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RESUMEN

T´ÍTULO:  UNA  APROXIMACIÓN  FILOGENÉTICA  A  LA  CONSERVACIÓN  EN  EL

BLOQUE NORTE DE LOS ANDES*

AUTOR: OMAR DANIEL LEÓN ALVARADO**

PALABRAS  CLAVES:  DISTINTIVIDAD  EVOLUTÍVA,  CONSERVANDO  LA

EVOLUCIÓN, DIVERSIDAD FILOGENÉTICA, PRIORIZACIÓN DE ÁREAS, FILOGENIAS

El Bloque Norte de los Andes (BNA) es una de las regiones más biodiversas del Neotrópico,
pero  posee  ecosistemas  muy  transformados,  lo  cual  la  hace  un  objeto  importante  para
conservación. Mucho tipos de riqueza han sido usados para delimitar áreas protegidas, sin tener
en cuenta la historia evolutiva contenida en la filogenia. Por consiguiente nosotrs priorizamos
areas para conservación usando tres índices de diversidad phylogenetica (TD, PD and AvTD). Se
reconstruyeron  93  filogenias  moleculares  bajo  el  algoritmo  de  Máxima  Verosimilitud  y  las
distribuciones  fueron  obtenidas  del  GBIF. Se  cálculo  el  índices  de  complementariedad  y  la
correlación  entre  los  índices  y  la  riqueza,  de  igual  manera  la  contribución  de  las  especies
endémicas y las áreas protegidas en la diversidad filogenética. Para la priorización se utilizo el
índice AvTD ya que fue el menos correlacionado con la riqueza. Las áreas de endemismo más
importantes fueron Magdalena, Paramo y Cauca, mientras que para las celdas, los cuantiles más
altos se encontraban sobre las Cordilleras Andinasm y los valores de complementariedad fueron
altos en el BNA. Las especies endémicas y las áreas protegidas no contribuyen notablemente a la
diversidad filogenética. Aquí, las celdas que se proponen para propositos de conservación van a
reducir  el  grado de  perturbación   en  el  BNA y van  a  preservar  un  cantidad  importante  de
diversidad filogenética reforzando la red actual de áreas protegidas desde distintos aspectos de la
biodiversidad.

*TRABAJO DE GRADO

**FACULTAD DE CIENCIAS. ESCUELA DE BIOLOGÍA. DIRECTOR: DANIEL RAFAEL

MIRANDA ESQUIVEL
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ABSTRACT

T´ÍTULO:  A  PHYLOGENETIC  APPROACH  TO  CONSERVING  OF  THE  NORTHERN

ANDEAN BLOCK*

AUTOR: OMAR DANIEL LEÓN ALVARADO**

PALABRAS  CLAVES:  EVOLUTIONARY  DISTINCTIVENESS,  CONSERVING

EVOLUTION, PHYLOGENETIC DIVERSITY, AREAS PRIORITIZATION, PHYLOGENIES

The Northern Andean Block (NAB) is one of the most biodiversity regions in the Neotropic, but
it has very transformed ecosystems, which makes it an important target for conservation. Many
types  of  species  richness  have  been used for  delimiting protected  areas,  without  taking into
account  the  evolutionary  history  contained  in  a  phylogeny.  Hence  areas  for  conservation
purposes were prioritized using three phylogenetic diversity indices (TD, PD and AvTD). A total
of 93 molecular phylogenies were reconstructed under the Maximum Likelihood approach and
the distributions were depicted from GBIF. A complementary index and a correlation between
indices and richness were calculated, as well as the contribution of phylogenetic diversity by
endemic  species  and  protected  areas.  AvTD  was  used  for  the  prioritization  since  it  is  not
correlated to species richness. The most important areas of endemism were Magdalena, Paramo
and Cauca, while for grid cells, the highest quantiles were located across the Andean Cordilleras,
and  the  complementarity  values  in  the  NAB were  high.  Endemic  species  and  PAs  do  not
contribute  notably  to  the  phylogenetic  diversity.  Here,  the  cells  proposed  for  conservation
purposes  will  increase  the  intactness  in  the  NAB  and  preserve  an  important  amount  of
phylogenetic diversity reinforcing the actual PAs network from different biodiversity aspects.

