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INTRODUCTION

Boundary habitats, which are located between 2
different types of ecosystems, are ubiquitous across a
wide range of ecological systems (e.g. Cadenasso et
al. 2003). Although boundary habitats share charac-
teristics with neighbouring habitats, they also have
their own unique characteristics that are defined by
the strength of their interactions with their neighbour
habitats (e.g. Holland 1988, Traut 2005). Boundary
habitats are frequently production hotspots (e.g.
Mitsch & Gosselink 1993), and depending on their
permeability (Stamps et al. 1987, Lopez-Barrera et al.
2007), they can regulate the flux of organic matter
between habitats (e.g. nutrients, detritus and species;
Mitsch & Gosselink 1993, Traut 2005). These charac-
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ABSTRACT: Boundary habitats are frequently hot -
spots for the production and flow of organic matter
(OM) and exert strong effects on ecological processes
in the habitats which they link. Salt marshes, which
are boundary habitats occurring between the land
and the sea, are important sources of OM for coastal
habitats. Primary productivity and tides are among
the main causes of OM production and export from
salt marshes. By field sampling and experiments we
found that the stem-boring moth Haimbachia sp. nov.
substantially increases the production of detritus in
salt marshes along the SW Atlantic coastline. The
 larvae of this moth enhance the natural mortality
of Spartina alterniflora and S. densiflora by feeding
inside the basal and middle portions of the stem
 tissue. The attacks of the moth larvae produce dead
and debilitated stems that are more easily broken
and transported by the tides than non-attacked
stems. Because the moth-attack frequencies will vary
geographically in response to variation in the physi-
cal environment, the amount of OM flow between
habitats will also vary, resulting in a positive relation-
ship between moth-attack frequencies and OM pro-
duction on a regional scale. Our field and experimen-
tal results show that herbivory by this moth and tidal
transport could be the main determinants of the pro-
duction of Spartina macrodetritus in these marshes.
A key finding based on this previously undescribed
interaction is that biological interactions (i.e. the
effects of herbivores) can change the permeability of
boundary habitats by altering the OM flow between
terrestrial and aquatic ecosystems.
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Larva of stem-borer moth Haimbachia sp. nov., whose feed-
ing activity can drive detritus production in tidal Spartina
marshes. Image: A. D. Canepuccia, J. L. Farina
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teristics of boundary habitats produce strong direct
and indirect effects on the distribution of organisms
and on the ecological processes that interconnect
natural systems (Levin et al. 2001, Cadenasso et al.
2003, Hoffman et al. 2008). Despite their ecological
importance (e.g. Holland 1988, Cadenasso et al.
2003, Arrigoni et al. 2008), relatively little is known
about the ecological processes that mediate the rates
of the flow of energy and materials between boundary
habitats and their neigh bours.

Tidal marshes are boundary habitats that exhibit
the attributes of both terrestrial and aquatic ecosys-
tems. These marshes occur along the coastlines from
mid- to high latitudes and are among the most pro-
ductive systems worldwide (e.g. Mitsch & Gosselink
1993, Valiela et al. 2004). Most of the primary pro-
ductivity of tidal marshes is returned to the environ-
ment as dead organic matter (e.g. Cebrian 1999) and
is periodically transported by the tides (e.g. Childers
et al. 2000). Thus, marshes are important for the pro-
duction and flux of organic matter to neighbouring
ecosystems. This flux of organic matter can even sub-
sidise coastal oceanic productivity (the ‘outwelling
hypothesis’: Teal 1962, Childers et al. 2000, Valiela
et al. 2004). The degree of export is highly variable
among marshes, and the factors that modulate this
variability have constituted a matter of considerable
de bate. In marshes, the phenology of plants deter-
mines the timing of tissue death and the amount
of detritus production (this tissue is added to the de -
trital pathway; Hardisky & Reimold 1977), whereas
physical forces (e.g. tidal flooding) transport detritus
between ecosystems. Thus, the productivity of marsh
plants is strongly linked with energy flow to the eco -
systems connected to the marsh (e.g. Childers et al.
2000, Odum 2000). As a result, given similar marsh
areas, those with higher tidal amplitudes will pro-
duce and export greater amounts of plant detritus.
However, the importance of herbivores to the struc-
ture of the marsh environment (e.g. Silliman et al.
2005, Jefferies et al. 2006) must also be considered.
Physical variables alone may not be sufficient to ex -
plain the characteristics and dynamics of the organic
material generated by primary producers.

