Cormwall

Mammal Group

Spraint Reference Manual
Cornwall Coastal Otter
Project

Dave Groves
Cornwall Mammal Group
2020

www.cornwallmammalgroup.org

River.C.am(-;I otter - Adrian Ifaﬁgdon



Spraint Reference Manual — Cornwall Coastal Otter Project — CMG 2020

Introduction

This manual is intended to support analysis of otter spraint to determine diet of otters in Cornwall and the
South West. The manual includes reference samples collated from a number of sources and images
collected during the project. The bibliography includes texts, research papers and websites which we
have found to be useful. Ideally spraint remains should be compared with known reference samples but
this is difficult for many reasons, both practical and ethical. The definitive guides for the analysis of otter
spraint remain the booklets produced by the Mammal Society, the most recent of which is Conroy et al.
(2005). The Suffolk Otter Group has produced a useful web-based resource and other more specialised
research papers and reports are listed in the bibliography. Analysis of fish remains is also widely used in
dietary studies for birds, marine mammals and other fish species. Archaeological resources are also often
useful. Two websites in particular include extensive images of fish remains: Nottingham University’s Fish
Bone database and the Bonebase website which includes many fish from the North Sea, usefully
including smaller species. The book North Sea fish and their remains (Camphuysen & Henderson
2017) is an excellent reference with useful photographs and comparisons.

There are many books and research papers which discuss otters and diet, Chanin (2013) is an excellent
place to start, but it is clear that otters are opportunistic — they hunt what is available and what they can
catch. Their diet varies with habitat, season and age — young cubs often taking easy, but less nutritious
prey. Spraint collected in the late winter from moorland streams may contain mainly frog bones, summer
spraint from a large estuary may include a range of fish and crustacean remains. Some remains are
easily recognised and categorised to species level others may have to be recorded at family level or even
higher.

The rigour of the analysis will depend on the objectives of the study. The Cornwall Coastal Otter Project
(CCOP) was looking for evidence of the use of marine prey by otters to better understand the importance
or marine habitats. Identification of prey species was important in this case but no attempt was made to
quantify prey numbers or to consider the relative biomass. Many studies have looked at ways of
comparing the contribution of different prey but this is beyond the scope of this manual.

Indexing and classification

The extensive coastline of Cornwall with its frequent river valleys and estuaries means that many prey
species within the grasp of hunting otters are neither entirely marine nor entirely freshwater. Some
primarily marine species such as flounder are found in water of very low salinity, other species
considered freshwater such minnow are found in brackish water and some including salmon, European
eel and stickleback move between marine and freshwater environments.

Prey Cateqgories:

Fish have been divided into freshwater and marine for the purpose of indexing according to the
convention of Wheeler (1969).

Fish - freshwater

Salmonids — brown trout, sea trout and Atlantic salmon are the key species in Cornwall P.3
Cyprinids — carp species, rudd, roach, minnow and stone loach P.7
Bullhead P.15
3-Spined stickleback P.19
European eel P.22
Other freshwater species P.25

Fish — marine

Gobies - several species occur around the coast P.27
Blennies — common blenny or shanny, tompot blenny P.31
Flatfish — plaice, dab and flounder are the key species P.34
Rocklings P.43
Wrasse species P.45
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Mullet species P.49

Sand eels P.51
15-Spined stickleback P.53
Other marine species P.55
Amphibia — common frog, common toad and palmate newt P.56
Birds and mammals P.57
Invertebrates P.61

Key component comparison

Vertebrae P.62
Jaw structures P.63
Quadrates P.65
Articulars P.65
Parasphenoids P.66
Otoliths P.66
Scales P.67
Other distinctive remains P.67
Appendix 1: Structure of fish skull and vertebrae P.69
Appendix 2: Notes on spraint preparation and interpretation P.70
Appendix 3: Abbreviations used in the text P.70
Bibliography and references P.71
Acknowledgements P.72

Manual design

For each prey category there is a brief background followed by reference images collated from a variety of
sources which are identified and included in the bibliography. Images taken from the Nottingham University
Fish Bone website and Baltic Sea BoneBase website (with permission) are identified FB and BB
respectively. Images from CCOP reference samples are identified as DG.

Following this are one or more pages of images of identified category remains from CCOP samples for
comparison.

The final section of the manual is comprised of similar structures from a range of prey categories which
may help to narrow down the search for the source of any remains.

The bibliography includes references from the text and other useful resources.

Suqggested approach -

Once spraint samples have been cleaned it is helpful to use a low-power dissection microscope or digital
microscope to separate any identifiable material. This can be glued (using entomological adhesive) to piece
of black card and/or photographed if records are required. Taking into account the environment where the
samples were collected, use the Key component comparison to try and identify more obvious remains.
Once a species or group has been identified, perhaps from vertebrae, use the species/groups account to
identify other remains from this category. Return to the species/groups accounts to compare with
unidentified material. Bear in mind that remains may be damaged or untypical and therefore not easily
identifiable. It is always worth confirming important identifications from other source material.
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Salmonids

Two salmonid species are present in Cornish waters - the Atlantic salmon (Salmo salar) and the
brown trout/sea trout (Salmo trutta). Both species breed in freshwater rivers and streams but
salmon and sea trout migrate to the sea and so can be found in freshwater, estuarine and marine
environments. Although otters do take larger salmon and sea trout typically most remains
collected from spraint are smaller fish most likely to be the freshwater stage of both species. Most
marine species found in otter diet are bottom-dwelling and relatively slow-moving and it seems
unlikely that active mid-water fish such as salmonids would feature prominently in otter diets in
open water environments. Presence of salmonid remains are considered as evidence of otters
feeding in freshwater habitats.