*BACHELOR’S THESIS

**SCIENCE FACULTY. BIOLOGY DEPARMENT. ADVISER: DANIEL RAFAEL MIRANDA

ESQUIVEL
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Introduction

The Northern Andean Block (hereafter NAB) is a tectonic subplate that comprises of the north

east of Ecuador, the Pacific, the Caribbean, the Andean regions of Colombia, and the Venezuelan

Andes (Kellogg et al 1995; Bird 2003).Due to its biodiversity, it is considered one of the most

important areas in the Neotropic, with its Andean portion being a Hotspot (Myers 1988; Myers et

al 2000). Its amazingly varied climes and resource availability promoted the settlement of several

human populations that grew through time, turning the NAB into one of the most populated

regions of South America (Goldewijk 2005), which created a rapid ecosystemic transformation

driving the extinction of 16 species and the endangerment of many others. (Extinct in the wild: 6

species. Critically endangered: 479 species. Endangered: 1054 species. IUCN website. Consulted

December 9 of 2015). 

  These  perils  originated  the  initiative  of  Protected  Areas  (hereafter  PAs)  for  conservation

purposes, in which ecological indices have been the main criteria for their delimitation (e.g. PNN

Bahia Portete-Kaurrele, Guajira, Colombia. Resolución 2096, 19 of December 2014 follows the

works of Diaz-Pulido (2000) and Diaz-Pulido & Díaz-Ruíz (2003)). Nonetheless, these indices

do not account for the history and evolutionary information contained in a phylogeny (Vane-

Wright et al 1991; Faith 1992). 

   Phylogenetic diversity indices determine the distinctness between species by quantifying the

information contained in  a phylogeny (Vane-Wright  et  al  1991; Faith  1992; Schweiger  et  al

2008), and between areas given the species distribution (Vane-Wright et al 1991; Posadas et al
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2001; Cue-Bar et al 2006). From an evolutionary view, distinctness between areas and taxa is

useful when prioritizing areas for conservation. Thus, phylogenetic diversity indices allow us to

shelter not only the most distinctive species but to shelter more species in fewer areas (e.g. Vane-

Wright et al 1991), when the latter are accompained by a complementarity index (Colwell &

Coddington  1994).  Since  1991,  publications  regarding  phylogenetic  diversity  indices  have

focused on their applicability and statistical properties (e.g. Vane-Wright et al 1991; Redding &

Mooers 2006; Schweiger et al 2008) rather than on proposing actual recommendations aimed for

conservation  (Rolland  et  al  2012).  Due  to  this  bias  there  are  currently  no  protected  areas

delimited  using  these  indices.  Therefore,  the  objectives  of  this  work  are:  (1)  to  prioritize

geographic and biogeographic areas in the NAB for conservation purposes, (2) to evaluate the

relation between phylogenetic diversity indices and richness, and the contribution of endemic

species to the NAB’s phylogenetic diversity, and (3) to quantify the phylogenetic diversity of the

PAs in the NAB and their contribution to its phylogenetic diversity.

1. Methods

1.1 Taxa

We selected taxa according to the gene availability and obtained occurrences from the Global

Biodiversity  Information  Facility  (GBIF)  for  1255  species  of  Bryophyta  (33  species),

Marchantiophyta  (7  species),  Gimnospermae  (89  species),  Magnoliopsida  (213  species),

14



Liliopsida (157 species), Insecta (115 species), Testudines (3 species), Squamata (98 species),

Amphibia (188 species), Aves (159 species) and Mammalia (193 species) inhabiting the NAB.

1.2 Molecular data

We recollected  molecular  data  available  in  GenBank  for  the  species  listed  and  we  made  a

phylogenetic reconstruction at different taxonomic levels: 2 orders, 1 superfamily, 19 families, 6

subfamilies,  4  tribes  and  61  genera.  We selected  the  terminals  in  monophyletic  clades  and

excluded the occurrences of the invasive species.