Stem-boring insects are common marsh herbivores
worldwide (e.g. Stiling & Strong 1984, White et al.
2005, Canepuccia et al. 2010a). On the coasts of the
SW Atlantic, the stem-boring moth Haimbachia sp.
nov. is an herbivore specific to the Spartina plant.
The abundance of this species decreases towards
higher latitudes (Canepuccia et al. 2010a). Larvae
overwinter inside Spartina stems, with only one larva
per stem (A. D. C. pers. obs.). The larva feeds on a

large portion of the basal and middle central stem tis-
sue and discards food waste and faeces through a
conspicuous vent hole (Fig. 1). In the spring/summer,
the moth imagoes emerge through this hole. Infested
stems have lost much of their central tissue because
of the feeding activities of the moth larvae. There-
fore, they may be much more fragile than undam-
aged stems. The damaged stems may then easily
be broken (Fig. 1) by tidal currents, which would in -
crease the production of detritus in Spartina marshes.
Invertebrates are important in detritus decomposi-
tion during decay (Graça et al. 2000, Zimmer et al.
2004). However, no study has examined the indirect
effects of herbivores, such as stem-boring insects on
the amount of detritus produced in marshes. We
tested the hypotheses that stem-boring insects could
modulate marsh detritus production by increasing
the rate at which Spartina stems break. The broken
stems would then be incorporated into the detrital
pathway and thereby contribute additional detritus
to neighbouring marine communities.

This study investigated the possible modification of
detritus production by the moth Haimbachia sp. nov.
across a wide geographic range of SW Atlantic marsh
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Fig. 1. Spartina alterniflora. Stem attacked by Haimbachia sp.
nov larvae. Left: close-up of a feeding larva inside a hollowed.
Right: the same stem broken after the adult moth emerged
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habitats exposed to different tidal amplitudes. In par-
ticular, we evaluated the following: (1) the frequen-
cies of attack by the larvae of Haimbachia sp. nov. on
Spartina spp. stems across different seasons in 6
marshes along 5° of latitude of the Argentine SW
Atlantic coastline; (2) the likelihood that attack by
larvae of Haimbachia sp. nov. increases the fragility
of stems, leading to breakage and subsequent re -
moval by tidal currents; and (3) the possible relation-
ships between moth attack frequencies and marsh
macro detritus production in representative marshes
of the Argentinean SW Atlantic coastline.

MATERIALS AND METHODS

Study area

The study was conducted in 6 marshes, in cluding
some of the most extensive SW Atlantic marshes
(Isacch et al. 2006; Fig. 2). At lower elevations, these
marshes are dominated by Spar tina alterniflora,
while S. densiflora dominated the higher marsh ele-
vations. The marshes are exposed to tidal amplitudes
that range from a mean of 0.75 m in northern areas to
a mean of 6.44 m in the south (Isacch et al. 2006). 

Frequencies of attack by moth larvae across season 

To estimate the frequencies of attack by Haim-
bachia sp. nov. larvae (hereafter ‘moth larvae’) on
Spartina alterniflora and S. densiflora, we cut all
mature stems from the plants in 10 randomly selected
square plots (25 × 25 cm) in the center of the spatial
distribution of each Spartina species at each study
site during each season for 1 yr. Since there is only
one larva per stem, the frequency of attacked stems
is an estimator of larval densities. All mature stems
were taken to the laboratory for analysis. We did not
include the older stems (e.g. dry and de graded stems
or those without leaves). The use of these stems
might have resulted in an overestimation of the rate
of attack because stems attacked in the previous lar-
val cycle could have been counted. The presence of a
geometrically regular hole in the at tacked stems
makes them easily identifiable (Fig. 1). To estimate
the frequencies of attack by moths, the stems were
cut longitudinally and classified as attacked stems
(i.e. stems with larvae or signs of larvae: a hole, tun-
nel or sawdust) or non-attacked stems (i.e. stems
without larvae or signs of larvae). We then estimated
the frequencies of attack by the moth as the ratio

between the number of attacked stems and the total
number of stems in each quadrat for each Spartina
species. A Tukey’s HSD test following an analysis of
variance (ANOVA; Zar 1999) was used to evaluate
the null hypothesis of no differences among marshes
in the proportions of attacked stems.