Although it is possible to discriminate between the two species if suitable remains are found for
the purposes of this study they are grouped together.

Key identifiable remains are vertebrae which are characterised by a spongy appearance to the
centrum, thin and curved spines which arise centrally with a narrow base and small
zygaphophyses, Thoracic vertebrae have no spines but are also spongy in appearance. Jaw
elements are commonly found. Otoliths are also characteristic and often found.

Salmonid
(Salmon, trout
family)
Honeycombed
centrum - contrasts
with smooth front
and rear margin.
Suffolk Otter
Group

plate 1 anterior caudal

Watt et al.1997

plate 2 mid caudal
_—

Salmenids

Salmonids -

high triangular shape

low triangular shape rearward oriented
height approximately |

half the length Scaly-texture

LS b

= + % ',"’,,
[ ow base |
e g T /
%{ o T X
\ lateral view £ /’ !

honeycombe of
holes (no ribs)
central bulge on strongly inclined

flat medial surface medial surface

ventiral view 3 vantral view

e. Salmon premaxilla 1mm f. Trout premaxilla  1mm

@*L&%
P

g. Trout lower jaw

Conroy et al.
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1 mm

Dentary of Sea trout. with sharp, hooked teeth, Photo Estefania Otolith of Sea tront, inside view, showing the clear and open
Ielilia silcus. Photo Exiefania Velilla,

Fromal view of caudal vertebrae of Sea trout, Photo Suse Kiiln. Lateral view of caudal vertebrae of Sea trout. Photo Suse Kiihn

Camphuysen & Henderson 2017

BB Trout Maxilla

BB Trout Scapula BB Trout Otoliths BB Trout Palatinum

g von Busekist

BB Trout Quadrate

rg ven Busekist
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BB Salmon articular BB Salmon Premaxilla

FB Salmon articular
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BB Salmon Otolith

-«

BB Salmon Thoracic
© 2004 by doeg von Buslda vertebrae

© 2004 by Jérg von Busekist

BB Salmon Parasphenoid
BB Salmon Glossohyale
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#2004 by Jérg von Busekist




A8/D028

Salmonid remains from CCOP Samples
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Cyprinids

A number of cyprinids are found in Cornish freshwaters include roach, rudd, minnow, gudgeon
and stone loach (covered separately). In addition several species are stocked in angling or fish-
keeping waters and may appear in otter diet - these may include various carp species, bream,

tench, dace and grayling (EA).

Minnow reference samples have been prepared. It is not possible to discriminate roach and rudd
from spraint samples and elements from larger cyprinids may be damaged or not ingested.
Cyprinids are grouped together although there is an obvious difference between a large common
carp and a minnow in terms of diet. For this project the importance lies in that cyprinids are

freshwater species.

..Erom.Conroy et al.

2005 Cyprinid vertebrae are narrow-
waisted with both neural and

anterior and with prominent zyga-

P— Note: The ‘characteristic’ aemal spines arising from the
dorsal knob described

present on all verte
prominent and long

thick lamella rib

hook shaped bone

(. up to eight
i .~ bluntteeth

b. Minnow pharyngeal teeth

45 Gudgrsn

T sk % D st ot st sial Ton ihe Dol genn | Cobon o bni podos 1
RN iishia gabic i

e Figuse 43 (Spormivven Nedarlad 2012)
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sreuzn o
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ey fes meswib-m e preseni_ ane b esch cormner of tha with sn enlarpeseni of L4

by Conroy etalis NOT  ,ophyses. Scales are fregently

brae.  found but they may be fragmen-
tary, breaking into triangular
segments. The pharyngeal
(throat) teeth of cyprinids are also
characteristic.

Supplementary Figure 2. Left pharyngeal bone and pharyngeal teeth of common carp,
Cyprinus carpio. There are three teeth in row A, one tooth in row B, and one tooth n row C.

Also see: Schofield et al. 2005

Faparn 41 Srdur b ke wirlith,

From: Hermsen & Maarseveen 2011

Page 7



42 Bream 4.5 Tomch

T sl ) Bt rsimatinsm muasiarial fur the B s 1 ibramis brama) Tabds 1| Dessrmination matsatal fos (he Tonsh | Finns saval
Exzar
[
sy
»
[ERET =Y il Wik I

Ehe oo Froeem the wide-line igaeif. 2; The o ye-dismeics b amaller
thun e distance from the sys 6l the peint of s mesth. % The
memth i i des i aris and bs far huging.

