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Glossary of Project Terminology

Moray Offshore Windfarm
(East) Limited (Moray East)

The company developing the Moray East Offshore Wind Farm
(formerly known as Moray Offshore Renewables Limited).

Moray East Offshore Wind
Farm

The wind farm to be developed in the Moray East Site.

Moray East Site

The area of the Zone in which the Moray East Offshore Wind Farm will
be located. Formally known as “Eastern Development Area” and
where the consented Telford, Stevenson and MacColl Offshore Wind
Farms are located.

The Project

Combined Moray East offshore wind farm, transmission infrastructure
and onshore transmission infrastructure.

The Development

Offshore component of the project.

Study area

Area surrounding the development associated with ICES rectangles
44E6, 44E7, 45E6 & 45E7.
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Executive Summary

Evaluation of the peer reviewed scientific literature, International Herring Larval Survey (IHLS) data,
and Marine Management Organisation (MMQO) commercial landing data as well as BOWL survey
results suggests that significant herring spawning activity does not occur within the vicinity of the
Moray East Site.

The findings of both the IHLS surveys and the BOWL herring larval surveys (in respect of larval
abundance, length distribution and age back-calculation) indicates that larvae caught during the
survey were most likely to have hatched from spawning grounds further to the north, around the
Orkney Isles and then have drifted south into Moray Firth.

In the higher resolution survey conducted for BOWL (2014, 2015), no larvae were caught during the
firsts three weeks of August. The majority of the larvae caught after this time period were at least 6
days old, again suggesting that they are transported from spawning grounds to the north into the
Moray East Site by southerly currents to reach the Moray Firth by mid to late August. The multiple
data sources all support the suggesting that the main spawning grounds occurs in waters around the
Orkney Isle, with the main period of egg hatching commencing in early August.
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1 Introduction

The following report constitutes a desktop Supplementary Baseline Report on herring spawning in
areas relevant to the Moray East Site comprising the Telford, Stevenson and McColl Offshore Wind
Farms (Figure 1). Site specific larval sampling surveys will be undertaken in 2018 ahead of construction.

As described in the letter and accompanying proposal to Scottish Ministers on 9 January 2017, the
principal objectives of the report are to provide a preliminary description of herring spawning and
larval abundance within the vicinity of the Moray East Site with particular reference to:

e The spatial distribution and density of larvae by length and its inference on age;

e The influences of larval transport; and

e The timing of main spawning.
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Figure 1. The project area of Telford, Stevenson and MacColl Offshore Wind Farms in Moray Firth, Scotland.
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2 Background Information

2.1 North Sea Herring (Clupea harengus)

In the North Sea, herring (Clupea harengus) and herring eggs constitute an important food source for
upper trophic predators (Rankine and Morrison, 1989; Ellis, 2012) as well as being a commercially
important species (Nichols, 2001).

The North Sea Herring autumn spawning stocks have been estimated to have biomass between 2.34
- 2.6 million tonnes (2012 - 2016) (ICES, 2012; ICES, 2017). There have however been sequential years
of low recruitment, for example between 2002 and 2011, which have led to concerns in respect of
future management strategies (ICES, 2012; Payne et al., 2010).

It is generally considered that North Sea herring is comprised of four stocks; Orkney/Shetlands,
Buchan, Banks and Downs based on areas used for spawning (Figure 2). These stocks exhibit
differences in spawning times, growth rates, migration routes and recruitment patterns (Dickey-Collas
et al.,2010). The stock is in close proximity to the Moray East Site are Orkney/Shetland and Buchan
stocks. However, as discussed below due to the tidal current regime the spawning of the Buchan stock
is not directly relevant to the project.

Herring are seasonally migratory and travel considerable distances in large shoals between spawning,
over-wintering and feeding grounds (Munro et al.,, 1998). Adults from these two reproductively
distinct stocks are considered to migrate from spawning grounds to wintering grounds in the
Skagerrak and Kattegat. This is followed by a spring migration to feeding grounds in the Fladden
Ground and Viking Bank (Munro et al., 1998). Juveniles often remain in shallower nursery areas for up
to two years (MacKenzie, 1985) before following the migration patterns of adults.