1.3 Phylogenetic reconstruction

For the collected genes at each taxonomic level, we selected the evolutionary nucleotide model

under  the  Akaike  Information  Criterion  (AIC)  (Akaike  1974)  for  each  gene.  We made  a

partitioned phylogenetic reconstruction under the Maximum Likelihood algorithm implemented

in RAxML v8.2.X (Stamatakis 2014), using the nucleotide model GTR+GAMMA for all genes,

we then made a branch length optimization in PhyML v3.0 (20160310) (Guindon et al 2010),

using the nucleotide model for each gene. For datasets containing more than 100 terminals we

implemented EXaML v3.0 (Kozlov et al 2015) instead of RaxML.

1.4 Area
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 We used the approach of areas of endemism proposed by Morrone (2014) modified for the NAB

(Figure 1E) and the approach of grid cells with varying sizes of 0.25 ◦ , 0.50 ◦ and 1 ◦ .

1.5 Prioritization

We  implemented  the  most  robust  index  from  each  kind  of  phylogenetic  diversity  index

(Krajewski  1994;  Schweiger  et  al  2008).  Taxonomic  Distinctness  (TD),  a  topological  based

index (Vane-Wright et al 1991); Phylogenetic Diversity (PD), a minimum spanning tree based

index  (Faith  1992)  and  Average  Taxonomic  Distinctness,  a  pair-wise  distance  based  index

(Clarke & Warwick 1998). 

    We evaluated the correlation of the phylogenetic diversity indices values against  the richness

using a Bayesian Simple Linear Regression (hereafter BSLR) (Kruschke 2014). We used two

types of richness: Total Richness (TR), considered as all species in a specific taxonomical level

that occur within an area, and Phylogenetic Richness (PR), considered as the total number of

terminals in a specific phylogeny (e.g. The genus Maxillaria has 75 species occurring in the area

(TR), but only 32 of them are in the phylogeny (PR). 

    The area of endemism with the highest index value was considered as the most important, and

from  it  the  second  hierarchization  was  made  using  the  complementarity  index  (Colwell  &

Coddington  1994).  For  the  grid  cells,  the  values  for  the  selected  index  were  divided  into

quantiles. Cells with an index value in the last quantile (hereafter Q5) were considered as the

most important and used for the second hierarchization, given the mean of the complementarity

values  for  each  cell.  Also,  we  calculated  the  complementarity  index  among  Q5  cells.  We
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calculated the distance between each Q5 cell and each complementarity cell, and we correlated

these distances with their complementarity values using a BSLR (Kruschke 2014). 

   We compared the results obtained in the prioritization of areas of endemism and grid cells

determining the number of Q5 cells that are within the most important areas of endemism.

1.6 Endemic species

In  order  to  evaluate  the  influence  of  endemic  species  in  the  prioritization  of  areas,  we

recalculated the indices 100 times, randomly removing from the analyses 25%, 50% and 75% of

species restricted to one area of endemism (endemic), and once removing all of them.

1.7 Protected areas

To determine the contribution of the Protected Areas (hereafter PAs) to the phylogenetic diversity

in the NAB, we quantified the number of Q5 cells that are within the PAs. Also, the three indices

were recalculated considering only PAs and the NAB without PAs. The differences between the

total phylogenetic diversity of the PAs and the NAB without PAs was used to determine the

contribution of PAs to the total phylogenetic diversity. We obtained the used polygons from the

World Database of Protected Areas project (IUCN 2014).
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2. Results

2.1 Correlations

For both types of richness, TD presented the highest relation values (posterior slope mean >

0.98) followed by PD (posterior slope mean > 0.75), while AvTD presented the lowest values

(posterior  slope mean > 0.38) (Fig 2),  supporting the findings of previous  works where PD

presented high correlation values (Morlon et al 2011; Howard et al 2016), and studies that claim

AvTD has low sampling bias (Clarke & Warwick 1998; Schweiger et al 2008). However, the Q5

cell for PD and AvTD are not correlated with richness, while the remaining cells were correlated

with richness only for PD (Fig 2). Furthermore,  TD was more correlated with PD (posterior

slope  mean  0.74),  than  AvTD  with  PD  and  TD  (posterior  slope  means  0.35  and  0.38

respectively).

