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A B S T R A C T   

Habitat disturbance of native forests is currently the major threat to biodiversity conservation. Plant species can 
be negatively affected as a result of landscape conversion; thus, it is essential to detect the potential effects of 
environmental stress on plant performance using reliable bioindicators of quick, cheap diagnosis. Fluctuating 
asymmetry (FA) describes the degree of the random differences in shape and size among two sides of a bilateral 
trait of the organisms and reflects the developmental instability of an organism, so we can use it to predict the 
effects on plant fitness. We evaluated the land-use change stress on seed FA levels, seed germination, and the 
subsequent seedling development of seed produced by trees that occur in an anthropized and a preserved area of 
seasonally tropical dry forests (STDF) in Brazil. We sampled 10 ten reproductive trees of Enterolobium con
tortisiliquum of each landscape condition, and then, 100 seeds per each tree were collected. Additionally, 50 seeds 
were randomly selected for each tree to determine plant fitness. Despite, we found no true FA in the community, 
the anthropized area had a lower seed nutritional quality and percentage of germination, and higher germination 
time of seeds produced than in preserved areas. The dry weight of the aerial part of seedlings did not differ 
between areas. However, root dry weight and total dry weight were higher in seedlings developed from seeds of 
anthropized than in preserved areas. Our findings show that seeds of E. contortisiliquum are not a sensitive 
biomarker to detect full stress conditions of habitat disturbance. However, we demonstrate that habitat distur
bance negatively affects plant fitness, decreasing germination percentage, and nutritional quality, and increasing 
germination time. This fact has potential consequences on recruitment, establishment and survival of 
E. contortisiliquum in regenerating areas of STDF’s in Brazil.   

1. Introduction 

Ecosystems have been altered as a result of different anthropogenic 
activities that differ in frequency, duration and intensity (Chazdon, 
2003). The most common disturbances are caused by deforestation, 
tourism, urbanization and the conversion of mature forests to agricul
tural fields and livestock soils (Chazdon and Guariguata, 2016), that 
induce changes in both abiotic (i.e., temperature levels, toxic gas 

emissions, hydric pollution and soil fertility) and biotic factors such as 
the structure and composition of natural communities and also plant 
performance (Aguilar et al., 2006, 2008; Aizen and Feinsinger, 1994; 
Ashworth and Martí, 2011; Cascante et al., 2002; Cunningham, 2000; 
Ghazoul, 2005). For example, it has been demonstrated that landscape 
conversion, as well the reduction and isolation of fragments as a result of 
human activities, decrease species richness of birds, mammals, insects 
and plants (Haddad et al., 2015), and affect the patterns of seed 
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dispersal, germination and/or recruitment of plants (Kolb, 2008; Rey 
et al., 2017; Yamashita et al., 2009). Species respond negatively to land- 
use change (Ashworth and Martí, 2011; Tucker-Lima et al., 2018), so it is 
a great challenge to identify stress-mediated effects on organisms before 
changes in fitness itself is evident, and affect their life-history parame
ters (Clarke, 1985). 

The abiotic and biotic changes caused by land cover change repre
sent to plants a set of stressing factors that can lead to morphological, 
physiological, cellular and chemical adjustments (Cuevas-Reyes et al., 
2011a). However, in some cases, plants are incapable of performing 
these regulatory processes, resulting in developmental instability of 
different organs, such as leaves and flowers (Cornelissen and Stiling, 
2010; Cuevas-Reyes et al., 2011a, 2011b; Santos et al., 2017). Thus, the 
assessment of developmental instability may be used to detect stressful 
conditions and predict subsequent changes in fitness (Clarke, 1985). 

Developmental instability is the failure of a particular genotype to 
generate the same phenotype under specific genetic and environmental 
conditions and is referred to as an indicator of environmental stress 
(Cuevas-Reyes et al., 2013; Maldonado-López et al., 2019; Møller and 
Swaddle, 1997). It has been suggested that reproductive success is 
higher in developmentally stable individuals. Thus, these individuals 
had a higher growth rate, higher fecundity, and better survival than 
developmentally unstable individuals (Møller, 1997). 

