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Abstract
Ecological disturbances act as environmental filters by removing species with particular characteristics, resulting in com-
munity types associated with different disturbance histories. However, studies to date on community responses to disturbance 
have neglected the potential for different community assemblages to display different responses. Using lotic invertebrate 
communities as a study system, this study investigated the influence of community composition on disturbance response. 
We undertook a 26-h stream channel experiment to test how distinct invertebrate community types (an undisturbed spring 
community, flood-disturbed community, and agriculture-disturbed community), shaped by specific disturbance histories 
and characterised by different species with particular functional groups, responded to additional disturbance of varying 
types and combinations (an undisturbed control, high-flow, nutrients, sediment, and a combined sediment and nutrients 
treatment). Invertebrate drift was used as a diagnostic tool to assess community responses. Significant three-way interac-
tions were identified for total invertebrate drift, drift of typically sensitive taxa (Ephemeroptera, Plecoptera and Trichoptera) 
and drift of cased organisms between community type, disturbance type and time, indicating that disturbance history and 
corresponding community type influenced community response to disturbance. Differing responses to disturbance between 
community types were often characterised by specific taxa, likely driven by adaptive traits, but also by phenotypic plasticity 
and altered biotic interactions. Community responses to the multiple disturbance scenario suggested potential for interactive 
effects, with differing responses potentially driven by species co-tolerance mechanisms. When determining the impacts of 
disturbance, our results suggest there is insight to be gained from a broader perspective incorporating multiple community 
types into future research. This approach could also improve management outcomes, facilitating tailored restoration and 
conservation strategies.
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Introduction

The abiotic environment has long been acknowledged as a 
key driver of community composition (Southwood, 1977), 
and the process of selecting for species with characteristics 
that facilitate survival is often referred to as environmen-
tal filtering (Keddy, 1991; Kraft et al., 2014). Ecological 

disturbances act as environmental filters by removing spe-
cies lacking the physical characteristics or behavioural traits 
required for survival (Poff, 1997; Southwood, 1977). From 
this disturbance-influenced species pool, communities may 
then be subject to other assembly processes, including biotic 
interactions (Chase, 2007). Under these pressures, differ-
ent disturbance regimes lead to different community types, 
characterised by species with specific trait combinations 
(Poff, 1997). It is likely that community composition and 
associated combinations of species traits affect responses 
to disturbance, for example differing responses to distur-
bance of plant communities at different stages of succession 
(Sousa, 1980). Basic community responses to disturbance 
are well documented (Dornelas, 2010), for example, reduced 
diversity with increased disturbance intensity (Death & 
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Winterbourn, 1995). There is also extensive information 
available regarding specific effects of different disturbance 
types, and potential for interactive effects in multi-stressor 
scenarios (Brooks, 2019; Orr et al., 2020). However, the 
priming effect of the antecedent community composition 
on responses to disturbance, and how this will vary between 
different communities, is often neglected. When determining 
community response to disturbance, and forecasting poten-
tial future impacts, a mechanistic approach considering the 
influence of disturbance history on the starting community 
will be essential. This will be especially important for antici-
pating the influence of changing disturbance regimes associ-
ated with global change.

Disturbance includes both anthropogenic and natural phe-
nomena, which vary in both type and magnitude (Newman, 
2019), and play a key role in shaping communities (Con-
nell, 1978; Ricklefs, 2004). The influences of disturbance 
on a community may include loss of species, proliferation 
of other species, and alteration of biotic interactions, all 
leading to community change (Kneitel & Perrault, 2006). 
However, specific disturbances drive change via different 
mechanisms, influencing species according to their intrinsic 
tolerances to abiotic conditions (Craine et al., 2012; Lee 
et al., 2009; Sheth & Angert, 2014). Within any particular 
assemblage, species will likely be best adapted to anteced-
ent conditions; the disturbance they have historically been 
exposed to (Eveleens et al., 2019). Thus, since disturbance 

history effectively defines the local species pool, antecedent 
conditions will influence the susceptibility of a community 
to subsequent disturbances.

Adaptation to one disturbance type does not necessarily 
confer resistance to another disturbance type, though it is 
likely that communities subjected to disturbance that ech-
oes their disturbance history will experience less change 
(Eveleens et al., 2019; Fukami, 2001), likely due to pres-
ence of species with traits which facilitate survival. A 
similar disturbance or a mild disturbance would impose a 
similar or weaker filter, which the community has already 
demonstrated an ability to endure, thus leading to minimal 
community change. On the other hand, different subsequent 
disturbance to previous, antecedent disturbances would 
likely be more novel and act as a more intense filter (Fig. 1), 
inciting more community change due to lack of adaptation. 
Therefore, the impacts of a disturbance should be relative to 
disturbance history, which will determine the combination of 
species present. Antecedent disturbances also likely play a 
role in community responses to multiple-stressor scenarios, 
which are notoriously unpredictable (Crain et al., 2008; 
Holmstrup et al., 2010; Jackson et al., 2015). In these cases, 
disturbance history and associated adaptations of taxa in 
the community should be considered in relation to multiple 
simultaneous subsequent disturbances, with the additional 
complication of potential interactive effects of these mul-
tiple disturbances (Breitburg et al., 1998). Recognition of 