2.2 Prioritization

We used the AvTD index for the prioritization of both, grid cells and areas of endemism because

it was not correlated with richness or any of the other indices; due to the sampling bias, an index

that is not related to richness is more suitable (see Discussion below). For the grid cells, the

results obtained with AvTD were very similar to the other indices, sharing the 80% and 90% of

the Q5 cells with TD and PD respectively, but the amount of Q5 cells varied, being 215 for

18



AvTD, and 219 for PD and TD. In contrast, for areas of endemism this pattern is not true (see

below). So, at least for grid cells the choice of AvTD is not biased.

2.3 Areas of endemism prioritization

The three areas of endemism with the highest index values in decreasing order were Cauca,

Paramo and Magdalena for TD, Cauca, Magdalena and Choco-Darien for PD and Magdalena,

Paramo  and  Cauca  for  AvTD (Table  1).  We considered  Cauca  and  Magdalena  as  the  most

important areas, because they were constant in all indices, and about 64% of the Q5 cells were

within these areas (Fig 1F). For the complementarity index, we followed the results of the AvTD

index considering Magdalena as the most important area of endemism. The most complementary

areas  to  Magdalena  were  Imeri,  Venezuela  and  Napo  (complementarity  values  >  0.80).

Moreover, the other  areas  presented  high values  (> 0.60),  including Cauca and Paramo,  the

nearest to Magdalena.

2.4 Grid cells prioritization

The Q5 cells obtained in the three grid cells sizes for AvTD were very similar, specially with the

size 0.50 ◦ against 1 ◦ , and the 0.25 ◦ against 0.50 ◦ where the Q5 cells overlapped 83% and 78%

respectively; likewise, the 0.25 ◦ against 1 ◦ overlapped by 63% (Appendices). We used the 0.25

◦ size because this allows a more detailed analysis.
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    The 76% of Q5 cells were located in three main places, two of them in Colombia and one in

Ecuador. In Colombia they are in the East and in the West, with the latter divided in two subsets:

The north  of  the  western  and central  Cordillera,  Magdalena  and Cauca  valleys,  and Pacific

lowlands; and the middle of the western Cordillera, Cauca valley, western flank of the central

Cordillera and Pacific lowlands close to the western Cordillera (Fig 1A). The east place is in the

north and the middle of the eastern Cordillera, including some cells in the Magdalena valley and

the Piedemonte.  In Ecuador, the Q5 cells  are mainly located across the western and eastern

Cordilleras, and the west Amazonian lowlands, and some cells in the Pacific lowlands (Fig 1A).

   The remaining Q5 cells are located in several places across the NAB, in locations like the

"Nudo de los Pastos", the south of the central, western and eastern Cordilleras, and the Cauca

valley. In the north of the NAB there are some Q5 cells distributed across the Venezuelan Andes,

the west of the Caribbean region of Colombia and the lowlands close to the Sierra Nevada (Fig

1A). 

    The complementarity values across the NAB is high with an average range of 0.86-1 (Fig 1C).

This pattern was also found in the complementarity among Q5 cells with an average range of

0.85-0.99 (Fig 1B). Furthermore, the mean of all 215 posterior slopes obtained from the relation

between distance and complementarity was low (0.25) (Appendices).

2.5 Endemic species

For  all  three  indices  the  ranking  of  areas  of  endemism  never  changed  for  any  removal

percentage. The removal percentage in each area is inversely proportional to TD and PD. This
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was specially evident for the areas with high index values (Appendices). However, the pattern

showed by TD and PD differs for some areas with AvTD like Choco-Darien, Guajira, Venezuela

and  Napo  whereas  the  removal  percentage  is  directly  proportional  to  the  index  value

(Appendices). Notoriously, Cauca and Paramo increased their  index values in the absence of

endemic species, compared with their initial values (Appendices).

