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Summary

There is a weak evidence-base supporting the effective management of riparian ecosystems
within tropical agriculture. Policies to protect riparian buffers - strips of non-cultivated land
alongside waterways — are vague and highly variable between countries.

From a rapid evidence appraisal we find that riparian buffers are beneficial for hydrology,
water quality, biodiversity, and other ecosystem functions in tropical landscapes. However,
effects on connectivity, carbon storage, and emissions reduction remain understudied.
Riparian functions are mediated by buffer width and habitat quality, but explicit threshold
recommendations are rare.

Policy implications. A one-size-fits-all width criterion, commonly applied, will be insufficient
to provide all riparian functions in all circumstances. Context-specific guidelines for
allocating, restoring, and managing riparian buffers are necessary to minimise continued

degradation of biodiversity and ecosystem functioning in tropical agriculture.
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1. Introduction

Conservation set-asides are an important strategy to maintain biodiversity and ecosystem functions
in tropical agricultural landscapes. Protected riparian areas, known as buffers, strips, margins, zones,
or reserves, are a typical set-aside strategy. They comprise natural non-converted habitat, actively

restored natural habitat, or unmanaged areas (Barclay et al. 2017).

Globally, most research on riparian buffers concerns hydrology, water quality and quantity
(Tabacchi et al. 2000, Allan 2004, Mayer et al. 2007). More recently, there has been a growing
interest in provisions for biodiversity, landscape connectivity, and other ecosystem services such as
pollination, pest control, carbon storage, and emissions reduction (e.g. Marczak et al. 2010).
However, the scientific evidence for these alleged benefits is often lacking and unavailable to

policymakers and practitioners.

With the emergence of sustainability standards, and increased transparency in agribusiness
and producer governments, there is a window of opportunity to inform environmental policies in
tropical countries (Lucey et al. 2017). Strengthened protection of riparian buffers is attracting
industry interest, particularly via crop certification schemes, such as the Roundtable on Sustainable
Palm Qil (RSPO); Fair Trade International, and Rainforest Alliance. As producers embrace demands
for sustainability, it is timely to evaluate current riparian policies and the scientific evidence-base

available to inform them.

Riparian policies typically prescribe a minimum width for protection (Table S1). However,
much of the research on the ecological impact of buffer width is from North America and Europe
(Figure 1). Policies are absent or poorly defined in many tropical countries, particularly the emerging
agricultural markets of Central Africa (Table 1). Where policies do exist in tropical countries, they can
be vague, highly variable between and within countries, and often loosely based on information

from other locations.
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2. Assessing the tropical evidence-base

To assess the research and recommendations available for riparian buffers in tropical agriculture, we
undertook a rapid evidence appraisal of the scientific literature (see Supporting Information). The
search returned 847 publications. After including manual additions of papers we knew had been
missed by the search, there was a total of 265 studies that considered the impacts of tropical
agriculture on riparian zones and waterways, of which 107 explicitly focussed on the effects of
riparian buffers. The majority of these 107 studies were from Brazil (31%), Malaysia (14%), and Costa
Rica (11%) (Figure 2). Fifty percent of the 107 studies considered terrestrial ecology, biodiversity,
and function; 30% hydrology and/or water quality; 18% covered freshwater ecosystems; 15%
terrestrial connectivity; 11% agricultural ecosystem services; and 4% carbon storage and emissions
(some publications covered multiple themes). Below we summarise the current state of knowledge,
drawing on examples from the 107 studies. Very few gave specific recommendations for buffer

design or management, but where they did we report them.

2.1.Hydrology and water quality

Riparian areas regulate rainfall and run-off into freshwaters, filter sediments and pollutants, stabilise
riverbanks, maintain shading and low water temperatures, and provide inputs of terrestrial organic
matter such as dead wood, leaves, seeds, and insects (Tabacchi et al. 2000, Allan 2004). Protecting
non-cultivated riparian buffers also mitigates flooding, sedimentation, and nutrient run-off in

farmland (Tabacchi et al. 2000, Mayer et al. 2007).

In general, buffers with greater vegetation quality provide better hydrological benefits.
Across multiple studies and tropical regions, high tree cover is associated with high levels of
dissolved oxygen in river water, and low levels of sediment (Heartsill-Scalley and Aide 2003), sand
(Luke et al. 2017a), and disease-causing bacteria (Ragosta et al. 2011). In Malaysia, oil palm

plantation streams with high riparian foliage cover are more shaded and cooler, and have more leaf
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litter (Luke et al. 2017a, Chellaiah and Yule 2018b). In mixed farmland of Nicaragua, buffers with
higher leaf area index and decreased grazing intensity also have higher levels of water absorption
and slower overall flow (Niemeyer et al. 2014). In contrast, the limited available evidence indicates
greater forest cover may not directly result in greater nitrogen removal (Chaves et al. 2009, Connor

et al. 2013).

Crucially, landscape structure at larger spatial scales may outweigh the impact of localised
riparian buffers. Forest quality and anthropogenic activities at the catchment scale were found to be
important in both Malaysia and Brazil, particularly where buffer widths are <100m (Luke et al.
2017a, Mello et al. 2017). Subtle changes in road layouts or forest cover across a catchment can

strongly influence run-off, sedimentation, and water temperatures (Leal et al. 2016).

Riparian management policies should account for multiple scales from the riparian to catchment
level. Once this is considered it is likely that protecting relatively narrow buffers (ca. 5-10 m) will help

regulate hydrology in tropical farmland (Figure 1).

2.2. Freshwater biodiversity

Freshwater biodiversity is heavily affected by upstream and downstream areas as well as
surrounding riparian habitat through the influence of nutrient inputs and microclimate (Pusey and
Arthington 2003). Although fish communities in agricultural streams with buffers are typically more
similar to those in pristine forest than those without buffers (Lorion and Kennedy 2009a, Giam et al.
2015), there are mixed effects on species richness, abundance, and biomass reported in the
literature. For example, fish that use leaf litter and coarse substrate for hiding and foraging were
found to be missing from oil palm rivers without buffers (Lorion and Kennedy 2009a, Giam et al.
2015). As with water quality fish diversity responds to both local stream and catchment level

conditions, and may also depend on buffer widths (Tanaka et al. 2016, Leal et al. 2018).
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Freshwater invertebrates are central to aquatic food webs, contribute to decomposition and
therefore support healthy freshwaters (Covich et al. 1999). Although macroinvertebrate abundance
may not be affected by land use change (Chellaiah and Yule 2018a), macroinvertebrate composition
and diversity in buffer-protected rivers is typically intermediate between that of pristine and
agricultural sites, although there is notable variation between studies and crop types (Lorion and
Kennedy 2009b, Cunha et al. 2015, Tanaka et al. 2016, Cunha and Juen 2017, Luke et al. 2017b,
Chellaiah and Yule 2018a). Higher aquatic invertebrate diversity is associated with high levels of
coarse particulate organic matter, coarse substrate, dissolved oxygen, low levels of slow-flowing
‘glide’ habitat and ammonium concentrations (Chara-Serna et al. 2015, Tanaka et al. 2016, Connolly
et al. 2016). Although land-use changes are known to reduce freshwater decomposition (Torres and

Ramirez 2014), there are no tropical studies examining the potential for buffers to improve them.

As with hydrological studies, freshwater research point to the benefits of retaining sufficient
forest cover (e.g. >50%, Connolly et al. 2016) of sufficient quality (e.g. larger trees and greater

vertical canopy structure, Tanaka et al. 2016) adjacent to rivers.

No studies gave explicit recommendations of riparian widths needed to help protect tropical
freshwaters. This might be partly explained by the difficulty in distinguishing localised effectiveness

of riparian buffers from confounding catchment-level effects (see Leal et al. 2018).

2.3. Terrestrial biodiversity

Vegetation within riparian buffers tends to support more terrestrial biodiversity than surrounding
farmland, and can, in some cases, support comparable diversity to riparian vegetation surrounded
by continuous forest (e.g. mammals, Medina et al. 2007; birds, Mendoza et al. 2014, Mitchell et al.
2018; ants, Gray et al. 2015; butterflies, Harvey et al. 2006). However, in many situations buffer
biodiversity is intermediate between that found in farmland and continuous forest (e.g. mammals,
Zimbres et al. 2017; anurans, Konopik et al. 2015; lizards, Ledo and Colli 2016; dung beetles, Gray et

6
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al. 2014). As can be expected from habitat degradation and fragmentation, the number of species
supported is variable, with many being generalist, disturbance-, or matrix-tolerant taxa, particularly
in narrow buffers (Metzger et al. 1997, Marczak et al. 2010, Keir et al. 2015a) Riparian zones may
also support transient populations at particular times of the year, during extreme seasons or life

stages (Keuroghlian and Eaton 2008, Rodriguez-Mendoza and Pineda 2010).

As habitat quality and tree species numbers are often greater in wider buffers (Metzger et
al. 1997, Lees and Peres 2008), it is difficult to discern the influence of forest structure on riparian
biodiversity. Nevertheless, for birds at least, more species are recorded in riparian areas with a more
even canopy profile (Lees and Peres 2008), or greater aboveground biomass (Mitchell et al. 2018).
For this reason, exclusion of cattle from riparian buffers has been recommended in Brazil (Mendoza
et al. 2014), which leads to vegetation regeneration (Griscom et al. 2009) and improved bird

diversity (Lees and Peres 2008), at least in Amazonia.

Several studies have investigated the role of isolation from forest in structuring buffer
communities. Notably, buffers near to large tracts of forest support larger bat populations (Galindo-
Gonzélez and Sosa 2003), and more diverse dung beetle (Barlow et al. 2010) and bird assemblages
(Lees and Peres 2008, Keir et al. 2015b). However, the long-term viability of terrestrial biodiversity in
buffers remains open to question as edge effects may cause continual habitat degradation, and the

extent to which buffers act as ecological sinks is unclear (Beier and Noss 1998).

In Brazil, riparian buffers of >60m included both annually flooded and dry forest types,
maintaining higher tree species diversity (Metzger et al. 1997). In pasture widths >100m-200m for
mammals, birds (Lees and Peres 2008, Zimbres et al. 2017), and dung beetles (Barlow et al. 2010)
are recommended. In oil palm in Borneo minimum riparian widths of 40-100m (either side of the
river) for birds (Mitchell et al. 2018) and dung beetles (Gray et al. 2017a) are suggested (Figure 3),
while in sugarcane in Queensland widths >90m are needed to support forest specialist birds (Keir et

al. 2015b).
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164  Positive associations exist between riparian buffer width and terrestrial tropical biodiversity. A buffer
165 width of 100m each side of the bank would help support multiple animal and tree taxa regardless of

166  agricultural land use or geographic location.

167

168  2.4. Landscape connectivity

169 Riparian buffers represent the essential connection between both terrestrial and aquatic
170  ecosystems, and can potentially connect habitat patches in fragmented landscapes. For example,
171  forest antshrikes (Gillies and St. Clair 2008, Knowlton et al. 2017), bats (Medina et al. 2007),
172  peccaries (Keuroghlian and Eaton 2008), sloths (Garcés-Restrepo et al. 2018), and dung beetles and
173 moths (Gray et al. 2017b) have been shown to use riparian buffers to move around agricultural-
174  dominated landscapes. Buffers may also facilitate the spread of invasive species (Proches et al.

175  2005), although there are no studies that specifically address this in riparian buffers.

176  Only a few tropical studies have investigated the use of riparian buffers to increase landscape
177 connectivity, with most focussing on single species. This is a key knowledge gap that is in critical need

178  of further research to inform policy.

179

180  2.5. Carbon storage and emissions

181 Depending on how they are managed, riparian buffers could exacerbate greenhouse gas (GHG)
182 emissions (i.e. loss of carbon through continued degradation and erosion or by retaining nitrogen in
183 soil as fertiliser run-off from farmland), and/or serve as important stores of carbon in otherwise
184 impoverished farmland (Descloux et al. 2011, Kachenchart et al. 2012, Wantzen et al. 2012, Nagy et
185 al. 2015, Brauman et al. 2015, Masese et al. 2017). Carbon stocks in buffers surrounded by soya
186  farms were similar to intact riparian areas in Amazonia (Nagy et al. 2015). Similar trends were

187 apparent in Borneo, although riparian carbon stocks were highly variable (Mitchell et al. 2018). Data
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from Brazil found that effective restoration of degraded riparian habitats could reverse high carbon
losses associated with drainage and erosion, and result in a net increase of 70% carbon storage

(Wantzen et al. 2012).