Fig. 1   The potential role of disturbance history in shaping the spe-
cies (shapes) that make up communities (upper arrows) and thus 
influencing response to subsequent disturbance (lower arrows). Solid 
or dashed lines indicate the subsequent disturbance is a similar or 
weaker environmental filter than the historical disturbance, therefore 

having minimal impact on the community (0). Dotted lines indicate 
the subsequent disturbance is a functionally different filter to histori-
cal disturbance; thus, the community is more severely affected char-
acterised by species loss (-)
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antecedent conditions and their effects on community com-
position will likely be essential to appreciate the influences 
of subsequent disturbance, especially in multiple-stressor 
scenarios.

Here, we focus on lotic ecosystems in New Zealand, 
where rivers are subject to a range of disturbance types, 
across which invertebrate communities can be found. We 
undertook a stream channel experiment to test how dis-
tinct invertebrate community types, shaped by different 
disturbance histories and characterised by different taxa, 
responded to additional disturbance of varying types and 
combinations. This short-term assay was used to invoke 
predominantly behavioural responses, which may lead to 
longer-term community change. We hypothesised that com-
munity response to disturbance depends on the disturbance 
type and on community type as defined by disturbance his-
tory, predicting that more similar disturbance to historical 
disturbance will invoke less species loss via downstream 
drift, and therefore indicate less community change. Inver-
tebrate drift occurs naturally in all lotic systems (Brittain 
& Eikeland, 1988), and altered drift patterns are a common 
response of invertebrates to unfavourable conditions, driven 
by behavioural modifications or physical responses to chang-
ing flow conditions (Brittain & Eikeland, 1988; Naman 
et al., 2015). Therefore, drift patterns over a short time can 
give insight into responses, which could considerably impact 
community composition over much longer periods. We also 
expected the impacts of a combined disturbance scenario to 
be more severe than disturbances applied alone, especially 
when communities lack previous exposure to these distur-
bances, with greater potential for additive or multiplicative 
interactive effects when species lack adaptation.

Materials and methods

We used a stream channel experiment to test the effects of 
community type and disturbance type on invertebrate com-
munities, with invertebrate drift measurements used as a 
diagnostic tool to assess community impacts. Three com-
munity types (undisturbed spring, flood-disturbed and agri-
culture-disturbed) were each established in a recirculating 
colonist header tank. Each tank fed five stream channels, 
randomly assigned to disturbance treatments: an undisturbed 
control, high-flow, nutrients, sediment, and a combined sedi-
ment and nutrients treatment. The experiment ran for 26 h, 
which was sufficient to assess invertebrate drift over time, 
and was repeated over multiple days for a total of seven 
replicate trials for each community and disturbance type 
combination. Channel disturbance types were re-randomised 
for each run, and any legacy effects were removed by fully 
cleaning the mesocosm system between runs. The undis-
turbed spring and agriculture-disturbed community trials 

were run between March and April 2018. Intense flooding 
in early 2018 meant collection of flood-disturbed commu-
nities was not possible, so the flood-disturbed community 
trials were run in January 2019.

Each channel was through-flowing, 3 m long and 0.1 m 
wide (Appendix 1). To improve similarity to the natural 
environment, the channel interiors were painted with non-
toxic pond paint mixed with sediment (< 3 mm), providing 
a rough surface for crawling invertebrates. Ten cobbles and 
five unglazed terracotta tiles were positioned evenly along 
the channel to provide habitat, refugia and flow variation. 
Cobbles were sourced from a local stream with an estab-
lished biofilm, an important food source for many inverte-
brates (Guo et al., 2016; Winterbourn, 1990). Water pumped 
from Grasmere Stream, flowing through the University of 
Canterbury Cass Field Station bordering Arthur’s Pass 
National Park, New Zealand (43°02′07.4"S 171°45′28.2"E), 
provided a consistent source of cool, oxygenated water and 
fine particulate organic matter (Nyström & McIntosh, 2003). 
A velocity of 0.01 ± SE 0.0003 m s−1 was established in the 
channels, with water flow-through maintaining temperature 
(8.7 ± SE 0.1 °C), dissolved oxygen (10.9 ± SE 0.3 mg L−1) 
and organic matter inputs.

