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ABSTRACT

Invasion of temperate riparian forests by Acacia dealbata
 
The riparian forest determines many of the stream characteristics such as physicochemical variables and the availability and 
quality of food resources for aquatic communities. In central Portugal, native mixed deciduous forests are being heavily in-
vaded by Acacia dealbata -

A. dealbata
-

versity between native and invaded streams, due to high variation among native streams. However, taxonomic structure of 

-

suggest that invasion by A. dealbata
structure. Since A. dealbata is rapidly spreading in all southern Europe, this study highlights the importance of enhancing the 
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RESUMEN

La invasion de bosques ribereños templados por  afecta la estructura de la comunidad de macroinvertebrados 
en arroyos. 
 

-
-

Acacia dealbata

A. dealbata (arro-

-
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INTRODUCTION

Streams and their riparian forests are closely con-
nected ecosystems, linked by the bidirectional 

from the riparian forest into the stream where it 
sustains the detrital food web, and adult aquatic 

riparian forest determines many of the stream 
-

lar exposure of the stream bed and water temper-
-

conditions and changes microhabitat distribution 
-

The invasion of native riparian forests by 

composition and, consequently, the amount, di-
versity, taxonomic and chemical composition, 
and seasonality of the litter supply to streams 

stream characteristics such as water nutrient con-
-

dissolved nitrogen concentration in stream wa-

resulting from forest invasion can potentially af-
fect aquatic communities. For example, the inva-
sion of the Fynbos vegetation by Acacia mearnsii 
De Wild. in South Africa resulted in lower taxa 

benthic macroinvertebrate community structure, 
with lower abundance of cobble-dwelling taxa 
and higher abundance of particle-feeding taxa in 

temperate deciduous forests by Lonicera maack-
ii
led to changes in benthic macroinvertebrate com-
munity structure along an invasion gradient, with 
the most invaded stream showing the lowest per-

central and southern Scotland, invasion of ripar-
ian areas by exotic plants was associated with a 
decrease in the diversity and an increase in the 
abundance of stream benthic macroinvertebrates, 
and changes in community structure in autumn 

-
ly, invasion of riparian areas by  L. 
in the northern Patagonian Andes led to changes 
in stream benthic macroinvertebrate community 

-
-

native vegetation, invasive species, climate, and 
potentially also in the extent and duration of the 

pervasive for stream benthic macroinvertebrate 

-
-

A. dealbata -
A. 

dealbata -

-

https://creativecommons.org/licenses/by-nc/4.0/
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-
vasions are likely stronger when native and in-

-

In central Portugal, native forests dominated 
Quercus spp., -

tanea sativa
Acacia species originating from Australia, mainly 
A. dealbata Acacia species cov-
er up to 43% of the area in some small-to-me-

-
cess of Acacia -
ticity that allows colonization of disturbed soils 

high growth rate in nutrient-poor and acidic soils 

-
pounds that inhibit the germination and growth of 

-
A. dealbata

-
-

ing tree species by A. dealbata can potentially 

In this study we compared the benthic mac-
roinvertebrate communities between streams 

-
vaded by A. dealbata, in central Portugal, to test 
the hypotheses that riparian forest invasion would 

-
versity, as well as change community taxonomic 
structure. Community structure in terms of func-
tional feeding groups was also hypothesized to 

-
ders that strongly depend on allochthonous leaf 
litter and have their life cycles synchronized with 
the autumnal leaf litterfall in native forests. Since 
A. dealbata is widely naturalized in all southern 

-
mation that can inform about the cross-ecosystem 

-
ties in Mediterranean countries.

METHODS

This study took place in Serra da Lousã, central 
Portugal, where invasive Acacia

invasion by A. dealbata. A. dealbata is easily recognizable by its bright yellow flowers. 
A. dealbata. A. 

dealbata
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Acacia dealbata -
ing native shrub communities and native decidu-
ous forests dominated by Quercus spp. and -
tanea sativa

area  6 km2

invaded by A. dealbata

-
tivity and circumneutral pH, and the substrate is 
composed mainly of schist gravel and cobbles, 

Stream water was characterized regarding 
dissolved nutrient concentrations on three dates 

-

-

-
-

concentrations were estimated as the sum of the 
concentrations of nitrate-N, nitrite-N and ammo-
nia-N.

streams on 26 February 2019 using a semi-quan-
titative method. Three samples were taken over 
a representative 50-m section in each stream by 

the current to move the dislodged macroinverte-
 30 cm opening, 0.5 

-
ing was done from downstream to upstream for 

. Location, basin area, Acacia dealbata -

forests heavily invaded by A. dealbata

de la cuenca, A. dealbata

A. dealbata
p

Stream Latitude
(N)

Longitude
(W)

Altitude
(m a.s.l)