The effects of buffers on emissions is limited to a single study, which found similar N,O
emissions in riparian forest and fertilised maize farms in the dry season, but higher emissions in the
buffers in the wet season. However, the buffer still provided positive benefits such as reduced

nitrogen inputs to freshwater (Kachenchart et al. 2012).

There are few empirical studies on the carbon dynamics of riparian buffers in tropical agriculture, and

only one on the effects of buffers on GHG emissions. Further research is urgently needed.

2.6. Agricultural services

Riparian buffer habitat could improve agricultural yields and production costs via pollination, pest
control, decomposition, and water provision services; or agricultural productivity could fall due to
increased exposure to pest and predators (Zhang et al. 2007, Power 2010). In Costa Rica, pollination
rates in coffee farms decreased near riparian forest buffers compared to those by a non-riparian
remnant (Ricketts 2004). In Borneo, oil palm sites near and far from buffers had a similar diversity of
ants and dung beetles, as well as similar levels of dung decomposition (Gray et al. 2016), ant
scavenging (Gray et al. 2015), and defoliating pests (Gray and Lewis 2014). Moreover, the presence
of forest remnants, including buffers, had little impact on oil palm yield in Borneo (Edwards et al.

2014).

Evidence for ‘spillover’ of diversity and services from riparian buffers is limited. However, there is

likely a balance between services and disservices provided by buffers in tropical farmland.

3. Directions for science and policy
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Although additional research on tropical riparian buffers is clearly needed, several policy-relevant

conclusions can be made from the existing literature:

1.

Riparian buffers should be maintained and restored. Sufficient evidence exists to confirm
buffers provide key benefits in tropical landscapes, including improving water quality and
hydrological processes, supporting higher levels of freshwater and terrestrial biodiversity, and
contributing to landscape-wide carbon storage in tropical farmland. However, further studies are
needed on connectivity, greenhouse gas emissions mitigation, and ecosystem service provision.
As biodiversity, carbon storage, hydrology and water quality improve when vegetation
heterogeneity, canopy cover and biomass in buffers are high, retaining natural vegetation in
buffers is essential. Research exploring thresholds or tipping points of habitat quality effects on
riparian functions is currently lacking, and would be particularly informative for restoration
efforts.

Wider riparian buffers are better than narrow ones. Effective buffer widths will vary by function
(Figure 1). Currently, width thresholds are largely based on hydrology and water quality
research, with guidelines usually recommending widths between 10-100m (Table 1). However,
studies on tropical biodiversity from Latin America and Southeast Asia indicate 40-200m on each
riverbank is needed, depending on the taxon studied, and whether the buffer is isolated within
the agricultural matrix. Larger or wider-ranging species may require large buffer widths, and so

decision trees that allow context-specific recommendations are needed (see below).

Catchment-level processes should be considered alongside riparian processes. The
effectiveness of buffers for aquatic functions can be confounded by how land is managed
upstream. Similarly, the value of buffers for terrestrial biodiversity is linked to habitat availability
over the broader landscape. Efforts should be made to protect habitat in stream headwaters,
and the location of roads and agricultural activities should be carefully planned across whole
catchments to maximise benefits. The relative roles of riparian versus catchment level land cover

10
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remains poorly understood, especially in the tropics, and studies that quantify variation on both

these scales (lfiiguez-Armijos et al. 2014) will be very valuable to inform policy.

We suggest four critical components needed to implement effective riparian policies in tropical

countries:

Clear buffer design protocols are needed to decide how much riparian habitat should be
retained in tropical agriculture. A wide range of variables are assessed to determine riparian
buffer widths in some temperate locations (Figure 1), and could form a basis for similar
function-specific policies in the tropics, noting that a one-size-fits all width threshold is
insufficient. For example, the High Carbon Approach (http:// highcarbonstock.org) uses a
decision tree incorporating patch area as a criterion for forest conversion, but could be
expanded by incorporating minimum width thresholds for riparian buffers under varying
contexts. Such decision-making tools should facilitate buffer design for the landscape in
guestion, incorporating key factors (e.g. size of river, connectivity, isolation from nearby
forest, matrix type, and local community use) and designation could be automated by
computational processes.

Rapid riparian survey protocols to assess and monitor buffer effectiveness should be
developed using a suite of standard indicator species and functions. We suggest expanding
existing toolkits, such as the forest integrity assessment tool

(www.hcvnetwork.org/resources/forest-integrity-assessment-tool) and the Toolkit for

Ecosystem Service Site-based Assessment (TESSA) (Peh et al., 2017), to riparian contexts.
Guidelines for rehabilitation and restoration of riparian areas in tropical agriculture are
notably absent from the published literature, but sorely needed. Recent oil palm certification
standards offer some suggestions (Barclay et al. 2017), and experiments in Sumatra are

testing riparian restoration approaches in oil palm (http://oilpalmbiodiversity.com/). The

11
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Riparian Ecosystem Restoration in Tropical Agriculture (RERTA) project provides a research
design template that could be adapted and replicated in other countries and agricultural
systems to allow informed guidelines at landscape-scales. We also suggest expanding on
existing initiatives  such as the Riparian Restoration Plant  Database
(https://www.ctahr.hawaii.edu/rnre/Riparian_Restoration_Plant_Database.asp)

Local technical support including capacity to map streams and land boundaries; expertise to
help with monitoring and restoration; and schemes to increase awareness of policies
amongst local land managers, are often lacking, meaning that riparian guidelines may fail to
deliver benefits on the ground (Nunes et al. 2015). In addition to the open sharing of
topographical data to accurately delimit watercourses, historical maps would be particularly
useful to overcome shifting baselines, whereby deforested landscapes tend to lose perennial
streams that could otherwise retain some functioning if buffered appropriately. Addressing
this requires closer collaboration and improved data sharing between scientists, policy-
makers, environmental managers and local practitioners to build capacity on the ground, and

to ensure that riparian science is translated into policy where it is needed most.
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Table S1. Examples of riparian buffer policies in tropical countries compared to the RSPO

certification standard. The area of land, forest, and agriculture for each country is taken from

http://fao.org/faostat (18 January 2018). Policy documents are listed in Supporting Information.

Page 14 of 58

Country Area of land, forest and Main Buffer policies, and prescribed width Source
agriculture (FAO 2017) agricultural (from each riverbank)
crops by
land area
(>50% of
farmland
area)
Brazil Land: 8,515,767 km’ Soya The Brazilian Forest Code requires Law 12651/2012.
Forest: 5,028,560 km® Maize landowners to restore/maintain a PPA http://www.planalto.gov.br/
(59%) (Permanent Preservation Area) alongside  ccivil_03/_ato2011-2014/
Agriculture: 2,879,181 km? watercourses. Previously, this ranged 2012/1ei/112727 htm
(34%) from 30-500 m wide depending on the
size of the river. 2012 reforms changed Nunes et al. (2015)
the restoration liability for areas cleared
before July 2008, linking this to property
size rather than river size. Buffers to be
restored are now much narrower (5-15
for most properties; although up to 100 m
for very large ones).
Colombia Land: 1,141,748 km? Coffee The National Code of Renewable Natural ~ (Rubiano 2011)
Forest: 602,044 km? Rice Resources and the Protection of the
(53%) Sugarcane Environment dictates that all land 30m
Agriculture: 459,668 km? Plantains from each riverbank are the property of
(40%) the state and should be preserved.
Democratic Land: 342,000 km? Cassava National operational guidelines require Ministere de I’Environnement,
Republic of Forest: 230,166 km? Maize protection of land around watercourses Conservation de la Nature et Tourisme
Congo (67%) of: (MECNT 2010)
Agriculture: 39,535 km? - 20 m for streams or tributaries
(12%) - 50 m for rivers >10m wide

- 150 m for headwaters
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(widths from each banks).

Gabon Land: 267,668 km® Cassava No specific national legal requirements.
Forest: 238,921 km® Plantains Producers are referred to best practice
(89%) Yams guidelines.
Agriculture: 53,614 km?
(20%)
Ghana Land: 238,533 km’ Cocoa National Buffer Zone Policy of Ghana (RSPO Ghana National Interpretation
Forest: 50,164 km? Cassava requires: Working Group (GNIWG) 2015)
(21%) Maize - 10-15 m from minor perennial
Agriculture: 164,588 km? streams
(69%) - 10-20 m from important
intermittent streams
- 10-60 m for major perennial rivers
and streams
Prescribed buffer zones are dependent on
slope, more steeper river banks requiring
more land to be protected:
- If 15-20%, add 3 m
- 1f 20-25%, add 10 m
- If 25-30%, add 20 m
Indonesia Land: 1,910,931 km? Rice National guidelines require protecting: Minister of Agriculture Decrees
Forest: 960,052 km® Oil palm - 50 m from rivers <30 m wide 837/Kpts/Um/11/1980 and
(50%) - 100 m from rivers >30 m wide 683/Kpts/Um/8/1961; Presidential
Agriculture: 601,179 km? - 200 m from water springs and Decree No: 48/1983
(32%) rivers in swampy areas.
Interpretation and implementation now
rests with regional and local governments
following decentralisation.
Malaysia Land: 330,803 km® Oil palm Guidelines vary across the country. Ministry of Natural Resources and
Forest: 223,457 km? In peninsular Malaysia and Sarawak: Environment (State of Sabah 1998,
(68%) - 5 m from watercourse <5 m wide Malaysian Ministry of Natural

Agriculture: 78,930 km?

(24%)

- 10 m if 5-10 m wide

- 20 m if 10-20 m wide

- 40 m if 20-40 m wide

Resources and Environment 2009,
Environment Protection Department

(EPD) 2011)
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- 50 m if >40 m wide.

In Sabah all permanent watercourses >3

m wide need at least 20 m from the top

of each riverbank. Oil palm producers are

also required to maintain:

- 5 m for rivers <3 m wide

- 50-100 m for areas that are steep,
environmentally sensitive, or

important for wildlife.

Papua New Land: 462,840 km? Coconut National guidelines produced for the Papua New Guinea National
Guinea Forest: 342,964 km? Oil palm PNG oil palm industry require protection  Interpretation Working Group (PNG
(74%) Fruit zones of 5 m from watercourses 1-5 m NIWG), 2012
Agriculture: 13,885 km? Cocoa wide, to 100 m for rivers >50 m wide.
(3%)
Elsewhere, the PNG Logging Code of (Papua New Guinea Forest Authority &
Practice requires: Department of Environment and
- 10 m from watercourses 1-5 m Conservation 1996)
wide
- 50 mif >5 m wide
- 50 m from any watercourse used by
the local community.
Prescribed widths are from the
riverbanks where vegetation is 10 m or
higher (which therefore excludes
grasslands).
Certification  Certified extent Crops Buffer guidelines Source
organisation
Fair Trade 1.65 million farmers; 74 Bananas, Member organisations must maintain Fairtrade Standard for Small Producer
International ~ countries (area information Coffee, buffer zones around bodies of water and Organizations, Current version:
unavailable) Sugar, watershed recharge areas and between 01.05.2011 v1.5,
Cotton., production areas and areas of high https://www fairtrade.net/standards/our-
Cocoa, Tea conservation value, either protected or standards/small-producer-

not. No further guidance is given, other

than pesticides, other hazardous

standards.html

Confidential Review copy

16



Page 17 of 58

Journal of Applied Ecology

chemicals and fertilizers must not be

applied in buffer zones.

Rainforest Certified area: 3.5 millionha  Bananas, Existing native vegetation outside natural ~ Rainforest Alliance
Alliance Coffee, ecosystems is maintained, including Sustainable Agriculture Standard
Cocoa, Tea, existing vegetated zones adjacent to For farms and producer groups
Palm oil aquatic ecosystems. Farm managers involved in crop and
should “implement a plan to cattle production, July, 2017
progressively increase or restore native Version 1.2
vegetation...including restoration of https://www.rainforest-
zones adjacent to aquatic ecosystems. No  alliance.org/business/sas/resource-
further guidance is provided. item/rainforest-alliance-sustainable-
agriculture-standard/
Roundtable Certified area: 33, 010 km? Oil palm In the absence of specific national RSPO (Barclay et al. 2017)
for guidelines all permanent watercourses,
Sustainable wetlands and water bodies should have
Palm Oil minimum buffer widths of:
(RSPO) - 5 m for rivers 1-5 m wide

- 10 m for rivers 5-10 m wide

- 20 m for rivers 10-20 m wide

- 40 m for rivers 20-40 m wide

- 50 m for rivers 40-50 m wide

- 100 m for rivers >50 m wide.