Stem breakage and removal by tides

We collected random adult stems with and without
moth attack (25 replicates for each group and each
plant species) at the San Clemente site to test the
hypothesis that moth larvae modify the resistance of
the stems to breakage by tidal currents. The resis-
tance of a stem was estimated as the tension required
to break the stem by applying a perpendicular force
to an average section using a dynamometer (preci-
sion = 2 g). We used a t-test (Zar 1999) to compare the
 tension needed to break attacked and non-attacked
stems for each plant species. In addition, we col-
lected adult stems with and without moth attack for
each Spartina species to test whether attacked stems
are more easily broken or removed by tides. Stems
were collected at the San Clemente site and indi -
vidually placed (50 replicates for each treatment and

3

50°55°60°

40°

Argentina

Uruguay

Brazil

Atlantic Ocean

SC (0.75 m)

BB (2.44 m)

RN (2.94 m) 
BSA (6.44 m)

BA (1.64 m) 

35°

30°
S

65°W

SAL (0.75 m)N

Fig. 2. Marshes sampled along the SW Atlantic coast. SAL:
mouth of El Salado river (36° 18’ S); SC: San Clemente
(36° 22’ S); BB: Bahía Blanca (38° 41’ S); BA: Bahía Anegada
(39° 48’ S); RN: mouth of Rio Negro river (41° 00’ S); and
BSA: Bahía San Antonio (40° 42’ S). The mean tidal ampli-

tudes are given in parentheses



Mar Ecol Prog Ser 442: 1–9, 20114

each plant species) in a vertical position on a piece of
0.15 m × 0.15 m plastic mesh. The stem was attached
to the mesh with epoxy resin. Each stem, with its
mesh base, was buried 4 cm deep in marsh substrate.
The stems were placed 1 m apart and exposed to the
same tidal currents for 7 d. We used the χ2 test (Zar
1999) to evaluate the null hypothesis that attack by
moth larvae did not influence the numbers of stems
lost during tidal exposure.

Relationship between moth attack frequencies and
marsh detritus production

To estimate the production of macrodetritus that
can be exported by tides, we seasonally collected the
macrodetritus (hereafter ‘detritus’) found after tides
of intermediate amplitude (see Fig. 2). This kind of
tide is the most frequent throughout the year and re -
flects expected average effects. We avoided sampling
after storms and high spring tides when detritus pro-
duction and export may increase (e.g. Weinstein &
Kreeger 2000) due to transport of detritus from other
marsh areas. Detritus was collected at 10 transects
(1 m long each) along the drift line, separated by
10 m). The entire amount of material accumulated in
the drift line was collected at each station. The detri-
tus was cut longitudinally and classified as attacked
(i.e. with evidence of attack by larvae: a hole, tunnel
or sawdust) or non-attacked (i.e. without such evi-
dence). Because the detritus consisted primarily of
fragments of the middle basal sections and bits of the
upper sections of stems, we used the number of basal
sections as an estimator of the number of initial
stems. We then estimated the stem number and the
dry weight (after drying for 48 h at 65°C) for both
detritus groups (attacked and non-attacked). For
each Spartina species, we used a simple Pearson’s
correlation analysis (Zar 1999) to test for relation-
ships between the average value of the total number
of stems in the detritus (and the total dry weight of
the stems) and the following variables for the
marshes studied and for each season: (1) tidal ampli-
tude; (2) stem density; (3) dry stem density; (4) area
covered by each Spartina species (obtained from
Isacch et al. 2006); and (5) average frequency of moth
attacks on Spartina spp. To determine whether stems
attacked by moth larvae contributed more to the
detritus pathway than non-attacked stems, we used a
t-test (Zar 1999) to compare the moth attack frequen-
cies in each Spartina species with the frequencies of
detritus showing moth attack signs in the detritus
pool for each season and each marsh site.

