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Detecting Intraspecific Character Displacement by Morphological
Markers in Riverine-Dwelling Invertebrate Larvae: The Case Study
of Head Shape Variability in Leuctra fusca (Plecoptera: Leuctridae)

Raffaella Bravi, Lorenzo Traversetti and Massimiliano Scalici

Department of Sciences, University of Roma Tre, Viale G. Marconi 446, 00146, Rome, ltaly

Abstract: Since morphological markers are recognized as useful tools to evaluate events of anthropic disturbances, we
performed a preliminary study on head shape variability in the riverine-dwelling Leuctra fusca larvae as early alarm
systems in running waters. Particularly, heads of 32 larvae were collected from two localities of River Aniene (central
Italy) and photographed for digitizing landmarks and semilandmarks. The Cartesian x-y coordinates of all points were
firstly converted to shape coordinates by Procrustes superimposition, and then analyzed for exploring the full potential of
the application of geometric morphometric techniques. Where the principal component analysis revealed a clear pattern
of variation between the 2 sampling sites, the Procrustes ANOVA highlighted this variation as highly associated with
fluctuating asymmetry, the latter being traditionally connected with developmental accidents due to environmental
conditions. No directional asymmetry was observed. Finally we didn’t find any pattern of allometric variation in the
studied structure. Our study indicates that further studies ought to be employed to use geometric morphometrics as a
valid tool for detecting and describing morphological variation as biomarkers in invertebrate organism such as stoneflies.
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INTRODUCTION

Both directional (DA) or fluctuating (FA)
asymmetries are widely recognized as morphological
markers of anthropic disturbances [e.g., 1] in riverine
macroinvertebrates [see 2, 3] for assessing river water
quality [4]. DA occurs whenever one character
developed more in one side of the plane or planes of
symmetry than in the other, while FA is defined as
those random differences which occur between the left
and right sides in a normally symmetrical organism [5].
Thus, FA has been used as an marker of the level of
developmental stability and in defining the influence of
both environmental and genetic stress on development
[4, 5].

Here we are aimed to explore the potential of
morphological biomarkers in assessing the head shape
modification in larval specimens of the stonefly Leuctra
fusca (Linnaeus, 1758) known as a up- and middle-
stream dwelling organism, inhabiting areas with no
and/or low anthropic disturbance. The L. fusca larvae
are considered as ideal organisms for environmental
monitoring activities as they (1) colonize different
habitat being one of the most tolerant organism in
central Italy amongst Plecoptera (the latter being
considered the most sensitive order of invertebrates on
the whole), and (2) spend most of their developmental
time in the sediment surface, where they remain
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exposed to different stressors, as other species of the
same genera [6].

MATERIALS AND METHODS

We analyzed and photographed 32 L. fusca
specimens quantitatively collected in April 2011 in 2
different sites (Ani1 and Ani3) of the River Aniene
(central ltaly). Ani1 is the upper site located on the
river, almost at 5 km from the sources. This site is
characterized by a great naturality and a low visible
amount of human impacts, mainly related with pasture
and agriculture [7, 8]. On the contrary, Ani3 is located
near Anticoli Corrado and the presence of wastewaters
and other human infrastructures show an higher
anthropization in respect to Ani1 [7, 8]. We then
digitized 6 landmarks (LMs) and 6 semilandmarks
(SLs, points with a reduced degree of freedom
depending upon landmarks) on the pictures of the
larval head (calibrated against graph paper to
standardize measurements) by TpsDig 2.10 [9] (Figure
1a). All following analyses were run by the Morphod
software version 1.05a [10]. The shape information was
extracted from the coordinate data by using a full
Procrustes fit [11], that removes information on location
orientation and rotation, and standardizes each
specimen to unit centroid size (CS, that is, the square
root of the summed squared Euclidean distances from
each landmark to the specimen centroid that provides
an estimate of the size of the studied structure). We
firstly analyzed shape variation in the entire data set by
using an explorative Principal Component Analysis
(PCA), based on the covariance matrix of symmetric
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and asymmetric components of the shape variation.
We then correlated the log-transformed CS with PCs
for providing an eventual significant size-dependent
variability of the head shape changes. Additionally, we
analyzed the amount of symmetric variation and
asymmetry using Procrustes ANOVA as assessed for
studies on object symmetry [12]. To avoid the
assumption of having an equal and independent
variation at all points, we performed a MANOVA test for
symmetric component and asymmetry. Finally,
differences between the two sample sites were
assessed by Canonical Variate Analysis (CVA), used to
find the shape characters that best distinguish among
multiple groups of specimens. The results of the
analysis are reported as both Mahalanobis and
Procrustes distances, which are multivariate measures
of distance relative to the within sample variation.

