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Abstract

There has been an increase of community studies that incorporate the use of
functional diversity indices. The incorporation of these indices in the analysis
of marine communities is recent, however, could contribute with relevant in-
formation about the health of those communities. The lagoon of La Paz is a
body of water located in La Paz, B.C.S., México. Despite its regional impor-
tance, there are not recent studies about its fish communities. Therefore,
the aim of the present study was to analyze the temporal and spatial struc-
ture of the functional diversity of fish communities associated to soft bot-
toms, from August 2016 to July 2017, as well as important environmental va-
riables. Functional diversity indices showed significant differences between
months. Spatial analysis did not show significant differences perhaps due to
low variability of the type of substrate. Temperature showed temporal differ-
ences as well. Therefore, temperature may be a limiting environmental varia-
ble for many fish species inhabiting coastal lagoons.
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1. Introduction

Coastal lagoons are one of the most productive ecosystems on the planet. They
support important fisheries, and some are under extensive and intense exploita-

tion. Their particular characteristics, such as shallowness, relative isolation from
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the sea and high biomass of organic matter [1], help to explain its high produc-
tivity.

The transitional nature of coastal lagoons (between terrestrial and marine
ecosystems) makes lagoons located on the South of the Baja California peninsu-
la, particularly vulnerable to anthropogenic impact and natural input of fresh-
water and soil [2].

Fish species inhabiting coastal lagoons must be able to tolerate environmental
stress by showing particular life histories or by taking advantage of seasons when
environmental variables are favourable.

Functional diversity is important to understand ecosystem processes [3] [4]
[5] [6] and determines their resistance to environmental change [7]. The analysis
of functional traits helps to understand adaptation of organisms to a specific
ecosystem [8]. Functional diversity is an excellent indicator of the vulnerability
of certain species [9] [10] [11] [12] because it helps to determine which traits
could resist or be vulnerable to environmental change. Villeger et al [13] de-
signed the functional diversity indices (FRic, FEve and FDiv) used in this study.
These indices have been widely used in fish community studies [14] [15]. Many
authors have concluded that anthropogenic impact, as well as biotic and abiotic
factors, influences functionality of fish communities, founding a decrease of
functional diversity in disturbed habitats. Therefore, the aim of the present study
was to analyze the temporal and spatial structure of the functional diversity of

fish communities associated to soft bottoms in the lagoon of La Paz, B.C.S.

2. Methods

The coastal lagoon of La Paz (Figure 1) is located in the state of Baja California
Sur, México, on the southwest area of La Paz Bay between the parallels 24°11'
and 24°06', and between meridians 110°19" and 110°25". It is separated from the
main body of La Paz Bay by a sand barrier known as “El Mogote” measuring 11
km of length and 2.7 km on the widest part [16].

Collection of fish specimens was carried out from August 2016 to July 2017,
with six samplings carried out every two months in seven localities (Table 1),
given a total of 42 replicates. Localities were selected based on bathymetry and
type of sediment. Collection was carried out using an experimental trawl net
with a length of 9.5 m, a vertical opening of 4.5 m, and a mesh size of 4.44 cm
(1.75 inches). Trawling was carried out by a 22 feet boat with a 75 HP four
stroke outboard motor, at a speed of 3.5 km/h and sweeps that lasted 20 minutes,
at an average depth of 5 m.

Fish specimens were analysed at Laboratory of Fish Ecology at Autonom-
ous University of Baja California Sur. Processing of samples consisted on
determination of morphometric measurements and weight. Species identifica-
tion was carried out using specialized literature. All fish specimens were pre-
served using 10% formaldehyde followed by 70% ethanol.

Environmental variables
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Figure 1. Geographic location of the study area (lagoon of La Paz, B.C.S.) and sampling localities. Grand Plaza (L-1), Aeropuerto
(L-2), Aripez (L-3), Cibnor (L-4), Zacatecas (L-5), Las Palmas (L-6), Yate Hundido (L-7).

Table 1. Coordinates of the sampling localities in the lagoon of La Paz, B.C.S.

Localities N w
L-1 Grand Plaza 24 07.816 110 21.480
L-2 Aeropuerto 24 07.264 110 23.354
L-3 Aripez 24 07.243 110 25.081
L-4 Cibnor 24 08.368 110 24.859
L-5 Zacatecas 24 10.152 110 25.627
L-6 Las Palmas 24 09.697 110 24.338
L-7 Yate Hundido 24 08.851 110 23.779

Water temperature (°C), dissolved oxygen and salinity (UPS) were recorded at

each locality using a YSI 2030 Pro multiparameter instrument, at an average

depth of 5 m (determined using a Secchi disk), at the same time of day during

each sampling.

