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ABSTRACT.—We used a fluorescence technique to mark and re-count the invasive earthworm, Pontoscolex
corethrurus from PVC tubes established in a forest and a recently abandoned pasture in Puerto Rico to test
the effects of the labeling treatment on earthworm population survival over time. A fluorescent marker was
injected into the earthworms in the middle third section of the body, between inside and outside walls. Five
labeled juveniles and two unlabeled adults of P. corethrurus were incubated in the PVC tubes under field
conditions and retrieved after 2, 4, 8, and 16 weeks (labeled population; four PVC tubes harvested per date
and site for a total of 32 tubes). Concurrently, an additional set of 8 PVC tubes contained five unlabeled
juveniles and two unlabeled adults each of P. corethrurus (unlabeled population) was established in each site
(forest and pasture; 16 tubes total) to compare the percent remaining of worms in tubes containing labeled
and unlabeled populations after 2 and 16 weeks (4 replicates per date). We found that (1) the fluorescent
marker was still present in the earthworm tissue after four months, (2) the percent remaining of the total
earthworm population was not significantly different between the forest and pasture sites, and (3) thirty
percent of the labeled worms were lost after 2 weeks, but the population remained stable between week two
and four of the experiment. Our results suggest that fluorescent markers can be a useful tool for carrying out
short term mark and re-count studies of earthworms.

KEYwWORDS.—Pontoscolex corethrurus, earthworms, exotic, invasion, tropics, Puerto Rico, fluorescent, mark
and recapture, re-count

INTRODUCTION but visual identification is difficult (Guy et
al. 1996; Arce et al. 2003). Injections of vis-
The ability to individually identify or- ible fluorescent markers have been success-
ganisms is an important research compo- fully applied to aquatic fauna like fish (e.g.,
nent for effective conservation and man- Doupé et al. 2003) and shrimp (e.g., Welker
agement programs. Methods of marking or et al. 1975); but are not as often used in the
tagging individual organisms are espe- study of soil invertebrates.
cially important in genetics and selective Earthworms are among the most impor-
breeding studies, where individual identi- tant macro-decomposers in tropical moist
fication is essential (Arce et al. 2003). Exter-  to rain forests (Anderson and Swift 1983).
nal identification tags have been found in- Qver the last twenty years, an increasing
appropriate for a variety of organisms as  number of researchers have emphasized
may affect their behavior, welfare or sur-  the importance of earthworms in affecting
vival (Beuckers et al. 1995; Willis and Bab-  soj| processes (e.g., Lee 1985; Edwards and
cock 1998; Doupé et al. 2003). Internal iden-  Bohlen 1996). They can have a critical influ-
tification often causes few biological effects  ence on accelerating the decomposition of
soil organic matter and improving soil
physical conditions for plant growth and
ms. received December 1, 2004; re-submitted May 1, nutrient uptake (Blair et al. 1995; Gonzalez
2006; accepted May 15, 2006 and Seastedt 2001). Earthworms can also be

371



372 G. GONZALEZ ET AL.

important in determining the availability
and cycling of phosphorus (Lépez-Hernan-
dez et al. 1993). They are able to feed on
soils poor in organic matter (Lavelle 1983),
and can stimulate the micro-flora to de-
grade soil organic matter by producing as-
similable carbon (Barois 1992).

The abundance and community struc-
ture of earthworms and the establishment
of invasive earthworms in areas previously
inhabited by native worms can be deter-
mined by the land use history (Gonzalez et
al. 2006). In Puerto Rico, deforestation oc-
curred extensively during the late 1800’s
and the beginning of the 20" century.
Much of the deforested area in the montane
slopes was converted to cattle pastures.
This conversion triggered an increase in
earthworm abundance from 50 worms per
m? in relatively mature forests to 850
worms per m? in pastures at 25 cm depth
(Zou and Gonzalez 1997). Pontoscolex core-
thrurus (Annelida: Oligochaeta: Glossosco-
lecidae), an invasive earthworm, is the
dominant species in the pastures and is
commonly found in the mature forests of
Puerto Rico. Pontoscolex corethrurus is a
poly-humic endogeic species with a pan-
tropical distribution (Spain et al. 1990). The
individuals of this species are small, with
large populations, normally geophagous
and cast within the soil (Lavelle et al. 1987).
Given its expansive distribution, P. core-
thrurus can be a model organism for study-
ing the comparative effects of invasive and
native earthworm species on ecosystem
processes in the tropics. The use of a mark-
ing and re-count technique for earthworms
would enhance such comparative studies
and could help us understand their biol-
ogy, demography, selective feeding strate-
gies, and resource competition dynamics.
Thus, this research is designed to 1) study a
fluorescence technique to mark and re-
count P. corethrurus in enclosures contain-
ing forest and pasture soils under field con-
ditions, and 2) determine the effects of the
labeling treatment on the percent remain-
ing of labeled individuals over time at each
site. To our knowledge, this is the first
study describing a mark and re-count tech-
nique using a fluorescent marker on earth-
worms.