2.6 Protected areas

Of the 115 PAs, 15% lack occurrences, having a value of zero for all the three indices. For TD

and PD there are more phylogenetic diversity within the PAs, representing 59% and 64% of the

total phylogenetic diversity respectively. But, having less phylogenetic diversity within PAs and

only representing 0.8% of the total phylogenetic diversity AvTD behaved inversely. This pattern

is also evident in PR (Table 2). However, when we evaluated the dependence of the indices

against richness, we confirmed that TD and PD are more correlated with richness than AvTD

(posterior slope mean: 0.97, 0.76 and 0.32 respectively) (Appendices). When we calculated the

number of Q5 cells that match PAs, just 9.9% (TD), 18% (PD) and 18% (AvTD) of Q5 cells did

(Fig 1D).
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3. Discussion

With the available information hitherto, adding phylogenies to our analyses will not drastically

modify our results because the ranking of the three most important areas of endemism remains

the same regardless the number of phylogenies used in different iterations. In fact, from 63 out of

phylogenies randomly selected the three most important areas of endemism kept their positions

(Appendices).  To use information from different  taxa is  more important  than the number of

phylogenies, because each taxon went through different evolutionary processes and will not tell

the same stories (Richardson & Pennington 2016). Sechrest et al (2002) used two Mammalian

orders  finding  that  there  is  more  evolutionary  information  within  the  Andean  Hotspot  than

outside. Herein, we found that there are important amounts of evolutionary information in the

Andean valleys, Amazonian and Pacific lowlands outside the Andean Hotspot (Fig 1A). Also,

plants  had  more  phylogenetic  diversity  than  animals,  but  given their  dissimilar  evolutionary

processes, the prioritized cells by each group differ (Appendices).

   The use of a single taxon and other approaches such as endemic, small ranged or threatened

species will probably generate different results. Generally, endemic species diversified recently

and could be associated with short branch lengths (Hubbell 2001; Richardson et al 2001; Davies

et al 2011). Accordingly, we found that the identified endemic species presented shorter branch

lengths (mean: 0.03, SD: 0.06) than widespread species (mean: 0.11, SD: 1.8) (Appendices), and

only represent 0.4% of the accumulated branch lengths, so their contribution to the phylogenetic

diversity of the areas is low, specially for PD and AvTD. For Cauca and Paramo, their AvTD
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values increased when we removed all endemic species. This pattern was found in another study

(Schweiger  et  al  2008)  when  the  less  distinctive  species  where  removed,  showing  that  the

endemic species are the less distinctive species. Nonetheless, the low contribution for TD will

only happens if the endemic species present a recent divergence so should be located farther

from the root (specially for large phylogenies), giving them a low weight (Vane-Wright et al

1991). Ceroxylon amazonicum and Ceroxylon saisamae who were identified as endemic species

and present a recent diversification of 0.46 and 2.5 Ma (sensu Sanín et al 2016) are an example.

Both have short branch lengths (0.0002 and 0.0008 respectively) compared with the mean branch

lengths of endemic species (0.039) and are farther from the root (6 nodes) compared with  C.

vogelianum (3 nodes). Endemic species are more sensitive to environmental disruption and are

strong predictors of extinction risk (Manne et al 1999; Jenkins et al 2013), so the use of these

species to identify conservation priorities has been common (e.g. Silva 1997; Stattersfield et al

1998; Nori et al 2016). However, these species incorrectly predict evolutionary history, so the

conservation priorities derived from them will underestimate phylogenetic diversity. Therefore,

endemic species should not be used as a single estimator. The EDGE index (Isaac et al 2007)

measures the species distinctness and weighs it by the IUCN categories index (Butchart et al

2004),  prioritizing distinctive species in relevant IUCN categories like Critically Endangered