293

294
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e ] Riparian wildlife support (8)
? Riparian microclimate control (5)
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295 Recommended riparian buffer width each side of riverbank (m)
296 Figure 1. Minimum (light shading) and maximum (dark shading) riparian buffer widths
297 recommended to protect riparian functions in temperate (evidence for North America in Collins et
298  al. 2006) and tropical regions (material in this manuscript and (Barclay et al. 2017). The number of

299 studies on which the recommendations are based are in parentheses.

Studies
per country

=4
s
BT
1532

Tropic of Capricorn .

300

301

302  Figure 2. Geographic representation of riparian buffer research across countries within, or partially

303  within, the tropical zone (106 publications; see Table S2).
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Figure 3. The proportion of a) bird and b) dung beetle species found in riparian buffers of increasing
width in oil palm plantations compared to riparian areas in nearby forest (figures redrawn from

Mitchell et al. (2018) and (Gray et al. (2017a)).
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Supporting information for Luke et al. Policy Direction manuscript

Search terms used to find relevant publications:

We undertook a rapid evidence appraisal of the scientific literature using the search engine Scopus

(www.scopus.com). The following search terms were used (last updated 27th July 2018).

“TITLE-ABS-KEY ( ( "riparian" OR "river*") AND ( "tropic*") AND ( "agricultur*" OR "plantation"
OR "farm*" OR "graz*" OR "pastur*" OR "rice" OR "maize" OR "wheat" OR "sorghum" OR
"soy*" OR "millet" OR "bean" OR "sugar*" OR "cassava" OR "groundnut*" OR "oil palm" OR

"palm oil" OR "cowpea*") AND ( "buffer" OR "margin" OR "zone" OR "corridor" OR "reserve'

OR "forest" OR "strip" OR “connect*”)) AND ( LIMIT-TO ( LANGUAGE , "English"))".

The selection of crop terms was based on a list of the most important tropical crops in Phalan et al.
(2013). Using “tropic*” in the term assured the geographic reach of search was broad, and included
countries that are partially within the tropical zone (e.g. Australia, India) as well as those wholly

within it. This search returned 847 papers.

We sought to cover as wide a range of search terms as possible whilst keeping within the bounds of
the relevant literature. Inevitably, a small number of publications did not include sufficient
information or key words in bibliographic databases to be detected by our search. We therefore
added any papers that we knew had been missed, or were evident from the references contained
within the searched papers (17 papers added —italicized in Table S2). Although we acknowledge that
the list is still unlikely to be exhaustive, particularly for publications published in languages other

than English, we believe it offers an ample overview of the literature available on the topic.

Paper selection criteria:
Based on the title and abstract, papers were screened and placed into three categories (Table S2):

1. Those that generally considered the impacts of tropical agricultural on riparian zones and
freshwater waterways (158 papers).
2. Those that explicitly considered the benefits of riparian buffers for mitigating impacts (107
papers). For this category we:
¢ Included papers that studied the effects of isolated riparian buffers surrounded by

agriculture.

S1
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e Excluded papers that considered riparian areas that were part of continuous
habitats (either natural, or agricultural) rather than buffers per se, and those that
considered forest fragments (unless the text of the paper indicated that these
fragments were specifically designed or designated as riparian buffers).

e Did not require there to be a comparison of riparian buffer size with a non-buffered
control site.

¢ Included additional papers that we knew had been missed by the search or from
references contained within the searched papers (17 papers added- italicized in
Table S2).

3. Those that were not relevant to either 1) or 2) above. These papers were excluded, and are

not considered in this article.

Use of papers to produce summaries in Section 2:

For the papers considered relevant (categories 1 and 2, above), we recorded the country in which

the study was conducted, and the topic(s) it considered under six key categories of benefits:

1. Hydrology and water quality
Freshwater biodiversity
Terrestrial biodiversity
Landscape connectivity

Carbon storage and emissions

S

Agricultural services

All relevant papers, their study countries, and topics are summarised in Table S1 and Table S2. We
then used the papers from Table S2 as a basis for writing summaries of the existing knowledge-base
on each topic (Sections 2.1-2.6). Owing to constraints of space, we were not able to discuss the
results of each paper that fell within each category, but instead aimed to provide a balanced

summary of the current state of knowledge, exemplified with details from a subset of the studies.

Supporting references

Phalan, B., M. Bertzky, S. H. M. Butchart, P. F. Donald, J. P. W. Scharlemann, A. J. Stattersfield, and A.
Balmford. 2013. Crop expansion and conservation priorities in tropical countries. Plos One

8:€51759.)
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Policy documents listed in Table 1

Environment Protection Department (EPD) (2011) Guidelines for minimising impacts of oil palm
plantations and palm oil mills on quality of rivers in Sabah. Ministry of Tourism, Culture and
Environment, Kota Kinabalu, Sabah

FAO (2017) FAO. In: Food Agric. Organ. United Nations, Stat. Div.
http://www.fao.org/faostat/en/#data/RL

Fairtrade Labelling Organizations International (2005) Fairtrade standard for small producer
organizations, Bonn, Germany. Current version: 01.05.2011_v1.5,
https://www.fairtrade.net/standards/our-standards/small-producer-standards.html

Malaysian Ministry of Natural Resources and Environment (2009) Managing biodiversity in the
riparian zone. Putrajaya, Malaysia.

Papua New Guinea National RSPO Interpretation Working Group (PNG NIWG) (2012) Indicators and
guidance required to establish the RSPO principles and criteria. Papua New Guinea (p. 53)

Papua New Guinea Forest Authority & Department of Environment and Conservation (1996) Papua
New Guinea Logging Code of Practice

Rainforest Alliance (2017) Rainforest Alliance sustainable agriculture standard for farms and
producer groups involved in crop and cattle production. Version 1.2. New York, USA.
https://www.rainforest-alliance.org/business/sas/resource-item/rainforest-alliance-sustainable-
agriculture-standard/

RSPO Ghana National Interpretation Working Group (GNIWG) (2015) Ghana National Interpretation
of RSPO Principles and Criteria for Sustainable Palm OQil

Rubiano DR (2011) Environmental law in Colombia, 2nd Edition. Kluwer Law International, Alphen
aan den Rijn, The Netherlands

State of Sabah (1998) Sabah Water Resources Enactment 1998. Malaysia
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Table S1- Publications that consider the impacts of tropical agriculture on riparian zones and waterways
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(Abram et al. 2014) Malaysia Oil palm v
(Abrantes and Sheaves 2010) Australia Pasture v v v
(Adyasari et al. 2018) Indonesia Mixed v
(Alemu et al. 2017) Ethiopia Mixed v v
(Alemu et al. 2018) Ethiopia Mixed 4 4
(Altaf et al. 2018) Pakistan Mixed v
(Amarathunga and Kazama 2016) Sri Lanka Mixed 4
(Armacost and Capparella 2012) Peru Mixed v
(Awoke et al. 2016) Ethiopia Mixed 4
(Azhar et al. 2014) Malaysia Oil palm v
(Azhar et al. 2015) Malaysia Oil palm v v
(Barasa et al. 2016) Uganda Mixed 4
(Béliveau et al. 2009) Brazil Slash and burn agriculture v
(Bello et al. 2017) Malaysia Mixed 4
(Benstead et al. 2003) Madagascar Mixed v
(Benstead and Pringle 2004) Madagascar Mixed v
(Boron et al. 2016) Colombia Mixed v v
(Bott and Newbold 2013) Peru Pasture v v
(Bramley and Roth 2002) Australia Mixed v
(Brauman et al. 2015) Hawaii Mixed v v v v
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(Brito et al. 2018) Brazil Mixed 4 v
(Burgos-Caraballo et al. 2014) Puerto Rico Pasture v v
(Casatti et al. 2015) Brazil Mixed v
(Castillo 2010) Venezuala Mixed v

(Causse et al. 2015) Laos Mixed v

(Chappell and Thang 2007) Malaysia Oil palm v

(Chappell et al. 2005) Multiple Mixed v

(Da Cunha et al. 2006) Brazil Mixed 4
(Dalmagro et al. 2017) Brazil Mixed v

(Datiko and Bekele 2014) Ethiopia Mixed v
(David et al. 2016) India Mixed v

(Davis et al. 2000) Malaysia Tree plantation v
(Davis and Moore 2016) Australia Sugarcane v

(de Alcantara et al. 2004) Brazil Pasture v
(de Paula Ferreira et al. 2015) Brazil Mixed v v
(Deegan et al. 2011) Brazil Pasture v

(Descloux et al. 2011) Laos Mixed

(Devlin et al. 2001) Australia Mixed v

(Dias et al. 2015) Brazil Mixed v
(Echeverria-Saenz et al. 2012) Costa Rica Pineapples v v
(Edwards et al. 2014) Malaysia Oil palm

(Encalada et al. 2010) Ecuador Pasture v

(Evans 2015) Malaysia Oil palm v v
(Faruk et al. 2013) Malaysia Oil palm v v
(Fernandes et al. 2016) Brazil Mixed v
(Ferreira Marmontel et al. 2018) Brazil Mixed 4

(Ficetola et al. 2008) Costa Rica Pasture v v
(Figueiredo et al. 2018) Brazil Pasture 4 v

(Franz et al. 2014) Brazil Mixed v

(Fritsch 1993) French Guiana | Tree plantation 4

(Gabiri et al. 2018a) Uganda Mixed v

(Gabiri et al. 2018b) Tanzania Mixed 4
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(Gama et al. 2017) Brazil Mixed 4

(Gandaseca et al. 2014) Malaysia Oil palm v

(Gandaseca et al. 2015) Malaysia Oil palm 4

(Garcia-Garcia et al. 2017) Mexico Mixed v v
(Gardner et al. 2007) Brazil Tree plantation v
(Germer et al. 2010) Brazil Pasture v

(Gillespie et al. 2012) Malaysia Oil palm v v
(Graham et al. 2002) Mexico Mixed 4
(Griscom et al. 2007) Panama Pasture v
(Groffman et al. 2001) Costa Rica Mixed v
(Gucker et al. 2016) Brazil Mixed v

(Habel et al. 2018) Kenya Mixed v
(Harun et al. 2016) Malaysia Oil palm v

(Hein et al. 2011) Puerto Rico Mixed v
(Huerta et al. 2007) Mexico Mixed v
(Ikhwanuddin et al. 2017) Malaysia Mixed v
(Iniguez-Armijos et al. 2016) Ecuador Pasture v v

(lwata et al. 2003) Malaysia Slash and burn agriculture v v

(Jacobs et al. 2017) Kenya Mixed v

(Jacobs et al. 2018) Kenya Mixed v

(Jayawardana et al. 2017) Sri Lanka Mixed v v
(Kasangaki et al. 2008) Uganda Mixed v v
(Kjeerandsen 2005) Ghana Mixed v

(Kundu and Bei 2016) Indonesia Oil palm v

(Leitdo et al. 2015) Brazil Pasture v

(Leitdo et al. 2018) Brazil Mixed 4 v

(Levy et al. 2018) Brazil Mixed v

(Li et al. 2014) China Mixed 4

(Liljestrom et al. 2012) Multiple Mixed v

(Lima et al. 2012) Brazil Tree plantation 4

(Litt et al. 2015) Panama Mixed v

(Lucas et al. 2016) Brazil Pasture 4
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(Luo et al. 2013) China Mixed 4
(Mardamootoo et al. 2015) Mauritius Sugarcane v
(Martinelli et al. 1999) Brazil Mixed 4
(Martinez et al. 2009) Mexico Mixed v
(Masese et al. 2014a) Kenya Mixed

(Masese et al. 2014b) Kenya Mixed v
(Masese et al. 2017) Kenya Mixed v
(Mayfield et al. 2006) Costa Rica Pasture

(Mayfield and Daily 2005) Costa Rica Pasture

(Mbaye et al. 2016) Multiple Mixed v
(Mello et al. 2017) Brazil Mixed v
(Mello et al. 2018) Brazil Mixed v
(Mendenhall et al. 2011) Costa Rica Mixed

(Meng et al. 2015) China Mixed

(Miguel Ayala et al. 2016) Brazil Soybean

(Minakawa et al. 2005) Kenya Mixed

(Minaya et al. 2013) Kenya Mixed v
(Molina et al. 2012) Ecuador Mixed v
(Mumeka 1986) Zambia Mixed v
(Munga et al. 2009) Kenya Mixed