An excellent used tool to measure the developmental instability is 
fluctuating asymmetry (FA), which describes the degree of the random 
differences in shape and size among two sides of a bilateral trait of the 
organisms (Palmer and Strobeck, 1986; Clarke, 1992; Palmer, 1994). 
Thus, it represents the levels of environmental stress that an individual 
experiences and which consequently affects its fitness and offspring 
(Freeman et al., 1993; Galloway, 2001; Mal et al., 2002; Santos et al., 
2017; Smith, 2016). 

Some studies have shown that increased FA levels are associated 
with stressful conditions as electromagnetic field emissions, pollution, 
deficiencies or excess of nutrients, inbreeding, hybridization, the inci
dence of parasites and herbivores, and agropastoral activities (Freeman 
et al., 1999; Cornelissen and Stiling, 2010; Cuevas-Reyes et al., 2011a, 
2011b; Fernandes et al., 2016; Costa et al., 2017). However, most studies 
of FA in plants have focused on demonstrating that FA is a sensitive 
monitor to detect stress in plants using leaf measurements (Cuevas- 
Reyes et al., 2011a, 2011b, 2013, 2018). There is little information of 
the possible relationship between FA and plant fitness (but see Andalo 
et al., 2000; Siikamäki et al., 2002; Botto-Mahan et al., 2004 for herbs 
studies), even less in seeds and germination success in tropical trees of 
disturbed landscape in seasonally dry forests. 

In the Neotropical region the seasonally tropical dry forests (STDF’s) 
are distributed, across Latin America, including southeast of Brazil and 
Chaquenian region in Argentina and Paraguay (Pennington et al., 2000), 
and throughout the Caribbean (Linares-Palomino et al., 2001). Unfor
tunately, STDF’s have been one of the most degraded, altered and 
transformed ecosystems (Sánchez-Azofeifa et al., 2005, 2009), with a 
deforestation rate of 12% in Latin America from 1980 and 2000 (Miles 
et al., 2006). STDF occupy around 268,875 km2 in South America, of 
which, 17% occurs in Brazil, mostly in the northeast and the north of the 
state of Minas Gerais (Werneck, 2011), and 3.9% is protected (Portillo- 
Quintero and Sánchez-Azofeifa, 2010). Moreover, conversion of these 
forests to pastureland and agriculture has increased recently (Espírito- 
Santo et al., 2009) generating a mosaic of forest fragments with different 
succession stages, secondary forest cover, agricultural and livestock 
fields and conserved forests (Chazdon and Guariguata, 2016; Miles et al., 
2006; Portillo-Quintero and Sánchez-Azofeifa, 2010) with a potential for 
biodiversity storage and maintenance ecosystem services (Arroyo- 
Rodriguez et al., 2015). 

In this sense, we determined the development and seeds germination 
of Enterolobium contortisiliquum (Vell.) Morong (Fabaceae, Mimosoid 
Clade) trees produced in the human-modified area and preserved STDF’s 
landscape. We tested the following hypotheses: i) the yield of produced 

seeds by trees from STDF areas will be better than produced seeds by 
trees from anthropized areas. Hence, seeds from the preserved STDF 
area will have fewer FA levels, higher weight, faster and higher germi
nation, and better nutritional quality in comparison to seeds from the 
anthropized area. ii) seedlings of seeds from preserved STDF area will 
have higher dry weight in comparison to seedlings from the anthropized 
area. iii) symmetric seeds have a higher germination rate than asym
metric seeds. 