(CR). Notwithstanding, if we apply this index to our data, the 53% of the 1255 species become

useless  for  being  catalogued  as  No  Evaluated  (NE),  as  a  consequence,  from the  remaining

species just those catalogued as Critically Endangered (CR) and Endangered (EN) will weigh

more. However, 55% of these heavier species are endemic (Appendices), with a low amount of

evolutionary history.
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   Generally the PAs around the world have more biodiversity within them (Gray et al 2016). In

the NAB, this is true just for the PR (Table 2) meanwhile, the TR is very homogeneous within

and outside the PAs (Table 2), from phylogenetic diversity, regarding TD and PD there is more

phylogenetic diversity within PAs, while AvTD shows the opposite. However, as for the grid

cells, TD and PD are more correlated with richness than AvTD, therefore, we consider that it is

necessary to pay more attention to what AvTD shows, which is  clearly reflected in the low

percentage of Q5 cells that matched with PAs (< 18%) (Fig 1D); even with the richness bias, we

found this pattern with TD and PD. Over the years PAs had been a useful tool for preserving the

richness,  but  failed  to  preserve  the  evolutionary  history  of  the  NAB.  The collectors  usually

remain close to areas with research facilities (Nelson et al 1990), so there is a sampling and

richness bias from main roads, easy access places and places near to cities or human populations

(Balmford et al 2001; Reddy 268 & Dávalos 2003). This pattern is observed in our data with

higher richness near to main cities, and the effect of that has affected the results obtained, not

only in grid cells and PAs, but also in the areas of endemism. The three most important areas of

endemism prioritized by TD were the richest areas (Table 1), but for PD which is less biased by

richness and takes into account the branch lengths (Faith 1992; Schweiger et al 2008) the three

most important areas prioritized were those with more accumulated branch lengths (Table 1),

showing another parameter that could influence the analyses. Moreover, AvTD, although being

the less biased by richness, prioritized the richest areas, but the ranking did not correspond with

richness or even the accumulated branch lengths (Table 1). The richness bias has already been

evaluated for some indices (Schweiger et al 2008; Morlon et al 2011; Howard et al 2016), but the

possible bias for branch lengths is an open question.
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   In another study (Warwick & Clarke 1995) found by using AvTD, that the negative effect of

environmental contamination in phylogenetic diversity, is not reflected in number of species.

Results  show, that AvTD had found different patterns not detected by richness and the other

indices implemented,  such as the negative effect of endemic species found in some areas of

endemism and the low amount of phylogenetic diversity within PAs. This was less influenced by

richness  and  possibly  presents  low  branch  lengths  bias,  however,  with  PD,  this  parameter

remains unevaluated.  The answer to the question of which is the best  phylogenetic diversity

index always relies on the data. Herein, AvTD had the best performance, so the phylogenetic

diversity indices based on pair-wise distance (Krajewski 1994; Schweiger et al 2008) like AvTD,

TTD (Clarke & Warwick 2001) or J (Izsák & Papp 2000) should be taken into account in further

studies with empirical data. Likewise, we recommend in these type of studies not to use just one

index, but several and contrast the results obtained with each index used to guarantee the best

conclusions.

   Several of the few published works that use phylogenetic diversity for conservation purposes

were made using areas of endemism (e.g. Posadas et al 2001; López-Osorio & Miranda-Esquivel

2010), but using grid cells is uncommon. Preservation of large places such as areas of endemism

is economically and politically unrealistic, for this reason smaller areas has been proposed as a

better approach (López-Osorio & Miranda-Esquivel 2010). The majority of Q5 cells matched

with Magdalena and Cauca (Fig 1D), suggesting that indices are not biased by the shape and size

of the areas implemented. Implying, if the previous works which used areas of endemism are

reproduced  implementing  grid  cells,  possibly  the  priority  cells  would  match  the  same area.

Which means that the use of areas of endemism is useful just for quick primary approaches but,
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within an area of endemism just specific places are truly important and the grid cells allow the

identification of those important places.

   The prioritized areas for conservation by the local government in Colombia (CONPES et al

2010), are those ecosystems poorly represented in the actual PAs, such as the Tropical Dry Forest

and the Caribbean Coast. In our results, some Q5 cells matched with areas of Tropical Dry Forest

(sensu Olson et al 2001) in the Magdalena and Cauca valleys, and Ecuadorian eastern lands.