Three community types shaped by three common stream 
disturbances of the Canterbury region were chosen: an 
undisturbed spring community, a flood-disturbed commu-
nity, and an agriculture-disturbed community, and these had 
notably different compositions (Appendix 2). Invertebrates 
were collected from local streams (Appendix 3) with mac-
roinvertebrate faunas typical of the three chosen community 
types. A variety of methods were used to target different 
fauna for collection. Mobile invertebrates were collected 
using ‘electrobugging’ (Taylor et  al., 2001); we used a 
NIWA EFM300 electric fishing machine with a small, 19-cm 
electrode to produce a focussed electric field, enabling us to 
catch large numbers of invertebrates with minimal physical 
damage to their bodies. More sessile invertebrates, mainly 
caddisflies, snails, and Diptera larvae, were collected using 
gentle agitation of the benthos and kick nets. Invertebrates 
were transferred to the field station in aerated buckets.

The three community types were characterised by dif-
ferent compositions of taxa. Biodiversity was highest in 
the spring communities and lower in the flood-disturbed 
and agricultural communities, which, despite having very 
different compositions, had similar species richness. The 
spring and flood-disturbed communities were dominated 
by Ephemeroptera (E, mayflies), Plecoptera (P, stoneflies) 
and Trichoptera (T, caddisflies), which are typically sensi-
tive to organic pollution and poor water quality (Resh & 
Jackson, 1993), with a mean of 92.0% EPT (Ephemeroptera, 
Plecoptera and Trichoptera collectively) by abundance in 
spring communities and 98.6% EPT in the flood-disturbed 
communities (Appendix 2). In comparison, the agricultural 
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community contained 0.6% EPT by abundance and was 
instead dominated by highly pollution-tolerant taxa such 
as Potamopyrgus antipodarum snails, ostracods, platyhel-
minths and oligochaete worms. These taxa, particularly P. 
antipodarum, thrive where sediment and nutrient build-up 
lead to proliferation of algae (Alonso & Castro-Díez, 2008). 
They benefit from additional habitat provided by invasive 
macrophyte growth, and the slower flows that often occur in 
such agriculture-disturbed systems (Richards et al., 2001).

Prior to the experiment beginning, stream channels were 
switched on for 24 h to enable some organic matter to settle. 
Two hours prior to the experiment beginning, invertebrate 
communities were added to the colonist header tanks. Water 
pumped into these header tanks was recirculated around a 
baffle, before flowing down the five disturbance treatment 
channels (Appendix 1). Recirculation in the header tanks 
slowed drift of invertebrates into the channels, providing a 
colonist source for the duration of the experiment. Colonist 
tanks were then emptied and replenished prior to subsequent 
replicates.

At the start of the experiment, five disturbance treatments 
were applied: an undisturbed control, high-flow, nutrients, 
fine sediment, and a combined sediment and nutrients treat-
ment. The high-flow treatment aimed to turn over substrate 
and flush out any settled organic matter. This involved 
increasing the flow with additional water also from Gras-
mere stream via a hose for 20 min at the start of the experi-
ment and again after 8 and 22 h. For the sediment treatment, 
fine sediment collected from the Waimakariri riverbed was 
sieved to remove particles above 650 µm and distributed 
throughout the channel to form a 2-cm layer covering all in-
stream substrate. A dissolved nutrient solution (nitrate and 
phosphate as NaNO3 and KH2PO4) and gravity-fed irrigation 
system were used to drip nutrients into the top of nutrient 
treatment channels, achieving a concentration of 5.0 ± SE 
0.3 mg L−1 nitrate and 0.4 ± SE 0.02 mg L−1 phosphate in 
the nutrient-enriched channels, consistent with agricultural 
streams in the Canterbury region of New Zealand (Collins 
et al., 2012). By comparison, non-nutrient channels reached 
levels of 0.6 ± SE 0.02 mg L−1 nitrate and undetectable 
phosphate. The singular and combined sediment and nutri-
ent treatments were included to help detangle the potential 
effects of these disturbances on invertebrate communities, 
acknowledging that elevated levels of fine sediment and 
nutrients are often found in tandem, particularly in agricul-
tural systems.

Community responses were assessed using counts of 
invertebrates leaving the channels over time. Alongside 
cumulative invertebrate drift, we also investigated more spe-
cific groups of invertebrates, to gain greater insight into drift 
patterns. We calculated cumulative EPT drift, since these 
aforementioned taxa are notably sensitive to poor water 
quality (for example low dissolved oxygen or presence of 

pollutants; (Resh & Jackson, 1993) and may be weaker com-
petitors (Holomuzki et al., 2010). We also calculated cumu-
lative drift count of cased organisms. Presence of a case or 
shell is an easily defined trait, which is typically associated 
with tolerance of slower flows and poor water quality (Gra-
ham et al., 2015) as well as resistance to increased predation 
pressure (Wootton et al., 1996). Invertebrate drift samples 
were collected from mesh bags attached to the end of each 
channel. Bags were emptied and replaced 2, 4, 6, 24 and 
26 h into the experiment. These samples (preserved in 70% 
ethanol) were sorted and counted at 10–63 × magnification, 
and identified based on Winterbourn et al. (2006).