2. Materials and methods 

2.1. Study area 

This study was conducted within the Lapa Grande State Park (LGSP) 
and surrounding areas in the north of Minas Gerais state, Brazil. The 
region is characterized by dry winters and rainy summers (Aw climate 
according to Köppem classification), with a mean temperature between 
21 ◦C and 25 ◦C. The mean annual rainfall varies between 700 and 1200 
mm, distributed in six months (Antunes, 1994). The predominant 
vegetation is STDFs, characterized by the dominance of deciduous trees 
(at least 50%) and a high abundance of xerophytic species in the un
dergrowth. The tree stratum has a height that varies between 15 and 25 
m, forming a slightly continuous canopy (Gentry, 1995; Pedralli, 1997; 
Sánchez-Azofeifa et al., 2005), that is characteristic of sites with high 
water deficiency and outcrop soils in limestone (Fernandes, 2002). LGSP 
was created in 2006 in a protected area, considered as preserved in this 
study owing of the local biodiversity conservation, and the immediately 
surrounding areas of LGSP was considered as anthropized area due to 
the historical of human activities such as agricultural and livestock, 
drifting in an altered matrix with the presence of remnant trees in pas
tures. Besides, the anthropized area has less canopy cover, more sun
light, less richness, and abundance of species in comparison to areas 
within the park. 

2.2. Study species 

Enterolobium contortisiliquum (Vell.) Morong is a dominant tree 
characteristic of STDF’s (Gentry, 1995; Mayle, 2004; Särkinen et al., 
2011) of the Fabaceae family (LPWG, 2017). It is a native tree distrib
uted from South America, over the “Pleistocenic Arc” (Prado and Gibbs, 
1993, Prado, 2000). Its flowering occurs in a short time (September- 
November), when tree is leafless, and its fruits ripen between June and 
July (Backes and Irgang, 2009). Fruits are smooth, bright, indehiscent, 
and dark brown, while seeds are hard, oval and brown (Barretto and 
Ferreira, 2011). The development of fruits and seeds occurs during 
almost a year and their dispersion is during the dry season, just before 
the next flowering. In this context, ripe fruits and seeds correspond to 
the pollination of last year. As E. contortisiliquum is typical tree of SDTF’s 
that occurs in conserved areas inside the LGSP and in disturbed areas 
outside LGSP, and seeds spend almost a one year developing on the tree, 
this is a good study model to evaluate the effects of habitat disturbance 
and its consequences in progeny. 

2.3. Sampling design 

We randomly selected ten reproductive trees from the anthropized 
area and other ten of the preserved STDF landscape. We collected 20–25 
fruits for each tree and seeds were separated in aborted, pre-dispersal 
predated and undamaged ones. After that, 100 undamaged seeds were 
selected of each tree, and then all 2000 seeds were individually identi
fied, weighed with a high precision scale (BEL Photonics LW230i) and 
photographed with a Canon DS126231 camera. 

2.4. Fluctuating asymmetry measurements 

We used the seed funiculus as a reference point in order to measure 
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the longitudinal plane. In each digital image, 11 landmarks and two 
additional landmarks were placed as reference of size (Fig. 1). Land
marks 1 and 11 correspond to the beginning and end of the longitudinal 
plane. At the middle of the longitudinal plane, the distances of the right 
(D) and left (L) sides were measured from exactly middle of it (land
marks 5, 6 and 7). Besides, the distances of D and L sides were measured 
in the upper (landmarks 2, 3 and 4) and lower (landmarks 8, 9 and 10) 
middle of each seed. Fluctuating asymmetry (FA) value was obtained by 
dividing the absolute value of the difference between right and left sides 
(D-L) by the average distance (D-L/2) (Palmer and Strobeck, 1986). The 
same measurements were also made at the upper and lower halves from 
each seed, obtaining three FA values in total for each seed (Fig. 1). These 
three values were averaged to perform statistical analyzes. All distances 
were measured with digital image using the software ImageJ (Schneider 
et al., 2012). 

True FA patterns are identified when D-L values have a normal dis
tribution, reflecting deviations in characters with bilateral symmetry 
(Palmer and Strobeck, 1986). To confirm the FA presence, normality 
tests (Lilliefors) and t-test were performed for all samples. Besides, 30% 
of seed samples were randomly selected to make repeatability mea
surements, obtaining new FA values, and then, a simple correlation 
analysis of these values was made with the first obtained FA values. The 
correlation was 83%, which guarantees the effectiveness of the 
measures. 