MATERIALS AND METHODS

Study area

This study was conducted in a subtropi-
cal wet forest (Ewel and Whitmore 1973)
near EI Verde Field Station (18°20’N,
65°49'W) and a pasture near the town of
Sabana (18°18’N, 65°50°W) in the Luquillo
Experimental Forest in northeastern Puerto
Rico. The elevation at the sites is about 420
m above sea level. Annual air temperature
in Luquillo is 22.3°C (Brown et al. 1983),
and mean annual precipitation is 3524 mm
(Garcia-Martiné et al. 1996), with rainfall
distributed more or less evenly throughout
the year. The dominant soils are moder-
ately well drained Oxisols belonging to the
Zarzal series with high clay content and of
volcanic and sedimentary origin (Soil Sur-
vey Staff 1995). The vegetation in the forest
is dominated by tabonuco trees (Dacryodes
excelsa Vahl) (Zimmerman et al. 1995);
while, the vegetation in the pasture is
mostly composed of a grass-vine-fern com-
munity (Aide et al. 1995).

Sampling

Within each of the sites, a 1-m? plot was
established. At each plot, the soil was re-
moved to a depth of 12 cm and hand-sorted
over a sieve to collect worms of Pontoscolex
corethrurus. Sixteen enclosures were estab-
lished using PVC tubes (15 cm wide x 30
cm long) filled with soil to a depth of 25 cm
within the plot at each site. All the PVC
tubes were secured with nylon cloth at both
ends to prevent predation and/or migra-
tion of earthworms. Five labeled juveniles
and two unlabeled adults of P. corethrurus
(labeled population) were incubated in the
PVC tubes and retrieved after 2, 4, 8, and 16
weeks (4 replicates per date). The juveniles
were labeled with a fluorescent marker
provided by the Elastomer Starter Kit of the
Northwest Marine Technology Company,
Inc. (Olympia, WA). The fluorescent
marker was injected (0.02 cc), with a sy-
ringe, into the earthworms in the middle
third section of their body between the in-
side and outside walls. After injection, the
earthworms were left to rest for 48 hrs in
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trays supplied with soil and litter. Surviv-
ing earthworms were removed from the
trays and then placed inside of the PVC
tubes, covered with a thin layer of soil, and
left for incubation in the field. Concur-
rently, an additional set of 8 PVC tubes
each containing five unlabeled juveniles
and two unlabeled adults of P. corethrurus
(unlabeled population) was established in
each site (forest and pasture; 16 tubes total)
to compare the percent remaining of
worms in tubes containing labeled and un-
labeled populations after 2 and 16 weeks (4
replicates per date). Two adult worms were
included into the PVC tubes containing la-
beled and unlabeled juveniles to determine
demographic parameters. We will not dis-
cuss here the data on the demographic pa-
rameters. To determine whether we were
successful at extracting all earthworms and
cocoons from the soil, we used another set
of 8 PVC tubes containing no earthworms
as controls at each site. These PVC tubes
(controls) were harvested after 2 and 16
weeks in the field. Each retrieved PVC tube
was hand-sorted for earthworms. No co-
coons or worms were found in the control
PVC tubes. Earthworms were separated
into juveniles and adults as recovered from
the PVC tubes containing the labeled and
unlabeled populations. Each worm was ex-
amined for fluorescent marker under a
fluorescent flashlight.

Statistical analyses

To look at the effects of forest and time
on the percent remaining and/or number
of earthworms, MANOVA analyses were
performed by using the 1) percent remain-
ing of juvenile, adult and total worms, and
2) the number of labeled and unlabeled ju-
venile and adults as dependent variables
and site (forest vs. pasture) and time (0, 2, 4,
8, 16 wks) as independent variables (SPSS
11.5 for Win). SNK (Student-Neuman-
Keuls) tests (= 0.05) were used to deter-
mine a significant effect of time within an
earthworm category. One way ANOVAs
and SNK (= 0.05) were employed to look
at the effect of time on the percent remain-
ing of P. corethrurus in PVC tubes contain-
ing labeled and unlabeled populations
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within each worm category and site. Like-
wise, ANOVAs and SNK were used to de-
termine significant treatment effect of the
labeling technique within an earthworm
category and time.