Figure 2. The four stocks of North Sea herring spawning areas of the UK.
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2.2 Spawning Season

North Sea herring are synchronous batch spawners which show a preference for well-oxygenated
environments with coarse sediment and fast flowing water when selecting their spawning grounds
(Keltz & Bailey, 2010; Groot, 1980; Munro et al., 1998, Parrish et al., 1959; Blaxter, 1985). Females
deposit eggs with adhesive membranes in single batches directly onto the seabed in areas of coarse
sand, maerl, gravel and small stones with a low proportion of fine sediment at depths between 15-
40m (Keltz & Bailey, 2010; Munro et al., 1998; Geffen, 2009). Due to the specific habitat requirements,
spawning grounds are reasonably well defined, although spawning intensity varies between years
(Blaxter, 1985; Keltz & Bailey, 2010; Rockmann et al., 2011).

According to Coull et al., (1998), the Orkney/Shetland stock’s peak spawning activity is usually
between August and September. Herring congregate at traditional spawning grounds, with the larger,
older fish arriving earlier than the smaller, younger fish (Lambert, 1987). Peak spawning periods are
primarily influenced by temperature and stock structure (size and age). Sea temperature affects the
onset of gonad development for spawning (Ware and Tanasichuk, 1989). The age and size of shoals
influences the peak spawning phase. A shoal comprising mainly of older, larger fish usually spawns
towards the beginning of the overall spawning period, whereas the opposite is usually the case with
shoals being comprised of smaller, younger fish (Lambert, 1987).

2.3 Llarvae

Herring larvae hatch approximately three weeks after spawning, depending on sea temperature (Keltz
& Bailey, 2010, Munro et al., 1998, Hodgson, 1957). Newly hatched larvae are normally 5-8mm in
length and grow at a rate of approximately 0.28mm per day (Kiorboe et al., 1988). The early stage
larvae (<10mm in length) are lecithotrophic being dependent on their yolk-sac for 6-10 days until the
yolk is reabsorbed. Following the lecithotrophic stage, the larvae become planktotrophic (late-stage),
feeding on small zooplankton and reaching a length greater than 10mm (Blaxter, 1968; Fassler et
al.,2011; Heath, 1993; Hodgson, 1957; Dickey-Collas, et al.,2010). During the planktonic phase the
larvae metamorphose into juveniles (Gamble et al., 1985).

2.3.1 Larval Drift

Herring larvae have limited swimming ability, so their spatial distribution is primarily determined by
current flow rates (Urho & Hilden, 1990; Norcross et al., 2001). In the northern North Sea around
Scotland, the coastal currents are predominantly southerly and easterly (Figure 3). Therefore, only
spawning activity around or north of Moray East Site will potentially be affected by the offshore wind
farm development. Hence, this report focuses on the Orkney/Shetland stock, as the Buchan Stock
larvae will drift south and eastwards away from the projects construction.

Herring larvae drift in this same pattern with distance drifted being dependant on time in the water
column as a consequence of age and the current velocity (Guerin et al., 2014). Larger larvae have
been found to have been transported further distances from spawning sites as a consequence of
spending more time in the water column. For the Orkney/Shetland stock, larval drift is predominantly
influenced by two Fair Isle currents: the West of Orkney (current 4) and the North Sea (current 5)
(Figure 3). These currents have been measured to have residual velocities of 7cm/second (current 4)
and 10cm/second (current 5), which is equivalent to 6.0 km/day and 8.6 km/day respectively (Baxter
etal.,, 2011).

Larval drift varies considerably depending on the larvae location relative to the core current. Nichols
(1999) considers that larvae hatched on the Orkney/Shetland spawning grounds are either
transported south into the Moray Firth or eastwards towards the Danish coast (Figure 4).
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In the centre of the Fair Isle currents, inflow larval drift is understood to be at maximum rate of
36km/day, whereas larvae in other areas the North Sea current have been recorded to drift at a rate
of 6-8.6 km/day (Heath & Rankine, 1988; Baxter et al., 2011). The vertical migration of fully developed
planktonic phase (late-stage) larvae in the water column can also act as a mechanism to minimise
horizontal drift due to opposing tidal flow directions (Stephenson & Power, 1985).

= 7 " 2
A =

P il

Figure 3. Schematic representation of the major oceanic and coastal currents in the North East Atlantic and
the North Sea (Baxter et al., 2011).

» Larval doft

Spaanngs areas
@ Frst year nursery areas

Figure 4. The spawning areas and spawning periods of the North Sea autumn spawning sub-populations
showing larval drift to nursery grounds (Nichols, 1999).
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3 Data and Information Sources

The following data sources have been used to inform this report:

e International herring larval survey (IHLS);

Commercial herring catch reports and Vessel Monitoring Data (VMS) data;

Site specific herring larval survey undertaken for the Beatrice Offshore Wind Farm;
Current literature on herring larvae life history; and

e Hydrodynamics of the area.