Basin area 
(km2)1

Riparian Acacia 
dealbata (%)1,2

DIN (μg N/L)3 SRP (μg P/L)4

Native streams

Maior 40°07’53.3’’ 8°11’40.7’’ 195 6.05 1 25 ± 4 9 ± 6

Cerdeira 40°05’23.1’’ 8°12’05.0’’ 529 3.37 1 22 ± 2 8 ± 5

Candal 40°04’54.1’’ 8°12’16.6’’ 634 0.98 0 20 ± 2 7 ± 2

Invaded streams

Sotão 40°07’54.1’’ 8°09’08.3’’ 373 1.14 94 76 ± 28 23 ± 7

Fiscal 40°06’40.2’’ 8°13’35.1’’ 329 1.24 100 60 ± 17 14 ± 2

Piedade 40°05’52.6’’ 8°14’11.5’’ 250 2.15 100 47 ± 08 09 ± 5

Average

Native streams 453 3.47 1 23 ± 03 08 ± 1

Invaded streams 317 1.51 98 61 ± 15 15 ± 7

t-test (p-value) 0.380 0.262 <0.001 0.012 0.139
1 from Pereira et al. (2021); 2 the riparian area was defined as an area 50 m wide on each stream bank and 250 m long upstream from the sampling point; 
3 DIN, dissolved inorganic nitrogen; 4 SRP, soluble reactive phosphorus
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and samples were collected moving from down-

samples were placed in plastic bags with stream 
water and transported to the laboratory in cold 
boxes. In the laboratory, samples were preserved 

and stored in the dark until processed. Samples 
were rinsed thoroughly with tap water on top 

-
sequent macroinvertebrate sorting. After sorting, 
macroinvertebrates were kept in vials with 80% 

al. -

shredders, grazers/scrapers, gatherers/collectors, 
.

Altitude, basin area, and water nutrient con-

-

-

-
-

were used: the Margalef species richness index 
-

its minimum when all individuals belong to the 
same species, i.e., a higher value indicates higher 

where a higher value indicates higher uniformity 
in the distribution of individuals by species and 

-

similarity among communities was achieved by 

or FFGs responsible for distinguishing between 
-
-

amined the contribution of each taxon or FFG to 
the mean dissimilarity between stream types.

and multivariate analyses were performed using 

RESULTS

Mean dissolved nutrient concentrations were 1.9  

In total, benthic samples retrieved 8599 mac-

see Supplementary information at https://www.
limnetica.net/en/limnetica -

-

-

Mean abundance was 2.5  higher in native 

was observed for total taxa richness, which was 
20% higher in native than in invaded streams, 

https://www.limnetica.com/en/limnetica
https://www.limnetica.com/en/limnetica
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Macroinvertebrate community structure 
-
-
-

larity of macroinvertebrate communities between 

-
-

sp., -
toides sp., sp., and  sp., 
which were more abundant in native streams, and 

sp. Simuliidae, and -
bia sp., which were more abundant in invaded 

-

contribution of shredders and scrapers/grazers 

-
vertebrate communities between stream types 

-

A. dealbata
-values are shown 

A. dealbata
p

Stream Abundance 
(no. ind./sample)

Total taxa richness 
(no. taxa/sample)

EPT taxa richness 
(no. taxa/sample)

Margalef index (d) Pielou index (J’)

Native streams

Maior 728 ± 134 40 ± 1 23 ± 1 5.91 ± 0.26 0.74 ± 0.00

Cerdeira 1115 ± 150 40 ± 5 22 ± 1 5.63 ± 0.73 0.68 ± 0.09

Candal 210 ± 77 32 ± 4 20 ± 2 5.92 ± 0.41 0.83 ± 0.04

Invaded streams

Sotão 366 ± 27 35 ± 1 14 ± 2 5.71 ± 0.26 0.75 ± 0.02

Fiscal 238 ± 28 30 ± 0 15 ± 2 5.32 ± 0.12 0.76 ± 0.02

Piedade 209 ± 82 30 ± 5 17 ± 3 5.56 ± 0.49 0.81 ± 0.05

Average

Native streams 684 ± 22 37 ± 1 22 ± 1 5.82 ± 0.14 0.75 ± 0.02

Invaded streams 271 ± 18 31 ± 1 15 ± 1 5.53 ± 0.11 0.77 ± 0.01

t-test (p-value) 0.196 0.132 0.010 0.121 0.694

-
brate communities in streams flowing through native forests 

-
ly invaded by A. dealbata
central Portugal, in February 2019. -

-
-

-
A. dealbata (arroyos invadidos) en la 



DISCUSSION

-
vasion of native mixed deciduous forests by A. 
dealbata on stream benthic macroinvertebrate 
communities in central Portugal. Following the 

for macroinvertebrate community structure than 
for abundance, total richness or diversity indices.

