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The purpose of this project is to assess the succeasifitial rock pools ascological ahancement
interventions which were incorporatedinto a new coastal defence scheme at Runswick Bay, North
Yorkshiregn summer 2018

During construction of the new rock armour defence at Runswick Basaw@ut artificial rock pools
were installed on thegranite boulders. This report details the findings frtme secondfield survey
conductedduring July 2019 and is compared with the first survey carried duto months post
construction(August2018) The survey compared the species richness, tabtaindance and species
diversity of fauna and flora found both inside the artificial rock pools and on the adjacent granite
rock faces. In additignwater parameters includingvater temperature, pH and salinity were
collected toascertainany variatiorbetweenthe water in thepoolscompared to thesea

The survey found thathe majority ofartificial rock pools were retaining water effectivelpools
which were not retaining water weremotheredin algal wreckge which had been washed up onto
the beach The water temperaturewas slightly higher in the artificial rogools but the pH and
salinitydid not differ between theockpools and thesea

This study has shown that the construction of artificial rock pools on the granite rock armour has
increasedthe species richnesgompared to the urmmanipulated areas of the boulder&leven
species were observed in the rock pools which were absent from the adjacent rock surfaces,
showing that the provision of wateetaining features and increased surface heteroggndas
enabled species to survive on the rock armour when the tide goesTdg.majority of tiese new
species were mobile faunancluding crabs and fiskand a high proportion of them were small
juveniles.The height at which the rock pools were ingtdllwas shown to have an impagh the
assemblages found within the rock pools.

These artificial rock pools will continue to be monitored over the ny@dr toobserve community
succession and development over time.
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The Runswick BaCoastal Proten Schemewas constructedin 2018 and included repairs the
existing concrete seawall and the placement of 9,500 tonnes of granite rock armour to protect 250
m of seawallfrontage.RunswiclBay was designated a Marine Conservation Zone (MCZ) (Marine and
Coastal Access Act 2009) in 2016 for low energy intertidal rock, moderate energy intertidal rock, high
energy intertidal rock and intertidal sand and muddy sand biotopeslimit the potential damage
causedto the protected features othe MCZ by the construction of the new sea defenagious
measures were put in placacludingdesignated access routes for machinery, protection of existing
colonised bouldes and ecological enhancementtechniques. The eological enhancement
techniqueswhichwere incorporated into the new coastal defence scheme at Runswick Bay included
the construction of70 artificial rock poolsvhich were sawcut into the boulders

Artificial structures typically lack optial habitats for intertidal species due to the absence of habitat
heterogeneity and water retaining features. On natural rocky shamesk pools provide intertidal
organismswith a refuge from biotic and abiotic stressggch as predation and desiccatirittle et

al. 2009, Firtret al. 2014, Whiteet al. 2014)

Ecological enhancement integrates ecology and engineering to create multifunctional structures
which provide both protection from coastal erosion and also a suitable habitat for iddbrti
organisms(ITRC 2004, Hadt al. 2018) Previousecological enhancemerstudies have shown that
water retaining featuresand habitat heterogeneityare important to promote biodiversityon
artificial structureqFirthet al. 2013, Browne and Chapman 2014, Eetre. 2015) Existing trials at
Runswick Bay havehown how increased habitat heterogeneity céad to increasd species
richness and diversity on granite bouldékallet al. 2018)

The aim othis survey it to determine if the dficial rock pools have increased species richness, total
abundance and species diversity compared to the control rock fsioeg installatiorin 2018 (~B
months) The survey which was conductaslo months post instllation showed initial succestis
survey is to determine the longer term success of the interventions.
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2. METHODS

2.1 Site description

Runswick Bay is a moderately exposeddyashorewith large shale bedrock platform$ has an
easterlyprevailing wind directiorand the tdal range is 5.6n duringspringtides and 4.2m during
neaptides. The new rock armour was placed on top of the shale bedrock at the foot of the seawall
(Figure2.1). Existingooulders were moved during construction and replaced in front of the granite
NB O]l F N¥2dzNJ (2 IdiScieése dobnisatiarS&8eRA Yy 3¢ 62 dz

Figure2.1. Locationof new granite rock armour at the foot of the seawall, note the green
(colonised) natural boulders which have been placed in front of the granite raky2019).