Figure 34 Tinrs sinew (S pertvisserd] Sedertand, 3135

1; The irls s meangs-caorsil. 2; The flins (proisst ot ln Figurs 1 Fincs since scale, pleiegraphed =i »
bisscuber.camers i
:lh-ll-uh-._ndq-.k'l'h-—h- ‘u_f‘ﬁ-v-im =

®

Flapurs 38 Timerm simerm estmiith, puber g mphisl o ity Figiare 11 Timea sinen spiss, -
& bl s mmmry H0y mpan S E-CTV) # lth Hmralnrcmmerrs | mp i .
sy o A ol AT,
Figues i ilhrmms brams, jo,
[ e e
Ay e WA TV w il o eslargrmeni
L LT
e
48 Common carp
Tabds 14 Dunsrmimation matsatal los (e [ e fanp | Cygias mipe
Chiprinr ogrpio
A4S Endd Exmriar 40 tusedi) Nadarland 201
o | Deasrmimaiog maisstal lor (ks Budd | Srardinini sryobsophik o | 7
4.

F] 3j Medarland 201

e

i s o e
ke bl 351, 1 Tt s bn psbnging wpem aris.
5 Tha frums-sidin o the dnruai fin i chearty farthar e
ot s (Sm s i M.

Figurs #8 Ciprims sorpis (Spurtcimserd] Nederiand, 20027 figurs 41 Cyprinus carpie scale ., phanepraphed = o 5
1 e arw fowr meath-w ires present, from w hic eva In el —camers {Obymmpas ST-CTV) with =
ooy of the mwuth and twe shorier e oo g of e wnlargement of 1.4.

wppar lip % Tha sdge of the lurge dersd fin s bollaw

i ¥ Thee firsé i ravn of the darual fin i fem

errruird.

(EHy g BT-CTW ) il an ealargremens of 647

o . g From: Hermsen & Maarseveen 2011

A S TV ) W sl gl ol LT, -

Page 8



Minnow (Phoxinus phoxinus) Reference samples prepared from WRT material DG Jan. 2020
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BB Rudd (Rutilus rutilus)
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A19/D039

Cyprinid remains from CCOP samples
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A19/D039

A14/D034
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Cyprinid remains from CCOP samples




Stone loach

Stone loach (Barbatula barbatula) are present in the Tamar catchment (EA) with some scattered
records to the East (NBN Atlas).

Fig. 9. Stone loach

Stone

Loach
Vertebra -
knobbly =
appearance
and boot-
shaped zyg.

Suffolk Otter
Group

a. Stone loach caudal vertebra

Conroy et al. 2005

b. Stone loach thoracic vertebra
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Bullhead

Bullhead (Cofttus gobio) live in fast flowing stony streams and rivers and hide under rocks during
the day. An RDB species they feature prominently in otter diet.

Vertebrae have a short stout neural spine rising centrally from a broad base which has a neural
foramen. The dorsal prezygapophyses are large and there is a single lamellar rib.

Bullhead jaw structures are frequently found and although they may be similar to other marine
Cottidae including bullrout and sea scorpion they are clearly associated with river habitat. As well
as the vertebrae there are distinctive pasty-shaped otoliths and operculum with a single hooked
spine.

Articular Quadrate

Premaxilla

Parasphenoid

Images from Nottingham Fish

Bone From website: Otoliths
of North Sea Fish 1.0

Dentary

DG Cottus gobio DG Cottus gobio

Reference samples prepared from WRT material by DG Jan. 2020.

Page 15



Reference samples prepared from WRT material by DG Jan. 2020.
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A8/D028

Bullhead remains from CCOP samples
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A15/D035 _

A8/D028

A14/D034

A1/D021

A15/D035

Bullhead remains from CCOP samples
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3-Spined Stickleback

The 3-spined stickleback (Gasterosteus aculeatus) is widely distributed in Cornwall - recorded
from North and South coast catchments as well as Tamar and Fowey estuarine catchments (EA,
NBN and CC). This is the only freshwater stickleback in Cornwall. Remains are widely recorded in
spraint and easy to identify using vertebrae, jaw structures, the spines themselves and other
bones which have a characteristic ‘bubbly’ translucence. Remains in spraints are often of multiple
and tiny individuals.

Freshwater fish species — basic info for a start

Stickleback - one of our
commonest fish species. They do
not have scales. We get 3- and
10- spined and, as we cannot
always be sure which is which,
we record them on our database
as 'stickleback.” You will find
details later for how to tell the
difference - at this stage do not

bother. 2 ; ’
Most of the vertebrae have a Vertebra Spines Spines’ base plate -

[ large hole. like a face mask

Suffolk Otter Group

FB Parasphenoid

- 4

FB Spines

BB Preopercu-

BB Premaxilla

: 2004 by Jérg von Busekist
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BB Angloarticular

= 2004 by Jarg von Busekis!

BB Cleithrum

,!-*,/;.M

© 2004 by Jorg von Busdlast

BB Parasphenoid

L 2004 by Jorg von Busekist

BB Vertebrae

e

- lt@" “"_“

2004 by Jiirg von Busekist

BB Vertebrae

2004 by Jérg von Busekist © 2004 by Jarg ven Busekist

BB Circumorbital

BB Pelvis BB Spines

2004 by Jérg von Busekist 2004 by Jorg von Busekist

Stickleback remains from CCOP samples




Stickleback remains from CCOP samples
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Eel

The European eel (Anguilla anguilla) is found throughout Cornwall in freshwater rivers and ponds
as well as estuarine habitats and coastal environments. Mature eels (silver eels) migrate
downstream in early autumn heading for the Sargasso sea to breed and the returning elvers enter
estuariesin spring and early summer but the majority of the eel’s lifecycle takes place in fresh or

brackish water.