2.5. Seed germination and seedling development 

In each landscape condition and for each tree, 50 seeds were 
randomly selected to determine the germination percentage, being 1000 
seeds in total (500 per each landscape condition). Seeds were put in a 
sodium hypochlorite solution at 2% for 2 min to disinfect them. Sub
sequently, they were placed in polystyrene foam trays with individual
ized divisions that contained vermiculite as a substrate. Nystatin at 10% 
was applied as a fungicide, and then, seeds were placed in a BOD 
(Biochemical Oxygen Demand) germination chamber (Solab sl-224) 
with a controlled temperature between 26 and 30 ◦C and with 12- 
hours photoperiod. Irrigation was carried out every 48 h with distilled 
water. The seeds were observed every 24 h during 30 days, those with 
developed radicle were considered as germinated seeds. Once that cot
yledons fell, the seedlings were removed from the tray and stored in a 
freezer in paper bags. After that, these seedlings were dehydrated at 
60 ◦C for 48 h in an oven to evaluate the dry weight of the shoot (aerial 
part) and root (underground part), and total dry weight (Souza and 
Fagundes, 2004). 

2.6. Nutritional quality of seeds 

To determine the nutritional quality of seeds, we randomly selected 
30 seeds for each landscape condition (N = 60). We use three replicas of 
each group of seeds to carry out the analyzes of nitrogen (N), phosphorus 
(P), sodium (Na), calcium (Ca), magnesium (Mg), sulfur (S), copper 
(Cu), iron (Fe), zinc (Zn), manganese (Mn), boron (B) and carbon (C) in 
the Laboratory of Soil Analysis, Plant Tissue and Fertilizer (Laboratório 
de Análise de Solo, Tecido Vegetal e Fertilizante/UFV). 

The nitroperchloric digestion was conducted. The sample ones were 
inserted in a drying oven for 72 h at a temperature between 68 and 
72 ◦C. After this, the samples were weighed and ground. The grind was 
to homogenize the samples. The digestion to determinate the P, Na, Ca, 
Mg, S, Cu, Fe, Zn, Mn, and B was by nitric-perchloric acid. A 0.5 g of the 
sampling was used, and to this added 10 mL of nitric acid and perchloric 
acid (4:1 proportion) in a fume hood. The mixture was heated to 80 ◦C, 
and the temperature was increasing to 200 ◦C. When the extract became 
crystals, the mixture was suspended from the heat. To these crystals is 
added deionized water until the volume is 25 mL. The minerals were 
quantified using inductively coupled plasma optical emission spec
trometry (ICP-OES; Perkin Elmer Optima 8300 DV) (Sarruge and Haag, 
1974). 

For nitrogen digestion, we used the Kjeldahl method with sulphuric 
digestion. A 0.2 g of the sampling was added to sulphuric acid. Then, the 
temperature was raised from 120 ◦C to 350 ◦C. When the extract be
comes a crystal, the temperature is lower. To this crystal is added 
deionized water until the volume 50 mL is completed. The crystal is 
added to 25 mL of NaOH (Kjeldahl digestion). In this reaction, NH3 is 
released with the water vapor to a 50 mL Erlenmeyer with 20 mL of a 
boric indicator. The boric indicator provides an H+ to recompose the 
NH4

+, which is dosed with a 1 N HCl solution. For carbon analysis, the 
sample ones were dryed at 105 ◦C, weighed (initial weight), and then 
they were inserted in a muffle (Linn Elektro Therm) for 1 h at 200 ◦C. 
After, the samples remained in the muffle for 1 h at 400 ◦C, and then, for 
3 h at 550 ◦C. Afterwards, the samples were weighed (final weight) and 
the difference between the initial and the final weight corresponds to the 
organic carbon content. 