3.1 International Herring Larval Survey

The ICES program of International herring larval survey (IHLS) in the North Sea has been in operation
since 1972. The findings are used to provide an estimate of herring larval abundance and spatial
distribution which in turn contributes to management measures and policies. The survey methodology
involves sampling 9 stations within each ICES rectangle. The sampling stations are numbered
sequentially from west to east beginning in the northern most row (labelled alphabetically from “a”
to “i”). In the Moray Firth area, sampling was typically undertaken in the last two weeks of September,

although it has occurred in October, December and January, largely due to logistical reasons.

The equipment used has varied between GULF Ill, GULF IV and Nackthai high speed samplers. This
report has considered the results of surveys from 2000 to 2015, as the 2016 survey did not collect
samples in Moray Firth due to technical problems (ICES, 2017). The results of 2017 surveys are not yet
available.

IHLS data does not report individual lengths of larvae. Larvae lengths are recorded into three
categories; Absmall (<10mm in length), Abmedium (10-15mm in length) and Ablarge (>15mm in
length), therefore undertaking back-calculations on one length (<10mm) will not be useful or accurate.
Back calculations were carried out on the BOWL herring larval survey data as individual larvae lengths
were reported. The larval length of interest are those <10mm.

For the following assessment, the raw IHLS data provided was screened and duplicated samples
removed. If a value was missing in the raw data it was replaced with zero values, as it was assumed
that no herring larvae were caught in that sample. The identification codes of the samples locations
were referenced using ArcGlIS, to verify the ICES sub-rectangles codes used. In cases where the ICES
sub-rectangle codes did not match the ArcGIS positions, it was assumed that the latitude and longitude
coordinates were correct and new ICES rectangle codes was given to the samples. The number of
early-stage larvae herring (Absmall) collected in each ICES sub- rectangle code was averaged per year,
as some years contained more than one sample. These averages were then used to calculate the
average number of early-stage larvae caught over the 15 years.

3.2 Vessel monitoring system (VMS) and landings data

The commercial fisheries data for pelagic fishing vessels in north-east of Scotland (IVa(W) see
Appendix 1) was obtained between 2006 and 2016 from the Marine Management Organisation
(MMO) VMS database. Landings data is given for UK registered vessels by species and ICES rectangle,
averaged over a 10-year period. However, it is important to note that in respect of spawning
aggregations, other factors such as quotas and market forces affect fish landing and as such fisheries
data may not necessarily fully illustrate spawning adult abundance and distribution.
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3.3  BOWL herring larval survey

In 2014 and 2015, Brown & May Marine Ltd undertook herring larval surveys specified as part of
BOWL's consent pre-construction obligations.

The survey was conducted just north of the Moray East Site, providing high resolution of herring larvae
data for the North East of Moray Firth.

The survey methodology was agreed with Marine Scotland Science (MSS) and Marine Scotland
Licensing Operations Team (MS-LOT) in July 2014 (Meeting at Marine Scotland, Aberdeen). The survey
was undertaken using a Gulf VIl high speed plankton sampler (following the best practice methodology
which is similar to IHLS methodology). Herring larvae was sampled at 25 stations (Figure 26) every
week in the 8-week period, weather permitting. The analysis data was used to undertake back-
calculations using methodology approved by MSS.

The primary objectives of the BOWL surveys were to:
e Collect data comparable with that produced by the ICES International Herring Larvae Surveys
(IHLS; ICES, 2008);
e Collect data on the spatial and temporal distribution of herring larvae within the BOWL
development area and wider Moray Firth Area;
e Determine the level of spawning activity in and around the BOWL development area and
wider Moray Firth.

The 2014 survey was undertaken between 4™ August and 27" September and the 2015 survey
between 3" August and 27" September.

The BOWL survey data provides high-resolution data on the size and age of herring larvae that have
been recorded in the immediate vicinity of the Moray East Site.
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4 Research Findings

4.1 Spawning and Nursery grounds
4.1.1 Background data

Herring spawning activity requires specific habitat substrates, which have been identified as coarse
sand, gravel coarse sand, maerl, gravel and small stones. North Sea herring spawning and nursery
grounds have been identified by the widely used standard references of Coull et al., (1998) (Figure 5)
and Ellis et al., (2010) (Figure 6).