Eel vertebrae are easily identified when intact - the neuralspine is posterior and the haemal spine
anterior from a rectangular centrum. Remains from larger specimens may be more fragmentary.
Thoracic vertebrae have broad pointed transverse processes. Other elements can often be
identified including jaw structures, opercula, parasphenoids and otoliths. Many smaller specimens
are eaten and there may be very large numbers of vertebrae present in spraints.

posterior position
Figure 6: Fel

\ Eel - No scales

deep and - fSg~3 f+=C0 thick lamel

ey i) i mellar b‘ut.\"ery.r
distinctive

vertebrae with

anterior position tOp and bottom

broad base

: “‘\ A\ short and thick i i
:', ?\\\ \ spines coming
E broad parapophyses imm from different
ty b. Eel caudal vertebra ends of centrum
a. Eel thoracic vertebra
teeth may be missing

Conroy et al / Suffolk Otter

2005 @“\a___] Group

c. Eel lower jaw rm_rn

Camphuysen & Henderson 2017

CCMMCN EEL Anguillidae
Anguilla anguilla

Watson 1986

FB Vomer FB Vertebra

.

o1

FB Operculum SMM SMM

Page 22



BB Eel Angloarticular BB Eel Opercula ; !E i

v;“-% -
' ’ BB Eel Parasphenoid

2004 by Jarg ven Busekist
£ 2004 by Jéeg von Busekist

BB Eel Vomer

BB Eel Cleithra e [

£ 2004 by Jéeg von Busekist

BB Eel Precaudal vertebrae BB Eel Otoliths

TS A

© 2004 by Jéeg von Bus

BB Eel vertebrae

R

S
\\ o

Eel remains from CCOP samples

A13/D033

A1/D021 A1/D021 A1/D021

thoracic vertebr




Eel remains from CCOP samples
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Other freshwater species

A number of freshwater species not dealt with separately which may feature in Cornish otter diet
“include perch and pike.

4.1 Enrepens perch

Seseandi aame
Famennes

Scale

iy

Tpme

Hermsen & Marseveen 2011 -

Perch - The
scales are very
distinctive.

The vertebrae are
difficult -
especially if you
also get bullhead.

Suffolk Otter Group
BB Perch (Perca fluviatilis)



Perch remains from CCOP samples
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Gobies

At least 10 goby species are found around the Cornish coast including common goby, sand goby
and black goby. It is unrealistic to discriminate between the species based on spraint remains but
the tiny, translucent, hourglass-shaped vertebrae are distinctive as are scales and various mouth
parts and the spade-shaped parasphenoid. Otoliths are relatively plain rounded squares but often
occur in very large numbers. Quadrates are elongated.

1. Lhstinctive disc

2 W
a.

ards

Sand Goby-The vertebrae, according to the JCES Guide, cannot be confused
5. They have very long,

| prezygapo;

, With a maximum le

“Side view

DPrZ and VPIZ
absent
/

(=

Goby
Vertebrae very
small. Scales -
(not commonly
found) can be
confused with
perch. Goby
scales have more
‘fingers’ and they
are more deeply
cut.

Suffolk
Otter
Group

W, nofib Smaller sockelsinrowson

Hunt 2006\

| Premasilla, |ateral view
e —}
|J“mu“v‘, TV
s Largest sockets in one row
A e on lateral edge
| Maximum vertebrae

length (VL) 3.5mm PO -
O Py . :
A _"\;_\ Prenyllla. ventral view

Smooth suface, "o TN

medial edge (2 or 3 rows of \
sockets total on the ventral surface)

Vertebra

Warning - do not confuse this
scale with perch

GORIES Gablidae

Pomateschistus so.

Watson
1986

Brager & Moritz 201

Fig. 78, Gobius ez, 61 mm SL, Costa Brava, Spam, DMM IE/S870. Scale bar = 500 pm.

BB Sand Goby (Pomatoschistus minutus)
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Articular

) 2004 by Jorg vor Busekis!

Ceratohyal

,\;,;..-__: f‘"\\w:.
TR .
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2004 by Jérg van Busekist

Cleithrum

© 2004 by Jarg von Busekist

BMasng uos Baar Ao pO0Z

S
A

©2004 by Jerg von Busehist

Frontale

£2004 by Jarg van Buseiist

BB Black Goby (Gobius niger)

@ 2004 by Jarg van Busekist

Maxilla

T 2004 by Jirg von Busekist

BB Sand Goby (Pomatoschistus minutus)
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A6/D026

Goby remains from CCOP samples
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Goby remains from CCOP samples
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Blennies

Although there are many blenny species found in British coastal waters only four are likely to
feature in otter diet - all occurring in the intertidal zone and shallower water - three of these are
members of the family Blennidae - the shanny or common blenny (Lipophrys pholis), tompot
blenny (Parablennius gattorugine) and Montagu’s blenny (Coryphoblennius galerita). The
viviparous blenny or eelpout (Zoarces viviparus) is a member of the family zoarcides and not part
of the order Blenniiformes. Conroy et al. (1993) include Yarrel's blenny but this species is typically
found at 20 m and deeper.

There is little information on Blennidae remains available but eelpout bones are recorded as
having a green or turquoise tinge and vertebrae are similar to bullhead with a prominent dorsal
prezygapophysis. No definite eelpout bones were identified from the CCOP samples.