RESULTS

The fluorescent marker lasted for 16
weeks inside the earthworm body, al-
though most of the labeling moved to the
posterior section. Over time, the percent re-
maining of P. corethrurus declined (Fig. 1).
Overall, the percent remaining of juveniles
and total worms of P. corethrurus did not
significantly vary during the first eight
weeks of the experiment while the percent
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FIG. 1. Percent (+ SE) of juvenile, adult and total
earthworms (labeled plus unlabeled) of Pontoscolex
corethrurus remaining in PVC tubes established in a
forest and a pasture site in the Luquillo Mountains,
Puerto Rico. Data from both sites combined. Common
letters within an earthworm category indicate no sig-
nificant effect of time using SNK (Student-Neuman-
Keuls) tests; = 0.05.
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remaining of adult worms significantly de-
creased after four weeks (Fig. 1). In the for-
est and pasture, the number of labeled ju-
veniles and unlabeled adults decreased
(Fig. 2A, B), whereas the number of labeled
adults increased at times (although not sig-
nificantly; P = 0.06, Power = 0.66) during
the 4-month incubation period (Table 1).
There was a significant forest and time in-
teraction on the number of unlabeled juve-
niles of P. corethrurus (Table 1); as in the
forest, the number of unlabeled juveniles
increased during the initial 8 weeks and de-
creased in the later 8 weeks (Fig. 2A) but in
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—¥— Adults Labeled
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A) Forest

Number of Pontoscolex corethrurus
per tube

Number of Pontoscolex corethrurus
per tube

Time (weeks)

FIG. 2. Mean number (+ SE) of labeled and unla-
beled juveniles, and labeled and unlabeled adults of
Pontoscolex corethrurus per tube after 2, 4, 8, and 16
weeks of incubation in A) a forest and, B) in a pasture
site in the Luquillo Mountains, Puerto Rico. Common
letters within an earthworm category for each forest
type indicate no significant effect of time using SNK
tests; = 0.05.

the pasture, the number of unlabeled juve-
niles steadily increased to the highest num-
ber by the end of the experiment (Fig. 2B).
When all data are combined, there is no
effect of site (forest vs. pasture) on the per-
cent remaining of labeled juveniles
(ANOVA, F = 0.25, P = 0.62). The popula-
tion of labeled juveniles declined 30% after
two weeks but maintained at this level be-
tween weeks two and four (Fig. 3). After
week four, the percent remaining of labeled
juveniles significantly decreased and
reached the lowest level by the end of the
experiment (Fig. 3). Meanwhile, the total
labeled worms declined after two weeks,
slightly increased by week four and there-
after declined until the end of the experi-
ment (Fig. 3). When we combine the data
for both sites, and compare the mean per-
cent of remaining worms of P. corethrurus
(labeled plus unlabeled worms) in the PVC
tubes of labeled and the unlabeled popula-
tions, we found no significant differences of
site ( MANOVA Between Subject Factors;
P = 0.44, Power = 0.18) and treatment (P =
0.71, Power = 0.10) on the percent remain-
ing of worms. However, if we split the data
by site, some interesting patterns emerge;
as there was a significant forest and treat-
ment interaction on the percent of remain-
ing worms in the PVC tubes of labeled and
unlabeled populations (P = 0.006, Power =
0.84). In the forest and in the pasture, the
percent of remaining worms (juveniles,
adults and total) in the labeled population
remained the same within the first two
weeks (see Fig. 4; with the exception of the
declined on total worms in the pasture after
2 weeks) and significantly declined by the
end of the experiment with the exception of
the remaining juveniles in the pasture. The
remaining juveniles in the unlabeled popu-
lation of the pasture remained about the
same during the four month period. At this
site, the juvenile worms in the labeled
population maintained a loss of 20% be-
tween weeks 2 and 16 (Fig. 4D). In the for-
est, the percent of remaining adults and to-
tal worms in the unlabeled population
decreased after two weeks and moreover,
at two weeks of incubation the percent of
adult and total worms lost was signifi-
cantly higher in the unlabeled than in the
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TABLE 1. Effect of forest (F; forest vs. pasture), time (T; 0, 2, 4, 8, 16 wks after the worm labeling) and the forest
and time interaction on the number of earthworms of juveniles labeled (JL), juveniles unlabeled (JU), adults
labeled (AL), adults unlabeled (AU). Degrees of freedom (df), F and P values, Power, and R? for the corrected

model for a two-way MANOVA are presented.