Both Coull et al., (1998) and Ellis et al., (2010) indicate that the herring spawning grounds are to the
north and south of the development (Figure 5; Figure 6).

According to British geological survey (BGS) data, the Moray Firth benthic substrate is predominantly
muddy sand, sand and slightly gravelly sand with areas of sandy gravel and gravelly sand (Figure 7).
The substrate preferable for herring spawning are coarse sand (sandy gravel, slightly gravelly sand and
gravelly sand) and gravel sediment types; which are indicated by pink and orange colours in Figure 7.

The Moray East site is not located within the herring spawning reference site of Coull et al., (1998) but
within the referenced nursery grounds. The benthic substrate of the Moray East site are sand, sandy
gravel and slightly gravelly sand (FIG). Whilst the Moray Firth may contain substrates considered
suitable for herring spawning, as with many other areas in the North Sea. Substrate suitability alone
does not determine the location of spawning activity.
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Moray East Site
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Hering

G ——
<=1

Figure 5. The spawning grounds of herring larvae in Moray Firth region defined by Coull et al., (1998).
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4.2  larval Distribution and Abundance

The results from 2000-2015 show that the abundance of early stage larvae was much lower in the
study area of Moray Firth than that found to the east and north-east of the Orkney Isles (Figure 8).

It is also apparent that the abundance of early-stage larvae varies considerably between years as
shown by Figure 9 to Figure 12 (Appendices 2 to 13). In 2014 (Figure 11), early-stage larval abundance
was low compared to other years, whereas in 2013, it was higher (Figure 10).

The results of the series of IHLS surveys in respect of early stage larval abundance corresponds with
the findings of Coull et al, (1998), both indicating that the main spawning areas of the
Orkney/Shetland stock are north of the Moray Firth, being located to the east and north of the Orkney
Isles (Figure 13).

The late-stage larvae distribution (Figure 14) further confirms this assumption by showing larger older
larvae which have spent longer in the water column and are therefore being carried further into the
Moray Firth from their site of spawning.

Figure 15 further implies that the main location of the Orkney/Shetland spawning ground is north-
east of the Orkney Isles. It should be noted that the IHLS data does not state whether the eggs are
herring eggs, however due to the time of the survey it is assumed that majority of the eggs caught will
be herring eggs. It should be noted that the eggs were collected through high speed plankton sampling
and were therefore found in the water column. It is therefore possible that they may be dead or
unfertilized.

T Ty, T i T T 0 T R 1 B W W W5 W X0 BT

Average Early-Siage )
Herring Larvae

u
= -
H

2000 - 201 MC RAY EAST

® 580

| ® 60120

@ 120-180

R

Y ioEn

T

it gty
=

b s

cor

@ 180-240

@ 300-360
360420
- () 420480

{1 asosda

540600

600-660
() eoo-Tz0
7 T0780

780-840

Y
o0&

B40-1000

1000-1500

. @
4 . 1500-2000

2000-4500
|

5 240-300 =

E
E
=
n‘g 4
it
]

&

Bt

i

£

i
i

Ferizonlal Seale 1:1,000000
—————

linrd Offshore Wind Farm
evenson Offshore Wind Farm
"I MacCall Ofsnare Wind Farm
[, Moray East Export Cable Carridor
Moray East Site
(777 study area

[ IcES Rectangles

A3Chert |

o A

0G0~ AR-ARA-000 (EDA-01-005

Figure 8. Average Abundance
of Early-stage Herring Larvae
(2000-2015)

Moray Offshore
Windfarm (East) Ltd

Figure 8. Average abundance and distribution of herring larvae (early-stage) around Moray Firth and along
the north-eastern coast of Scotland (IHLS, 2000-2015).




Moray Offshore Windfarm (East) Limited
Herring Larvae Annual Review

B | A_wlfa;r,TE-a.TI;-Smn:l.. |
. +2|0“|‘2-‘—_‘_ B ~ B | H.errll:: Larvae Ll M\’. RAY EAST

LI ]

& 60120

KEY

[ mitford ©Mfsbores Wl Fiam

i : ] Mancoll Gitsheer Wind Fnrm

i Wiy Esnl Enperl Cable Corridsn
B Mory Enat Site

[ stesty uma

| [ 10Es Rectanles

racrrion ORshare Wisd Faim

SO SR p——)

2
El
armn, 1
B
3
! ' : as v
i + - — - _ ; Tirnzens Paanein W33 T Zere: N
1 . P ot £A_[lasars A Lty
: = Aveared: PHTIALS. 5 GRATURE - PAINT COFY]
H A
5 1 ‘N e [
[ e samco. annoomn aan anaoon oo oson

' Figure & Early-stage
Herring Larvae (2012) -

I
3w

- Fal I - ~ _ ey
—r AT { i E : '5 i i Maray Offshora
:i ¥ ] ] 8 | B g Windfarm (East) Ltd
3 0 o L0 L b2 2 o o Ex.00n R AT LA Lo

Figure 9. Abundance and distribution of herring larvae (early-stage) for 2012 around Moray Firth and the
along the north-eastern coast of Scotland (IHLS, 2012).