To test whether cumulative invertebrate drift over time 
was dependent on community type and disturbance type, 
we used a repeated-measures general linear model. Commu-
nity type, disturbance type and time (the repeated measure) 
were fixed effects, experimental run number was a random 
effect, and experimental runs were replicates. The model 
was run in base R (R Core Team, 2018) using the aov func-
tion and the ‘ + error’ argument to account for the hierarchi-
cal nature of a repeated-measures design. We extracted 95% 
confidence intervals for significant three-way interactions 
using the effects package (Fox et al., 2020). To investigate 
which characteristics of the different community types may 
underlie general response patterns, the same model struc-
ture was used substituting cumulative invertebrate drift for 
cumulative drift of EPT, large organisms, cased organisms, 
mobile organisms, shredders and grazers.

Results

All three community types were visually observed to have 
successfully colonise the channels in the two hours prior 
to the experiment beginning. Following disturbance appli-
cation, mixed effects modelling identified that community 
response to disturbance, measured as cumulative inverte-
brate drift, depended on an interaction between community 
type, disturbance type and time (three-way ANOVA RM: 
F40,345 = 2.01, p < 0.05; Fig. 2A–C). This result is consistent 
with our hypothesis that different disturbances incite differ-
ent levels of drift in a community depending on community 
type and associated taxa present as determined by antecedent 
conditions. Mixed effects modelling also identified signifi-
cant impacts of community type and disturbance type over 
time on more specific taxa within communities: cumulative 
EPT drift (three-way ANOVA RM: F40,345 = 1.94, p = 0.05; 
Fig. 2D–F) and cumulative drift of cased organisms (three-
way ANOVA RM: F40,345 = 2.11, p < 0.05; Fig. 2G–I). Below, 
we examine the patterns underpinning the three-way interac-
tions identified between disturbance type, community type 
and time for cumulative invertebrate drift, EPT drift and 
cased drift, using differences between the models to identify 
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likely drivers of invertebrate drift. We use invertebrate loss 
from the experimental communities to represent likely tra-
jectories for community change.

Our prediction that disturbances that echo antecedent 
conditions will invoke less invertebrate drift, and therefore 

indicate less community change, was supported in the 
spring community. Here, the control treatment was asso-
ciated with the lowest drift, and drift patterns were simi-
lar for cumulative total drift, EPT drift and drift of cased 
organisms (Fig. 2A, D, G), indicating that responses were 

Fig. 2   Results of generalised 
linear mixed effects modelling 
(lines) showing the interac-
tion between community type 
(columns) and disturbance type 
(colours) across three inverte-
brate drift metrics: cumulative 
drift of all invertebrates (top 
row), cumulative drift of indi-
viduals from orders Ephemerop-
tera, Trichoptera and Plecoptera 
(EPT; middle row), and cumula-
tive drift of cased organisms 
(bottom row). Colours indicate 
disturbance treatments: an 
undisturbed control (green), 
nutrients (purple), sediment 
(yellow), sediment and nutrients 
(red) and high-flow (blue). 
Lines are model fits, and shaded 
areas indicate 95% confidence 
intervals. Points show raw data, 
with symbols indicating differ-
ent experimental runs
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driven primarily by the cased caddisflies which dominated 
the spring community. Nutrients increased initial total drift 
compared to the control; however, cumulative drift levelled 
off beyond 6 h, bringing cumulative drift closer to the con-
trol treatment. Between the control and nutrient treatment, 
95% confidence intervals mostly overlap (Fig. 2A, D, G), 
indicating that nutrients were a reasonably benign distur-
bance to the spring community. The combination of sedi-
ment and nutrients raised drift from the control, with mini-
mal overlap of confidence intervals, indicating a substantial 
effect. The sediment and the high-flow treatments were also 
influential disturbances for the undisturbed spring commu-
nity, both increasing cumulative drift relative to the control 
treatment, indicated by no overlap of confidence intervals 
with the control beyond 6 h (Fig. 2A, D, G). These pat-
terns indicate that the undisturbed control, which matches 
the historical conditions of the spring system from which 
this community was sourced, provided the least stress on 
invertebrates, inciting the least drift, while all other distur-
bances imposed a more intense driving force for invertebrate 
drift. Therefore, in this case, disturbance history predictably 
determined response to disturbances.

Drift responses to the high-flow disturbance treatment 
differed markedly between community types, indicating the 
importance of community type in determining response to 
disturbance. Compared to other disturbance treatments, the 
high-flow treatment instigated the highest drift in both the 
spring community and flood-disturbed community, but the 
lowest drift in the agriculture-disturbed community. For the 
flood-disturbed community, this appears contrary to our pre-
diction that a community formed in a flood-disturbed system 
would be adapted to higher flows and thus drift less under 
high-flow relative to other disturbances. However, while the 
high-flow disturbance incited slightly elevated drift initially, 
beyond 6 h invertebrate drift in the control matched the high-
flow disturbance almost exactly, with full overlap of 95% 
confidence intervals. This suggests that invertebrates in the 
flood-disturbed community responded similarly regardless 
of flow level. Therefore, adaptation to historical disturbance 
may be an explanatory mechanism, and the lower drift in the 
remaining treatments was the more surprising result.

