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Summary. Three chemical viability tests were evaluated
in the seed dispersal system of Rubia fruticosa, in which
three main groups of dispersers participate: reptiles, birds
and mammals. Tetrazolium chloride (TTC) and indigo
carmine (IC) indicated a lower viability of seeds from drop-
pings of introduced rabbits (Oryctolagus cuniculus) than of
those from control plants and the native dispersers, lizards
and gulls. In the rabbit seed treatment, significant differ-
ences were observed between results obtained with TTC and
IC tests. Interpretation of these data, due to the presence of
doubtful embryo staining, was more difficult using the IC
test. Furthermore, some seeds that were clearly dead had
been underestimated. In contrast with results obtained from
the two staining methods, the EC test did not confirm that
viability of control seeds and those seeds consumed by
native dispersers were clearly higher than in seeds ingested
by O. cuniculus. Further, compared to the other two tests,
the EC method requires more careful handling of the
embryo during the extraction process to avoid errors in via-
bility estimation, since this method measures concentration
of electrolytes that are released through cellular membranes.
Thus, TTC was the most reliable test to assess seed viability
in the seed dispersal system of R. fruticosa, and these
results agree with those obtained in previous germination
experiments made on the same set of seeds given the same
treatments.
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Introduction

In seed dispersal systems, animals (mainly terrestrial verte-
brates) play an important role in determining the success of
this critical stage in the life cycles of plants (Murray, 1986;
Fleming and Estrada, 1993; Fenner, 2000; Stiles, 2000;
Levey et al. 2001). Thus, one of the most influential factors
in these systems is the mechanical and chemical effects that
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dispersers have on the seed coat (Stevens, 1988; Robbins,
1993; Schupp, 1993). The effects on seeds passed through
the digestive tracts of dispersers can be evaluated using seed
germination and chemical viability tests. The simultaneous
study of these procedures is especially useful in cases
where germination percentage is low, in which case it can-
not be determined if the seeds are non-viable or dormant
(see Baskin and Baskin, 2001; Hidayati et al., 2002).
Furthermore, it is important to note that germination may be
inhibited for several reasons, including anaerobic atmos-
pheres, extremes temperatures, dry conditions, different acid
types, among others (Murdoch and Ellis, 1992). Further, in
seed dispersal systems in which germination of seeds of
control plants is relatively high (e.g. > 80%), the use of
chemical viability tests is also useful, because seeds con-
sumed by different types of vertebrates can cause a decrease
in germination percentage (Traveset, 1998; Calvifio-
Cancela, 2004; Rodriguez-Pérez et al., 2005).

Three classes of vertebrates are involved in most seed
dispersal systems in terrestrial environments: reptiles, birds
and mammals (Stiles 2000). However, they often do not par-
ticipate simultaneously (Nogales et al., 2005), primarily due
to two factors: 1) saurochory (dispersal by lizards) is mainly
an island phenomenon (Olesen and Valido, 2003), and 2)
some seed disperser mammals such as large bats and carni-
vores often are not present on islands. However, in the
Canary Islands these three groups may coexist in the same
habitats and share the same fruit-plant resource (Nogales et
al., 2005). This is the case in Rubia fruticosa (Rubiaceae),
an endemic plant of the Macaronesian archipelagos of
Madeira, Salvages and Canaries in which reptiles, birds and
mammals participate in the seed dispersal system, simulta-
neously (Nogales et al., 2005). In this system, seed germi-
nation percentage clearly decreased after passed through the
gut of two introduced mammal species (rabbits and desert
squirrels) with respect to control seed plants and those eaten
by native dispersers (lizards and birds). Therefore, in these
cases only the use of chemical techniques to examine via-
bility permits us to understand if seeds consumed by differ-
ent vertebrates are dead or dormant. However, relatively few
studies have assessed both seed germination and seed via-
bility simultaneously (see Traveset, 1998).
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Certain biochemical tests can be used to assess seed
viability (Dias et al., 1998; Nam et al., 1998). However, the
experimental conditions should be previously optimized to
avoid lack of uniformity in the results that might be difficult
to interpret (Tanaka, 1984; Nam et al., 1998; Chang et al.,
1999). Until now, most chemical seed viability tests in seed
dispersal systems have used the tetrazolium method
(Traveset, 1998), and we do not know of any study in which
different chemical methods of seed viability have been com-
pared. Thus, the purpose of our study was to compare the
efficiency of the tetrazolium method with two other com-
monly chemical techniques used for assessing seed viability
in studies on seed dispersal, namely the indigo carmine and
electroconductivity tests.