2.2 Installation of artificial rock pools

The70 artificial rock pools were installed using a circular saw and breaker. The circular saw was used
to make two sets of parallel cuts which were perpendicular to each other to form a cross shape. A
breaker was then used to break up the cuts and form pools ofafprately 300mm diameter and
150mm depth(Figure2.2).
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Figure2.2. Examples of saw cut artificial rock paaoughly 300mm diameter x 150nm deep.

2.3 Survey protocol
Qurveys were conductedetween ¥™ and 18" July 201%y Dr Sue Hull and Dr Alice Hall.

The abundance of fauna and flongere recorded insitu inside the roclpools and compared to the
adjacent rockface to determine fi the artificial rock poolshad a positive effect orincreasing
biodiversityon the rock armour.

The percentage cover of algae and count data for barnacles and mobile spraibsas fish and
crabswere recorded to measure species abundance. All organisere identified to the lowest
taxonomic resolutionpossible. Photographs il rock pool and control areas wetaken to
illustrate changes in assemblages over time. Water parameters, including temperature, pH and
salinitywere recorded inside the rock pools and compared to a sample of seawater.
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3. RESULS

3.1 Community assemblages

A total of twenty-two species were recoravithin the artificial rock poolscompared witheleven
species recorded on the adjacent control rock fa&gof the additional species presentithin the

rock pools were mobile specigacluding the intertidal fish Shannizipophrys pholjsthe intertidal

crab Carcinus maendsandthree intertidal snail speciesL{ttorina littorea, Littorinasaxatilisand
Melarhaphe neritoides (Figure 3.1). Results indicatethat the artificial rock pod supported
significantly greater species richness, species diversity and total abundance than the adjacent rock
face contro$ (Figure3.2, Table3.1). The results also show that there wassignificantincreasein
species richnesspecies diversity% cover of algae and total abundance of anirbaisveen 2018

and 2019 both in the rock pools and control sitéSigure 3.2, Table 3.1).

Figure3.1. a) Green shore crablJarcinus maengs b) Common limpet(Patella vulgatg, c)Acorn
barnacles (Semibalanus balanoidesandd) Shanny I(ipophrys pholis Images from July 2019
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Figure3.2. a)Mean species richnesk) meanspecies diversity (Shannon Wienear) meartotal
abundance o&nimals and d) mean total abundance of plants recoridezbntrols androck pools in
August 2018 (light grey bars) addly 2019dark grey barsj+/- SE).

Table3.1. Analysis of variance (ANOVA) results for comparison of species richiagae &
animals), species diversityichness(algae& animals) and % cover of algae antbtal abundance of
animalsbetween pools (artificial rock pools) and control (adjacent rock faesy Year (2018/2019)

NS= Not significant *= low significance **=medium significari&e = highly significant.

Total abundanceof

SpecieRichness Species Diversity % Cover algae :
animals

Pool/Control | 1 | 86.156| <%:09%| 1 | 61.769| <0:001| 1 | g4.460| <0:001| 1 | 36.657) <0.001

Year 1 | 29.373] <0001 4 159 439 | <0001 1 g gp5| 0-001 | 1] 9.245 ) 0.001
Pool/Control 0.338 0.352 0.395 | 1 | 4.053 | 0.045

* year 1] 1088 | 1) 1045 "N 1] 0724 | oo N
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The multidimensionascaling plot (MDS) iRigure3.3 illustrates the separation ialgalcommunities
between artificial rock pools and the control rock faBach individualriangular symbotepresents
a samplerock pool, the closer togethetthe points the more similar the communities arelThe
similarity percentageanalysis (SIMPER) found tha®.65 % of the overall87.93 % dissimilarity
between algal communities found inrock pools and controls was attributed tsix taxa; Ulva
intestinalis,Ulva linzabrown filamentous algadJlvasp.,green filamentous alga®orphyrasp.

Table3.3 illustrates theaverage species % covarthe artificial rock pools compared to the control
rock faceand Table 3.3 gives a full species list of all species recorded.