Source Dependent variable df F P Power
Forest (F) Juveniles Labeled (JL) 1 0.25 0.62 0.08
Juveniles Unlabeled (JU) 1 5.07 0.06 0.59
Adults Labeled (AL) 1 3.00 0.09 0.39
Adults Unlabeled (AU) 1 1.60 0.22 0.23
Time (T) L 4 25.29 <0.001 1.00
u 4 6.11 0.001 0.97
AL 4 2.62 0.06 0.66
AU 4 22.15 <0.001 1.00
FxT L 4 0.94 0.46 0.26
JU 4 5.86 0.001 0.96
AL 4 1.12 0.36 0.31
AU 4 0.35 0.84 0.12
Corrected model R?
L 0.78
u 0.64
AL 0.37
AU 0.75
labeled population (Fig. 4 B and C). In con-
trast, the percent of total remaining juvenile 20
and total worms were significantly higher —e— Juveniles
in the unlabeled and in the labeled popu- 100Q8 —0— Total

lation after week two (Fig. 4 D and F).
Adult worms were not significantly differ-
ent between the labeled and unlabeled
population at week two (Figure 4E) in the
pasture.

DiscussIiON

Traditionally, mass-marking techniques
have been primarily used in birds (by
banding) and arthropods—particularly for
insects. Paints, dyes and stains have been
widely used in studies of insect population
dynamics (e.g., Coppedge et al. 1979;
Haagsma et al. 1993). However, fluorescent
markers have several advantages over lig-
uid paints, and they are becoming the best
technique for color-marking insects and
aquatic fauna. The technique allows for
rapid and inexpensive marking of large
numbers of individuals (Turchin 1998). It is
also environmentally safe, cost-effective
and easy to use. The injections of visible
fluorescent markers have been successfully
applied to aquatic fauna like fish (e.g.,
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FIG. 3. Percent remaining (+ SE) of labeled juvenile
and total earthworms of Pontoscolex corethrurus in PVC
tubes established in a forest and a pasture site in the
Luquillo Mountains, Puerto Rico. Data for both sites
are combined. Common letters indicate no significant
effect of time within a worm category using SNK tests;
one-way ANOVA; =0.05.

Doupé et al. 2003) and shrimp (e.g., Welker
et al. 1975) but to our knowledge injections
of fluorescent markers have not been pre-
viously described in earthworms.
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FIG. 4. Percent remaining (+ SE) of juvenile, adult and total earthworms of Pontoscolex corethrurus after 2 and
16 weeks of incubation in labeled and unlabeled populations established in A-C) a forest and, D-F) a pasture site
in the Luquillo Mountains, Puerto Rico. The labeled population consisted of five labeled juveniles and two
unlabeled adult worms per tube. The unlabeled population consisted of five unlabeled juvenile and two unla-
beled adult worms per tube. Common letters indicate no significant effect of time within a population using SNK

tests; one-way ANOVA;
an earthworm category and week (one-way ANOVA;

Since the fluorescence was still present in
the earthworm tissue after four months we
propose that the injection of a fluorescent
marker is an effective technique to mark
and re-count earthworms from enclosures.
Overall 30% of the labeled individuals of
earthworms died within the first two
weeks of the injection (Fig. 3), but on aver-
age that decrease in the survival of the la-
beled population was not significantly dif-
ferent than the unlabeled population (P =
0.71). Moreover, the percent remaining of
juvenile, adult and total worms was signifi-
cantly higher in the labeled than in the un-
labeled population in the forest site. Inter-
estingly, we found mixed effects of the
labeling treatment on the number of juve-
nile earthworms in the forest and pasture
sites. The number of labeled and unlabeled

= 0.05. Asterisks indicate a significant treatment effect of the labeling technique within

= 0.05).

juvenile earthworms in the pasture differed
after 2 weeks of incubation, suggesting a
direct effect of labeling on the survival rate
of the labeled earthworms. In the pasture,
all 5 unlabeled juveniles survived in the un-
labeled population (no fluorescent treat-
ment) 2 weeks after the incubation,
whereas only 4 labeled juveniles survived
during the same period. Thus, injecting the
fluorescent marker into earthworms caused
a 20% of mortality 2 weeks after the treat-
ment in the pasture (See Fig. 4D). After a
significantly negative declined of the juve-
niles in the labeled population in the pas-
ture, we observed that the juvenile worms
in the labeled population maintained at a
loss of 20% between weeks 2 and 16. As
with any marking technique, it is important
to retain for a sufficient period of time the



