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Preface

This project wasunded by the EuropeaRegionalDevelopmentFund (ERDFand industrial
partner GreerTide Turbinestd (GTT)as part of the Centre for Global Ebmovation (CGE)
Themain aim of CGE was to help North West ba&dall to Medium Enterprises (SMES)
collaborate with Universities tdevelop productand/or servicesfor the global markeplace,
which by virtue ofise,would deliver msitive environmental impact3.hiswould beachieved
by providing the industrial partnewvith a Graduate Researcheho wouldcarry outResearch
and Development (R&Di the fam of a PhDAs such the direction of researghesented
below was heavily influenced by the commercial aims of the industrial pariner readily

changed as requested by GTT

This particular project went through numerous transitions throughoutdbarse d the PhD.
Initially the industrial partner was focussing developng hydro turbines for tidal stream
farms and the original Phimedto assess tidal resource around the UK usiogarographic
model simulations Yet a year into the project the commaal aims of the industrial partner
changedand GTT switched from developing turbines for tidal stream farms to turbines for
smdl scale riverine hydro schemesiore specifically turbines that could be retrofitted to

existingobsoletelow head weir struatires

While tidal energy was associated with high upfront costs and was in the infancy stages of
development low head hydro was considered a more economicelhjleroption with lower
costsand shorterfeedback timesMoreoverlow head hydro had a vasidtory across the UK

and there was significaqtotential for developig schemest anexisting 25,00@bsolete bw

head weirsacross England and Wal@he industrial partnehencedecidedto developand
potentially deploy turbines in the riverine environnent and increase revenue before

branching out into the tidal energy market.

Going forwardhe industrial partnerrequired help in understanding the market need for the

new turbine and schemalesign. As suchcbmpleted a market research repostith the aim

of assessing the viability of uThidreportwast i ng
completed with the help of Inventya, a market research company and partner of CGE.
Althoughthis report identifieda clearinterest in low head hydracros the Ukand apositive
response t tulineraddsche@G@ desigwhhis report alsohighlighted a number of

barriersto low headhydro development



One of the majobarriersto developmentwas the potential guatic implications of low head
hydro andthe lack of knowledge and uncertainty surrounding this impadtich, together
with the need to adhere to environmental legislation aingportant environmentaltargets
was causing conflict between hydro developers and regulaiespite the fact that may
believed thatlowhead hydwa s “ e nv i r o n ntenm was h huge labkeofrevidgncé
to support this claim angbermitting decisions were based on expert opini@ther than
observedevidence Regulators were accused of errimgp the side of cautin andlimiting the
amount of electricity that a scheme could produce were suinental damage might not
evenoccur.Yet regulators deemed this caution necessaing until more evidence could be
gathered were concerned that existing schemes might alnedst altering the aquatic

environment

There was a keeninterest fromthe regulators,hydro developersaand GTT in particulao

improve thissituation. A such thefocusof the PhDchangedand aimed toinvestigae the
aquaticimplicationsof existing low kad schemes in a biw improve evidences bases and

inform permittingdecisionsand futurescheme design&TTwantedto utilise resultsfrom this

studyto inform the development procesand aimed to produce scheme that would have
minimalenvironmental inpact andin the long term hoped to be able achievet y pe appr ov a

for instaling their schemeat any weirin any UK river

Throughout this project there wafrequent dialogue between the industrial partner and

myself | was able to sharé&knowledge wih the industrial partner about the aquatic
implications of existindgpw head schemeand how this related to important environmental

targets While this led to further adjustments ithe commercial directiorof GTTand even

though GTTeventually decidedd withdraw fromdevelopingal ow head ‘on weir

schemesthis decisionwas directly influenced by findings from this project.

By theend of this project GTT hatisignedan in stream hydro schemaith potential minimal
impacts on the aquatic envinment. The final scheme requiresnimal civilengineeringdoes

not utilise stuctures which impede river flo@nd does not divert flow away from the main
river channel. Theurbine does not need tde connected to the grid and could be used to
provide erergy and power to remote communities across the world in places like Nepal,
Bangladesh and Kenyahe final design isurrently going through testing in manmade and

natural channels with aim of assessing power output and environmental impact.