Blennies do not have scales but the Tompot blenny has a characteristic premaxilla

Most definitive remains are vertebrae with large dorsal prezygapophyses as well as ventral pre-
and post-zygapophyses. The neural spine rises from mid-point of squarish base and is straight.
Distinctive curved teeth are also associated with shanny remains.

Blenny/
Eelpout

(same thing)
Bones sometimes
greenish. The
vertebrae have a
prominent ridge
along the sides of
the centrum.

Suffolk Otter
Group

Watson 1986
Watson 1986

Common Blenny remains - Sheila
Hamilton-Dyer

Camphuysen & Henderson 2017
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Eelpout remains - Fish Bone

2004 by Jérg von Busekist

0 2004 by Jorg von Busekist
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Flatfish

A number of flatfish are known to occur around the Cornish coast and running up estuaries,
sometimes into lower reaches of river. Plaice and flounder (Cornish Rockpools), Flounder (EA),
Plaice, flounder and topknot (CWT), Other flatfish occurring in shallower waters include dab, sole
and solenette (NBN Atlas). Surveys of the Helford estuary in 1990s recorded dab, plaice, flounder,
turbot, solenette, common sole and brill (HVYMCA Gainey 1999).

Generally it is not realistic to identify flatfish remains to species level but vertebrae are distinctive
with long straight neural and haemal spines rising almost perpendicular to the centrum along with
short lateral processes from the midline of the centrum. Other evidence of flatfish are premaxillae
which are strongly asymetric and curved. Otoliths are occasionally found which are teardrop
shaped with marked sulcus. Urohyals are ‘C’ shaped. As far as can be determined without
reference samples scales from soles in particular are small and markedly ctenoid and have been
found in several samples (Spinner et al, 2016).

Dab Jaft peamazile

| iyl dcurend

Il‘i‘zéﬂhl:‘?r—"—f:@?"-} LR 'II
B e,
e
\:I:'.I =

¢ Conroy et al. 2005

b. Soiesolenstte caudal vertebra '[j' taw ath

Watson 1986
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FLAICE Pleuronectiformes
Pleuronectidae: Limanda ferruginea

processas aimost
Ty fased

fig. 1 lsteral

plate 1 lateral

Otolith - Campana 2004

triangular anterior sockats
fig. 2 medlal
plate 2 medial
8 bl Watt et al. 1997

tooth tooth
anterior lateral

fig. 3 anterior socket and tooth

plate 3 wventral TL = 205 mm

| e i |
1.0cm

| 1 Plaice (Pleuronectes platesss)
plate 1 anterior caudal plate 2 mid caudal

10cm

2. Flatfish Vertebrae — The vertebrae of flatfish can be identified by the presence of lateral
processes. Important features of vertebrae are named as seen in the illustrations below.

E—| Vertebrae length (VL)

Dorsal prezygapophysis {DPrZ Dorsal postzygapophysis (DPoZ)

Lateral apophysis
(identifies flatfish) vertebrae height (VH)

Ventral prezygapophysis (VPrZ

Ventral postzygapophysis (VPoZ)
Centrum

suculus (Inleror cnannel) 1s in the otolith, and 1n showing side views. There 1s a lot of

variation within a given species in the pattemns on the edges of otoliths, especially in

flatfish. Interior features, such as the positioning of the suculus, seem to be reliable and Hunt 2006
useful for identification. Flatfish otoliths tend to be rounded (circular), with an entirely

enclosed suculus. Suculus i
/ o \ . — : T
Dab Plaice Sole
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FLOUNDER

deep, narow

f fotch
/ apex of process
antarior

I

plate 1 lateral

plate 2 medial

tooth toath 10cm
andarion lateral
fig.3 anterior socket and tooth Flounder (Platichthys flesus)
piate 3 ventral TL = 184 mm L U I YLD LWL DL ¥V LWL TO; YRS § L3 T,

Watt et al. 1997

DAB

tail, namow

sacending process plate 1 anterior caudal plate 2 mid caudal

(/ fused for 70% of : |

ascandin, a8 ano—
/ ha%ét TL: 460 mmy; ¥L: 7.4 mm; ¥W: 7.2 mm; VH: 7.6 mm_

i

fig.1 lateral
pisle 1 lateral

plate 1 anterior caudal plata 2 mid caudal

10om

A e

L

fig.2 medial
plate 2 medial

1oath

socket dorsal
toolh footh
anterior lateral

fig.3 anterior socket and tooth

plate 3 wventral TL = 205 mm

10cm

0.5 cm Dab (Limanda imandsa)
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Flatlish (lam. Pleuronectidae)
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Vertebra side view

Flatfish

Centrum looks
rectangular,
vertically, and has
long spines, often
broken.

The most distinctive
feature - little
projections on sides
- like tiny stabilisers.
(Turnit on end to

see)

Vertebra -
Suffolk Otter top view

Group

Solea solea scales (Spinner et al.
2016)
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Flatfish remains from CCOP samples
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Flatfish remains from CCOP samples
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Flatfish remains from CCOP samples
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Flatfish remains from CCOP samples
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Rocklings

There are three inshore rockling species found around the South West coast - five-bearded
(Ciliata mustela), three-bearded (Gaidropsarus vulgaris) and shore rockling (Gaidropsarus medi-
terraneus). These members of the cod family have distinctive robust and well calcified vertebrae
and characteristic premaxillae. The vertebrae have large ventral and dorsal prezygapophyses and
the dorsal postzygapophyses are particularly obvious.