Functional diversity analysis included the following traits: type of teeth and

type of mandible (determined during species identification), type of diet, trophic

level, species resilience and species status (obtained from FishBase). Functional

group determination was based on [16]. Uncategorised functional groups were

standardized with a binary system 1/0 according to presence/absence of a trait.

Functional richness
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Functional richness (FRci) refers to the space occupied by a group of traits in
the multivariate space (hyperspace). This index, as well as convex hull volume,
identifies traits with extreme values and then estimates the space occupied by the
group of traits. The algorithm allows a standardization by avoiding effects of
scale and carries out a transformation when the number of traits is equal or
higher than the number of species, allowing a reduction of dimensionality. This
transformation makes the range of the matrix equal or lower than the range of
the column, enabling the calculation of the convex hull. The highest value possi-
ble of FRci in a space of T dimensions with 2T species, is obtained by the com-
bination of extreme values (minimum and maximum) of all traits [17].

Functional evenness

Functional evenness (FEve) describes the distribution of abundances of func-
tional traits in the multivariate space. This index uses the relative abundances of
species [18]. FEve values range between 0 and 1, values closer to 1 when all spe-
cies are equally represented, inferring a heterogeneity of traits with an evenly
distributed abundance, and values closer to 0 when species have very high or
very low values of density, or when species with higher abundances have low

richness of functional traits [19]. FEve is not affected by species richness.

S-1
Zmin(PWEb Sllj —ﬁ
FEve =22 1 — —
1———
S-1

where PEW,, is the weighted evenness, § — 1 are the segments of the tree (in the
multivariate space), (1/(S — 1)) is the quantification of discrepancy of the final
value.

Functional divergence

Functional divergence (FDiv) measures the distribution of abundances in the
occupied functional space and the irregularity of that distribution. This index
measures if species with traits located closer to the centre of gravity of the mul-
tivariate space, where traits act as coordinates, are the most abundant. The cen-
tre of gravity is calculated without accounting for relative abundances [18].
Therefore, indicating if species with common traits are also the most abundant
species. The value of FDiv ranges between 1 and 0, with lower values closer to 0
when functional traits of dominant species are closer to the centre of the multi-
variate space. Lower values of functional divergence are linked with a lower de-
gree of niche differentiation in highly competitive communities. On the con-
trary, higher values of functional divergence, closer to 1, when abundant species
have functional traits located further away from the centre of gravity of the mul-
tivariate space, are linked to a high degree of niche differentiation in lower

competitive communities.

B Ad +dG

FDiv = ——
A|d|+dG

where (Ad) and A|d| are weighted deviations, dG is the average distance of the
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S species to the centre of gravity.

Functional dispersion

Functional dispersion (FDis) is the average distance of species from the centre
of gravity of the functional space, considering relative abundances. This index de-
scribes the degree of heterogeneity of functional traits of a community [19] [20].

High values of functional dispersion are expected when there is an increment
of ecological processes, since those produce a higher differentiation of the eco-
system. This will drive species to a higher differentiation to avoid competition
between them. Therefore, a high FDis value indicates an adaptation of the or-
ganisms to the ecosystem, perhaps indicating some kind of resistance to invasive
species, since the majority of the niche spaces are occupied. On the contrary, if
species are missing, there could be a high loss of functional diversity since a high
functional dispersion indicates that some of the functions of the ecosystem are
linked to a reduced number of species.

s
FDis =) wz,
i1
where W;is the relative abundance of the zth species and Z; is the distance of the
ith species to the weighted centroid. This method moves the position of the cen-
troid towards species with higher abundance and weights the individual distance
of each species based on its relative abundance [20].

Functional diversity indices were calculated using the software FDiversity.
Normality and homocedasticity tests were carried out prior to spatial and tem-
poral statistical analysis. Differences of the functional diversity indices between
months and localities were determined by one way ANOVA. All statistical anal-

ysis were carried out using the software Statistica v 10.0.

3. Results

A total of 2763 organisms were collected, belonging to the following families:
Scianidae, Gerreidae, Urotrygonidae, Paralichtydae and Serranidae, with a total
biomass of 221.466 kg and an individual average weight of 80.18 g.

Environmental variables

Temperature was not significantly different between localities (F(6, 35) = p =
0.22). Lowest temperature was recorded in Zacatecas (23.28°C), and the highest
was recorded at Gran Plaza (25.42°C). On the contrary, comparison between
months showed significant differences (F(5, 36) = 10.1685). Two climate seasons
were defined, a warm season from August to October, and a cold season from
December to February (Table 2).

Salinity was not significantly different between localities (F(6, 35) = p =
0.8276). Lowest salinity was recorded at Gran Plaza (31.75 UPS) and the highest
was recorded at Cibnor (33.68 UPS). Likewise, comparison between months did
not show significant differences (F(5, 36) = p = 0.6898). The highest value was
recorded in October (33.97 UPS) and the lowest value was recorded in April
(31.90 UPS) (Table 2).
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Table 2. Summary of the environmental variables and functional diversity indices meas-
ured at each sampling locality and month: temperature (T°C), salinity (UPS), dissolved
oxygen (DO), Functional richness (Fric), functional evenness (Feve), functional diver-
gence (Fdiv), functional dispersion (FDis).