Abstract

In recent years there has increased interest
directly corresponds to carbon reduction targets, renewable endeggets and financial
incentivesdirected at renewable energy generating schemes. Despite ineckadsterests,
current understandings of the aquatic implic
and not one in field investigation has been carried out at an existing scheme. Yet with
important environmental legislation preventing the deterioratiof ecological river quality

mainly the Water Framework Directive (WFBigre is an urgent need to improve current

understandings.

Fundamentaly ow head ‘on weir'’ hydropower is a hum
the aquatic environment,fange natural biotic communities and cause failure to comply with

WFD targets. On the other hand, as | ow head
which have already potentially altered the aquatic environment, there is the chance that

adding a lgdro scheme to a weir could in fact improve the aquatic environment and provide

benefits for ecology whilst also providing meaningful amounts of electricity (EA, 2010).

The overarching aim of this project was to advance the understanding of how low' head

weir hydropower can influence physical and c
biofilm. In order to achieve the aim, this thesis also investigated how weirs themselves change
physical and chemical riverine conditions and the phytobentiofilim. To investigate the

influence of an existing low head weir on the phytobenthic biofilm comparisons were made
between the tail riffle below an existing obsolete weir and riffles upstream and downstream

of the weir over time. This design was alsolrépc at ed for a | ow head ' ot
Large scale and small scale spatial surveys were also conducted to explore finer scale spatial

patterns below the scheme

There was evidence across this studshaving sugg:e
minimal effects of phytobenthic biomass and community composition. Moreover changes in
biomass and community composition were more obvious over time than spatially across
sampling |l ocations. There was ailso keyddensehe

can mask the effects of weirs by reducing the proportion of flow over the weir.
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Chapter 1:Introduction

1.1. Background ad rationale

111. [ 26 KSI R hydédpdwes SA ND

Presently the majority of the world’'s energy
coal, oil and natural gas (Watkin et al., 2012). However over time it has been recognised that
fossil fuel consumppbn is detrimental to the environment. The burning of fossil fuels emits
millions oft onnes of Greenhouse Gas e er yearhiidchs ) i nt
consequently contributes to global warming, climate change and ocean acidification (Gill,

2005; Blankfield et al., 2008; Inger et al., 2009; Jacoband Delucchi2011).

Subsequently there has been a drive to reduce fossil fuel consumption and to switch to cleaner
ways of producing power. The UK government, in particular, in line with European (43 tar
have committed to reduce GHG emissions by up to 34% and to delivering 15% of its energy
from clean renewable sources by 2020 (DECC, 2011). In a bid to increase renewable
development, it hastroduced financial incentives dedicated to renewable egeggnerating

schemes. Financial incentives include grants, loans and theifrdeiff (LGA, 2010).

The Feedin Tariff has been the most influential incentive to date providing payments to
developers of renewables for the amount of electricity soldhe national grid (Fraser et al.,
2015; Mould et al., 201%. The Environment Agency, regulators of hydropower in England,
saw a significant increase in applications for hydropower permits following the introduction
of the Feedn Tariff in 2009; especlglsmall scale hydro permits (Fraser et al., 2015). While
there is no universal definition for small scale hydro, the UK government defines small scale

hydro as a scheme that produces less than 5SMW of electricity (GOV, 2013).

Though largescale hydro sedmes naturally produce more power and would contribute more
readily to renewable energy targets, there is limited availability across the UK for exploiting
large scale hydro in a sustainable and environmentally acceptable way (GOV, 2013; Anderson
et al., D15a; Bilotta et al., 2016). On the other hand it is believed that there is scope to exploit
the remaining small scale hydro potential in a less environmentally intrusivéRabson et

al., 2011; GOV, 2013, Anderson et al., 2015a).
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Smallscale hydropowecan be split into a number of categories which includesti@am, high

head and low head schemes (Anderson et al., 2015a). Soaddl in-stream schemes simply

use the power in the flow to turn the turbines to produce power but are in the infancy stage

of development across the UK and are not explored any further in this thesis (Anderson et al.,
2015a). Smalcale highhead schemes are most common in high gradient rivers in Scotland
and the North of England and utilise weirs to abstract flow for poiilg power. According to
current trends in hydro applications, high head hydro schemes only accounted for 24% of the
schemes permitted in England between 2009 and 2013 (Fraser at al., 2015). As such they are

also excluded from this thesis but more infortioa can be found in Robson et al., (2011).