(Neill et al. 2001) Brazil Pasture v
(Neill et al. 2006a) Multiple Pasture v
(Nobrega et al. 2018) Brazil Pasture v
(Nowakowski et al. 2015) Costa Rica Mixed

(Oliveira et al. 2016) Brazil Mixed v
(Piazza et al. 2018) Brazil Mixed 4
(Pinto et al. 2006) Brazil Pasture

(Pramual and Kuvangkadilok 2009) Thailand Mixed

(Ragosta et al. 2010) Hawaii Pasture v
(Ramirez et al. 2017) Colombia Slash and burn agriculture 4
(Rasmussen et al. 2016) Costa Rica Rice v
(Rizinjirabake et al. 2018) Rwanda Mixed 4
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(Roa-Fuentes and Casatti 2017) Brazil Mixed 4 v
(Rodrigues et al. 2011) Brazil Mixed

(Rodrigues et al. 2018) Brazil Mixed 4
(Rodriguez-lruretagoiena et al. 2016) Brazil Mixed v

(Rossi et al. 2010) French Guiana | Slash and burn agriculture

(Saadati et al. 2012) Malaysia Mixed v

(Sabo et al. 2005) Multiple Mixed

(Sahara et al. 2007) Brazil Tree plantation v
(Salemi et al. 2013) Brazil Mixed v

(Sapis et al. 2018) Malaysia Oil palm v v
(Siegloch et al. 2014) Brazil Mixed v v
(Silva-Junior et al. 2014) Brazil Mixed v v
(Somura et al. 2016) Indonesia Rice v
(Stephen and Sanchez 2014) Costa Rica Bananas

(Stephens et al. 2018) Fiji Tree plantation v
(Strauch et al. 2014) Hawaii Mixed v
(Suazo-Ortuiio et al. 2017) Mexico Pasture

(Subramanian et al. 2005) India Mixed

(Suga and Tanaka 2013) Brazil Sugarcane v v
(Suganuma et al. 2014) Brazil Mixed

(Sunil et al. 2016) India Mixed

(Tanaka et al. 2015) Brazil Sugarcane v v
(Taniwaki et al. 2017) Brazil Mixed v
(Tan-Soo et al. 2016) Malaysia Mixed v
(Thomas et al. 2004) Brazil Pasture v
(Thomas et al. 2015) India Mixed 4
(Toriman et al. 2015) Thailand Mixed v

(Torres and Ramirez 2014) Puerto Rico Pasture v
(Tripathi and Singh 2009) India Tree plantation

(Tsatsaros et al. 2013) Australia Mixed 4
(Vanacker et al. 2003) Ecuador Mixed v
(Venkatesh et al. 2014) India Tree plantation 4
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(Vijaykrishna and Hyde 2006) Australia Mixed v

(Visser et al. 2007) Australia Sugarcane v

(Wagner et al. 2008) Benin Mixed v
(Wantzen et al. 2012) Brazil Mixed v

(Welsh et al. 2018) Costa Rica Coffee v

(Wilk et al. 2001) Thailand Mixed v

(Wosten et al. 2006) Indonesia Oil palm v

(Yamada et al. 2016) Malaysia Oil palm 4

(zenietal. 2017) Brazil Mixed v

(Zorzal-Almeida et al. 2018) Brazil Mixed v

Table S2- Publications that consider the effectiveness of riparian buffers for mitigating the impacts of
tropical agriculture on riparian zones and waterways * (107 papers)

* references shown in italics were not found by the Scopus search, and were added to the list manually.
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(Almeida et al. 2016) Brazil Oil palm v
(Avila-Cabadilla et al. 2012) Mexico Pasture v
(Barlow et al. 2010) Brazil Tree plantation v
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(Bengsen and Pearson 2006) Australia Pasture v
(Boéchat et al. 2013) Brazil Mixed v

(Boéchat et al. 2014) Brazil Mixed 4

(Brito et al. 2017) Brazil Oil palm v
(Cabra-Garcia et al. 2012) Colombia Sugarcane v
(Celentano et al. 2017) Brazil Slash and burn agriculture v v
(Chara-Serna et al. 2015) Colombia Mixed v

(Chaves et al. 2009) Brazil Pasture v

(Chellaiah and Yule 2018a) Malaysia Oil palm 4

(Chellaiah and Yule 2018b) Malaysia Qil palm v

(Connolly and Pearson 2005) Multiple Mixed 4

(Connolly et al. 2015) Australia Sugarcane v

(Connolly et al. 2016) Australia Sugarcane

(Connor et al. 2013) Australia Sugarcane 4

(Cultid-Medina and Escobar 2016) Colombia Mixed v

(Cunha and Juen 2017) Brazil Oil palm

(Cunha et al. 2015) Brazil Qil palm v

(de la Pefia-Cuéllar et al. 2015) Mexico Pasture v

(de Rouw et al. 2018) Laos Mixed v

(Duku et al. 2016) Benin Mixed

(Estrada and Coates-Estrada 1996) Mexico Mixed v v
(Fujita et al. 2014) Indonesia Tree plantation v
(Galindo-Gonzalez and Sosa 2003) Mexico Pasture v
(Garcés-Restrepo et al. 2018) Costa Rica Mixed v v
(Garcia-Martinez et al. 2017) Mexico Mixed v v
(Giam et al. 2015) Indonesia Oil palm

(Gillies et al. 2011) Costa Rica Pasture v
(Gillies and St. Clair 2008) Costa Rica Pasture v
(Gillies and St. Clair 2010) Costa Rica Pasture v
(Graham and Blake 2001) Mexico Mixed v

(Gray and Lewis 2014) Malaysia Qil palm

(Gray et al. 2014) Malaysia Oil palm v
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(Gray et al. 2015) Malaysia Oil palm v
(Gray et al. 2016) Malaysia Qil palm v
(Gray et al. 2017a) Malaysia Oil palm

(Gray et al. 2017b) Malaysia Oil palm v
(Greenler and Ebersole 2015) Costa Rica Cacao v
(Griscom et al. 2011) Panama Pasture v
(Griscom et al. 2009) Panama Pasture v
(Habel et al. 2015) Kenya Mixed 4
(Harvey et al. 2006) Nicaragua Mixed v
(Hausmann et al. 2005) Australia Pasture v
(Hawes et al. 2008) Brazil Tree plantation v
(Heartsill-Scalley and Aide 2003) Puerto Rico Mixed

(Hill 1995) Australia Sugarcane v
(Houston et al. 2015) Australia Pasture v
(Juen et al. 2016) Brazil Qil palm

(Kachenchart et al. 2012) Thailand Maize

(Keir et al. 2015) Australia Sugarcane v
(Keuroghlian and Eaton 2008) Brazil Pasture v
(Knowlton et al. 2017) Brazil Oil palm

(Konopik et al. 2014) Malaysia Oil palm v
(Konopik et al. 2015) Malaysia Qil palm v
(Kraker-Castafieda et al. 2013) Mexico Pasture v
(Leal et al. 2016) Brazil Tree plantation

(Leal et al. 2018) Brazil Mixed

(Ledo and Colli 2016) Brazil Mixed v
(Lees and Peres 2008) Brazil Pasture v
(Ligtermoet et al. 2009) Malaysia Oil palm

(Lorion and Kennedy 2009a) Costa Rica Pasture

(Lorion and Kennedy 2009b) Costa Rica Pasture

(Lourenco et al. 2014) Brazil Mixed v
(Luke et al. 2017a) Malaysia Qil palm

(Luke et al. 2017b) Malaysia Oil palm

Confidential Review copy




Journal of Applied Ecology

(Mangadze et al. 2016) Zimbabwe Mixed

(Martucci do Couto et al. 2016) Brazil Sugarcane v

(McKergow et al. 2004) Australia Bananas

(McLennan and Plumptre 2012) Uganda Cacao v

(Medina et al. 2007) Nicaragua Pasture v

(Mendoza et al. 2014) Multiple Pasture v

(Metzger 1997) Brazil Coffee v

(Metzger et al. 1997) Brazil Mixed 4

(Michalski et al. 2006) Brazil Pasture v
(Mitchell et al. 2018) Malaysia Oil palm v

(Nagy et al. 2015) Brazil Soybean v

(Neill et al. 2006b) Brazil Pasture

(Niemeyer et al. 2014) Nicaragua Mixed

(Norris and Michalski 2010) Brazil Pasture v

(Qureshi and Harrison 2002) Australia Mixed v
(Ragosta et al. 2011) Hawaii Pasture v
(Ricketts 2004) Costa Rica Coffee v v
(Rivera et al. 2011) Honduras Mixed v
(Rodriguez-Mendoza and Pineda 2010) | Mexico Pasture v

(Salemi et al. 2012) Multiple Pasture

(Salemi et al. 2016) Brazil Mixed

(Seaman and Schulze 2010) Costa Rica Mixed v

(Seidu et al. 2017) Ghana Mixed

(Sekercioglu et al. 2007) Costa Rica Mixed v

(Sheaves et al. 2018) Papua New Guinea | Oil palm v

(Silva-Junior 2016) Multiple Mixed

(Singh et al. 2015) Malaysia Oil palm v

(Tanaka et al. 2016) Brazil Mixed

(Tanaka and dos Santos 2017) Brazil Mixed

(Thompson et al. 2018) Costa Rica Pasture v

(Tomasella et al. 2009) Brazil Pasture

(Vono and Barbosa 2001) Brazil Tree plantation
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(Wantzen et al. 2006) Brazil Mixed 4
(Wanyama et al. 2012) Uganda Mixed v
(Williams et al. 1997) Brazil Slash and burn agriculture 4
(Williams-Linera et al. 1998) Mexico Pasture v
(Wishnie and Socha 2003) Costa Rica Mixed v
(Wordley et al. 2018) India Tea v
(Yaap et al. 2016) Indonesia Tree plantation v
(Zimbres et al. 2017) Brazil Pasture 4

Confidential Review copy




Journal of Applied Ecology

Full details of references

Abram, N. K. et al. 2014. Synergies for Improving Oil Palm Production and Forest Conservation in Floodplain Landscapes (F Moreira, Ed.). - PLoS One 9:
€95388.

Abrantes, K. G. and Sheaves, M. 2010. Importance of freshwater flow in terrestrial-aquatic energetic connectivity in intermittently connected estuaries of
tropical Australia. - Mar. Biol. 157: 2071-2086.

Adyasari, D. et al. 2018. Groundwater nutrient inputs into an urbanized tropical estuary system in Indonesia. - Sci. Total Environ. 627: 1066—1079.

Alemu, T. et al. 2017. Effect of riparian land use on environmental conditions and riparian vegetation in the east African highland streams. - Limnol. - Ecol.
Manag. Inl. Waters 66: 1-11.

Alemu, T. et al. 2018. Identifying riparian vegetation as indicator of stream water quality in the Gilgel Gibe catchment, southwestern Ethiopia. -
Ecohydrology 11: e1915.

Almeida, S. M. et al. 2016. The effects of oil palm plantations on the functional diversity of Amazonian birds. - J. Trop. Ecol. 32: 510-525.

Altaf, M. et al. 2018. Anthropogenic impact on the distribution of the birds in the tropical thorn forest, Punjab, Pakistan. - J. Asia-Pacific Biodivers. 11: 229—
236.

Amarathunga, A. A. D. and Kazama, F. 2016. Impact of Land Use on Surface Water Quality: A Case Study in the Gin River Basin, Sri Lanka. - Asian J. Water,
Environ. Pollut. 13: 1-13.

Armacost, J. W. J. and Capparella, A. P. 2012. Use of Mainland Habitats by Supposed River-Island Obligate Birds along the Amazon River in Peru. - Condor
114:56-61.

Avila-Cabadilla, L. D. et al. 2012. Local and landscape factors determining occurrence of phyllostomid bats in tropical secondary forests. - PLoS One in press.

Awoke, A. et al. 2016. River Water Pollution Status and Water Policy Scenario in Ethiopia: Raising Awareness for Better Implementation in Developing
Countries. - Environ. Manage. 58: 694-706.

Azhar, B. et al. 2014. Effects of monoculture and polyculture practices in oil palm smallholdings on tropical farmland birds. - Basic Appl. Ecol. 15: 336—346.

Azhar, B. et al. 2015. Effects of in situ habitat quality and landscape characteristics in the oil palm agricultural matrix on tropical understory birds, fruit bats
and butterflies. - Biodivers. Conserv. 24: 3125-3144.