U — £z T = v
-Tra Average Early-Stage |
4 i Herring Larvae | Va
§ | ® eI M{ RAY EAST
i ‘ - [ g B
| * 5ap
L] | ® o B | & 80120 |
= L) 19 | o
B = Sl ® 120180
I | KEY
@ 180-240
[ mettord Offshore Wind Ferm
H 240-300 = :
i i Stevenson Offshara Wind Farm
W, 360380 i3 MacCall Offshare Wind Farm
! @ as0420 /. Moray East Export Cahle Corrid
H % iy [/, Meray East Export Cable Cortdar
5 8 — =| =k = 420-480 El
| Moray East Site
| 480-540 ]
(s area
H i 540-800 E [ IceS Rectangles
i | 600-660
7 ee0720
et
2 i 720780 B
U ! 780-840
8401000
il e !
| ; . 1000-1500 B
e . 1so0.2000 T
| I . 2000-4500 E
. aso0-11s00 |
] Honzontsl Seale: 11,250,000 A3 chart
2 —
§ 0 B 0000 e
5
é E] Geodstc Parametars:  \AGS584 UTM Zene 30N
H [ [Promee crmemanag
~ Rovivwed: [INITIALE, SIGNATURE - PRINT COFY|
H o
, Dare: 10122017 Fevbiar
] RIEF BABOI0T ASADDND- AAA-AAR-000 (ORI G07]
| Figure 10. Early-stage
B o Herring Larvae (2013) |
i -
: Moray Offshore
§ k ‘Windfarm (East) Ltd
e g iz g 1 s e e 2 i T = 10

Figure 10. Abundance and distribution of herring larvae (early-stage) for 2013 around Moray Firth and the
along the north-eastern coast of Scotland (IHLS, 2013).

17




Moray Offshore Windfarm (East) Limited
Herring Larvae Annual Review

O 1 W01 gy EE i e o e —— e T B 52 W
TR A A T | T ) Average Early-Stage |
2014 o MCORAY EAST
b~ = + + + 1 = = = (e + = 1 R e
| ‘ i s 580
| | | ® 60120 ,
2 | | I t T — - & 120130 R
- = = = i 7 KEY
@ 180240 e
{27 Tettore Offshore Wind Famn
@ 240300 =t
| Stevensen Offshore Wind Farm
| 300-340 MacColl Ofishore Wind Famn
2 30470 Moray East Export Cable Corridor
fl
e ol
P - - 0 a;am Moray East Site
| A
460-540 | |
'
i i [ 1cE8 Retanglas.
| |
N 600-650
. |
660-720 ol
=5 = S O b
& ) reos40
|
| @ w0000
}
0 @ 10001500
|
o = = . 1500-2000 TV
| ® | . 2000-4500
. 43001500 |
| | B
L] ! | i
| ...
S — - - — I
| |
|1 ' &
: ! | Harizortal Scals; 11,000,800 aachan ]
+ e - — . — Govrilic Parsmetars.  Wi3384 UTH Zone 301
N L eemrpr—yy
| 7 Revieved: [IN TALS, 3 GNATURE « PRINT COIPY]
Approued
! Dats: 1611272017 Reswision A
RIEF S450001-AADDBD AAA-ARA-0D0 EDA-01-008)
i | | ! Figure 11. Early-stage
3 + = = - Herring Larvae (2014) |
Z | T N
33 A Moray Cffshore
13 ¥ i Windfarm (East) Ltd
g {1 it 20108 3100

Figure 11. Abundance and distribution of herring larvae (early-stage) for 2014 around Moray Firth and the
along the north-eastern coast of Scotland (IHLS, 2014).