Smallscale low head hydro has become particularly popular in England in recent years, with
85% of schemes permitted between 2009 and 2013 being classed as low head (Fraser et al.,
2015). Small scale low hd#@chemes are typically installed along low gradient lowland river
reaches at existing obsolete Idvead weirs (Anderson et al., 2015a). Increased interest in low
head hydro is, in part, down to an Environment Agency report which identified over 25,000
existing obsolete weirs across England and Wales suitable for low head dgdetopment

(EA, 2010).

Many such weirs were originally used for producing power at freshwater mills before the
industrial revolution.However with the introduction of fossil fuelsyhich could produce
energy at a lower cost, many mills were deemed inefficient and uneconomic and as such the
majority were left redundant. Yet most weir structures were not actively removed from British
rivers (Aggidis et al., 2006) and with current<&dir clean energy supplies there has been a
drive to examine and exploit these opportunities wherever possible (Aggidis €00§. The
EAestimates that if all existing obsolete weirs were utilised low head hydropower could
provide up to 1% of the URD20 energy demands (EA, 2010). While this appears to be a small
proportion, it has been deemed a useful contribution to the future renewable energy mix
(GOV, 2013 urrentinstalled capacity for low head hydro, in Englatshe, is 8.07MW which
isonly0.0360ft h e s durkenht energy demarsdEA, personal correspondence)

Low head hydro schemes can be separated into a further two categories which include low

head * mil |l |l eat’ schemes and | ow head ‘on wei
|l ow head ‘on weir’ scheme utilise existing o
away from the main river channel there is a

schemes water is diverted through an open channel/leat system at thedrdaH is returned

back into the main river channel at the outlet. The turbines are located in a power house along
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the open channel/leat. The distance between the intake and outlet can cover many meters in
length and as such creates a large area of depléted across the main river channel known
as the depleted reach (EA, 2Q¥hderson et al., 2015a). Figure 1.1 shows a schematic diagram

of a |l ow head mi | | |l eat’ scheme and displ ay

mi | | | eata’l sclhhd mesy ard erred to as | ow head

et al., 2015a; Bilotta et al., 2016; Bilotta et al., 2017).

Depleted Reach

Figure 1. 1: Schematic diagram of | ow head
channel or mill leat (adapted from EA, 2016)

Low head ‘on weir schemes are typically fi
existing low head weir in a turbine forebay (EA, 2016; Anderson et al.apaié the majority

in UK utilise Archinges Screw turbines (Mould et al., 2@)5Flow is diverted to the turbines

through the intake and the remaining flow is directed over the weir. Flow is returned to the

main river channel at the outlet almost immediately below the weir. Figure 1.2 shows a

C
<

1

schematic diagram of | ow head ‘on weir’ sche

displays aerial images of schemes in the River Thames and the River Goyt. Even though large

volumes of water are diverted to the turbines the distance between thekmtand the outlet

is so small that | ow head ‘on weir’ hydro sch

reach (EA, 2016).

According to recent hydropower permitting ¢tr

as popul ar as |sowh eaemead. ‘ @fn twhed r150 new hydro
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bet ween 2009 and 2013, 31% were c¢cl assed as |

classed as | ow head ‘on weir schemes (Fraser
plenty of oppos t uni ti es for developing both | ow hea
schemes it seems I|likely that | ow head ‘on we

development in future (personal correspondence with Environment Agency). This is likely

down to the fact that they are perceived to have a lower environmental impact due to the

absence of a depleted reach. As such | ow hea
study and ‘low head ‘ mil/ |l eat’ hegshFenthers ar e
information on | ow head ‘mil!/| l eat’ schemes
(2015a) andinresultsofanini el d i nvestigation at a | ow heac

UK (Anderson et al., 2015b).

Intake
9% k

7 / 'Depleted
Outlet ~ reach,

&
S

Figure 1.2: Schematic diagram of ‘“on weir’
i mages of an ‘on weir’ scheme in Wi ndsor |
Romney weir in the River Thames and Stockport (SJ93é228 were the turbine is located
adjacent to Ottersool Weir in thRover Goyt (Google Earth, 2012gple Maps, 2017a)

1.1.2. Potential aguatic implications

Despite carbon reduction and renewable energy targets and increased interests in developing

lowhead “on weir hydro schemes many schemes o
et al., 2006). While there is no single barrier to low head hydro development, developers often
guote the improvised approaches to defining the aquatic implications oflead hydroas

the most significant barrigfAggidis et al., 2006). This improvised approach is down to a huge
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|l ack of evidence surrounding the impact of |
conflict between developerand regulators. As such treis interest from hydro developsr

and regulators alike to improve this situation.