RESULTS

Frequencies of attack by moth larvae across season 

The analysis of 3919 Spartina alterniflora and 9916
S. densiflora stems showed that the rate of attack by
moth larvae varied between plant species and among
marsh sites and seasons. For all marshes, the moth
 attack frequencies were higher for S. alterniflora
than for S. densiflora (t-test, p < 0.05; Fig. 3, Table 1).
Also, the northern marshes (the mouth of El Salado
River and San Clemente; Fig. 2) showed a greater
proportion of attacked stems than the marshes
located to the south (Bahía Blanca, Bahía Anegada,
the mouth of Rio  Negro River, and Bahía San Antonio;
Tukey’s HSD, p < 0.05; Fig. 3). Finally, the highest
attack frequency occurred during winter and de -
creased by the summer, when most of the larvae had
emerged as imagoes (Fig. 3).

Effects of attack by moth larvae on stem breakage
and removal by tides

The breakage of stems attacked by moth larvae re-
quired less tension (Spartina alterniflora: mean = 45.1 g,
SD = 16.2 g; S. densiflora: mean = 26.9 g, SD = 15.04 g)
than the breakage of non-attacked stems (S. alterni-
flora: mean = 101.8 g, SD = 26.7 g, t48 = 9.1, p = 0.017;
S. densiflora: mean = 124.6 g; SD = 54.9 g; t48 = 8.5, p <
0.001). This result is consistent with experiments
showing that attacked stems fixed to a base buried in
marsh substrate were broken more frequently by tidal
currents (S. alterniflora: 74%, S. densiflora: 52%) than
non-attacked stems (S. alterniflora: 32%, χ2 = 16.06,
p < 0.01; S. densiflora: 4%, χ2 = 25.70, p < 0.01).

Relationship between moth attack frequencies and
marsh detritus production

The detritus produced by marshes after tides of in-
termediate amplitudes varied among sites and
 seasons. The northern marshes showed larger detritus
production than the southern marshes (Tukey’s HSD,
p < 0.05, Fig. 3). A negative relationship was found
between dry stem densities and detritus production
for Spartina alterniflora in winter (r2 = 0.68, p = 0.042).
No relationships were found between the tidal ampli-
tudes, stem densities (for each Spartina species), the
area covered by each plant and the detritus produc-
tion from each Spartina for any season (p > 0.05).
However, the detritus production was higher during
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winter (at the time of the highest moth attack frequen-
cies) and decreased during summer, when a new
moth cycle was beginning and the attack frequencies
were the lowest (Tukey’s HSD, see Fig. 3). Indeed,
when the attack frequencies by moth larvae were
higher (winter and spring), we found positive rela-
tionships between the average moth attack frequen-
cies and the average number of stems in detritus for
S. alterniflora (winter: r2 = 0.92, p = 0.0027, Fig. 3;

spring: r2 = 0.67, p = 0.047, Fig. 3) and between the at-
tack frequencies and the average dry weight of total
detritus production for S. alterniflora (winter: r2 = 0.81,
p = 0.014; spring: r2 = 0.94, p = 0.0014) across the study
sites. However, during summer and autumn, when
the attack frequencies and detritus production were
low, there was no relationship be tween the average
moth attack frequencies and the average number of
stems in detritus for S. alterniflora (summer: r2 = 0.03,
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El Salado San Clemente Bahía Blanca Bahía Anegada Rio Negro San Antonio
Det. Stan-pl Det. Stan-pl Det. Stan-pl Det. Stan-pl Det. Stan-pl Det. Stan-pl