] e iy i

e S W W O D3 W51
7 H
Average Early-Stage
| Herring Larvae ' a
o i M{ RAY EAST
® 560 i
| Ll BO0-120 !
! sl
—t e — ®  120-180 i i
@ 180240 1
E“‘! Tollord Offshore Wind Farm
+ + W Sz — g " Stevenson Offshors Wine Fam
300-360 " MacCall Ofshars Wind Farn
360420 777 Moty Easl Expext Cable Corridor
1— + = 420-480 ;
Waray East Site
| Aa0.5a [T sdvarea
540-800 A
" & [ 1cES Rectangles
B00-660 I
660-720
7 720-780
'
780-840
| ‘ (:; 8401000 o
+ i
@ 10001500 F
| . 1s00-2000 MR
| ¢
. 2000-4500 i
. 450011500 T |
| | Ui
i
[ e
i
+ + — 5 +
. ] i ascman
I |
T e
| f WGSE LT Zane 20%
el ey
Il | NATLIRF - PRINT COPY]
I a7 Tromor &
y, = i + REF_B4B0001-EAADD0D-458- 28 A-000 (ED&1-009]
|
| | W Figure 12. Early-stage
L i N P Herring Larvae (2015) -
& S : : 5 : Moray Offshore
H ¢ * i i i Windfarm (East) Ltd
i x ir 3D i 1100 =t e

Figure 12. Abundance and distribution of herring larvae (early-stage) for 2015 around Moray Firth and the
along the north-eastern coast of Scotland (IHLS, 2015).




| 2000-2015

,

s ; e
/A’ /
] 5
45ESB. J

A

.

_ / ;/%,,,,%/

.
e

1,
e

//// g

5 7/5’

i

......

Moray Offshore Windfarm (East) Limited
Herring Larvae Annual Review

e Early-Stag
ing Larvae Va
" i [MURAY EAST
540 {
2 i 60-1 i
Z . % - e 120 M ey
’ / | ! 184 ‘ - im
: . B2
g ) L # ] Far
________ !:; arm
’ 280 = |7 le Corri
Bl
420.
450 (-
a
0.
E Coull et al. (1998)
Spawning Grounds
coel| | B Hering

: I

n

t

Figure 13. Early-stage
Herring Larvae (2000-2015)

—

Moray Offshore
Windfarm (East) Ltd

Figure 13. Abundance and distribution of early-stage herring larvae (<10mm length) showing Coull et al.,
(1998) referenced spawning area in the North Sea around Moray Firth (IHLS, 2000-2015).

2000-2015

7 './"
‘/

.
o

-

)

O e
e
— . G

T o

{ . 7k 7

b

7
7

/
_ =
/ S
o ’ o

® O

Average Late-Stage
G ) m Herring Larvae {210mm) s
fo | e | IMORAY EAST

7 / | @ 12
/ 7 ) ‘ @ w3
”' Pl ey (0 3040
/ O 4050
i ) soe0

i
o

-~ -
s
.

»

@ <

Z

P
. [ I X Iolete
E 8 g 8 g

=

y . / | |
oo . - 7‘ R

Figure 14. Late-stage (>10mm}
Herring Larvae (2000-2015)

|4 Moray Offshore
Windfarm (East) Ltd

Figure 14. Abundance and distribution of late-stage herring larvae (210mm length) showing Coull et al.,
(1998) referenced spawning area in the North Sea around Moray Firth (IHLS, 2000-2015).




Moray Offshore Windfarm (East) Limited
Herring Larvae Annual Review

. . .

EHA A

T T T T FET
o7

| 2000-2015

® - | IMURAY EAST
® se0 3

@ 60120 '
@ 120180
@ 180-240

KEY

[~ Telford Ofishora Wind Farm
el

Stevensan Ofishore Wind Farm

| 240-300
7 300-360

3 380420
) azo-den Coll Offehore Wind Farm

O s . | 7/ Moray East Expert Cable Corridor
T | sans00 IMaray East Site

2 == st
(3 600-860 T )suw

O es0720 [ 1cES Rectangles
@ 7780 Coull et al. (1998)
® 7o Spawning Grounds
@ s f 7 vering

@ oo01200 H

- ,::.?';

i Figure 15. Average Eggs
e collected (2000-2015) —

r o -

eE [ T oo g0 o i T 0 .00 5100 0 1o =

Moray Offshore
Windfarm (East) Ltd

Figure 15. Abundance and distribution of eggs collected around Moray Firth and the along the north-eastern
coast of Scotland (IHLS, 2000-2015).