Many academicstudiesc | ai m t hat |l ow head ‘on weir’ hyd
(Paish, 2002) dispying limited or negligible environmentatpacts (Egre and Mieski, 2002;

BHA, 2005; Kosnik, 2008). However there is very little empirical evideadable to support

this assertion(Abbasi and Abbasi, 2011; Robson et al., 2011). To the best of my knowledge

there is only one study that has investigated the aquatimp | i cat i ons of l ow |
hydropower specifically(Mould et al., 2015a). Moreoveaesults from this investigation are

based on numerical modelling and admsions surrounding the impaatssf | ow head on

hydro on aquatic ecologyisa s e e xprer“t opinion” and I|little in

As a result of this lack of evidence, the regulators often struggle to judge permitting
applications and developers often accuse the regulators of taking an overly cautionary
approach. I't f balr dehs ke alt emsphemategefofgmerd weeed
significant environmental damage might not even occur (Bradley et al.,)2@@3he other

hand the regulators fear that existing schemes miglhteadybe causing damage and deem
this caution necessaryntii more evidence can be gathered. Especially in light of
environmental legislation and environmental targets set by the Water Framework Directive
(WFD) which the regulators are legally obliged to adhere to and which are directly quoted in
the hydropowerpermitting guidelines. For example hydropower permitting guidelines state
that a scheme will not be approved were it is deemed likely to faterwith WFD targets (EA,
2013.

WFDworks to enhance water quality and prevefurther deterioration of wate bodies

aimingto return all water bodies back to as close to natural as possible with only slight
deviations from natural quality (UKTAG, 2008). There is particular emphasis on biotic
communities stating that biota must be consistent with only sligherations from that

expected in the absence of humaantivity (European Parliament abuncil, 2000)The WFD

refersto this as Good Ecological Status (GES) and the UK has a target to achieve GES across all
water bodies by 2027 (Priestley, 2015). GE&sed on four biotic communities including the
phytobenthos, macrophytes, macionver t ebr ates and fish and fo

approach changes in amyne of these communities could cause failure to reach WFD targets.
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Principallyl ow hea&d r”" omywr opower is a human activit
aquatic environment, change natural biotic communities and cause failure to comply with

WEFD targetsHowevey as | ow head ‘on weir’' schaEgmes ar e
have dready altered the aquatic environment, there is the chance that adding a hydro scheme

to a weir could in fact improve the aquatic environment and provide benefits for ecology whilst

also providing meaningful amounts of electridiA, 2010Y0n the othelthand, adding a hydro

scheme to a weir could cause negligible impacts and while the scheme might not improve the
state of the environmenit might not create ay further issues for ecology. Although adding a

hydro scheme to a weir will mean that the weammot be removed from the river during the

lifetime of the scheme andssentiallythe riverine environment will not be returned back to a

natural state. In the long term, whether the hydro scheme causes positive, negative or even
negligible impacts regulats will need to find a balance between the need for renewable

power and environmental protection.

Yet an understanding of this relies on an appreciation of the impacts of weirs alone and with
a generallack of evidencesurrounding this topidt is had to know either wayWhile the
physical and chemical impacts of weare thoughtto be understoodfew empirical studies
have assessed the ecologicaffects of weirs (Mbaka andAwanki, 2015). Especially the
ecological impacts associated with the aredowethe weir (Anderson et al., 20&d5Mkbaka
andMwaniki, 2015). Most knowledge about the ecological impacts of weirs is based on studies
of large scale stage dams (Mkbaka aridwaniki, 2015) and even though low head weirs are
thought to reflect similar pysical and chemical alterations to large scale dams, changes
caused by a weir might not be biologically releyaatthe impacts will change with size and
function of the structure(Poff and Hart, 2002