Lower drift from the flood-disturbed community under 
the sediment, nutrients and the combination treatments 
was unexpected for a community dominated by EPT taxa. 
The similarity between total drift (Fig. 2B) and EPT drift 
(Fig. 2E) patterns for this source community, and the smaller 
95% confidence intervals associated with EPT drift than 
total drift, indicate the observed response was driven by 
uncased EPT taxa. Unlike drift patterns for the other com-
munity types where initial drift (at 2 h) was similar for all 
disturbance treatments, under nutrients, sediment and the 
combination treatments, the flood-disturbed community had 
lower initial drift than the control or high-flow treatments, 

with minimal overlap of confidence intervals for total drift 
and no overlap for EPT drift between these two groups of 
treatments. This suggests that drift into the channels may 
have been reduced, or invertebrates left the channels by other 
means, for example by emergence which was observed but 
not measured. Therefore, the responses of the flood-dis-
turbed community point to more complex behavioural or 
development-related responses of flood-disturbed commu-
nity taxa to subsequent disturbance.

Responses of the agricultural community to disturbance 
were also contrary to our prediction that a community 
formed under agricultural disturbance, such as sediment 
build-up, nutrient pollution and slower flows, would be least 
affected by the sediment and nutrients typical of their source 
environment and would be least adapted to and therefore 
most impacted by the high-flow treatment. We observed the 
opposite. The high-flow treatment incited the lowest inver-
tebrate drift, with minimal overlap of confidence intervals 
with the control or nutrients treatment beyond 6 h (Fig. 2C, 
I), and the combination of sediment and nutrients caused the 
highest drift with no overlap of confidence intervals beyond 
4 h (Fig. 2C, I). Similar patterns were evident in cumula-
tive invertebrate drift (Fig. 2C) and cumulative cased drift 
(Fig. 2I), indicating that community responses were driven 
predominantly by the snails which dominated these com-
munities. As with the spring community, the nutrients and 
control treatments provoked similar responses with 95% 
confidence intervals mostly overlapping, suggesting that 
nutrients were also a relatively benign disturbance to the 
agriculture-disturbed community (Fig. 2C, I). Sediment 
incited slightly more drift than the control; however, 95% 
confidence intervals overlapped substantially with the con-
trol, suggesting sediment alone did not have a large influence 
on this community.

While the effects of the nutrients treatment and the sedi-
ment treatment on drift in the agriculture-disturbed com-
munity were minimal, the combination of both sediment 
and nutrients increased drift substantially in this community. 
Beyond initial drift samples at 2 h, there was no overlap of 
confidence intervals between the control and the sediment 
and nutrients combination treatment (Fig. 2C, I), indicat-
ing an interactive effect of sediment and nutrients which 
was not evident for other community types (Fig. 2). How-
ever, contrary to our prediction, the impacts of the combi-
nation treatment did not relate to the previous exposure of 
the agriculture-disturbed community. The flood-disturbed 
community also displayed the opposite of expectation, 
with the least drift under the sediment and nutrients com-
bination treatment. For the spring community, invertebrate 
drift was raised in the sediment and sediment and nutrients 
combination treatment, but nutrients alone did not increase 
drift much beyond the control treatment. This suggests 
sediment was driving increased invertebrate drift in the 
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spring community. Despite our predictions not matching 
experimental observations for the multi-stressor scenario, 
patterns in drift responses to the combination of sediment 
and nutrients did differ considerably between communi-
ties. Therefore, community type plays an unpredictable 
but important role in determining drift responses to multi-
stressor scenarios.

Discussion

Across systems, disturbance history has been linked to dif-
ferences in community composition (Graham et al., 2014; 
Gunderson, 1994; Zelikova & Breed, 2008), with communi-
ties often defined by specific, predictable species traits asso-
ciated with survival ability (Poff, 1997). While most experi-
mental research into the ecological impacts of disturbance 
focuses on a single starting community (Ledger et al., 2011; 
Lugthart & Wallace, 1992), it is likely that differing combi-
nations of species (i.e., starting position) and therefore dif-
ferent adaptive characteristics and biotic interactions impact 
response to subsequent disturbances. The specific responses 
of each community were difficult to predict; however, the 
interactive effects of disturbance type and community type 
identified here suggest responses to disturbance depend on 
the composition of the starting community. Therefore, our 
results suggest that assessments of community change under 
disturbance should carefully acknowledge starting points. 
Here, we discuss potential mechanisms behind the inter-
active effects of disturbance type and community type on 
community responses, and outline how these ideas can be 
used to extend the environmental filter analogy, taking into 
account starting communities and multi-stressor scenarios. 
Finally, we propose how these ideas might be applied in a 
management and restoration context.