4.3 Commercial Fishing

MMO data has been used to describe herring fishing patterns within the general area under
consideration. The VMS data on pelagic activity indicates that effort and landings values of pelagic
fishing within the Moray Firth are very low in comparison to adjacent areas (Figure 16).

A similar pattern can be identified from the MMO herring landings data by ICES rectangle (for the last
5 years for which data is available). Figure 17 to

Figure 21 show negligible herring fishing activity within the Moray Firth. Also shown on Figures 16 to
20 are the spawning grounds as defined by Coull et al., (1998), which indicate higher levels of herring
fishing activity occurring in the herring spawning grounds around the Orkney Isles.

The main spawning of the Orkney/Shetland stock normally occurs between August and September,
with September being the key month.

Figure 22, Figure 23 and Figure 24 show the five-year averaged landings (2012-2016) by ICES rectangle,
again overlaid with the Coull et al., spawning areas. Comparison of the three months suggests that
greatest targeting of herring in the Orkney spawning area occurs in August, during the pre-spawning
aggregation phase. A noticeable reduction in landings occurs in September however, possibly due to
the low market value of late running, ripe and spent herring.

Figure 25 further confirms that landings are highest just before spawning in August, but that the
combined landings within the four ICES rectangles under consideration are proportionally lower.
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Figure 23. Average MMO landings for herring in tonnes for August (2012-2016) with reference to Coull et al.,
(1998) spawning area.
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Figure 24. Average MMO landings for herring in tonnes for September (2012-2016) with reference to Coull et
al., (1998) spawning area.
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North Sea Herring Average Monthly Landings for 2007-2016
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4.4  BOWL Larval Surveys

The BOWL herring survey provides a high-resolution data set for herring larvae collected just north and
within the northern region of the Moray East Site, for 8 weeks during August and September for both the
2014 and 2015 surveys.

The BOWL surveys collected no herring larvae during the first two weeks in 2014 (4th August — 17th
August) or during the first three weeks in 2015 (3rd August — 23rd August).

Due to the scheduling and frequency of the IHLS sampling program, only one week of a BOWL survey had
overlapping dates with IHLS. The herring larvae samples were compared in 2015 for 21st September to
27th September (Figure 26). This comparison indicated that larvae abundances found by the IHLS sampling
in the northern Moray Firth area were similar to that found in BOWL survey (Figure 26). Figure 26 also
shows higher concentrations of larvae further north of Moray Firth near Orkney Isles.

The length-frequency of the total number of herring larvae recorded during the BOWL 2014 and 2015
surveys is shown in Figure 27. As is apparent, in 2014, most herring larvae were <10mm with over 25% of
the larvae caught being between 7.0 - 7.9mm in length. In 2015, the majority of herring larvae were
>10mm with over 20% of the catch larvae being 10.0 - 10.9mm.

The difference of 3mm in the lengths at which the highest proportion of the catch was recorded suggests
that a greater proportion of the catch was older with smaller larvae absent from the area in 2015.
However, as no herring larvae were caught in the first four sampling weeks in 2015 it is unlikely that
sampling missed the beginning of the hatching period.

The spatial distribution of the abundance of herring larvae in 1 mm size classes for every station sampled
for each sampling week in which herring larvae were recorded (4 out of 8 weeks) for the 2014 and 2015
surveys are shown in Figure 28, Figure 29, Figure 30 and Figure 31. The pie chart diameters have been
standardised and shows only the proportion of each size class recorded at each station.

In week 4, the presence of larger size classes of herring larvae recorded at northerly stations in both the
2014 and 2015 surveys indicate larval transport into the survey area from further north. In sampling weeks
6, 7 and 8, smaller size classes were observed in the 2014 sampling. The spatial pattern of smaller size
classes in the north of the sampling area with larger larvae recorded in the south of the sampling area
however remains consistent across the two surveys.