2.7. Statistic analyses 

To evaluate the effect of landscape condition (preserved STDF vs. 
anthropized areas) on the development and germination of 
E. contortisiliquun seeds, seven generalized linear mixed models (GLMM) 
were performed using the nlme package (Pinheiro et al. 2020). The 
models considered landscape condition as a independent variable, and 
FA of seed, seed weight, seed germination percentage, germination time 
of seeds, shoot, root, and total dry weight were used as response 

Fig. 1. Digital image of Enterolobium contortisiliquum seed showing the 11 morphological landmarks along the seed. Note the seed funiculus as a reference point to 
measure the longitudinal plane. Two additional landmarks (12 and 13) were added on a reference ruler as scale. Letters represent the measurements used to estimate 
seed FA (a). Representation of different E. contortisiliquum seed shapes (b). 
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variables (R Core Team, 2017). A pseudoreplication was assumed, 
considering the tree as a random effect since 100 seeds were selected 
from the parent tree. All this analysis were performed in R (R Core Team, 
2017). 

To evaluate the differences in seeds nutritional quality between 
landscape conditions (preserved and anthropized areas), we performed 
a principal component analysis (PCA) and obtained a PCA biplot that 
shows the association of realized replicas for each group of seed with the 
different nutrients (SAS, 2000; Stokes et al., 2000). 

3. Results 

In this study we did not find true FA pattern, the distribution of the 
difference between the right side and the left was not normal (Lilliefors, 
p < 0.001) and the true difference in means of the right side and the left 
one was not equal to 0 (t = − 1.969; p = 0.049). So, we could not test the 
asymmetry between the landscape condition or whether asymmetry 
affects seed germination. Also, we did not find significant differences in 
the seed weight of Enterolobium contortisiliquum seeds between the 
anthropized and preserved STDF (F = 2.586; P = 0.125). The average 
value of seed weight was 0.357 (±0.102) g. 

The produced seeds of E. contortisiliquum by trees located in pre
served STDF area germinated more (25% ± 0.43 SD) than seeds from 
human-disturbed area (14% ± 0.35 SD) (F = 18.0; P < 0.0001) (Fig. 2). 
Additionally, germination time varied among landscape conditions (P <
0.0001) (Fig. 3). Seeds from trees that occur in the preserved STDF area 
germinated 1.9 times faster than seeds from trees located in the 
anthropized area. Also, seeds from preserved STDF area germinated on 
average 25 days (±8.7 SD), while seeds from the anthropized area in 29 
days (±2.0 SD). 

The dry weight of the aerial part of seedlings did not differ between 
preserved STDF and anthropized area (F = 3.9, P > 0.05). However, the 
root dry weight vary among study areas (F = 46.5; P < 0.0001), as well 
as total dry weight (F = 8.5; P < 0.004). Seedlings resulting from the 
germination of tree seeds located in the anthropized area showed a 
higher root dry weight (0.02 g ± 0.006 SD) in comparison to seedlings 
from located trees in the preserved STDF area (0.01 g ± 0.01) (Fig. 4). 
The total dry weight was higher in seedlings from the anthropized area 
(0.11 g ± 0.03 SD) than in seedlings from the preserved STDF area (0.07 
g ± 0.02 SD) (Fig. 5). 

According to the PCA, an 80.9% of the variation in the nutritional 
quality of seeds from anthropized and preserved areas was explained by 
the two principal components (Fig. 6). The PC1 explained better our 
results by representing a 58.1% of the variance. Thus, the first PCA axis 
associated the three replicas of seeds group from anthropized areas with 
Zn, Fe, Ca, Mn, Mg and B on the right side, and the three replicas of seeds 
group from preserved area with P, N, Cu, S, K, and C on the left side. The 
second PCA axis explained two replicas of anthropized area with two 
replicas of preserved area and B, Cu, and S in the lower side, and one 

replica of anthropized area with one replica of preserved area and C, K, 
Mg, Mn, P, N, Ca, Fe, Zn in the upper side. 

4. Discussion 

Our results of fluctuating asymmetry and seed weight suggest that 
land-use change did not negatively affect the seed development of 
Enterolobium contortisiliquum. However, STDF conversion into pasture 
and agriculture had adverse effects on seed germination and germina
tion time. Besides, there is a variation in seedlings as well as the nutri
tional quality of seeds from distinct landscapes. 