Transform: Square root
Resemblance: S17 Bray Curtis similarity

2D Stress: 0.12 ||  Habitat

A Rock pool
v w Control
v
v A A
v X
v
v A A,
Y .
A
v Vv ALy A A
A 4 Aas VY,
s = AL A &
- A" AA by A A
A

<
Bt

Figure3.3. Multidimensional scaling plot of the samples in the rock pools and trohareas on the
rock armour Quly2019. This figure illustrateshe separation in communities between artificial
rock pools and the control rock face. Each individual triangular symbol represents a sample rock
pool, the closer together the points the mre similar the communities ar€% cover data only)

Table3.2. SIMPER analysis @igalcommunity similarity between artificial rock pools and
adjacent control rock faces on the granite rock armourJaly2019.

Species A\Ilaeorglge E\?enrta:;{a Dg\s,?r:]?g?i:(y Diss/i;ngarity Controﬁaution
Abundance Abundance
Ulva intestinalis 41.2 6.16 30.55 1.04 34.75
Ulva linza 134 29.65 22.74 1 25.87
Brown filamentous 14.6 2.32 11.13 0.55 12.66
Ulvasp. 8.69 2.43 9.58 0.48 10.9
Green filamentous 0.31 5.46 4.47 0.37 5.08
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Porphyrasp. 1.2 6.03 3.86 0.72 4.39

Table3.3. Species lisand average abundance for fauna and flora recorded in the artificial
rockpools and on the control rock face in July 20@8= %cover, c= counts)

Species I?A(\)vc;krgc(: COESOI Average
Abundance 2
Algae Brown filamentoug%o) 14.6 2.32
Ceramiunsp. (%) 0.03 0.00
Cladophora sericea (%) 0.45 0.00
Fucusvesiculosus (%) 3.08 1.92
Green filamentou$%) 0.31 5.46
Pilayellasp. (%) 0.02 0.00
Porphyrasp. (%) 1.2 6.03
Scytosiphon lomentaria (%) 0.06 0.00
Ulva intestinalis (%) 41.2 6.16
Ulva lactuca (%) 2.6 0.00
Ulva linza (%) 13.4 29.65
Ulvasp.(%) 8.69 2.43
Crustaceg Amphipoda (c) 0.23 0.00
Carcinus maendg) 2.28 0.00
Ligia oceanic#c) 0.31 0.05
Semibalanus balanoidéy 0.92 1.19
Mollusca | Littorina littorea(c) 0.32 0.00
Littorina obtusata(c) 0.06 0.03
Littorina saxatiligc) 0.15 0.00
Melarhaphe neritoidegc) 0.02 0.00
Patella vulgatgc) 0.52 0.03
Pisces Lipophrys pholi€c) 0.02 0.00
Total number of species 22 11

3.2 Water parameters

ThemeantemperatureNE O2 NRSR AY FNIAFTAOALFE NRO]l LIR2f& O6HO
&SIl ¢ (S NThésalidityread pHrécordedin the rock poolsandthe seawatemwere very similar
(Figure3.4). Please note that this summer was a particularly warm summer.
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Figure3.4. Comparison ofneanwater pH,temperature and salinitypetween artificial rock pools
and seawaterin July 2019+/- S.E).

Out of the 70 artificial roclpools 29 were installed above the Splagbne, 10 within the Splash
zone,four in the Upper zonepne in the Upper Md zone andone in the Mid zone. Onhyfive pools

were empty in July 2019dur in the Upperandonein the UpperMid) and this was due to a builgp

of algal wreckage filling the pooBigure3.5 illustrates the variation in communities within the rock
pools at different tidal heights. Pools which are located above the Splash zone and within the Splash
zone are more prone to algal bleaching due to more extreme environmental conditions such as
higher temperatures. The most diverse rock pools were found in the Mid and Wjoltidal zones,

as they are regularly replenished with seawater and exposed to the air for shorter periods of time at
low tide.
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Figure3.5 Images of roclpools from differing tidal heights a) Abov&olash zone rockool with
brown filamentous algae, b) Splash zone pool with bleached Ulva sp., c) Ugiigzone pool with
multiple species inaiding Ulvasp., Fucus vesiculoswand Porphyra sp., d) Mid zone pool with
Fucus vesiculosubllvasp., and filamentous brown algae.
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