Figiere 13: Rockling /f
/4 , constricted base

" y deep notch
I,

broad, long i deep cleft
Zygapophysis
P A large, fin-like -

/| voapophyses o
F i o -
s e

small secondary _:"
zygapophyses

) Note: oeclusal surface varies between

— ] rockling species.

VA oY P
W

I'. 1 strongly-waisted
I'. | centra

Premciilae (e

Conroy et al. 2005

ace af oieliths of Five-hearded rockling. Phoios Estefania Velilfa

8. Five-bearded rockling caudal vertebra

hdamimal vertebrae (1
d posterior hor

-Bearded rockl

5-Bearded rockling.
Quadrate FB

5-Bearded rockling. 5- Bearded rockling.

~Articular. FB

Pharyngeal FB
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Rockling remains from CCOP samples
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Wrasse species

CWT advise that 3 wrasse species are found in Cornwall: ballan (Labrus bergylta), corkwing
(Symphodus melops) and goldsinney (Ctenolabrus rupestris) wrasse. Additionally cuckoo
wrasse (Labrus mixtus) and rock cook (Centrolabrus exoletus) are recorded in IFCA reports.
Cuckoo wrasse is mainly found in deeper water. Corkwing wrasse and rock cook are most likely
to be found in shallow water and rock pools. Corkwing move to deeper water in the winter. There
is concern around the impact of live fish collection on wrasse populations around the Southwest.

Otoliths change shape as fish age with more irregular outline, younger fish arrow shaped.
Vertebrae similar in all species - broad-based neural spine with neural foramen and up to 3
distinct apertures no anterior zygopophyses but but pointed post-zygopophyses dorsal and
ventral. There is a strong lamellar rib. Available scale information indicate long scales with a
triangular anterior and a flat posterior with many horizontal creases which may separate into and
extended ‘frill’ in damaged examples. Clearest remains are pharyngeal teeth (both in situ and
detached) and premaxillae and dentary. Few intact vertebrae were recovered from CCOP
samples

prezygapophyses
lacking

Conroy et al 2005

: dorsal prezygapophyses
e inclined upwards / " \
iz . 1.0cm 0.5 em

Watt et al. 1997
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Fig. 68. Cortz julls. 96 mm SL_ Costa Brava, Spaan, DMM [E/5020. Scale bar = 300 ym Fig. 69. Labrus viridis; 106 mm 5L, Costa Brava, Spain, DMM [ES888. Scale bar = | mm

Brager and Moritz 2016 - Mediterranean fish scale atlas - these are two wrasse species for
comparison

Corkwing Wrasse FB

Cuckoo Wrasse FB

Ballan Wrasse FB
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Wrasse remains from CCOP samples
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Wrasse remains from CCOP samples
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Mullet species

Mullet species known to occur around the South West include thick-lipped (Chelon labrosus) and
thin-lipped (Chelon ramada) grey mullet and golden grey mullet (Chelon aurata). Although not
bottom-dwelling fish they do occur in shallow water and are recorded in otter diets elsewhere.

181 mm SL. Elba, finly, DMM [E/6188. Seabe har = 2 mm

Thin-lipped grey mullet FB

Brager & Moritz 2016

Thin-lipped grey
mullet - Camphuysen
& Henderson 2017

it
Yesicl: S

Thin-lipped grey
mullet - Camphuysen
Thick-lipped grey mullet - Thin-lipped grey mullet - & Henderson 2017
AFORO website AFORO website
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Mullet remains from CCOP samples
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Sand Eels

Sand eels are one of the keystones of marine food chains and large shoals occur around the
coast and in deeper water. Although an unlikely prey item for otters when shoaling sand eels
spend a considerable amount of time buried in the sand and this may be when they are
vulnerable to otter searching and predation. Six species occur around the UK but the most likely
to occur in the otter’s diet are greater (Hyperoplus lanceolatus), and lesser (Ammodytes tobianus)
sand eels and the sand lance (Ammodytes dubius). All remains are delicate and vertebrae were
the only bones identified alongside a possible otolith. Key identifiers are the prominent pre- and
post-zygaphopheses, the broad-based neural arch with both a neural foramen and a second
larger aperture. The vertebrae are stongly waisted and have several lamellar ribs.

The otoliths are long and pointed - the example from D145 appears quite worn. This sample also
contained remains of goby and flatfish

Naturally Obtained Fish
A Iytidae
andeel i rict b 3,70 long, while oih

A" g e ——- . { -
% £z — A e —
- ! \
f £ N\
o ) 1 e
L c:T:__"- T Vertebra \'\ ™, / Al T B
I AR
—=t—Two or three well-defined’, jf".f' 1\ — = 5
ribs an centrum ~ay A ) (.
= \ = "l ( ¥ N = =
o | \I -~/ Ammodytes fobianws otolith
T Z/-Opaque e Ve
Tail | o o Wo views
| M e — Ot f olher sandee! Species
T g Atlas, lateral and antenar view ais Berkar i o
1 are simiarn ™,
Mobe ricbroe of different The atlas joins tha vertebral column
Sar ies are the same with the bones ol the skull
i and differ only in size (see text)

f ﬁ
A

_ BB Otoliths

BB Preopercula

plate 1 anterior caudal plate 2 mid caudal

0.25 em

Watt et al. 1997
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" - ” mro— R AR Caudal vertebrae of Raitts sandeel in lateral view. Photo Sus
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Camphuysen & Henderson 2017

Sand eel remains from CCOP samples
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15-Spined stickleback

15-Spined stickleback (Spinachia spinachia) is a completely marine fish not listed in either the
marine fish or rock pool fish from CWT sources although there are records as unusual on the
Cornish Rockpooling site and Aphotomarine. Also recorded from Helford marine survey of 1999.
And the NBN atlas has records from around the coast of Cornwall.