Confidential Review copy

Page 40 of 58



Page 41 of 58

Journal of Applied Ecology

Barasa, B. et al. 2016. Effects of heterogeneous land use/cover types on river channel morphology in the Solo River catchment, Eastern Uganda. - Geocarto
Int. 32: 1-12.

Barlow, J. et al. 2010. Improving the design and management of forest strips in human-dominated tropical landscapes: a field test on Amazonian dung
beetles. - J. Appl. Ecol. 47: 779-788.

Béliveau, A. et al. 2009. Early Hg mobility in cultivated tropical soils one year after slash-and-burn of the primary forest, in the Brazilian Amazon. - Sci. Total
Environ. 407: 4480-4489.

Bello, A. A. D. et al. 2017. Impact of urbanization on the sediment yield in tropical watershed using temporal land-use changes and a GIS-based model. - J.
Water L. Dev. 34: 33-45.

Bengsen, A. J. and Pearson, R. G. 2006. Examination of factors potentially affecting riparian bird assemblages in a tropical Queensland savanna. - Ecol.
Manag. Restor. 7: 141-144.

Benstead, J. P. and Pringle, C. M. 2004. Deforestation alters the resource base and biomass of endemic stream insects in eastern Madagascar. - Freshw. Biol.
49: 490-501.

Benstead, J. P. et al. 2003. Relationships of Stream Invertebrate Communities to Deforestation in Eastern Madagascar. - Ecol. Appl. 13: 1473-1490.

Boéchat, I. G. et al. 2013. Land-use effects on river habitat quality and sediment granulometry along a 4th-order tropical river. - Ambient. e Agua - An
Interdiscip. J. Appl. Sci. 8: 445-458.

Boéchat, I. G. et al. 2014. Land-use impacts on fatty acid profiles of suspended particulate organic matter along a larger tropical river. - Sci. Total Environ.
482-483: 62-70.

Boron, V. et al. 2016. Jaguar Densities across Human-Dominated Landscapes in Colombia: The Contribution of Unprotected Areas to Long Term
Conservation (CA Hagen, Ed.). - PLoS One 11: e0153973.

Bott, T. L. and Newbold, J. D. 2013. Ecosystem metabolism and nutrient uptake in Peruvian headwater streams. - Int. Rev. Hydrobiol. 98: 117-131.

Bramley, R. G. V. and Roth, C. H. 2002. Land-use effects on water quality in an intensively managed catchment in the Australian humid tropics. - Mar.
Freshw. Res. 53: 931.

Brauman, K. A. et al. 2015. Impacts of Land-Use Change on Groundwater Supply: Ecosystem Services Assessment in Kona, Hawaii. - J. Water Resour. Plan.
Manag. 141: A4014001.

Brito, T. F. et al. 2017. Forest reserves and riparian corridors help maintain orchid bee (Hymenoptera: Euglossini) communities in oil palm plantations in

Confidential Review copy



Journal of Applied Ecology

Brazil. - Apidologie 48: 575-587.
Brito, J. G. et al. 2018. Biological indicators of diversity in tropical streams: Congruence in the similarity of invertebrate assemblages. - Ecol. Indic. 85: 85-92.

Burgos-Caraballo, S. et al. 2014. Diversity of Benthic Biofilms Along a Land Use Gradient in Tropical Headwater Streams, Puerto Rico. - Microb. Ecol. 68: 47—
59.

Cabra-Garcia, J. et al. 2012. Cross-taxon congruence of a and B diversity among five leaf litter arthropod groups in Colombia. - Biodivers. Conserv. 21: 1493—
1508.

Casatti, L. et al. 2015. More of the Same: High Functional Redundancy in Stream Fish Assemblages from Tropical Agroecosystems. - Environ. Manage. 55:
1300-1314.

Castillo, M. M. 2010. Land use and topography as predictors of nutrient levels in a tropical catchment. - Limnologica 40: 322-329.

Causse, J. et al. 2015. Field and modelling studies of Escherichia coli loads in tropical streams of montane agro-ecosystems. - J. Hydro-Environment Res. 9:
496-507.

Celentano, D. et al. 2017. Degradation of Riparian Forest Affects Soil Properties and Ecosystem Services Provision in Eastern Amazon of Brazil. - L. Degrad.
Dev. 28: 482—-493.

Chappell, N. A. and Thang, H. C. 2007. Practical hydrological protection for tropical forests: The Malaysian experience. - Unasylva 58: 17-21.

Chappell, N. A. et al. 2005. Spatially significant effects of selective tropical forestry on water, nutrient and sediment flows: a modelling-supported view. - In:
Bonell, M. and Bruijnzeel, L. (eds), Forests, water and people in the humid tropics. Cambridge University Press, pp. 513-532.

Charda-Serna, A. M. et al. 2015. Understanding the impacts of agriculture on Andean stream ecosystems of Colombia: a causal analysis using aquatic
macroinvertebrates as indicators of biological integrity. - Freshw. Sci. 34: 727-740.

Chaves, J. et al. 2009. Nitrogen Transformations in Flowpaths Leading from Soils to Streams in Amazon Forest and Pasture. - Ecosystems 12: 961-972.

Chellaiah, D. and Yule, C. M. 2018a. Riparian buffers mitigate impacts of oil palm plantations on aquatic macroinvertebrate community structure in tropical
streams of Borneo. - Ecol. Indic. 95: 53-62.

Chellaiah, D. and Yule, C. M. 2018b. Effect of riparian management on stream morphometry and water quality in oil palm plantations in Borneo. -
Limnologica 69: 72-80.

Connolly, N. M. and Pearson, R. G. 2005. Impacts of forest conversion on the ecology of streams in the humid tropics. - In: Bonell, M. and Bruijnzeel, L. A.
(eds), Forests, Water and People in the Humid Tropics: Past, Present and Future Hydrological Research for Integrated Land and Water Management.

Confidential Review copy

Page 42 of 58



Page 43 of 58

Journal of Applied Ecology

Cambridge University Press, pp. 811-836.

Connolly, N. M. et al. 2015. Water quality variation along streams with similar agricultural development but contrasting riparian vegetation. - Agric. Ecosyst.
Environ. 213: 11-20.

Connolly, N. M. et al. 2016. Riparian vegetation and sediment gradients determine invertebrate diversity in streams draining an agricultural landscape. -
Agric. Ecosyst. Environ. 221: 163-173.

Connor, S. et al. 2013. Hydrology of a forested riparian zone in an agricultural landscape of the humid tropics. - Agric. Ecosyst. Environ. 180: 111-122.

Cultid-Medina, C. A. and Escobar, F. 2016. Assessing the Ecological Response of Dung Beetles in an Agricultural Landscape Using Number of Individuals and
Biomass in Diversity Measures. - Environ. Entomol. 45: 310-319.

Cunha, E. J. and Juen, L. 2017. Impacts of oil palm plantations on changes in environmental heterogeneity and Heteroptera (Gerromorpha and
Nepomorpha) diversity. - J. Insect Conserv. 0: 0.

Cunha, E. J. et al. 2015. Oil palm crops effects on environmental integrity of Amazonian streams and Heteropteran (Hemiptera) species diversity. - Ecol.
Indic. 52: 422-429.

Da Cunha, H. F. et al. 2006. Termite (Isoptera) assemblages in some regions of the Goias state, Brazil. - Sociobiology 47: 505-518.

Dalmagro, H. J. et al. 2017. Spatial patterns of DOC concentration and DOM optical properties in a Brazilian tropical river-wetland system. - J. Geophys. Res.
Biogeosciences 122: 1883-1902.

Datiko, D. and Bekele, A. 2014. Habitat association and distribution of rodents and insectivores in Chebera Churchura National Park, Ethiopia. - Trop. Ecol.
55:221-229.

David, S. E. lizabeth et al. 2016. Impact of human interventions on nutrient biogeochemistry in the Pamba River, Kerala, India. - Sci. Total Environ. 541:
1420-1430.

Davis, A. M. and Moore, A. R. 2016. Conservation potential of artificial water bodies for fish communities on a heavily modified agricultural floodplain. -
Aquat. Conserv. Mar. Freshw. Ecosyst. 26: 1184-1196.

Davis, A. J. et al. 2000. The role of local and regional processes in shaping dung beetle communities in tropical forest plantations in Borneo. - Glob. Ecol.
Biogeogr. 9: 281-292.

de Alcantara, F. A. et al. 2004. Conversion of grassy cerrado into riparian forest and its impact on soil organic matter dynamics in an Oxisol from southeast
Brazil. - Geoderma 123: 305-317.

Confidential Review copy



Journal of Applied Ecology Page 44 of 58

de la Pefa-Cuéllar, E. et al. 2015. Structure and diversity of phyllostomid bat assemblages on riparian corridors in a human-dominated tropical landscape. -
Ecol. Evol. 5: 903-913.

de Paula Ferreira, C. et al. 2015. Edge-mediated effects of forest fragments on the trophic structure of stream fish. - Hydrobiologia 762: 15-28.
de Rouw, A. et al. 2018. Weed seed dispersal via runoff water and eroded soil. - Agric. Ecosyst. Environ. 265: 488-502.

Deegan, L. A. et al. 2011. Amazon deforestation alters small stream structure, nitrogen biogeochemistry and connectivity to larger rivers. - Biogeochemistry
105: 53-74.

Descloux, S. et al. 2011. Co-assessment of biomass and soil organic carbon stocks in a future reservoir area located in Southeast Asia. - Environ. Monit.
Assess. 173: 723-741.

Devlin, M. et al. 2001. Community and connectivity: summary of a community based monitoring program set up to assess the movement of nutrients and
sediments into the Great Barrier Reef during high flow events. - Water Sci. Technol. 43: 121-131.

Dias, L. C. P. et al. 2015. Effects of land cover change on evapotranspiration and streamflow of small catchments in the Upper Xingu River Basin, Central
Brazil. - J. Hydrol. Reg. Stud. 4: 108-122.

Duku, C. et al. 2016. Modelling the forest and woodland-irrigation nexus in tropical Africa: A case study in Benin. - Agric. Ecosyst. Environ. 230: 105-115.

Echeverria-Saenz, S. et al. 2012. Environmental hazards of pesticides from pineapple crop production in the Rio Jiménez watershed (Caribbean Coast, Costa
Rica). - Sci. Total Environ. 440: 106-114.

Edwards, F. A. et al. 2014. Sustainable management in crop monocultures: the impact of retaining forest on oil palm yield. - PLoS One 9: e91695.

Encalada, A. C. et al. 2010. Riparian land use and the relationship between the benthos and litter decomposition in tropical montane streams. - Freshw. Biol.
55:1719-1733.

Estrada, A. and Coates-Estrada, R. 1996. Tropical rain forest fragmentation and wild populations of primates at Los Tuxtlas, Mexico. - Int. J. Primatol. 17:
759-783.

Evans, L. 2015. Use of drone technology as a tool for behavioral research : a case study of crocodilian nesting. - Herpetol. Conserv. Biol. 10: 90-98.
Faruk, A. et al. 2013. Effects of oil-palm plantations on diversity of tropical anurans. - Conserv. Biol. 27: 615-24.
Fernandes, R. A. et al. 2016. Occurrence and species richness of mycorrhizal fungi in soil under different land use. - Can. J. Soil Sci. 96: 271-280.

Ferreira Marmontel, C. V. et al. 2018. Effects of land use and sampling distance on water quality in tropical headwater springs (Pimenta creek, Sdo Paulo

Confidential Review copy



Page 45 of 58 Journal of Applied Ecology

State, Brazil). - Sci. Total Environ. 622—-623: 690-701.

Ficetola, G. F. et al. 2008. Assessing the value of secondary forest for amphibians: Eleutherodactylus frogs in a gradient of forest alteration. - Biodivers.
Conserv. 17:2185-2195.

Figueiredo, A. F. et al. 2018. Comparison of microbial processing of Brachiaria brizantha, a C4 invasive species and a rainforest species in tropical streams of
the Atlantic Forest of south-eastern Brazil. - Mar. Freshw. Res. in press.

Franz, C. et al. 2014. Sediments in urban river basins: Identification of sediment sources within the Lago Paranoa catchment, Brasilia DF, Brazil — using the
fingerprint approach. - Sci. Total Environ. 466—-467: 513-523.

Fritsch, J. M. 1993. The hydrological effects of clearing tropical rainforest and of the implementation of alternative land uses. - Hydrol. warm humid Reg.
Proc. Int. Symp. Yokohama, 1993: 53-66.

Fujita, M. S. et al. 2014. Roles of fragmented and logged forests for bird communities in industrial Acacia mangium plantations in Indonesia. - Ecol. Res. 29:
741-755.