S. alterniflora
Win. 90.4 (10.7) 69.6 (12.9)* 83.5 (19.9) 43.6 (36.4)* 70.9 (13.9) 9.1 (7.5)* – 0.0 (0.0) 77.6 (21.7) 15.1 (16.9)* – 2.3 (3.7)
Spr. 98.6 (2.9)0 17.8 (24.9)* 82.5 (22.3) 7.8 (15.9)* 69.4 (10.1) 0.0 (0.0)* – 0.0 (0.0) 70.8 (20.0) 4.5 (9.6)* – 0.0 (0.0)
Sum. 40.0 (54.8) 2.0 (6.3)* 77.8 (40.4) 0.6 (1.9)* – 0.9 (2.9)* 55.8 (35.6) 1.0 (2.0)* 66.7 (28.9) 8.0 (9.29)* – 0.0 (0.0)
Aut. 75.0 (50.0) 11.2 (15.5)* 66.7 (28.9) 8.3 (10.5)* 77.1 (15.8) 1.0 (2.1)* 50 (28.9) 0.0 (0.0) – 19.9 (13.5)* – 3.3 (6.9)

S. densiflora
Win. – 5.7 (7.3)0 44.71 (31.8) 2.0 (2.6)* – 0.9 (1.3) – 1.1 (1.9) – 0.0 (0.0) – 0.0 (0.0)
Sum. – 2.0 (4.1)0 – 0.4 (1.0)0 – 1.8 (3.0) – 2.3 (5.1) – 1.6 (2.5) – 0.0 (0.0)

Table 1. Spartina alterniflora and S. densiflora. Mean (SD) of the percentages of detritus (Det.) and standing plant (Stan-pl) with tracks of moth
larvae attack. Data from 6 marshes throughout the SW Atlantic coast (see Fig. 2). Dashes indicate no detritus found. Win.: winter, Spr.: spring, 

Sum.: summer, Aut.: Autumn. Asterisks indicate significant differences between Det. and Stan-pl (t-test, p < 0.05)
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p = 0.73, autumn: r2 = 0.11, p = 0.52; Fig. 3) or between
the average moth attack frequencies and the average
dry weight of total detritus production for S. alterni-
flora (summer: r2 = 0.11, p = 0.52, autumn: r2 = 0.02, p =
0.77). Moreover, the frequencies of S. alterniflora
stems showing evidence of moth attack were higher
in detritus than in standing plants (Table 1).  Finally,
the amounts of S. densiflora de tritus were consistently
lower than the amounts of S. alterniflora detritus, and
the production of S. densiflora detritus was not related
to the moth attack  frequencies (Fig. 3).

DISCUSSION

Marshes are highly productive ecosystems that
intimately link land and water through the fluxes of
organic matter (Teal 1962, Childers et al. 2000,
Mitsch & Gosselink 1993). Marsh productivity makes
a very important contribution to aquatic food webs
(the ‘outwelling hypothesis’: Teal 1962, Childers et
al. 2000, Valiela et al. 2004) and constitutes one of the
most important influences on the ecological integrity
of both systems. This key interaction of marshes with
their neighbouring ecosystems has usually been
attributed to the plant community, marsh productiv-
ity, microbial activity and/or to abiotic vectors such as
tidal currents and runoff (Childers et al. 2000, Odum
2000). This study provides a novel example of the
way in which biological interactions (i.e. herbivores)
drive detritus production in Spartina marshes and
change the flow of energy between terrestrial and
aquatic ecosystems. Throughout the SW Atlantic
marshes, the feeding of the larvae of the moth Haim-
bachia sp. nov. on Spartina species increases detritus
production by increasing the stems’ fragility and vul-
nerability to tidal advection. This process creates a
positive relationship between the frequencies of
moth attack and the production of detritus by Spar -
tina spp. on a regional scale. Thus, moth attack fre-
quencies, coupled with the action of tidal flooding,
can drive the production of detritus by Spartina spe-
cies and the flux of detritus across the SW Atlantic
marshes.