Localities and months  T°C UPS DO FRic FEve FDiv FDis
L-1 25.42 31.78 19.32 7.40 0.35 0.66 2.32
L-2 23.70 33.60 19.13 18.3 0.47 0.65 2.18
L-3 24.17 33.32 19.18 20.17 0.63 0.88 3.02
L-4 24.07 33.68 19.68 3.63 0.68 0.74 3.45
L-5 23.28 32.02 18.39 0.06 0.49 0.74 3.45
L-6 24.23 33.33 20.46 7.7 0.38 0.65 1.81
L-7 24.18 33.67 21.25 2.75 0.57 0.86 2.50

August 28.17 33.30 12.44 6.85 0.67 0.85 3.25
October 26.74 33.97 21.6 6.59 0.46 0.76 2.41
December 22.71 33.19 20.28 18.40 0.29 0.45 1.35
February 21.43 32.77 21.31 11.93 0.41 0.79 2.27
April 23.04 31.90 21.22 4.85 0.57 0.84 3.10
June 22.80 33.21 21.92 2.83 0.66 0.79 3.14

Dissolved oxygen was not significantly different between localities (F(6, 35) =
p = 0.3425). The lowest value was recorded at Zacatecas (18.5 ml/l), and the
highest value was recorded at Yate Hundido (21.5 ml/l). On the contrary, com-
parison between months showed significant differences (F(5, 36) = p = 23.819),
recording the lowest value during August (12.5 ml/l) (Table 2).

Functional richness

Comparison of functional richness between localities did not show significant
differences (F(5, 36) = p = 0.5809). Likewise, temporal comparison did not show
significant differences (F(6, 35) = p = 0.9762). However, there was an increase
during the cold months, December and February. Although there were not sig-
nificant differences between months and localities, FRic values by localities were
lower than the monthly values (Table 2).

Functional evenness

Comparison of functional evenness between localities did not show significant
differences (F(6, 35) = p = 1.8415). The highest value was recorded at Cibnor
(0.68), and the lowest value was recorded at Gran Plaza (0.35). Temporal com-
parison showed significant differences (F(5, 36) = p = 4.0298). The highest value
was recorded in August (0.67), while the lowest value was recorded in December
(0.29). The majority of the FEve values by localities and months were close to or
above 0.5, indicating an even distribution of traits (Table 2).

Functional divergence

Comparison of functional divergence between localities did not show signifi-
cant differences (F(6, 35) = p = 1.0975). The highest value was recorded at
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Arizpe (0.88), and the lowest value was recorded at Aeropuerto (0.65). On the
contrary, temporal comparison showed significant differences (F(5, 36) = p =
3.7833), with the highest value recorded in August (0.85) and the lowest value
recorded in December (0.45) (Table 2).

Functional dispersion

Comparison of functional dispersion between localities did not show signifi-
cant differences (F(6, 35) = p = 1.6211. The highest value was recorded at Zaca-
tecas (3.45), and the lowest value was recorded at Las Palmas (1.81). On the con-
trary, temporal comparison showed significant differences (F(5,36) = p = 4.1434,
with the highest value recorded in August (3.25) and the lowest value recorded
in December (1.35).

4. Discussion

Environmental variables

Temperature and salinity did not show temporal or spatial differences, only
dissolved oxygen showed a significant difference between months. Temperature
showed an increment towards the summer months. In addition, there was a pos-
itive correlation between temperature and salinity, with August as the warmer
month, as well as the one with the highest salinity. There was also a negative
correlation between temperature and dissolved oxygen, so that with higher tem-
perature, low values of dissolved oxygen were recorded, consistent with previous
data reported by Barjau-Gonzalez et al, [21]. These environmental variations are
linked to the bathymetry of the lagoon. According to Aguirre [22], the shallow
areas facilitate evaporation, therefore increasing temperature. He reported June
and August as the warmer months. Contrary to what is described in the present
study, in which August and October are reported as the warmer months, per-
haps linked to the change of bathymetry in the lagoon and/or oceanographic
events like El Nifio Southern Oscillation (ENSO). Another factor could be the
slower currents (2 - 4 cm-s™) [23], which together with the shallowness of the
area and solar incidence, could facilitate a rise of temperature and a decrease of
dissolved oxygen during the summer months [24].