Although FA is considered one of the main indicators to evaluate 
environmental stress in plants (Cuevas-Reyes et al. 2018), our results do 
not show FA in seeds of E. contortisiliquum. Our prediction was based on 
the idea that the anthropized area is hotter and drier and, consequently, 
present stressful conditions to plants compared to the preserved area. 
Environmental conditions of the anthropized area (i.e., high incidence of 
radiation and extremes of temperature and humidity) may not be 

Fig. 2. Differences in seed germination percentage of Enterolobium con
tortisiliqum between preserved and anthropized areas. The bars represent the 
standard error. 

Fig. 3. Germination time of Enterolobium contortisiliqum seeds in preserved and 
anthropized areas. 

Fig. 4. Root dry weight of seedlings from Enterolobium contortisiliqum seeds 
preserved and anthropized areas. 

Fig. 5. Comparison of total dry weight of seedlings from Enterolobium con
tortisiliqum between preserved and anthropized areas. 
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stressors for E. contortisiliquum. A possible explanation is that STDF’s 
plant species have optimal strategies to cope with drought through 
better efficiency in the use of water, allowing them to have physiolog
ical, anatomical and morphological adjustments at high temperatures 
and less water availability (Lohbeck et al., 2015; Pineda-García et al., 
2013). An alternative explanation is our inappropriate choice of char
acters to measure FA, and the lack of knowledge in the use of seeds as 
bio-monitors of stressful conditions for plants (Møller, 1993; Palmer, 
1994). 

In the seed development phase, the formed products by photosyn
thesis of parental trees are allocated to seed growing and are used to 
create new cells, tissues and endosperm (Peske et al., 2012). It is pre
sumable that the formation of photosynthesis products, as well as 
nutrient transport, were not affected by the differences in the abiotic and 
biotic conditions between anthropized and preserved STDF areas. This 
fact could be explained due to the symbiotic association that Fabaceae 
family has with nitrogen-fixing bacteria in its roots (Barretto and Fer
reira, 2011; Lima et al., 2010; Oliveira, 1999), which could contribute to 
the acquisition and storage of nutrients from the soil to seeds. As a result, 
E. contortisiliquum seeds from anthropized and preserved STDF areas 
have a similar development. However, several studies have not shown 
changes in the FA of plants under stressful conditions, such as air 
pollution, nutrient deficiency or herbivore attack (Bañuelos et al., 2004; 
Botto-Mahan et al., 2004; Costa et al., 2013; Díaz et al., 2004; Sinclair 
and Hoffmann, 2003). For example, in flowers of Iris germanica (Irida
ceae) from urban areas did not show differences in FA levels compared 
to flowers located in uncontaminated environments (Klisarić et al., 
2016). 

Although we did not detect the effects of habitat disturbance on 
fluctuating asymmetry levels in seeds, we detected a direct effect on seed 
germination. Seeds produced by trees from the preserved STDF area 
require less time for germination than seeds produced by trees from the 
anthropized area. Faster germination is essential to avoid seed viability 
loss due to deterioration and microorganisms attack (Debeaujon et al., 
2000; Gharoobi, 2011; Walters, 1998). Besides, the produced seeds by 
trees from the preserved STDF area had a higher percentage of germi
nation in comparison to produced seeds by trees from the anthropized 
area. Anthropogenic disturbance can affect the parent tree during seed 
development, and its effects are more evident after germination during 

the initial growth of seedlings (Schmid and Dolt, 1994). This fact is 
because the environment can act as a filter and directly affect the 
offspring phenotype through parent supply (Donohue and Schmitt, 
1998; Roach and Wulff, 1987). Because both areas have different envi
ronmental conditions, trees can support different types of stress, in this 
sense, anthropized areas have less vegetation cover, and hence, higher 
water evaporation due to soil exposure to a higher solar radiation and 
wind intensity (Mass, 1995; Frishkoff et al., 2015; Senior et al., 2017). 
These suffered tensions by the parental plants during the seed devel
opment, influence negatively the germination process (Gutterman, 
2000). Water deficit and high temperature induce fast deterioration of 
seeds, changing properties of parent tissue around them, and affecting 
seed germination (Gutterman, 2000). The E. contortisiliquum fruit 
development, and consequently, seeds, occurs over a long time, so that 
produced seeds by trees from the anthropized area are negatively 
affected by these factors, which result in a lower percentage of seed 
germination. 