Moreover, other Q5 cells matched with areas of Montane and Moist Tropical Forest whose areas

are very diverse and threatened (Bubb et al 2004; Hassan et al 2005; Bush et al 2007; Pennington

et al 2010). Echeverría-Londoño et al (2016) found that for Colombia, the Caribbean, the Pacific

and the Andean regions (fully included in the NAB) were less intact. Many Q5 cells correspond

with those cells less intact, specially in the Andean region, and if these Q5 cells are selected for

preservation, the intactness within will increase from an average of 77% to 86 % by 2095 (see

Echeverría-Londoño  et  al  2016).  Therefore,  these  Q5  cells  that  correspond  with  threatened

ecoregions and less intact cells should be main targets for conservation actions. Although it is

still  debated  (Aarssen  1997;  Venail  et  al  2015;  Davies  et  al  2016),  communities  with  high

phylogenetic diversity (sensu Faith 1992) present more traits of diversity (Davies et al 2016) and

the variation in plant biomass is better explained (Yuan et al 2016). Also, it is known that species

327 perform better when grow with more distant or distinct relatives (Burns & Strauss 2011;

Cadotte 2013), so the Q5 cells will not only contribute to increase the intactness in the NAB and

shelter a high amount of evolutionary history but, at local level the forest remnants within Q5

cells will possibly present a better restoration process and will be more productive, especially

those remnants which are close to mature forests (Hermy & Verheyen 2007). Such an unexpected
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and interesting result  was the high complementarity values. For the Neotropic,  the similarity

declines  when increases  the  distance  between  two forests  (Condit  et  al  2002),  but  here  the

distance  does  not  influence  the  complementarity  values  (Appendices),  notorious  in  some

complementary cells that are next to Q5 cells and in the complementarity values among Q5 cells

or even the high values of the nearest areas of endemism to Magdalena. So, the low similarity

presented could be associated with other factors such the variation of climes (Nekola & White

1999),  gradients in the rainfall  seasons (Davidar et  al  2007) or the complex topography and

dispersal limitation (Condit et al 2002; Leigh Jr et al 2004) in the NAB, yet this hypothesis

remains unevaluated for the study area. Due to the high complementarity values among Q5 cells,

it is preferable to first prioritize the Q5 cells rather than complementarity cells, because these Q5

cells will have more species and a high amount of evolutionary history, thereby, the protected

areas network will be reinforce from several biodiversity aspects. It is important to clarify that

NAB’s zones  did  not  correspond with  Q5 cells  or  even with  complementarity  cells  are  not

useless. In fact, those places should be the focus on future explorations and checklist works in

order to improve our knowledge about their biodiversity and get more homogeneous sampling

effort across the NAB, so in fact, in the future we could make better decisions for conservation.

    From a evolutionary perspective, the use of specific taxa, endemic species or even richness for

conservation purposes would be an incorrect estimator, and the decisions taken from them would

leave protected areas with low phylogenetic diversity, what has been happening within NAB.

Here, with the less biased index, we propose a set of cells for future conservation actions that not

only  will  preserve  a  high  number  of  species,  threatened  ecoregions  and  will  improve  the

intactness, but, it will also preserve an important amount of evolutionary history.
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Table 1.

Different measures for the areas of endemism. 

Total Richness (TR), Phylogenetic Richness (PR), the accumulate branch length for all (BL) and

endemic species (EndBL), and finally the three phylogenetic diversity indices 
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Table 2.

Indices values and richness within and outside Protected Areas. 

The delta is defined as the difference within and outside Protected Areas for both measures:

Phylogenetic diversity and specific richness
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Figure 1.

Last four quantiles of the grid cells prioritization with AvTD index (A). The complementarity

values among Q5 cells (B) and the complementarity index (CI) values for the Q5 cells (C). The

Q5 cells overlapped with the NAB’s protected areas (D). The areas of endemism modified for the

NAB  (E)  and  the  Q5  cells  overlapped  with  the  three  most  important  areas  of  endemism

prioritized by AvTD (F)
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Figure 2.

Posterior slope means for the Bayesian Simple Linear Regression between indices values and the

both type of richness. Three slopes were calculated: using all cells (red slope), using only the Q5

cells (blue slope) and using only the non-Q5 cells (green slope)
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