In accordance with our hypothesis, macroin-

stream types, which agrees with other studies ad-
-

In particular, we found higher EPT taxa richness 
and higher number of EPT taxa as indicators for 

-
ests, as also seen in the case of L. maacki

flowing through forests heavily invaded by A. dealbata
-

A. dealbata

Taxa Native average 
abundance

Invaded 
average 

abundance

Average 
dissimilarity

Dissimilarity/SD Contribution % Cumulative %

Amphinemura sp. 3.49 0.20 2.60 3.32 4.29 4.29

Habroleptoides sp. 3.20 0.00 2.32 1.35 3.84 8.12

Chloroperla sp. 2.76 0.00 2.13 2.75 3.51 11.63

Ephemera sp. 0.15 2.60 2.03 3.09 3.36 14.99

Simuliidae 0.75 2.40 1.64 1.37 2.72 17.71

Rithrogenea sp. 2.42 0.63 1.64 1.50 2.71 20.41

Paraleptophlebia sp. 1.26 1.60 1.58 1.12 2.61 23.03

Ecdyonurus sp. 2.94 1.53 1.52 1.66 2.50 25.53

Acentrella sinaica 2.85 1.96 1.39 1.33 2.30 27.83

Lepidostoma hirtum 2.13 0.88 1.38 1.45 2.28 30.11

Larcasia partita 2.15 1.02 1.37 1.49 2.26 32.37

Baetis sp. 2.25 0.99 1.33 1.45 2.20 34.58

Polycelis spp. 1.49 1.36 1.30 1.19 2.15 36.73

Epeorus sp. 1.77 0.77 1.30 1.27 2.14 38.87

Duguesia spp. 1.50 0.80 1.29 1.12 2.13 41.00

Beraea sp. 1.82 0.38 1.29 1.19 2.13 43.13

Hydrocyphon sp. 1.23 1.14 1.19 1.33 1.96 45.09

Heptagenia sp. 1.55 0.18 1.18 1.52 1.95 47.04

Lumbriculidae 2.73 3.17 1.16 1.24 1.91 48.96

Diplectrona felix 1.23 0.92 1.05 1.08 1.74 50.69

Hydropsyche sp. 2.41 2.30 1.02 1.28 1.68 52.37

Protonemura sp. 0.86 1.45 0.91 1.29 1.50 53.87

Thremma sp. 1.50 0.48 0.90 1.46 1.49 55.36

Tanytarsini 2.61 2.28 0.90 1.58 1.49 56.85

Sphaerium sp. 0.20 1.19 0.88 1.45 1.45 58.30

Orthocladiinae 1.89 1.60 0.85 1.48 1.41 59.71

Leuctra sp. 0.76 0.91 0.85 1.15 1.40 61.11
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A. mearnsii

many taxa that are sensitive to environmental 
-

ed sites had higher contribution of generalist taxa, 

Macroinvertebrate community structure dif-
fered between stream types also when macroin-
vertebrate FFGs were considered. Shredders 
strongly depend on allochthonous leaf litter as a 

vegetation changes can produce important varia-

-
ly higher number of gatherers and lower number 

-
sins with higher percentage of native vegetation. 
Shredders transform coarse organic resources 

-

-
terations in forest composition that result in de-
creased quality of leaf litter inputs to streams and 
augmented canopy cover can lead to decreases in 
litter decomposition rates and algal production, 
diminishing resources availability and inducing 
shifts in consumer assemblages, as found in the 
case of invasion of deciduous riparian forests by 

 L. in Western Ireland 

from the invasion of deciduous forests by A. deal-
bata can explain the tendency for the lower abun-
dance of grazers/scrapers and higher abundance 

-
ferences were found in macroinvertebrate abun-
dance, total taxa richness, and diversity between 

-
ed by A. dealbata, which was mainly attributed 
to high variation among native streams. Native 

-
ity or in the composition of plant litter input than 
invaded streams that had their riparian vegetation 
dominated by A. dealbata

Our data suggests that invasion of native de-
ciduous forests by A. dealbata -

-
brate communities in terms of total abundance, 
total richness, and diversity. However, we recall 
that benthic macroinvertebrate sampling was per-

-
tebrate communities can exhibit natural seasonal 
variation, induced by various factors such as food 
availability, temperature, and photoperiod, which 

use of a unique sampling time did not allow as-
sessing successional changes occurring over time 

streams flowing through forests heavily invaded by A. deal-
bata 
February 2019. 

-

-
A. dealbata (arroyos invadidos) en la 
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during the invasion process, shading temporal dy-

Acacia cover. Moreover, lack of pre-invasion data 
makes it challenging to establish a cause-and-ef-
fect relationship between the invasion and the ob-
served changes in community structure. Finally, 
the reduced number of streams used may have 
contributed to the high variability within stream 

-

Future studies should consider a larger num-
ber of streams to take into consideration the nat-
ural variability among native streams and the dif-

could allow establishing correlations between the 
degree of invasion and macroinvertebrate metrics 

-
tebrate sampling should be carried out seasonally 
to take into consideration macroinvertebrate life 
cycles and litter inputs phenology to streams, 

-
ditionally, since invasion by A. dealbata is pro-

become available for streams that integrate the 
-

would allow before-after comparisons. Finally, 
since A. dealbata is invasive in Mediterranean 
countries, collaborative assessments should also 
be considered for a large scale understanding of 
invasion impacts on stream communities. A bet-
ter understanding of invasion impacts on streams 
could help identify most vulnerable ecosystems 
and envisage mitigation measures.
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