Gabiri, G. et al. 2018a. Determining hydrological regimes in an agriculturally used tropical inland valley wetland in Central Uganda using soil moisture,
groundwater, and digital elevation data. - Hydrol. Process. 32: 349-362.

Gabiri, G. et al. 2018b. Modeling Spatial Soil Water Dynamics in a Tropical Floodplain, East Africa. - Water 10: 191.

Galindo-Gonzdlez, J. and Sosa, V. J. 2003. Frugivorous Bats in Isolated Trees and Riparian Vegetation Associated With Human-Made Pastures in a
Fragmented Tropical Landscape. - Southwest. Nat. 48: 579-589.

Gama, A. F. et al. 2017. Occurrence, distribution, and fate of pesticides in an intensive farming region in the Brazilian semi-arid tropics (Jaguaribe River,
Ceara). - J. Soils Sediments 17: 1160-1169.

Gandaseca, S. et al. 2014. Assessment of oil palm plantation and tropical peat swamp forest water quality by multivariate statistical analysis. - Am. J.
Environ. Sci. 10: 391-402.

Gandaseca, S. et al. 2015. Effects of converting tropical peat swamp forest into oil palm plantation on water quality. - Am. J. Appl. Sci. 12: 525-532.

Garcés-Restrepo, M. F. et al. 2018. Natal dispersal of tree sloths in a human-dominated landscape: Implications for tropical biodiversity conservation (C
Banks-Leite, Ed.). - J. Appl. Ecol.: 1-10.

Garcia-Garcia, P. L. et al. 2017. Effects of land use on larval Odonata assemblages in cloud forest streams in central Veracruz, Mexico. - Hydrobiologia 785:
19-33.

Confidential Review copy



Journal of Applied Ecology

Garcia-Martinez, M. et al. 2017. The surrounding landscape influences the diversity of leaf-litter ants in riparian cloud forest remnants. - PLoS One 12: 1-19.
Gardner, T. A. et al. 2007. The value of primary, secondary, and plantation forests for a neotropical herpetofauna. - Conserv. Biol. 21: 775-787.

Germer, S. et al. 2010. Influence of land-use change on near-surface hydrological processes: Undisturbed forest to pasture. - J. Hydrol. 380: 473-480.

Giam, X. et al. 2015. Mitigating the impact of oil-palm monoculture on freshwater fishes in Southeast Asia. - Conserv. Biol. 29: 1357-1367.

Gillespie, G. R. et al. 2012. Conservation of amphibians in Borneo: Relative value of secondary tropical forest and non-forest habitats. - Biol. Conserv. 152:
136-144.

Gillies, C. S. and St. Clair, C. C. 2008. Riparian corridors enhance movement of a forest specialist bird in fragmented tropical forest. - Proc. Natl. Acad. Sci.
105: 19774-19779.

Gillies, C. S. and St. Clair, C. C. 2010. Functional responses in habitat selection by tropical birds moving through fragmented forest. - J. Appl. Ecol. 47: 182—
190.

Gillies, C. S. et al. 2011. Fine-scale movement decisions of tropical forest birds in a fragmented landscape. - Ecol. Appl. 21: 944-954.

Graham, C. H. and Blake, J. G. 2001. Influence of patch- and landscape-level factors on bird assemblages in a fragmented tropical landscape. - Ecol. Appl. 11:
1709-1721.

Graham, C. et al. 2002. Use of fruiting trees by birds in continuous forest and riparian forest remnants in Los Tuxtlas, Veracruz, Mexico. - Biotropica 34: 589—
597.

Gray, C. L. and Lewis, O. T. 2014. Do riparian forest fragments provide ecosystem services or disservices in surrounding oil palm plantations? - Basic Appl.
Ecol. 15: 693-700.

Gray, C. L. et al. 2014. Do riparian reserves support dung beetle biodiversity and ecosystem services in oil palm-dominated tropical landscapes? - Ecol. Evol.
4:1049-1060.

Gray, C. L. et al. 2015. Riparian reserves within oil palm plantations conserve logged forest leaf litter ant communities and maintain associated scavenging
rates. - J. Appl. Ecol. 52: 31-40.

Gray, C. L. et al. 2016. Are riparian forest reserves sources of invertebrate biodiversity spillover and associated ecosystem functions in oil palm landscapes? -
Biol. Conserv. 194: 176-183.

Gray, R. E. J. et al. 2017a. Riparian reserves in oil palm plantations may provide movement corridors for invertebrates. - bioRxiv: 1-28.

Confidential Review copy

Page 46 of 58



Page 47 of 58

Journal of Applied Ecology

Gray, C. et al. 2017b. Designing oil palm landscapes to retain biodiversity using insights from a key ecological indicator group. - bioRxiv in press.

Greenler, S. and Ebersole, J. 2015. Bird communities in tropical agroforestry ecosystems: an underappreciated conservation resource. - Agrofor. Syst. 89:
691-704.

Griscom, H. P. et al. 2007. Frugivory by Small Vertebrates Within a Deforested, Dry Tropical Region of Central America. - Biotropica 39: 278-282.

Griscom, H. P. et al. 2009. Forest regeneration from pasture in the dry tropics of Panama: Effects of cattle, exotic grass, and forested riparia. - Restor. Ecol.
17:117-126.

Griscom, H. P. et al. 2011. The Structure and Composition of a Tropical Dry Forest Landscape After Land Clearance; Azuero Peninsula, Panama. - J. Sustain.
For.30: 756-774.

Groffman, P. M. et al. 2001. Soil microbial biomass and activity in tropical riparian forests. - Soil Biol. Biochem. 33: 1339-1348.

Glcker, B. et al. 2016. Urbanization and agriculture increase exports and differentially alter elemental stoichiometry of dissolved organic matter (DOM)
from tropical catchments. - Sci. Total Environ. 550: 785—-792.

Habel, J. C. et al. 2015. Beyond prime areas of nature protection in East Africa: conservation ecology of a narrowly distributed Kenyan endemic bird species.
- Biodivers. Conserv. 24: 3071-3082.

Habel, J. C. et al. 2018. Documenting the chronology of ecosystem health erosion along East African rivers (N Pettorelli and N Horning, Eds.). - Remote Sens.
Ecol. Conserv. 4: 34—-43.

Harun, S. et al. 2016. Spatial and seasonal variations in the composition of dissolved organic matter in a tropical catchment: the Lower Kinabatangan River,
Sabah, Malaysia. - Environ. Sci. Process. Impacts 18: 137-150.

Harvey, C. A. et al. 2006. Patterns of Animal Diversity in Different Forms of Tree Cover in Agricultural Landscapes. - Ecol. Appl. 16: 1986—1999.

Hausmann, F. et al. 2005. Effects of edge habitat and nest characteristics on depredation of artificial nests in fragmented Australian tropical rainforest. -
Biodivers. Conserv. 14: 2331-2345.

Hawes, J. et al. 2008. The value of forest strips for understorey birds in an Amazonian plantation landscape. - Biol. Conserv. 141: 2262-2278.

Heartsill-Scalley, T. and Aide, T. M. 2003. Riparian vegetation and stream conditions in a tropical agricultural-secondary forest mosaic. - Ecol. Appl. 13: 225
234,

Hein, C. L. et al. 2011. Effects of coupled natural and anthropogenic factors on the community structure of diadromous fish and shrimp species in tropical
island streams. - Freshw. Biol. 56: 1002-1015.

Confidential Review copy



Journal of Applied Ecology Page 48 of 58

Hill, C. J. 1995. Linear strips of rain forest vegetation as potential dispersal corridors for rain forest insects. - Conserv. Biol. 9: 1559—-1566.

Houston, W. A. et al. 2015. Termite (Isoptera) diversity of riparian forests, adjacent woodlands and cleared pastures in tropical eastern Australia. - Austral
Entomol. 54: 221-230.

Huerta, E. et al. 2007. Earthworms and soil properties in Tabasco, Mexico. - Eur. J. Soil Biol. in press.

Ikhwanuddin, M. E. M. et al. 2017. Inventory of fishes in the upper Pelus River (Perak river basin, Perak, Malaysia). - Check List 13: 315-325.
Ifiguez-Armijos, C. et al. 2016. Shifts in leaf litter breakdown along a forest—pasture—urban gradient in Andean streams. - Ecol. Evol. 6: 4849—-4865.
Iwata, T. et al. 2003. Impacts of past Riparian Deforestation on Stream Communities in a Tropical Rain Forest in Borneo. - Ecol. Appl. 13: 461-473.

Jacobs, S. R. et al. 2017. Land use affects total dissolved nitrogen and nitrate concentrations in tropical montane streams in Kenya. - Sci. Total Environ. 603—
604: 519-532.

Jacobs, S. R. et al. 2018. Using High-Resolution Data to Assess Land Use Impact on Nitrate Dynamics in East African Tropical Montane Catchments. - Water
Resour. Res. 54: 1812-1830.

Jayawardana, J. M. C. K. et al. 2017. Land use impacts on river health of Uma Oya, Sri Lanka: implications of spatial scales. - Environ. Monit. Assess. 189: 192.
Juen, L. et al. 2016. Effects of Qil Palm Plantations on the Habitat Structure and Biota of Streams in Eastern Amazon. - River Res. Appl. 32: 2081-2094.

Kachenchart, B. et al. 2012. Seasonal nitrous oxide emissions from different land uses and their controlling factors in a tropical riparian ecosystem. - Agric.
Ecosyst. Environ. 158: 15-30.

Kasangaki, A. et al. 2008. Land use and the ecology of benthic macroinvertebrate assemblages of high-altitude rainforest streams in Uganda. - Freshw. Biol.
53: 681-697.

Keir, A. F. et al. 2015. Determinants of bird assemblage composition in riparian vegetation on sugarcane farms in the Queensland Wet Tropics. - Pacific
Conserv. Biol. 21: 60-73.

Keuroghlian, A. and Eaton, D. P. 2008. Importance of rare habitats and riparian zones in a tropical forest fragment: preferential use by Tayassu pecari, a
wide-ranging frugivore. - J. Zool. 275: 283-293.

Kjeerandsen, J. K. 2005. Species assemblages and community structure of adult caddis ies along a headwater stream in southeastern Ghana (Insecta:
Trichoptera). - Biodivers. Conserv. 14: 1-43.

Knowlton, J. L. et al. 2017. Oil Palm Plantations Affect Movement Behavior of a Key Member of Mixed-Species Flocks of Forest Birds in Amazonia, Brazil. -

Confidential Review copy



Page 49 of 58

Journal of Applied Ecology

Trop. Conserv. Sci. 10: 194008291769280.

Konopik, O. et al. 2014. From rainforest to oil palm plantations: Shifts in predator population and prey communities, but resistant interactions. - Glob. Ecol.
Conserv. 2: 385—-394.

Konopik, O. et al. 2015. Effects of Logging and Qil Palm Expansion on Stream Frog Communities on Borneo, Southeast Asia. - Biotropica 47: 636-643.

Kraker-Castafieda, C. et al. 2013. Riqueza de especies y actividad relativa de murciélagos insectivoros aéreos en una selva tropical y pastizales en Oaxaca,
México. - Mastozoologia Neotrop. Neotrop. Mamm. 20: 255-267.

Kundu, S. N. and Bei, T. J. 2016. Multi-temporal land cover change analysis of the Sambas watershed, West Kalimantan, East Malaysia: Implications for
tropical erosion. - 2016 IEEE Int. Geosci. Remote Sens. Symp.: 5193-5196.

Leal, C. G. et al. 2016. Multi-scale assessment of human-induced changes to Amazonian instream habitats. - Landsc. Ecol. 31: 1725-1745.

Leal, C. G. et al. 2018. Is environmental legislation conserving tropical stream faunas ? A large- - scale assessment of local , riparian and catchment- - scale
influences on Amazonian fish.: 1312—-1326.

Ledo, R. M. D. and Colli, G. R. 2016. Silent Death: The New Brazilian Forest Code Does not Protect Lizard Assemblages in Cerrado Riparian Forests. - South
Am. J. Herpetol. 11: 98-109.

Lees, A. and Peres, C. 2008. Conservation Value of Remnant Riparian Forest Corridors of Varying Quality for Amazonian Birds and Mammals. - Conserv. Biol.
22:439-449.

Leitdo, R. P. et al. 2015. Microhabitat segregation and fine ecomorphological dissimilarity between two closely phylogenetically related grazer fishes in an
Atlantic Forest stream, Brazil. - Environ. Biol. Fishes 98: 2009-2019.