RESULTS AND DISCUSSION

The present study aimed to identify intraspecific
morphological variation in the head of L. fusca between
two populations inhabiting two distant sites of the same
Mediterranean river, and to detect significant variations
in the FA patterns in these two sites.

The PCA scatter plot for the symmetric component
showed a great variability of the whole sample and a
significant differences between the two analyzed
populations (Figure 1b). The PCA scatter plot for
asymmetric component instead did not show
differences between the two populations (Figure 1c).
Then, we only showed the symmetric component of the
PCA for describing the individual shape variations
among the entire sample (Figure 1d).

As for the allometry, the multivariate regression of
head shape vs. log-transformed CS accounted 46.67%
of the shape variation, indicating the absence of

allometry in the analyzed sample, finding confirmed by
the permutation test (10,000 permutation runs, P =
0.14).

Procrustes ANOVA showed significant differences
between the two sampled sites Ani1 and Ani3, for both
size and shape (Table 1), showing a significant pattern
of FA of the entire sample. MANOVA test confirmed
these results for both symmetric variation (Pillay =
0.64, P = 0.0075) and asymmetry (Pillay = 0.64, P =
0.0057). Finally a great morphological variability
emerged from CVA (Figure 2) and the differences
among the two populations of Ani1 and Ani3 were
significant (Mahalanobis distance = 2.65, P< 0.0001;
Procrustes distance = 0.07, P = 0.0008).

FA emerged to be well evident in the head of L.
fusca in both size and shape components of the
variation in the whole sample, and did not resulted
affected by allometry in the two sites. Regarding sites,
Ani1 had the greater amount of morphological
variability in a little size range; on the reverse, Ani3 had
wide dimensional variability in a little morphological
range. These findings were greater than expected by
chance indicating a certain amount of environmental
instability, mostly concentrated in Ani1. At the first
glimpse, our results could be apparently discordant
with what emerged from literature [2, 7, 13, 14]
especially regarding anthropogenic impact, since FA is
commonly considered as a symptom of environmental
noise [5]. The great morphological variability observed
in Ani1 may be affected by the reduced selective
pressure due to predators, as this site is nearest to the
river source than Ani3 [15]. In particular, fish predation
can reduce the survival of more asymmetric larvae
(that are, specimens with a higher level of disturbance
on functional characters than more symmetric
individuals).

Table 1: Procrustes ANOVA for both shape and size for head, a structure characterized by object symmetry. Sums of
squares (SS) and mean squares (MS) are in units of Procrustes distances (dimensionless)

SS MS df F P(param)
Centroid size population 0.153 0.153 1 16.58 0.0003
individual 0.268 0.00925 29
Shape population 3.266 327 10 609 <0.0001
individual 15.553 54 290 223 <0.0001
side 417 42 10 174 723
ind * side 7.201 24 300 - -
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Figure 1: a) landmarks (gray) and semilandmarks (white) digitized on the analyzed specimens; b) principal component analysis
for the symmetric components of the two first principal components; ¢) principal component analysis for the asymmetry
component of the two first principal components; d) shape changes associated with firsts two PC axes (starting shape is shown
with the grey line and target shape with the black one). For each of the two PCs the black line shows the shape deformation from
right to left, corresponding to the observed extremes of the PCA axes, from negative to positive directions.
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Figure 2: Canonical variate analysis, showing the differences in the two sites, Ani1 and Ani 3 computed for whole investigated

sample.
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This work represents an example of how geometric
morphometrics may be wused to identify such
anatomical differences among populations. More
information on the expression of different kinds of
factors is clearly needed to use biomarkers or FA
efficiently in detecting early stressors’ impact. This type
of study may provide a good baseline to link observed
character displacement  with  functional and
biomechanical changes with the tool of geometric
morphometric. Moreover, our results suggest that FA
may be reliable in detecting biological changes even in
two apparently similar sites, as Ani1 and Ani3 are.
More data are required in order to evaluate the actual
response of body-form-related descriptors to external
stressors.
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