, E.C. (1975). Ecological diversity. Wiley, New York. 
165 pp. https://doi.org/10.4319/lo.1977.22.1.0174b

PPG I (2016). A community-derived classification for ex-
tant lycophytes and ferns. Journal of Systematics and 
Evolution, 54, 563–603. doi: https://doi.org/10.1111/
jse.12229

Rivas Martínez, S. (2004). Global Bioclimatics (Cla-
sificación Bioclimática de la Tierra). https://www.
globalbioclimatics.org/book/bioc/global_bioclimat-
ics-2008_00.htm

Salvo Tierra, Á.E., Melero-Jiménez, I.J., García-Sánchez, 
J., Báez, J.C., & Flores-Moya, A. (2020). Biogeo-
grafía analítica de la pteridoflora del arco de alborán: 
consecuencias para su status de protección. Acta 
Botánica Malacitana, 43: 1-19 and Atlas. https://doi.
org/10.24310/Actabotanicaabmabm.v45i.7743.

Tucker, C.M., Cadotte, M.W., Carvalho, S.B., Davies, J., 
Ferrier, S., Fritz, S.A., Grenyer, R., Helmus, M.R., Jin, 
L.S., Mooers, A.O., Pavoine, S., Purschke, O., Red-
ding, D.W., Rosauer, D.F., Winter, M. & Mazel, F. 
(2017). A guide to phylogenetic metrics for conserva-
tion, community ecology and macroecology. Biologi-
cal reviews of the Cambridge Philosophycal Society 
92(2), 698- 715. DOI: 10.1111/brv.12252

Vane-Wright, R. I., C. J. Humphries & P. H. Williams. 
(1991). What to protect?- Systematics and the agony of 
choice. Biological Conservation 55, 235-254. https://
doi.org/10.1016/0006-3207(91)90030-D

Warwick, R.M. & Clarke, K.R. (1995). New ‘biodiversity’ 
measures reveal a decrease in taxonomic distinctness 
with increasing stress. Marine Ecology Progress Series 
129, 301-305. https://doi.org/10.3354/meps129301.

Yoshioka, P.M. (2008). Misidentification of the Bray-Cur-
tis similarity index. Marine Ecology Progress Series 
368, 309–310.

CUARTAS_BotanicaComplutensis45.indd   3CUARTAS_BotanicaComplutensis45.indd   3 25/5/21   21:0125/5/21   21:01



4 Salvo Tierra, A. E.; Báez, José C.; Flores-Moya, A. Bot. complut. 45, 2021: 1-11

Figure 1.- Location of the study area and the operating geographic units (OGU) The ∆+ index plotted for each locality, ordered from 
lowest to highest according to their range of distinction (difference between the upper and lower limit) and identifi cation according to 

the Pteridogeographic Units of Salvo Tierra et al. (2020).
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Figure 2.- Dendrogram of the OGUs in the Alboran Arc carried out with UPGMA based on the similarity calculated with the simi-
larity index of Bray & Curtis (Correlation coefficient 88.8%; Phenon line at 88%) (PU1: Aljíbica Unit, PU 2: Tingitania Unit, PU 3. 

Chauen-Ronda Unit, PU 4. Tejeda-Nevada Unit, PU 5. Gurugú-Gata-Tlemcen Unit)
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