Communities that lack a specific disturbance history 
and have therefore assembled under a lenient environmen-
tal filter often retain high diversity in both taxa and traits 
(Hughes et al., 2007). The presence of taxa with differ-
ent susceptibilities means that under any kind of pressure, 
there are likely to be some taxa that lack adaptation and 
are therefore lost. This was demonstrated in our experi-
ment by greater drift in all disturbance treatments com-
pared to the control for the spring community, even under 
the nutrient treatment whose effects were likely reduced 
in this experiment due to the short time frame, reflecting 
effects of toxicity rather than long-term nutrient-related 
stress and eutrophication. Conceptually, this suggests all 
disturbance types imposed a stronger environmental filter 
than this community’s neutral disturbance history. Where 

communities have been subject to historical disturbance, 
like the flood- and agriculture-disturbed community types 
in our experiment, it is likely that organisms have adapta-
tions to suit their disturbance history, leading to communi-
ties with a specific set of traits (Poff, 1997). For example, 
one might expect more mobile and fewer cased organisms 
in a flood-disturbed system (Death, 2008; Eveleens et al., 
2019). In these cases, conditions similar to the disturbance 
history are likely to illicit a smaller response, as demon-
strated by the equivalent responses of the flood-disturbed 
community to the control and high-flow treatments, indi-
cating a negligible impact of flood-like conditions on taxa 
from historically flood-disturbed communities. Interest-
ingly, reduced drift for the flood-disturbed community 
in the other disturbance treatments could demonstrate a 
phenotypically plastic response in which drifting in reac-
tion to disturbance is unfavourable; a phenomenon also 
associated with predation cues in aquatic invertebrates 
(Douglas et al., 1994; Peckarsky et al., 1993). Such behav-
ioural responses to disturbance may have been adapted to 
specific types or intensities of disturbance, resulting in 
outcomes which may appear maladaptive. For example, 
in our experiment, less drift in the flood-disturbed com-
munity may be a response to reduce exposure to unfavour-
able conditions, or may be an attempt to survive increased 
predation pressure which this community associates with 
similar stress based on antecedent events. Unexpected 
responses could also be underpinned by indirect mecha-
nisms such as changes in abundance or activity of preda-
tors or competitors, or subsequent impacts on resource 
availability (Fleeger et al., 2003). Therefore, to understand 
community responses to disturbance we need to under-
stand how disturbance history has shaped that community, 
how characteristics of that community might make it either 
vulnerable or tolerant to specific subsequent disturbances, 
and how behaviours associated with antecedent conditions 
might manifest in the face of novel disturbances.

Novel disturbance usually refers to more recent, anthro-
pogenic impacts such as acid mine drainage or other pollu-
tion events (Newman, 2019). However, our results suggest 
novelty may be a matter of perspective. Severity of a distur-
bance is likely relative to the community type experiencing 
it; for example, acid mine drainage might be less novel for 
a community inhabiting a naturally acidic stream (Gray & 
Harding, 2011). Likewise, the flood-disturbed community in 
our experiment contained species likely adapted to higher 
flows, so the high-flow treatment was less novel and there-
fore elicited a less extreme drift response. Meanwhile, the 
spring community contained organisms accustomed to stable 
flows which likely lacked adaptation and therefore found 
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high flows to be more extreme, eliciting higher drift. Poff 
and Ward (1990) posited that historical disturbance and hab-
itat characteristics influence biotic recovery from subsequent 
disturbance. Our results suggest this may be driven by dif-
fering community types associated with disturbance history, 
whereby novelty and therefore severity of a disturbance are 
likely dependent on the composition of the community expe-
riencing it, and the adaptations of taxa present as a result of 
their disturbance history (Lugo, 2020). The hypothesis that 
more novel disturbances will likely trigger more extreme 
community change must therefore be investigated within the 
context of disturbance history.