Given that the number of marsh plants may be
related to the amount of detritus production through
plant senescence (e.g. Childers et al. 2000, Odum
2000), we expected that large marsh size (e.g. Bahia
Anegada, see Isacch et al. 2006) or marshes with
higher plant densities (mainly dry stem densities, e.g.
Bahia San Antonio) would produce more plant detri-
tus. However, marsh size, stem densities, and dry
stem densities do not fully explain the production of

detritus. Some herbivores can indirectly modify the
quantity of detritus production by primary producers.
For example, many tree-feeding insects induce pre-
mature foliar abscission (Karban & Baldwin 1997,
Chapman et al. 2006, Kominoski et al. 2008) which
also can provide substantial allochthonous subsidies
to streams (e.g. Kominoski et al. 2008). The destruc-
tive feeding habits of some herbivorous vertebrates,
such as the coypu Myocastor coypus and the wild
boar Sus scrofa, can also increase the quantity of
detritus produced by grasses (Ford & Grace 1998).
Our study shows that the moth Haimbachia sp. nov.
can produce similar effects in SW Atlantic marshes.
Haimbachia sp. nov. is a common herbivore in SW
Atlantic marshes (Canepuccia et al. 2010a). As a
result of the damage caused by the feeding of the
moth larvae, Spartina spp. stems lose a large amount
of their central tissue, become more fragile, and are
more easily broken by tidal turbulence. Tidal water
enters Spartina stands daily, breaking the debilitated
stems and exporting them to the coastal waters. This
process increases the input of detritus to aquatic sys-
tems. In addition, the herbivore-produced detritus
may have different nutrient quality because the de -
tritus has not completely senesced (e.g. Chapman et
al. 2003, 2006, Wardle & Bardgett 2004, Kominoski et
al. 2008). Thus, each detritus type (produced by moth
or by senesced plants) would have different effects
on the aquatic food web.

Most of the detritus found in this study occurred in
the drift lines. Detritus was very rarely found between
the plant stems (i.e. in the sampling quadrats). These
results suggested that most detritus is transported by
the tides. Given that differences in export between
communities may be related to differences in the
intensity of horizontal advection (Cebrian 1999), we
expected that the southern marshes, having a higher
tidal amplitude, would show greater breakage of
stems and would produce and export more plant
detritus. However, the tidal range does not fully
explain the production and export of detritus. Our
results show that biological interactions may mask
these environmental effects. In fact, on a regional
scale, after most of the larvae had emerged as moths,
the production of detritus was positively related to
the moth attack frequencies. This relationship was
detected despite the high variance in tidal height
among the sampled sites (Isacch et al. 2006; see Fig.
2). In the summer, however, when the moths begin a
new life cycle, detritus production decreased and
became unrelated to moth attack frequencies. In
addition, the densities of dry stems were higher in
winter at those sites with lower moth attack frequen-
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cies (the same sites having less detritus production),
perhaps because dry and non-attacked (and there-
fore relatively undamaged) stems could remain
standing longer than attacked stems and could there-
fore accumulate in the marsh. In fact, our experimen-
tal results demonstrate that attacked stems are more
fragile and more frequently removed by the tides
than non-attacked ones. Moreover, evidence of moth
attack was more frequent in detritus than in standing
plants. This result strongly suggests that attacked
stems are the main contri butors to the detritus pool.
In SW Atlantic coastal marshes, Spartina spp. do not
die in winter and continue to grow all year (the stems
live longer than 1 yr: Vera et al. 2009). Thus, her-
bivory by the moths can alter not only the amount but
also the timing and the quality of the detritus input to
aquatic systems.

During the study period, most of the detritus
 collected was from Spartina alterniflora rather than
from S. densiflora. A possible explanation of this
result is that plants located in the lower marsh are
more likely to be advected than those located in the
higher marsh (e.g. Taylor & Allanson 1995, Bouchard
& Lefeuvre 2000). During most tides, water floods the
low S. alterniflora area (Isacch et al. 2006). The area is
thus exposed to water advection. However, the higher
marsh, dominated by S. densiflora, is only flooded
during storms and spring tides (Isacch et al. 2006).
The differences in detritus production between
Spartina species could also result because the fre-
quency of moth attacks is higher on S. alterniflora
than on S. densiflora (Canepuccia et al. 2010a, this
study). This difference in attack pattern may result
from species-specific differences between the plants
(e.g. plant palatability) influencing herbivore prefer-
ence (e.g. Goranson et al. 2004). It could also result
from differences in physical stress across the tidal gra-
dient. Plants that grow at higher tidal elevations are
usually exposed to limiting hypersaline soil  conditions.
These conditions result from pore water evaporation
and low nutrient availability, and they can have pro-
found impacts on plant performance (Bertness et al.
1992, Goranson et al. 2004) and on the consumers of
the plants (Moon & Stiling 2002, Rand 2002). Both
mechanisms (plant palatability or a stress gradient)
could explain the observed difference in moth attack
frequencies between plant species and the between-
species differences in detritus production.