Material and methods

Seed dispersal system of Rubia fruticosa

Rubia fruticosa is a shrub that grows in the Canarian Archipelago
lowlands and can reach a mean cover of ~ 0.49 m?and a mean
height of 0.54 m (n = 100 plants) in the eastern Canary Islands
(Lanzarote and Fuerteventura) (Nogales et al., 2005). Its fleshy
fruits are spherical translucent berries with a mean length of 7.5
mm, a diameter of 5.6 mm, a fresh mass of 0.2 g, a dry mass of
037 g, and a water content of 81.5%. Mean number seeds/fruit is
1.4, and mean seed mass 8.2 mg (n = 40 fruits, Nogales et al.,
1999). Seeds of control plants of this species have a relatively high
germination percentage, and thus a low level of dormancy
(Nogales et al., 2001). Since the R. fruticosa seed dispersal system
has been studied in depth, we compared three chemical methods
commonly applied to test seed viability.

Seeds

The three chemical viability tests were evaluated using seeds of R.
fruticosa in the Malpais de La Corona (northern Lanzarote, Canary
Islands). Rubia fruticosa seeds were collected from droppings
(n = 42) of Gallotia atlantica (a small endemic lizard to the east-
ern Canary Islands), droppings (n = 80) of Oryctolagus cuniculus
(an introduced mammal to all islands of the archipelago) and pel-
lets (n = 5) of Larus cachinnans (a gull mainly distributed in
coastal areas). Two control samples also were taken: living seeds
from mature fruits (positive control) and seeds killed by boiling
them for 3-5 min (negative control). Fifty seeds per treatment were
used. After soaking seeds in distilled water for 24 hours, embryos
were extracted carefully under a stereomicroscope (10 x magnifi-
cations) to assess results of the chemical viability tests. The same
set of seeds of the different treatments (control, Gallotia, Larus and
Oryctolagus) was used in each viability test.

Chemical viability tests

Embryo viability was estimated by three methods:

(1) In the tetrazolium chloride test (TTC), viable embryos
stained red due to reduction of 2,3,5-triphenyltetrazolium chloride
by respiratory activity in the cells (Nachlas et al., 1960). Individual
embryos were incubated in TTC solutions diluted to 1 % and 0.1 %
in phosphate buffer (pH 7) for 24 hours in the dark at room tem-
perature (Scharpf, 1970; Tanaka, 1984).

(2) In the indigo carmine test (IC), individual embryos were
completely immersed for three hours in solutions of indigo
carmine diluted to 0.2 % and to 0.1 %. In this technique, non-
viable embryos turn blue due to increased membrane permeability
in dead cells, whereas viable ones remain white (Kamra, 1972).

(3) In the electroconductivity test (EC), 50 embryos per treat-
ment were immersed in 30 ml Milli-Q water for 24 hours.
Electroconductivity values in the water extracts were measured in

microsiemens/g using a conductimeter (Crison 524, Crison
Instruments). Decrease in viability is manifested by increase in
electroconductivity as a result of electrolyte release through cellu-
lar membranes in dead cells (Moreno et al., 2001).

To ensure correct interpretation of the colour patterns of
embryos in the chemical TTC and IC tests, and to define the limit-
ing values for the EC test, seed control samples (living and dead)
were analysed first. Solutions of TTC diluted to 0.1 % and of those
IC diluted to 0.2 % gave the best results. Embryos were considered
to be viable when 90-100 % of their surface stained red by TTC
test (Bhering et al., 2005; Oliveira et al., 2005) and non-viable
when they turned dark blue in the IC test (Kamra, 1972). In the EC
test, viable embryos should have values smaller than those of the
negative control sample (dead embryos).