Functional richness

Functional richness did not show significant differences between localities and
months. For its interpretation, we are adopting the same interpretation as Ho-
mar [25] [26], values below 20 indicate low functional richness, values between
20 and 40 indicate moderate richness, values between 41 and 60 indicate mod-
erately high richness, and values above 60 indicate high richness. Regarding
comparison between localities, the highest value of FRi was recorded at Arizpe
(20.17), considered as moderate richness. Aeropuerto was the only locality with
a value corresponding to a moderately high functional richness (18.3). The re-
maining localities showed FRi values considered as low richness. Regarding
temporal comparison, December registered the highest value of functional rich-

ness, followed by February. However, the rest of the months registered low val-
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ues of this index. Francisco y De la Cueva [27] mentioned that functional rich-
ness represents the space occupied by an assembly, in other words, it groups dif-
ferent traits according to species, and calculates the space occupied by those. The
ecological meaning of this index is that it measures the diversity of the traits ac-
cording to species, therefore, number of traits cannot be higher than the number
of species [28].

Functional evenness

Functional evenness did not show significant spatial differences; however, the
highest values are above 0.6, indicating that at least one of the samplings showed
a moderate heterogeneity, similar to values recorded during temporal analysis,
apart from December, which recorded the lowest value, indicating homogeneity
of functional traits. This index can be compared to Margalef’s richness index,
which is used to evaluate diversity based on abundance and determines a possi-
ble dominance. A functional evenness value closer to 0 indicates a highly hete-
rogeneous space, therefore, dominance of a trait is higher in warm waters, as
well as the dominance of a species. Extreme abundances, either very low or very
high values are characteristic of functional evenness values closer to 0 [29].

Temporal differences could be linked to temperature, in warmer climates
there is an increase of homogeneity of traits, which infers there are few different
traits despite of the high number of species. Unlike December, when homogene-
ity was low, inferring that perhaps during this month, there are more specialist
species with very different traits despite of the low number of species that used
the lagoon as a shelter.

Functional divergence

Functional divergence did not show significant spatial differences, however,
all localities registered values above 0.6, perhaps indicating traits with extreme
values, assuming traits in these localities tend to be less common. Therefore, no
difference of traits between localities. On the contrary, Homar [25] reported that
localities and type of substrate have an effect on functional divergence, which
could become irrelevant factors to consider for the lagoon of La Paz, perhaps
due to differences between open and coastal areas. In addition, the lagoon of La
Paz is a highly productive area due to mangrove swamps, which act as shelter
and breeding areas for many fish species. Comparison between months showed
high values of functional divergence, possibly reflecting the variability and/or
divergence of traits of abundant species [30]. These values are possibly linked to
environmental variables, since these are usually the limiting factors for many
species.

Functional dispersion

Functional dispersion did not show significant differences between localities;
however, Zacatecas registered the highest value (4.7), followed by Arizpe (4.4).
These values indicate that these localities have a high number of ecological
processes compared to the remaining localities. There are no previous studies
based on this index that allows for comparison of this type of ecosystems. How-

ever, the localities with higher values of functional dispersion are associated to
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wetlands, where important ecological processes are carried out, such as CO, se-
questration [24] [31].

Temporal analysis of this index showed significant differences. December reg-
istered the lower value of functional dispersion, perhaps indicating that during
the colder months there is a decrease of ecological processes (CO, sequestra-
tion), possibly linked to temperature [30]. The majority of ecological processes
are associated to tropical areas, particularly mangrove swamps and coral reefs.
The highest values of functional dispersion were recorded during August, April
and June, which is similar to that reported by Gonzalez et al, [31].

There is an inconvenience with this index when it comes to its interpretation.
There are no ranges, or upper or lower limits [22]. The only interpretation is
that there is a positive correlation between functional dispersion and number of
ecological processes that produce a higher differentiation of the ecosystem,
therefore, influencing a specialization of species, reducing competition. Accord-
ing to this and based on our results, there is a moderate dispersion of functional
traits, characteristic of a semi-vulnerable ecosystem, facing loss of species and
possible replacement of those by invasive species. This vulnerability can be at-
tributed directly to the anthropogenic impact on the lagoon, particularly by the
dredging of the bottom and spilling of sewage water for many years.

It is important to continue studying the fish communities of the lagoon of La
Paz, to be able to have a better understanding of the variation of the functional
diversity, since the present study only showed a year of data. In addition, it is
important to increase the use of quantitative traits to enable an efficient analysis

of the effect of environmental variables on functional diversity.

5. Conclusions

Environmental parameters showed temporal variation that had an effect on the
diversity of organisms, with temperature as a limiting factor. Because salinity
and dissolved oxygen are dependent on temperature, fish species distribution
could potentially be limited by bodies of water with different temperatures, ra-
ther than salinity or dissolved oxygen.

Functional evenness (FEve) and functional divergence (FDiv) could poten-
tially be used as tools for the analysis of marine communities, as they serve as
good complements to the traditional ecological indices, due to the biologic in-

terpretation.
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