Key identifiable elements are the flattened rectangular vertebrae and the dermal scutes which
appear heart-shaped in two dimensions although they have a clear central ridge

laterally flattened short neural spine

short haemal spine

¢. 15-spined Stickleback caudal vertebra

Conroy et al. 2005

Elements from Bone Base
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15-Spined stickleback remains from CCOP samples
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Other marine species

A large number of other marine species are present around the coast of Cornwall which were not
identified in this project. This may be that the species were not present at the surveyssites, or at
the time when collections were made. It may be that they are found in habitat inaccessible to ot-
ters through depth or exposure. It may also be evidence was not identified. Reference samples of
many of the smaller benthic species are lacking and this is one area which requires attention.
Naming of species can vary so stick with scientific nomenclature.

BB Sea Scorpion (Myoxocephalus
scorpius)

FB Taurulus bubalis

FB Bullrout

scorpius)

Marine Cottidae remains from CCOP samples
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Amphibians

Amphibians feature prominently in otter diet studies with strong seasonal bias towards late winter
and early spring. Common frog (Rana temporaria), common toad (Bufo bufo) and palmate newt
(Lissotriton helveticus) occur widely across Cornwall. It is not possible to differentiate between
frog and toad without further study. Amphibian bones are generally denser and more heavily
calcified than fish bones of an equivalent size - they appear less translucent and more yellow.
Frog bones from larger animals are often fragmentary. When frog remains are present there are
often many smaller bones from the feet. Key indicators are the rounded ends of leg bones and the
fused ends of the ankle bones. The vertebral column is short and the vertebrae have long
transverse processes that project perpendicularly to the column and the neural canal is large.
Fragments of anuran upper jaw are characterised by small peg-like teeth and a longitudinal ridge.

Newt bones are generally less substantial than those of anurans. The vertebrae are rectangular
with short, rearward swept transverse processes and disc-like articulating surfaces. Newt lower
jaws (dentaries) are often found intact as are the radioulna (forearm) with a characteristic
articulating socket.

mn anterior (A), postenior (B), left lateral (C), dorsal (D) and ventral (E
narius i nght lateral (F) and ventral (G) views. Abbreviations: b
pp. parapophyseal process. Scale bars equal | mm

(0); left dum of By
centrum; d, diaphysis; dc, dors
mc, medial crest; mn, median notch, n, neurapophysis, na, m
sf subcentral foramma; ts, tuber superior, vc, ventral crest; zc, zygapophyseal

Parry et al. 2015

Figure 5 Frog R. temporaria - scale bars 2 mm.

Amphibian

Frog - Vertebrae a
distinctive shape.
Bones look more solid
than fish bones.

(Not sure we can tell Teeth
toads and frogs apart)

i ervertebras
foramern

vertebral column of frog.(

Fig. 27.12. Ventral view of

Suffolk Otter
Group

Vertebra

Page 56



A14/D034

A14/D034

Amphibian remains from CCOP samples
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A3/D033

Amphibian remains from CCOP samples
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Birds and mammals

Birds and mammals have been widely recorded in otter diet. In the current study bird remains
were much more common. Bird remains are readily identified if feathers are present in the spraint,
other characteristic elements are beak and claw/leg remains. Mammals can be identified from
teeth and fur. Bone fragments are often found but are small and difficult to separate unless the
elements can be identified or if they are from a mature animal where bird trabeculae separate the
internal spaces of the bones. Spongy bone occurs in both classes. Both bird and mammal bone is
generally more calcified than fish bones and appears heavier and denser. Vegetation fragments
can also be confused with mammal fur.

Feather remains -
note downy material
and quills

A20/D040 P

Vole teeth

Bird and mammal remains
from CCOP samples
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Bird and mammal
bone fragments

Mammal fur

Rodent limb bones

Bird and mammal
remains from CCOP
samples

Bird (moorhen) beak
sheath

Bird claw sheathes
and claws
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Invertebrates

A wide range of invertebrate remains are found associated with otter spraint. These fall into three
categories: firstly material from animals that have been directly consumed by the otter; secondly
material that has been indirectly consumed - either eaten by the otter’s prey or swept up alongside
it; and thirdly animals that were present on the substrate when the spraint was deposited or which
arrived afterwards. The first category typically includes water beetles in freshwater habitats (and
crayfish where they are present) and crabs and larger crustacea in marine habitats. Some larger
molluscs may also appear. The second category may include smaller crustacea and molluscs -
both barnacles and tiny limpets and mussels have been found along with small shrimp and caddis
larvae which seem too small to be targeted by an otter. The final category may include fly larvae
and terrestrial beetles as well as plant material inadvertently collected with the sample. Where
crabs have been eaten the spraint may be predominantly crab shell fragments.