Leitdo, R. P. et al. 2018. Disentangling the pathways of land use impacts on the functional structure of fish assemblages in Amazon streams. - Ecography
(Cop.). 41: 219-232.

Levy, M. C. et al. 2018. Land Use Change Increases Streamflow Across the Arc of Deforestation in Brazil. - Geophys. Res. Lett. 45: 3520-3530.

Li, Y. et al. 2014. Study on phosphorus loadings in ten natural and agricultural watersheds in subtropical region of China. - Environ. Monit. Assess. 186:
2717-2727.

Ligtermoet, E. et al. 2009. Determining the extent and condition of riparian zones in drinking water supply catchments in Sarawak, Malaysia. - Water Sci.
Technol. Water Supply 9: 517.

Liljestrom, I. et al. 2012. Nutrient Balance Assessment in the Mekong Basin: Nitrogen and Phosphorus Dynamics in a Catchment Scale. - Int. J. Water Resour.

Confidential Review copy



Journal of Applied Ecology Page 50 of 58

Dev. 28:373-391.
Lima, W. de P. et al. 2012. Assessing the Hydrological Effects of Forest Plantations in Brazil. - River Conserv. Manag.: 59-68.

Litt, G. F. et al. 2015. Hydrologic tracers and thresholds: A comparison of geochemical techniques for event-based stream hydrograph separation and
flowpath interpretation across multiple land covers in the Panama Canal Watershed. - Appl. Geochemistry 63: 507-518.

Lorion, C. M. and Kennedy, B. P. 2009a. Riparian Forest Buffers Mitigate the effects of Deforestation on Fish Assemblages in Tropical Headwater Streams. -
Ecol. Appl. 19: 468-479.

Lorion, C. M. and Kennedy, B. P. 2009b. Relationships between deforestation, riparian forest buffers and benthic macroinvertebrates in neotropical
headwater streams. - Freshw. Biol. 54: 165-180.

Lourenco, E. C. et al. 2014. Composition of bat assemblages (Mammalia: Chiroptera) in tropical riparian forests. - Zool. 31: 361-369.

Lucas, C. M. et al. 2016. How livestock and flooding mediate the ecological integrity of working forests in Amazon River floodplains. - Ecol. Appl. 26: 190—
202.

Luke, S. H. et al. 2017a. The effects of catchment and riparian forest quality on stream environmental conditions across a tropical rainforest and oil palm
landscape in Malaysian Borneo. - Ecohydrology in press.

Luke, S. H. et al. 2017b. The impacts of habitat disturbance on adult and larval dragonflies (Odonata) in rainforest streams in Sabah, Malaysian Borneo. -
Freshw. Biol. 62: 491-506.

Luo, Q. et al. 2013. Application of the SWAT model to the Xiangjiang river watershed in subtropical central China. - Water Sci. Technol. 67: 2110.

Mangadze, T. et al. 2016. Choice of biota in stream assessment and monitoring programs in tropical streams: A comparison of diatoms, macroinvertebrates
and fish. - Ecol. Indic. 63: 128-143.

Mardamootoo, T. et al. 2015. Phosphorus mobilization from sugarcane soils in the tropical environment of Mauritius under simulated rainfall. - Nutr. Cycl.
Agroecosystems 103: 29-43.

Martinelli, L. A. et al. 1999. Landcover changes and 6 13 C composition of riverine particulate organic matter in the piracicaba river basin (southeast region
of brazil). - Limnol. Oceanogr. 44: 1826-1833.

Martinez, M. L. et al. 2009. Effects of land use change on biodiversity and ecosystem services in tropical montane cloud forests of Mexico. - For. Ecol.
Manage. 258: 1856—-1863.

Martucci do Couto, G. et al. 2016. Response of soil microbial biomass and activity in early restored lands in the northeastern Brazilian Atlantic Forest. -

Confidential Review copy



Page 51 of 58 Journal of Applied Ecology

Restor. Ecol. 24: 609-616.

Masese, F. O. et al. 2014a. Macroinvertebrate functional feeding groups in Kenyan highland streams: evidence for a diverse shredder guild. - Freshw. Sci. 33:
435-450.

Masese, F. O. et al. 2014b. Litter processing and shredder distribution as indicators of riparian and catchment influences on ecological health of tropical
streams. - Ecol. Indic. 46: 23-37.

Masese, F. O. et al. 2017. Influence of catchment land use and seasonality on dissolved organic matter composition and ecosystem metabolism in
headwater streams of a Kenyan river. - Biogeochemistry 132: 1-22.

Mayfield, M. M. and Daily, G. C. 2005. COUNTRYSIDE BIOGEOGRAPHY OF NEOTROPICAL HERBACEOUS AND SHRUBBY PLANTS. - Ecol. Appl. 15: 423-439.

Mayfield, M. M. et al. 2006. The diversity and conservation of plant reproductive and dispersal functional traits in human-dominated tropical landscapes. - J.
Ecol. 94: 522-536.

Mbaye, M. L. et al. 2016. Seasonal and spatial variation in suspended matter, organic carbon, nitrogen, and nutrient concentrations of the Senegal River in
West Africa. - Limnologica 57: 1-13.

McKergow, L. a. et al. 2004. Performance of grass and rainforest riparian buffers in the wet tropics, Far North Queensland. 1. Riparian hydrology. - Aust. J.
Soil Res. 42: 473.

McLennan, M. R. and Plumptre, A. J. 2012. Protected Apes, Unprotected Forest: Composition, Structure and Diversity of Riverine Forest Fragments and
Their Conservation Value in Uganda. - Trop. Conserv. Sci. 5: 79-103.

Medina, A. et al. 2007. Bat Diversity and Movement in an Agricultural Landscape in Matiguas, Nicaragua. - Biotropica 39: 120-128.
Mello, K. de et al. 2017. Riparian restoration for protecting water quality in tropical agricultural watersheds. - Ecol. Eng. 108: 514-524.

Mello, K. de et al. 2018. Effects of land use and land cover on water quality of low-order streams in Southeastern Brazil: Watershed versus riparian zone. -
Catena 167: 130-138.

Mendenhall, C. D. et al. 2011. Predictive model for sustaining biodiversity in tropical countryside. - Proc. Natl. Acad. Sci. 108: 16313-16316.
Mendoza, S. V. et al. 2014. Consistency in bird use of tree cover across tropical agricultural landscapes. - Ecol. Appl. 24: 158—-168.
Meng, C. et al. 2015. TMDL for phosphorus and contributing factors in subtropical watersheds of southern China. - Environ. Monit. Assess. 187: 514.

Metzger, J. P. 1997. Relationships between landscape structure and tree species diversity in tropical forests of South-East Brazil. - Landsc. Urban Plan. 37:

Confidential Review copy



Journal of Applied Ecology Page 52 of 58

29-35.
Metzger, J. P. et al. 1997. Pattern of Tree Species Diversity in Riparian Forest Fragments of Different Widths (SEBrazil). - Plant Ecol. 133: 135-152.

Michalski, F. et al. 2006. Human-wildlife conflicts in a fragmented Amazonian forest landscape: determinants of large felid depredation on livestock. - Anim.
Conserv. 9: 179-188.

Miguel Ayala, L. et al. 2016. Impact of agricultural expansion on water footprint in the Amazon under climate change scenarios. - Sci. Total Environ. 569—
570:1159-1173.

Minakawa, N. et al. 2005. Spatial distribution of anopheline larval habitats in Western Kenya Highlands: effects of land cover types and topography. - AmJ
Trop Med Hyg 73: 157-165.

Minaya, V. et al. 2013. Scale-dependent effects of rural activities on benthic macroinvertebrates and physico-chemical characteristics in headwater streams
of the Mara River, Kenya. - Ecol. Indic. 32: 116-122.

Mitchell, S. L. et al. 2018. Riparian reserves help protect forest bird communities in oil palm dominated landscapes. - J. Appl. Ecol.: 0-1.
Molina, A. et al. 2012. Complex land cover change, water and sediment yield in a degraded Andean environment. - J. Hydrol. 472-473: 25-35.
Mumeka, A. 1986. Effect of deforestation and subsistence agriculture on runoff of the Kafue River headwaters, Zambia. - Hydrol. Sci. J. 31: 543-554.

Munga, S. et al. 2009. Land Use and Land Cover Changes and Spatiotemporal Dynamics of Anopheline Larval Habitats during a Four-Year Period in a
Highland Community of Africa. - Am. J. Trop. Med. Hyg. 81: 1079-1084.

Nagy, R. C. et al. 2015. Structure and composition of altered riparian forests in an agricultural Amazonian landscape. - Ecol. Appl. 25: 1725-1738.
Neill, C. et al. 2001. Deforestation for pasture alters nitrogen and phosphorus in small Amazonian streams. - Ecol. Appl. 11: 1817-1828.

Neill, C. et al. 2006a. Deforestation alters the hydraulic and biogeochemical characteristics of small lowland Amazonian streams. - Hydrol. Process. 20:
2563-2580.

Neill, C. et al. 2006b. Hydrological and biogeochemical processes in a changing Amazon: results from small watershed studies and the large-scale biosphere-
atmosphere experiment. - Hydrol. Process. 20: 2467-2476.

Niemeyer, R. J. et al. 2014. Woody Vegetation Increases Saturated Hydraulic Conductivity in Dry Tropical Nicaragua. - Vadose Zo. J. 13: 0.

Ndbrega, R. L. B. et al. 2018. Impacts of land-use and land-cover change on stream hydrochemistry in the Cerrado and Amazon biomes. - Sci. Total Environ.
635: 259-274.

Confidential Review copy



Page 53 of 58

Journal of Applied Ecology

Norris, D. and Michalski, F. 2010. Implications of faecal removal by dung beetles for scat surveys in a fragmented landscape of the Brazilian Amazon. - Oryx
44: 455-458.

Nowakowski, A. J. et al. 2015. Mechanistic insights into landscape genetic structure of two tropical amphibians using field-derived resistance surfaces. -
Mol. Ecol. 24: 580-595.

Oliveira, A. H. B. et al. 2016. The legacy of organochlorine pesticide usage in a tropical semi-arid region (Jaguaribe River, Ceard, Brazil): Implications of the
influence of sediment parameters on occurrence, distribution and fate. - Sci. Total Environ. 542: 254-263.

Piazza, G. A. et al. 2018. Influence of hydroclimatic variations on solute concentration dynamics in nested subtropical catchments with heterogeneous
landscapes. - Sci. Total Environ. 635: 1091-1101.

Pinto, B. C. T. et al. 2006. Effects of Landscape and Riparian Condition on a Fish Index of Biotic Integrity in a Large Southeastern Brazil River. - Hydrobiologia
556: 69—83.

Pramual, P. and Kuvangkadilok, C. 2009. Agricultural land use and black fly (Diptera, Simuliidae) species richness and species assemblages in tropical
streams, Northeastern Thailand. - Hydrobiologia 625: 173—-184.

Qureshi, M. E. and Harrison, S. 2002. Economic Instruments and Regulatory Approaches in Implementing Riparian Revegetation Options: Observations of
the Queensland System. - Australas. J. Environ. Manag. 9: 89-98.

Ragosta, G. et al. 2010. Causal Connections between Water Quality and Land Use in a Rural Tropical Island Watershed. - Ecohealth 7: 105-113.
Ragosta, G. et al. 2011. Risk factors for elevated Enterococcus concentrations in a rural tropical island watershed. - J. Environ. Manage. 92: 1910-1915.

Ramirez, B. H. et al. 2017. Tropical Montane Cloud Forests in the Orinoco river basin: The role of soil organic layers in water storage and release. -
Geoderma 298: 14-26.

Rasmussen, J. J. et al. 2016. Influence of rice field agrochemicals on the ecological status of a tropical stream. - Sci. Total Environ. 542: 12-21.
Ricketts, T. H. 2004. Tropical Forest Fragments Enhance Pollinator Activity in Nearby Coffee Crops. - Conserv. Biol. 18: 1262—-1271.

Rivera, S. et al. 2011. Soil and Economic Loss Evaluation on Small Hillside Farms in the Central Mountains of Honduras. - J. Sustain. For. 30: 57-78.
Rizinjirabake, F. et al. 2018. Riverine dissolved organic carbon in Rukarara River Watershed, Rwanda. - Sci. Total Environ. 643: 793—-806.