Seed nutritional quality also depends on the availability of resources 
from the soil in which the parental trees are growing (Rengel and Gra
ham, 1995). Therefore, deficiencies in soil nutrients exert a negative 
effect on the growth and development of parental trees, generating a 
reduction in seed nutritional quality and, hence, less vigor and viability 
(Rengel and Graham, 1995; White and Veneklaas, 2012). Higher the 
nitrogen availability, seeds germinated faster and are able to absorb 
water faster, improving more seed vigor (Hara and Toriyama, 1998). 

On the other hand, phosphorous and copper content of seed 
contribute with the initial development, increasing the initial estab
lishment and growth (White and Veneklaas, 2012), while zinc content 
favors the vegetative growth (Rengel and Graham, 1995). In our study, 
we found lower content of nitrogen, phosphorous, and copper in seeds 
from maternal trees located in the anthropized area, which could 
explain the lower germination percentages and the longer time to 
germinate registered in this anthropized area in comparison to seeds 
from preserved STDF area. Besides, the lesser nitrogen content and 
higher zinc content in seeds from anthropized areas may have contrib
uted to the higher root dry weight. This fact is because when nitrogen 
content is low, this nutrient is mostly allocated to root development in 
order to promote higher growth, explore the soil and obtain nutrients 
(Naegle et al., 2005). Moreover, this higher root dry weight could have 
been driven at the same time by the higher zinc content that we found in 
seeds from the anthropized area, which nutrient promotes vegetative 
growth (Rengel and Graham, 1995). 

A general assumption is that individuals more asymmetric have a 
lower growth rate and fecundity and little survival in comparison with 
symmetric individuals (Clarke, 1985; Møller, 1997). However, we did 
not find any support for a negative relationship between FA and fitness 
components, as we did not detect instability in seed development. As 
measures of plant fitness, we used seed weight, germination percentage 
and time, and seedlings vigor, components of fecundity and recruitment, 
and further plant vigor (Siikamäki et al., 2002). Nonetheless, although 
we have noticed a negative effect on plant fitness according to landscape 
condition these harmful consequences of land-use change for 
E. contortisiliquum were not related to FA. So, seeds fluctuating asym
metry cannot be used as an indicator of landscape disturbance in 
E. contortisiliquum. No relationship between FA and fitness was detected 
at individual level in Lotus corniculatus neither in Echinospartum horridum 
(Andalo et al., 2000; Komac and Alados, 2012). 

In conclusion, our results show that the fluctuating asymmetry of 
seeds is not an effective indicator of environmental stress in Enterolobium 
contortisiliquum in anthropized areas. Our findings illustrate that even 
though seedlings from seeds produced by trees from the anthropized 
area had higher total dry weight and root dry weight, we detected 
negative effects on their seed germination and germination time. 
Furthermore, it has potential consequences on the recruitment, estab
lishment, and survival of E. contortisiliquum individuals in regenerating 
areas of STDF’s. 

Fig. 6. Results of PCA biplot that shows the variation in seeds nutritional 
quality between groups of seeds of preserved and anthropized areas, besides of 
the association of seeds groups with different nutrients. The circles represent 
the three realized replicas for the seeds group of preserved area and squares the 
replicas of the seeds group of anthropized area. 
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Cuevas-Reyes, P., Oyama, K., González-Rodríguez, A., Fernandes, G.W., Mendoza- 
Cuenca, L., 2011b. Contrasting herbivory patterns and leaf fluctuating asymmetry in 
Heliocarpus pallidus between different habitat types within a Mexican tropical dry 
forest. J. Trop. Ecol. 27, 383–391. 

Cunningham, S.A., 2000. Effects of habitat fragmentation on the reproductive ecology of 
four plant species in Mallee Woodland. Conserv. Biol. 14, 758–768. 
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