Adaptation of species to disturbance based on disturbance 
history is a likely mechanism driving community responses; 
however, the ability to survive does not necessarily corre-
spond to preference for disturbed conditions. The P. antipo-
darum snails which dominated the agriculture-disturbed 
community in our study are extremely resistant to poor water 
quality, fine sediment and slow flows (Alonso & Castro-
Díez, 2008); however, the combined sediment and nutrients 
treatment incited the highest drift, with snails observed lift-
ing up and using surface tension to drift on the underside 
of the water surface. This avoidance behaviour suggests a 
preference for finding more favourable conditions before 
resorting to tolerance and incidentally may contribute to the 
rapid spread of P. antipodarum (Levri et al., 2019), actually 
assisting its proliferation under unfavourable, highly dis-
turbed conditions. Thus, while adaptation may dictate sur-
vival ability, actual proliferation under disturbance may be 
driven by other factors, such as species’ abiotic preferences 
(Richardson et al., 1994). It is also likely that biotic interac-
tions play a key role in determining community response to 
disturbance. Loss of maladapted species under disturbance 
may have repercussions by alleviating competition or alter-
ing predation pressures, or by disrupting mutualistic, com-
mensalistic or parasitic interactions (Vandvik et al., 2020). 
Consequently, loss of the same species from two different 
communities under the same disturbance may have differing 
knock-on effects based on its position within the commu-
nity’s network of biotic interactions. Therefore, just as abi-
otic conditions determine a species’ fundamental niche and 
biotic interactions determine its realised niche (Soberón and 
Arroyo-Peña 2017), species characteristics (i.e., traits) likely 
determine survival ability under different disturbances, but 
altered biotic interactions may determine the actual, realised 
community response.

The synchronous influence of community type and dis-
turbance type on community response to disturbance is 
likely to be complicated further by multiple disturbance 

scenarios; however, these are often a better reflection 
of reality (Breitburg et al., 1998; Ormerod et al., 2010). 
Extending the environmental filter analogy, when commu-
nities are subjected to multiple concurrent disturbances we 
might expect filters to overlap and become more intense; 
however, previous work has consistently demonstrated the 
irregularity of responses to multi-stressor scenarios (Crain 
et al., 2008; Holmstrup et al., 2010; Jackson et al., 2015). 
Our results echoed some of this contingency, but also 
identified clear differences in how different communities 
responded, for example potentially multiplicative effects of 
sediment and nutrients in the agriculture-disturbed com-
munity, but no clear interaction in the flood-disturbed or 
spring communities. It is likely that disturbance history 
and resulting community types play a key role in commu-
nity response to multi-stressor scenarios, driven by multi-
ple factors including species adaptations and altered biotic 
interactions. In particular, differences in response may 
be driven by species co-tolerance mechanisms, whereby 
correlations between species sensitivities to multiple dis-
turbances determine whether interactive effects occur 
(Vinebrooke et al., 2004). Therefore, to fully appreciate 
the influence of subsequent disturbance, we may need to 
acknowledge the impacts of multiple historical disturbance 
types on community composition.

Community ecology is inherently complex; thus, sim-
plified mechanisms to explain community responses, such 
as the environmental filter metaphor, are critical. However, 
simplifications, such as using data based on responses of a 
single community type to disturbance, may neglect impor-
tant co-dependent mechanisms, resulting in misleading 
conclusions and ineffective application to management. 
For example, in disturbed stream ecosystems, habitat 
addition (e.g., woody debris) as a singular management 
tool may be limited by a pre-existing community assem-
blage that is poorly suited and therefore non-responsive 
to introduced management measures. When determining 
the impacts of disturbance, our results suggest there is 
considerable insight to be gained from a broader perspec-
tive incorporating multiple community types into future 
research. Such knowledge and improved predictive capac-
ity may help to inform management and improve resto-
ration outcomes, for example helping to identify com-
munities that could be most severely impacted by future 
disturbance, especially under intensifying anthropogenic 
impacts, climate change and more frequent and severe nat-
ural phenomena (Vandvik et al., 2020). Beyond the short-
term responses investigated here, there are also likely 
to be impacts of community type and disturbance type 
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on community recovery following disturbance (Death, 
1996; Johnstone et al., 2016; Wolff et al., 2019). Initial 
responses of communities to disturbance will also impact 
metacommunity dynamics through altered drift patterns, 
with potential cascading effects on a landscape scale, 
which may influence community recovery and responses 
to future disturbance. Therefore, identifying the character-
istics of a community which affect its ability to withstand 
and recover from disturbance will have important manage-
ment implications. The ability to reverse an environmental 
filter depends on more than just the start and endpoint 
community compositions. The antecedent community and 

expression of traits therein may instead be a better indica-
tor of disturbances and mechanisms to overcome, rather 
than a predictor of the final community structure. A deeper 
understanding of such mechanisms is a far more powerful 
tool when applied to management and restoration.

Appendix 1: Experimental setup

See Fig. 3.

Fig. 3   Design of stream channel channels situated at the Cass field 
station in the Canterbury High Country, New Zealand showing colo-
nist header tanks (A), 3 m disturbance treatment channels (B), drift 

collection nets (C) and nutrient dripping system for application of 
a nutrient disturbance treatment (D). Flow direction is indicated by 
blue arrows
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Appendix 2: Community analysis

Here we detail methods used to describe the three inverte-
brate community types used in our experiment, and report 
on the differences.

Methods

Community types were described using summed abundances 
of invertebrate drift from each channel and invertebrates 
remaining in each channel at the end of the experiment. 
Non-metric multidimensional scaling ordination based on 
community abundance data was used to identify similari-
ties between the communities. To test whether communities 
differed significantly between community types, permuta-
tional multivariate analysis of variance (PERMANOVA) 
was conducted on Bray–Curtis distances from ordinations 
of community data.