Roa-Fuentes, C. A. and Casatti, L. 2017. Influence of environmental features at multiple scales and spatial structure on stream fish communities in a tropical
agricultural region. - J. Freshw. Ecol. 32: 281-295.

Confidential Review copy



Journal of Applied Ecology

Rodrigues, R. R. et al. 2011. Large-scale ecological restoration of high-diversity tropical forests in SE Brazil. - For. Ecol. Manage. 261: 1605-1613.

Rodrigues, V. et al. 2018. Effects of land use and seasonality on stream water quality in a small tropical catchment: The headwater of Cérrego Agua Limpa,
Sdo Paulo (Brazil). - Sci. Total Environ. 622—623: 1553-1561.

Rodriguez-Iruretagoiena, A. et al. 2016. The mobilization of hazardous elements after a tropical storm event in a polluted estuary. - Sci. Total Environ. 565:
721-729.

Rodriguez-Mendoza, C. and Pineda, E. 2010. Importance of riparian remnants for frog species diversity in a highly fragmented rainforest. - Biol. Lett. 6: 781—
784.

Rossi, J. P. et al. 2010. Decreasing fallow duration in tropical slash-and-burn agriculture alters soil macroinvertebrate diversity: A case study in southern
French Guiana. - Agric. Ecosyst. Environ. 135: 148-154.

Saadati, N. et al. 2012. Distribution and fate of HCH isomers and DDT metabolites in a tropical environment—case study Cameron Highlands—Malaysia. -
Chem. Cent. J. 6: 475.

Sabo, J. L. et al. 2005. Riparian Zones Increase Regional Species Richness by Harboring Different, Not More, Species. - Ecology 86: 56—62.

Sahara, M. G. et al. 2007. Changes in allocthonous nutrient sources for a natural lake in southeast Brazil due to Eucalyptus spp. plantations. - Sci. For. Sci.:
37-46.

Salemi, L. F. et al. 2012. Riparian vegetation and water yield: A synthesis. - J. Hydrol. 454—455: 195-202.
Salemi, L. F. et al. 2013. Land-use change in the Atlantic rainforest region: Consequences for the hydrology of small catchments. - J. Hydrol. 499: 100-109.

Salemi, L. F. et al. 2016. Past and present land use influences on tropical riparian zones: an isotopic assessment with implications for riparian forest width
determination. - Biota Neotrop. 16(2): e20150133.

Sapis, A. et al. 2018. Effects of land use on fish assemblages in inundated area of Pleiran river and danum river sections of Murum Reservoir, Belaga,
Sarawak. - Malays. Appl. Biol. 47(1): 223-230.

Seaman, B. S. and Schulze, C. H. 2010. The importance of gallery forests in the tropical lowlands of Costa Rica for understorey forest birds. - Biol. Conserv.
143:391-398.

Seidu, I. et al. 2017. Odonata community structure and patterns of land use in the Atewa Range Forest Reserve, Eastern Region (Ghana). - Int. J. Odonatol.
20:173-189.

Sekercioglu, C. H. et al. 2007. Persistence of Forest Birds in the Costa Rican Agricultural Countryside. - Conserv. Biol. 21: 482—-494.

Confidential Review copy

Page 54 of 58



Page 55 of 58

Journal of Applied Ecology

Sheaves, M. et al. 2018. Impact of oil palm development on the integrity of riparian vegetation of a tropical coastal landscape. - Agric. Ecosyst. Environ. 262:
1-10.

Siegloch, A. E. et al. 2014. Effect of land use on mayfly assemblages structure in Neotropical headwater streams. - An. Acad. Bras. Cienc. in press.
Silva-Junior, E. F. 2016. Land use effects and stream metabolic rates: a review of ecosystem response. - Acta Limnol. Bras. 28: e10.

Silva-Junior, E. F. et al. 2014. Leaf decomposition and ecosystem metabolism as functional indicators of land use impacts on tropical streams. - Ecol. Indic.
36: 195-204.

Singh, M. et al. 2015. Aboveground biomass and tree diversity of riparian zones in an oil palm-dominated mixed landscape in Borneo. - J. Trop. For. Sci. 27:
227-239.

Somura, H. et al. 2016. Characteristics and potential usage of dissolved silica in rice cultivation in Sumani Watershed, Sumatra, Indonesia. - Pertanika J.
Trop. Agric. Sci. 39: 601-615.

Stephen, C. and Sanchez, R. 2014. Species richness and relative species abundance of Nymphalidae (Lepidoptera) in three forests with different
perturbations in the North-Central Caribbean of Costa Rica. - Rev. Biol. Trop. 62: 919-28.

Stephens, M. et al. 2018. Location-based environmental factors contributing to rainfall-triggered debris flows in the Ba river catchment, northwest Viti Levu
island, Fiji. - Landslides 15: 145—-159.

Strauch, A. M. et al. 2014. Climate Change and Land Use Drivers of Fecal Bacteria in Tropical Hawaiian Rivers. - J. Environ. Qual. 43: 1475.

Suazo-Ortunio, I. et al. 2017. Resilience and vulnerability of herpetofaunal functional groups to natural and human disturbances in a tropical dry forest. - For.
Ecol. Manage.: 0-1.

Subramanian, K. A. et al. 2005. Impact of riparian land use on stream insects of Kudremukh National Park, Karnataka state, India. - J. Insect Sci. 5: 49.

Suga, C. M. and Tanaka, M. 0. 2013. Influence of a forest remnant on macroinvertebrate communities in a degraded tropical stream. - Hydrobiologia 703:
203-213.

Suganuma, M. S. et al. 2014. Changes in plant species composition and functional traits along the successional trajectory of a restored patch of Atlantic
Forest. - Community Ecol. 15: 27-36.

Sunil, C. et al. 2016. Diversity and composition of riparian vegetation across forest and agroecosystem landscapes of river Cauvery, southern India. - Trop.
Ecol. 57: 343-354.

Tan-Soo, J.-S. et al. 2016. Econometric Evidence on Forest Ecosystem Services: Deforestation and Flooding in Malaysia. - Environ. Resour. Econ. 63: 2544,

Confidential Review copy



Journal of Applied Ecology Page 56 of 58

Tanaka, M. O. and dos Santos, B. G. 2017. Influence of discharge patterns on temporal variation of macroinvertebrate communities in forested and
deforested streams in a tropical agricultural landscape. - Hydrobiologia in press.

Tanaka, M. O. et al. 2015. Abrupt change of a stream ecosystem function along a sugarcane-forest transition: Integrating riparian and in-stream
characteristics. - Agric. Ecosyst. Environ. 207: 171-177.

Tanaka, M. O. et al. 2016. Influence of watershed land use and riparian characteristics on biological indicators of stream water quality in southeastern
Brazil. - Agric. Ecosyst. Environ. 216: 333-339.

Taniwaki, R. H. et al. 2017. Impacts of converting low-intensity pastureland to high-intensity bioenergy cropland on the water quality of tropical streams in
Brazil. - Sci. Total Environ. 584-585: 339-347.

Thomas, S. M. et al. 2004. Influences of land use and stream size on particulate and dissolved materials in a small Amazonian stream network. -
Biogeochemistry 68: 135—-151.

Thomas, J. et al. 2015. Hydrochemical variations of a tropical mountain river system in a rain shadow region of the southern Western Ghats, Kerala, India. -
Appl. Geochemistry 63: 456-471.

Thompson, M. E. et al. 2018. Thermal quality influences habitat use of two anole species. - J. Therm. Biol. 75: 54-61.

Tomasella, J. et al. 2009. Water and chemical budgets at the catchment scale including nutrient exports from intact forests and disturbed landscapes. - In:
Geophysical Monograph Series. pp. 505-524.

Toriman, M. E. et al. 2015. Assessment of land use change and sedimentation modelling on environmental health in Tropical river . - Malaysian J. Anal. Sci.
19: 1335-1347.

Torres, P. J. and Ramirez, A. 2014. Land use effects on leaf litter breakdown in low-order streams draining a rapidly developing tropical watershed in Puerto
Rico. - Rev. Biol. Trop. 62: 129.

Tripathi, K. P. and Singh, B. 2009. Species diversity and vegetation structure across various strata in natural and plantation forests in Katerniaghat Wildlife
Sanctuary, north India. - Trop. Ecol. 50: 191-200.

Tsatsaros, J. H. et al. 2013. Water Quality Degradation of Coastal Waterways in the Wet Tropics, Australia. - Water, Air, Soil Pollut. 224: 1443.

Vanacker, V. et al. 2003. The effect of short-term socio-economic and demographic change on landuse dynamics and its corresponding geomorphic
response with relation to water erosion in a tropical mountainous catchment, Ecuador. - Landsc. Ecol. 18: 1-15.

Venkatesh, B. et al. 2014. Hydrological impacts of afforestation — A review of research in India. - J. For. Res. 25: 37-42.

Confidential Review copy



Page 57 of 58

Journal of Applied Ecology

Vijaykrishna, D. and Hyde, K. D. 2006. Inter- and intra stream variation of lignicolous freshwater fungi in tropical Australia. - Fungal Divers. 21: 203-224.
Visser, F. et al. 2007. A sediment budget for a cultivated floodplain in tropical North Queensland, Australia. - Earth Surf. Process. Landforms 32: 1475-1490.

Vono, V. and Barbosa, F. A. R. 2001. Habitats and littoral zone fish community structure of two natural lakes in southeast brazil. - Environ. Biol. Fishes 61:
371-379.

Wagner, T. et al. 2008. A Landscape-based Model for Predicting Mycobacterium ulcerans Infection (Buruli Ulcer Disease) Presence in Benin, West Africa. -
Ecohealth 5: 69-79.

Wantzen, K. M. et al. 2006. Stream-valley systems of the Brazilian Cerrado: impact assessment and conservation scheme. - Aquat. Conserv. Mar. Freshw.
Ecosyst. 16: 713-732.

Wantzen, K. M. et al. 2012. Soil carbon stocks in stream-valley-ecosystems in the Brazilian Cerrado agroscape. - Agric. Ecosyst. Environ. 151: 70-79.
Wanyama, J. et al. 2012. Effectiveness of tropical grass species as sediment filters in the riparian zone of Lake Victoria. - Soil Use Manag. 28: 409-418.
Welsh, K. et al. 2018. Isotope hydrology of a tropical coffee agroforestry watershed: Seasonal and event-based analyses. - Hydrol. Process. 32: 1965-1977.
Wilk, J. et al. 2001. Hydrological impacts of forest conversion to agriculture in a large river basin in northeast Thailand. - Hydrol. Process. 15: 2729-2748.
Williams-Linera, G. et al. 1998. Microenvironment and Floristics of Different Edges in a Fragmented Tropical Rainforest. - Conserv. Biol. 12: 1091-1102.

Williams, M. R. et al. 1997. Solute dynamics in soil water and groundwater in a central Amazon catchment undergoing deforestation. - Biogeochemistry 38:
303-335.

Wishnie, M. H. and Socha, G. 2003. Watershed Management in the Pacific Slope Buffer Zone of the La Amistad Biosphere Reserve, Costa Rica. - J. Sustain.
For. 16: 65-102.

Wordley, C. F. R. et al. 2018. Heard but not seen: Comparing bat assemblages and study methods in a mosaic landscape in the Western Ghats of India. -
Ecol. Evol. 8: 3883—-3894.

Wosten, H. et al. 2006. Tropical Peatland water management modelling of the Air Hitam Laut catchment in Indonesia. - Int. J. River Basin Manag. 4: 233—
244,

Yaap, B. et al. 2016. Large Mammal Use of Linear Remnant Forests in an Industrial Pulpwood Plantation in Sumatra, Indonesia. - Trop. Conserv. Sci. 9:
194008291668352.

Yamada, T. et al. 2016. Growth and survival of trees planted in an oil palm plantation: implications for restoration of biodiversity. - J. Trop. For. Sci. 28: 97—

Confidential Review copy



Journal of Applied Ecology Page 58 of 58

105.

Zeni, J. O. et al. 2017. Effects of pasture conversion to sugarcane for biofuel production on stream fish assemblages in tropical agroecosystems. - Freshw.
Biol. 62: 2026—-2038.

Zimbres, B. et al. 2017. Terrestrial mammal responses to habitat structure and quality of remnant riparian forests in an Amazonian cattle-ranching
landscape. - Biol. Conserv. 206: 283-292.

Zorzal-Almeida, S. et al. 2018. Effects of land use and spatial processes in water and surface sediment of tropical reservoirs at local and regional scales. - Sci.
Total Environ. 644: 237-246.

Confidential Review copy