The potential distances that the most prevalent larval size classes of larvae found in the 2014 and 2015
surveys that could be transported, was calculated using the residual velocity data. Using the estimated
ages, 7.0 - 7.9mm larvae could be transported a minimum of 6 to 18km, using highly conservative
estimates, and maximum distances of 52 to 72km for the time period (6.11-8.47days), whilst the most
prevalent size class larvae caught in 2015 (10.0 - 10.9mm) could travel up to as much as 189 km. This
further suggests that the majority of the larvae caught during both surveys drifted southwards from the
well-established spawning grounds off Orkney and Shetland. This is in line with studies examining patterns
of larval drift which have shown that herring larvae from the Orkney/Shetland stock drift southwards into
nursery grounds in the Moray Firth and eastwards with the Atlantic inflow, into nursery grounds in the
Skagerrak and Kattegat (Corten, 2013; Nichols, 1999).
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Figure 26. Herring larval abundance (all sizes) recorded during the IHLS 2015 and week 8 of the BOWL 2015
survey (no/m2) (BOWL, 2016).
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Figure 27. The frequency (%) of herring lengths recorded during the BOWL 2014 and 2015 surveys (BOWL, 2016).
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Figure 29. Herring larvae length distribution in week 6 for 2014 and 2015 surveys (31st August to 6th September)
(BOWL, 2016).
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Figure 30. Herring larvae length distribution in week 7 for 2014 and 2015 surveys (7th September to 13th
September) (BOWL, 2016).

Legend
*  Burvey Stations
Abundance by Length
Il Smm
I Gmm
B Tmm
= 8mm
[ Smm
= 10mm
B 11mm
Il 1Zmim
I >12mm
[~ MorsyEast Export Cable Corridor
Morsy East Sie
B0 Telford Ofhore Wind Farm
[.-)] SEevenson OfEhore Wind Farm
271 MaeColl Ofishore Wind Farm
I Beatrice O Sshore Wind Farm

T w L] T

e v

Baafrice Herring Larval Swrvey Comparison
Haoring Lamvae Abundance by Lengih
Mo.inr) Weak 3

2014 and 2015
= 3 = -
0 E—

)

I
o = Liinumu ghs
C S T T P

[£:]

Week 8

Fllamil. L0 g MOHL Moy Finh B M lF s e mng Larves schni s Bapo MOAL-E0A12 00 Buaris HUS 2008 038 Compasan Wesbd LanglhAtun AS.momd

Figure 31. Herring larvae length distribution in week 8 for 2014 and 2015 surveys (14th September to 20th
September) (BOWL, 2016).
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5 Conclusion

The primary data sources used in the assessment of herring spawning were:

e Published Literature;

¢ International Herring Larvae Survey (IHLS);
e Commercial landing data (MMO); and

e BOWL survey data.

Published BGS literature indicates that some of the substrate within the Moray East Site may be suitable
for spawning. However, it is recognised that substrate alone does not determine the location of spawning
activity. Coull et al., (1998) suggests that spawning does not occur over large areas of the Moray Firth
where the substrate may be suitable.

The IHLS surveys (2000-2015) found very low concentrations of herring larvae in areas of the Moray Firth
in which the project is located. Significantly higher levels of early stage larvae and eggs is in line with
literature (Coull et al., 1998; Corten, 2013; Schmidt et al., 2008; Rohlf and Groger, 2009) who consider
that the main spawning area of the Orkney/Shetland stock is to the north and east of the Orkney Isles.
The presence of late-stage larvae found in the Moray Firth, suggests a south-eastward transportation of
larvae from the Orkney spawning site, rather than actual spawning in the Moray Firth.

The commercial landing data (MMO, 2016) shows that fewer adults are landed within the Moray East Site
and Moray Firth compared to waters around the Orkney and Shetland Isles. Herring landings in the north-
east of Scotland (IVa(W)) were greatest between June and October, peaking in August around the Orkney
Isles. This supports the assumption that spawning adult herring congregate around the north of Orkney
in August, prior to spawning activities commencing in early September.

The BOWL survey’s (2014, 2015) high-resolution data showed that the larvae in the immediate area of
Moray East Site are not newly hatched as larvae weren’t recorded during the first few weeks of sampling
and older/larger larvae were more prevalent in the southern sampling sites in later weeks. Again, this
supports the view of larvae drift south into the Moray East Sites from the main spawning grounds in the
north.
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Appendix 1. ICES areas as used for the assessment of herring stock south of 62N. Area names in italics indicates
the area separation applied to the commercial catch and sampling data kept in long term storage. “Transfer
area” refers to the transfer of western Baltic spring spawners caught in the North Sea to the Baltic Assessment
(ICES, 2017).
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Appendix 2 Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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Appendix 3 Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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Appendix 4 Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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Appendix 5: Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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Appendix 6 Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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Appendix 7 Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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Appendix 8 Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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Appendix 9 Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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Appendix 10 Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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Appendix 11 Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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Appendix 12 Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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Appendix 13 Abundance and distribution of North Sea Herring larvae (early-stage) around Moray Firth and the
along the north eastern coast of Scotland (IHLS, 2016).
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