Insummaryunderst andi ng how aliydro schgmeama lowdmead wee alters

the aquatic communities off's a research topic which has been little addressed yet holds
potentially large implications for low head hydro development, important environmental

targets and renewable energy targetsass the UK. Improving knowleglgn the ecological

impacts of o n we ipowercohlg antribbute significantly to knowledge, evidence bases

and permitting decisions. Wittmprovedevidence basgregulators would no longer have to

base permitting decismts on “expert opinion” but could ba
evidence Moreover, gven that the ecological impacts of weirs are uncertain and unclear it is

crucial to study the effects of weirs on aquatic ecology in relation to this topic. This is

particularly important if we wish to answer any subsequent questions as to whether the weir
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or scheme is driving change or in fact whether adding a hydro scheme to a weir is improving
the aquatic environment and is in turn providing both benefits for egpland meaningful
amounts of renewable electricity or is in fact creating a problem for aguatic ecology where
there are currently no issuedhis thesis hence details an investigation into the aquatic

i mplications of | ow he aydropaweeiacressthenld&. | ow head

1.1.3. Study species

Given that low head weirand lonecha d * on we i r ' aleyadangemioaguatic ¢ o ul ¢
communities it was important to choose an appropriate community that would provide
relatively speedy and extensive resufts the purpose of this thesis. As such this thesis
concentrated on the phytobenthic biofilm.h& phytobenthic biofilm is often used as a
biomonitoring tool to assessatural and humardisturbance The main reason®r this and

the main reason why this aamunity has been chosen for this study is because;

i) It is ubiquitous in the aquati®o can be monitored across a range of study sites
i) It is essentially sessile so cannot migrate to avoid disturbance

iii) It has a short life cycles afglspatially compact

iv) It iseasy to collect handle and stoamd can provide plentiful information a short

space of timeand space

V) Alterations in species composition and biomass can be used to pefticts on
food web dynamicscosystem components

Vi) It is monitored aspart of the WFD sochanges in this community could cause

failure to comply with WFD targettaw, 2011)
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1.2. Aims and thesis structure

The overarching aim of this projectisa d vance t he understanding of
hydropower can influence hysical and chemical habitat condition and the phytobenthic

biofilm. In order to achieve the aim, it will also investigate how weirs themselves change
physical and chemical riverine conditions and the phytobenthic biofilm. It will also investigate
whetherl ow head ‘“on weir’ hydr o cavhenitinapbeenve t he

altered by low head weirs.

Chapter 2:provides a comprehensive literature review to summarise all applicable research

regarding the phytobenthic biofilm, low head weirs anavlo h e a d on weir hy

identifies gaps in knowledge and devel@pecificobjectives

Chapter 3:provides descriptions of study sites and presents generic methods employed to
address objectiveddentified in chaptertwo. More specific methods relatg to precise

hypotheses are described in chapters four, five and six.

Chapter 4:assesses the effect of an existing obsolete low head weir on the phytobenthic

biofilm over the growing season.

Chapter 5 assesses the effect ovfei ah éyidsoi g hk ow

phytobenthic biofilm over the growing season

Chapter 6:explores the spatial distribution of physical and chemical habitat conditions and

phytobenthic biomass and community structure

weir hydro scheme.

Chapter 7synthesisesesults of the research caed and presented in chapters fquive and

six with the aim of providing further insightgdrthe effects of small scaleow h e ad on w

hydropoweron the aquatic environmentlt compares the influence af low head weir to the

influence of a | ow head ‘on weir-r hydro sche
hydro scheme to aveir might improve the aquatic environmenit finishes by summarising
key findings and their relrance for hydro scheme developers and regulators, discussing the

limitations of this thesis and gihlighting areas which requiferther investigation.
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Chapter 2:Literature review and background

2.1.Overview

The chapter collates, reviews and sunmmas all applicablaesearch surrounding the
phytobenthic biofil m, |l ow head weirs and
chapter gathers current knowledge surrounding the phytobenthic biofilm, how the biofilm
responds tonatural fluctuations inphysical and chemical habitat conditioaad how the
phytobenthic biofilm has been known to alter in response to anthropogaetigity. Secondly

this chaptercollates current knowledge surrounding the physical arileemicaimplications of

low head weirandlow head o n we i r ' . Thigycapter grmswby evaluatihngw the
phytobenthic biofilmcould potentiallyrespond to changes in physical and chemical habitat
conditions caused by low head weandlow head' on we i r ', désygrides potemtiav e r
surveydesigns to detecthe impacto f | o w h € haydropowenand dewdlops specific

objectivesthat will be exploredn subsequent chapters.