The frequencies of attack by the moth larvae also
changed at a regional scale, generally decreasing with
increases in latitude. Changes in soil salinity could
be responsible for local differences, and they could
also explain differences among sites in the attacks by

moth larvae. The marshes in the northern part of the
study area are subject to greater freshwater influ-
ence because of the proximity of the La Plata River
estuary. They also receive higher rainfall that gradu-
ally decreased to the south sites. The average rainfall
is 950 mm at the mouth of the El Salado river, which
is in the northern area, whereas the average rainfall
at Bahía San Antonio, in the south, is 248 mm (Isacch
et al. 2006; see Fig. 2). High rainfall and the proxim-
ity to freshwater can reduce salt stress in marsh sub-
strates (Canepuccia et al. 2010b). The attributes of
plants usually changes in relation to physical envi-
ronmental gradients within habitats (e.g. Hemminga
& van Soelen 1988, Goranson et al. 2004) and on a
geographic scale (e.g. changes in productivity, pala -
tability, defensive capacity, Bolser & Hay 1996, Pen-
nings et al. 2001, Salgado & Pennings 2005). These
variations may result in changes in abundance of her -
bivores (e.g. Pennings et al. 2009) and their feeding
pressure (e.g. Pennings & Silliman 2005, Pennings et
al. 2009) altering the plant–herbivore relationship
(e.g. Bolser & Hay 1996, Pennings et al. 2009). In fact,
the abundance and diversity of herbivores that feed
in salt marshes is lower than in freshwater ones (e.g.
Odum 1988, Greenberg et al. 2006, Canepuccia et
al. 2010b), and our results suggest a similar distri -
butional pattern of abundance for this moth species
across a salinity gradient in the SW Atlantic marshes.
As a consequence, although the northern marshes
are exposed to lower tidal amplitudes, these marshes
show higher moth attack frequencies and higher
detritus production. In fact, the levels of moth attack
(and detritus production) decrease towards the
southern marshes but increase again in marshes
influenced by freshwater at the mouth of the Rio
Negro river (see Fig. 2).

Boundary habitats are widely distributed in eco -
logical systems and are key modulators of the flow of
organic matter between habitats (e.g. Cadenasso et
al. 2003). However, studies that analyse the mecha-
nisms that produce and modulate this flow are
needed (Cadenasso et al. 2003, Arrigoni et al. 2008),
especially on a broad geographic scale. Our work
represents a novel example of biological interactions
that can drive the flow of energy between the land
and the ocean. The relative importance of the bio -
logical interaction, however, is likely to vary both
spatially (e.g. Hemminga & van Soelen 1988, Goran-
son et al. 2004) and as a function of geographical
variation in the physical environment (Thompson
1988, Bertness & Ewanchuk 2002, Pennings & Silli-
man 2005, Pennings et al. 2009). As the biological
interactions vary, the flow between habitats can also
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vary geographically. Thus, the physical, environment-
driven variation in the strength and nature of biolog-
ical interactions (e.g. Bertness & Ewanchuk 2002,
Pennings et al. 2009) could also be a characteristic of
the interactions between habitats. Understanding the
regulation of the energy flow between habitats by
physical or biological variables is fundamental for
developing more general knowledge of the function
and the distinctive biological features of boundary
habitats. Given that marshes may fuel aquatic food
webs (Teal 1962, Childers et al. 2000, Valiela et al.
2004), the challenge lies in understanding the factors
that modulate the strength of these linkages (e.g.
Cadenasso et al. 2003, Arrigoni et al. 2008). Because
stem borers occur commonly in marshes worldwide,
our study suggests that this largely unexamined
interaction needs to be recognised in order to im -
prove understanding of the dynamics of energy flow
between the land and the ocean.
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