Statistical analysis

A total of 50 seeds were used in each TTC and IC test. These meth-
ods permit the counting of both living and dead individual seeds
based on their staining pattern. However, in the EC method it is
essential to use a group of seeds that permits the measurement of
the concentration of electrolytes that is lower in small seeds, such
as in the case of R. fruticosa than in large seeds. For this reason,
electroconductivity was measured at the same time for all 50
embryos. However, to compare results of the three viability
methods, it was necessary to transform the values of EC
(microsiemens/g). Taking into account that all seeds from the neg-
ative control were killed by boiling, and that we know the total
amount of electrolytes in all 50 seeds, we can calculate the quan-
tity of electrolytes released by one dead seed using a single extrap-
olation. So, we can infer the number of dead seeds in each
treatment of EC. Likelihood Ratio Tests were used to assess differ-
ences between TTC, IC and EC methods, by considering the
absolute number of dead or living seeds per treatment (SPSS
version 12.0).

Results and discussion

Results of the TTC and IC tests indicated that viability was
lower in seeds from O. cuniculus droppings than in those
from native dispersers (Table 1). These results agree with
those for germination reported by Nogales et al. (2005) for
R. fruticosa, in which the same set of seeds per treatment
was used. These authors concluded that native birds and rep-
tiles dispersed a high proportion of undamaged seeds, while
introduced mammals (O. cuniculus) caused significant seed
damage. However, the difficulty in interpreting our data var-
ied depending on the chemical viability test used, particu-
larly for seeds extracted from rabbit droppings. Embryo
viability was estimated clearly by the TTC test, but the per-
centage of doubtful embryos, especially from O. cuniculus
droppings, was significantly higher for the IC solution
(42 %) (G, = 24.11; p < 0.001). Twenty percent of these
doubtful embryos were slightly stained, which did not pro-
vide a clear conclusion regarding their viability, while 22 %
of the remainder were partially or totally fragmented and
unstained. Therefore, this latter group, which was clearly
non-viable, was underestimated by the IC test.

In contrast to results obtained from the TTC and IC meth-
ods, the EC test did not confirm that viability of control seeds
and those consumed by native dispersers was clearly higher
than in those seeds ingested by O. cuniculus (Table 1).
Furthermore, this method requires great caution to avoid
injuring the embryos during extraction. In this respect, mean
diameter of R. fruticosa seeds 2.33 + 0.22 mm, thus a small
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Table 1 Percentage of viable embryos (seeds) in the Rubia fruticosa seed dispersal system as indicated by the chemical tests: tetrazolium chloride, indigo carmine and

electroconductivity.
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amount of damage to the embryo could have caused errors in
viability estimation by the EC test. This method measures
the concentration of electrolytes that are released through
cellular membranes, which is higher when cells are dam-
aged. Thus, the EC test may be more sensitive to possible
damage to embryos during extraction. Viable seeds of con-
trol plants and those consumed by Gallotia and Larus con-
stituted practically 100 % of the stock analysed by TTC and
IC tests. However, a similar decrease in viable seed percent-
age was observed using EC test for these three treatments
(Table 1), which could be considered an error due to the
manipulation of embryos. On the other hand, the degree of
this error could be smaller in seeds from Oryctolagus since
rabbits produce clear external damage to seeds, which is
observed in TTC and IC test results.

Results of this study indicate that the TTC test is the sim-
plest and most reliable method to determine viability in the
seed dispersal system of R. fruticosa. The TTC and the EC
tests are accepted as methods of testing viability by the
International Rules for Seed Testing (ISTA, 1999), although
the TTC test is the most widely useful. This method has been
successfully used to predict germination and seedling growth
of a wide range of species (Moreno et al., 2001; Bhering
et al., 2005; Oliveira et al., 2005), as well as viability of tis-
sues of land plant (Duncan and Widholm, 2004; Siuta et al.,
2005) and of diverse species of algae (Nam et al., 1998;
Chang et al., 1999). However, the majority of these studies
are based on plant species of agricultural and forestry inter-
est. Thus, as far as we know, this is the first study to compare
the three most common chemical methods for estimating
seed viability from an ecological perspective on a particular
seed dispersal system.
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