2.2.The phytobenthic biofilm

2.2.1. The role of the phytobenthic biofilm

Thephytobenthic biofilm cargrow and live on or in sediments, attached to cobbles on the
river bed or on macrophytes. In this stydiie focus is on communities attached to cobbles

on the river bed namely epilithic biofierf{Round et al., 1990)The phytobenthic community
consistsof autotrophs (diatoms, green algae and cyanobacteria) and heterotrophs (bacteria,
fungi and protists) in a polysaccharide matrix (Burns and Ryder, 2001). The autotrophic
organisms often dominate primary production, are a persistent component of the rhiofil
(Geesey et al., 1978; Lock et 4P84; Lamberti, 1996; Giller aiMhlqvist 1998 Hodoki, 2005;

Brown et al., 2008) and are the main focus of this research.

The phytobenthic biofilm is essential for ecosystem functioning ianglssenceacts as the

“@rs s of the ri ver i neTheeholinm pravidemenargy arfdBabigay s |,
structure for higher trophic levels, is a major food resource for benthic invertebrates and acts
as a chemical modulator removing contaminants and biodegradable mitet@ng to purify
river water (Mclintie, 1973; Minshal, 1978; Boyle agdott, 1984} ock et al., 1984Quinn and

McFarlane, 1989; Laand Liu, 1993;,Chapman, 1995Saravia et al.1998; Biggs and Kilroy,
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2000. As stated by Biggs (2000) if this commumitas removed rivers would be baron chutes

of flow devoid of insects and fish.

2.2.2. Development: colonisatiorgrowth, successiomnd autogenicsloughing

Naturally the phytobenthic biofilm develops over time amdspace followingwo phases
known aghe accrual phasehen the biofilm accumulates and biomass increama$the loss
phasewhen cells detactandthe biomass reduce@~igure2.1). Initially propaguleqseeds or
sporeswhich form new individualy will colonisethe substrate and grow exponéally
accumulating biomasgntil the pointof autogenic sloughingrhen biomass begins to reduce
as a result of deatlFigure2.1). Peak biomass is essentiale highest biomass concentration
before loss becomes more important than accr@@lggs, 2000)Accrual is controlled by
immigration, colonisation and growt{Biggs, 1998). Autogenic sloughing is a sgiénerated
processwhereby the biofilm weakengleteriorates anddies detachindgrom the substrateas

aresponse to resource stressid disturbancgPeterson, 1996

ACCAUAL PHASE LOSS PHASE
Colonization  Exponential Autogenic sloughing Carryl
growth ctpodrt?
PB
Tes
1
|
Time

Figure 2.1: An idealised shadrm accrual cycle were PB is peak biomass and wei®tfie time to
PB from commencement of colonisation (Biggs, 1996a)

If conditions allownaturalsuccession wiliake placeghrough the groving phaseCommunities

will developfrom a single layer of pioneer cellslow biomasgo a mature threedimensional
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climax community with upper and lower tieedso known as theverstay and understory
(McCormick andstevenson, 1991; Kelly et al., 2@0)9Initial succession will begin with small
adnate diatomsut over timeapicallyand basallyattached colonial diatomwill overgrow the
adnate formsSlow growingtalked andilamentousdiatoms,green algae and cyanobacteria
will eventually out-compete the adnate and apically attached specie®ating anupper

canopy(Peterson and Grimm, 1992; Biggs, 1996a; Murdock et al., 2004).

In a maturethree-dimensionalcommunity thelower tiers will consist of mucilaginous and
gelatinous growth forms which atthdo the rock in an adnate, crustose or prostrate position
using mucilage padging parallel to the substrate h€ upper tierswill consists of stalked and
filamentous growth formsin an erect positionlying perpendicular to the substratédigh
numbers ofmotile specieswill existunattachedin the upper tiersentangled in the overstory
(Law, 2011)Figure 2.2 is a schematic diagram of thdividual different growth formsand
Figure 2.3 is a schematic diagram of tii€ferent growth forms in a threalimensional

structuredisplayingupper and lower tierén an extracellulamatrix.

1 Stalked | <. | | .
| = or I || Filamentous| | .
, | | Short [ I | b with s | \
4 Crustose | |Prostrate | || Filamentous || Filamentous || Epiphytes | 1| Gelatinous %

Figure 2.2Schematic diag