Basic community metrics were calculated from com-
munity data to further describe communities. Number of 
taxa (genus level) was used as a measure of richness, and 
an abundance weighted percentage of the sensitive taxa 

Ephemeroptera, Plecoptera and Trichoptera (EPT%) was 
calculated for each community. General linear modelling 
was used to visualise how each of these metrics (dependent 
variable) differed with community type (independent vari-
able), with channels across all experimental runs used as 
replicates.

Results

NMDS ordination of communities from each channel 
showed community types were different (PERMANOVA: 
F2,89 = 133.93, p < 0.001; Fig. 4). Richness was also dif-
ferent between community types (ANOVA: F2,87 = 30.83, 
p < 0.001;  Fig. 5A); however, a post hoc Tukey test showed 
there were only significant differences between the undis-
turbed spring and agriculture-disturbed pair (p < 0.001) 
and the undisturbed spring and flood-disturbed pair 
(p < 0.001) and, however, not between the flood-disturbed 
and agriculture disturbed communities (p > 0.05). EPT% 
differed between all pairs of community types (ANOVA: 
F2,87 = 12,901, p < 0.001; Tukey test: all pairs p < 0.001; 
Fig. 5B).

Fig. 4   Non-metric multidimensional scaling (NMDS) ordina-
tion of communities based on taxon abundances from stream chan-
nel channels (points) across three community types (undisturbed 
spring = green circles; flood-disturbed = blue triangles; agriculture-
disturbed = red squares). Each point represents a macroinvertebrate 
community from a channel, determined by summing invertebrate drift 
from each channel and invertebrates remaining in each channel at the 
end of the experiment. Numbers represent the ordination of different 
taxa: Acari (1), Aoteapsyche (2), Aphrophila (3), Archichauliodes (4), 
Austropeplea (5), Austrosimulium (6), Beraeoptera (7), Ceratopo-

gonidae (8), Chironomidae (9), Coloburiscus (10), Confluens (11), 
Deleatidium (12), Elmidae (13), Eriopterini (14), Helicopsyche (15), 
Hudsonema (16), Hydrobiosella (17), Hydrobiosis (18), Megalep-
toperla (19), Microvelia (20), Nesameletus (21), Oligochaeta (22), 
Olinga (23), Oniscigaster (24), Ostracoda (25), Oxyethira (26), Physa 
(27), Platyhelminthes (28), Plectrocnemia (29), Polyplectropus (30), 
Potamopyrgus (31), Psilochorema (32), Pycnocentria (33), Pycno-
centrodes (34), Scirtidae (35), Sigara (36), Sphaerium (37), Stenop-
erla (38), Triplectides (39), Xanthocnemis (40), Zelandobius (41), 
Zelandoperla (42)
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Appendix 3: Physicochemical data

See Tables 1 and 2  

Fig. 5   Community metrics 
(A–B) for three community 
types added to experimental 
stream channel channels. Num-
ber of taxa (A) is a measure of 
species richness. Abundance 
weighted percentage of sensi-
tive orders Ephemeroptera, 
Plecoptera and Trichoptera 
(EPT) indicates proportion of 
pollution-sensitive invertebrates 
(B). Coloured points indicate 
modelled metrics for each com-
munity type: undisturbed spring 
(green), flood-disturbed (blue) 
and agriculture-disturbed (red). 
Error bars indicate modelled 
95% confidence intervals. Grey 
points indicate raw data for each 
stream channel

Table 1   Physicochemical measurements at invertebrate collection sites (Table 2) corresponding to three invertebrate community types

Community type Temperature (ºC) Dissolved oxygen (mg 
L−1)

pH Conductivity (μS25 
cm−1)

Flow (m s−1)

Mean Range Mean Range Mean Range Mean Range Mean Range

Undisturbed spring 12.5 10.9–13.5 10.4 9.2–11.1 6.4 6.2–6.9 58 42–73 0.35 0.28–0.42
Flood-disturbed 11.6 10.5–13.4 10.9 9.8–11.5 7.4 6.9–8.1 55 38–68 0.48 0.36–0.61
Agriculture-disturbed 13.9 11.5–15.1 9.3 8.9–10.7 7.2 6.8–7.8 231 69–313 0.19 0.12–0.34

Table 2   Coordinates of sites used for invertebrate collection, corresponding to three community types

Community type Undisturbed spring Flood-disturbed Agriculture-disturbed

Site coordinates 43°02′07.4"S 171°45′28.2"E
43°00′07.0"S 171°48′30.3"E

43°14′36.4"S 171°43′47.7"E
42°59′34.9"S 171°47′34.5"E

43°02′07.4"S 171°45′28.2"E
43°41′38.1"S 172°26′10.3"E
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