>
—
o)
—
O
o
(4%}
-

Diving beetle remains

Small shrimp Chiton shell fragment Caddis larva case
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Key component comparisons - Vertebrae

Small vertebrae are often poorly calcified and semi-transparent. Mammalian and amphibian veter-
brae are denser and more yellow. Vertebrae from larger fish are often mangled. Look for where
the spines leave the centrum (body) and the angle, also the presence and shapes of the zygopo-
physes (small projections at the front and rear of the centrum). Flatfish vertebrae have small
lateral projections, salmonid vertebrae have a spongy appearance.

DG Phoxinus phaxinus . DG Cottus gobio

Cyprinid

438-Spined stickléback]

Salmonid

(Fﬁ:‘ Flatfish

#

\

Salmonid '\

A1/D021 Rocding

Cyprinid

A10/D030

15-Spined stickleback




Jaw structures and teeth

Bullhead A Y
"~ Wrasse

01goB snjjoy og

D193

3-Spined L .
stickleback E X Flatfish

Rockling Bullhead

3-Spined
stickleback

u D PHoxinus phoxinus




Jaw structures and teeth (continued)

Pharyngeal (throat) teeth of cyprinids and wrasse are useful as they often survive intact and can
be used to species level ID if necessary. Detached wrasse teeth are short, rounded blunt cylin-
ders. Carp teeth from larger specimens are bean-shaped and distinctive. The hooked flat claw-
like teeth of blenny are often the only clearly identifiable remains. Salmonid teeth are conical and

pointed. Frog (and toad) jaws are often fragmentary but have a marked internal ridge below the
peg-like teeth.

A1/D021

Wrasse

Tompot blenny

Mouse

Ca
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Quadrate

3-spined \

g

stickleback

Flatfish

Articular

Eel, bullhead and goby
are particularly distinctive.

3-spined
stickleback
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P aras p h eno i d DG Cottus gobio

Parasphenoid bones from
the skull are very useful for
identifying smaller speci-
mens where they are often
intact.

Bullhead

A2/D022

Cyprinid

Otoliths

Otoliths, especially from smaller specimens, often survive intact
in spraint and may give indications of prey numbers as well as
identity. The small (sub 2 mm) bones are noticeably white. They
may be somewhat smoothed off but well preserved examples
may be used for both species-level identification and aging of
prey. For larger prey the head may not be eaten so otoliths will
not occur in the spraint. Some of the less distinctive otoliths (e.g
goby and 3-spined stickleback) are not suitable as the sole indi-
cator of a species’ presence.

DG Phoxinus phoxinus

820Q/8V

- ‘o Bullhead
Salmonid Cyprinid

Sand eel

Flatfish
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Scales

Scales appear in relatively few spraints from estuarine and marine
sites - possibly because many prey species do not have scales, or
at least they are miniscule, as in the eel. It is also possible that
either the otters avoid eating scales of larger prey or they are
digested. Most recovered scales were from freshwater sites -
cyprinid scales break up into triangular segments, salmonid scales
are round or ovoid with no clear segmentation. Perch scales with
their lobed posterior edge are characteristic and not to be confused
with the much smaller goby scales with the squared off edge. Small
oval scales with noticeable ctenii (comb) are from flatfish.

Wrasse

D127

Other distinctive remains

3-Spined stickleback produce a number of distinctive remains from the dorsal spines and the
mask-like plate with which they articulate. Long cross-shaped bony plates also occur. Thoracic
vertebrae from larger eels are often broken to produce a C-shaped fragment.

3-spined S B 3-spined
stickleback™ Smas stickleback

3-spined
sticklebac

3-spined
stickleback
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Other distinctive remains (continued)

Flatfish urostyles are C-shaped with a thickened internal rim. Bullhead opercula have a distinctive
curved spine and perch opercula have a curved spiney border (although this can be similar to
some marine members of the perch family such as sea bass). Although vertebrae from the 15-
spined stickleback are distinctive they are not commonly found but the heart-shaped dermal
scutes (bony plates) are characteristic. The small axe-shaped ceratohyal bone of gobies is similar
to that of the bullhead apart from the triangular raised area on the ‘handle’.

Flatfish

15-Spined. S
stickleback " Cyprinid - urohyal

Flatfish
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Appendix 1. Structure of fish skull and vertebrae

Watt et al. 1997

CLE

EHY URO
Figure 1. Skull of a generalized teleost fish (after Gregory, 1933). ART, articular; CHY, ceratohyal, CLE, cleithrum;
COR, coracoid; DEN, dentary; EHY, epihyal; FRO, frontal; HYM, hyomandibular, 0P, interopercular; LAC,

lachrymal; MAX, maxilla; NAS, nasal; OPE, opercular; ORB, orbitals; PAL, palatine; PAR, parietal; PAS,
parasphenoid; PMX, premaxilla; POP, preopercular; POT, posttemporal; QUA, quadrate; SCL, supracleithrum;

SOC, supraoccipital; SOP, subopercular; URO, urohyal.

The Caudal Vertebra of a Fish.
DORSAL

neural spine

anlenar rygapophysis
posterior rygapophysis

keel cenlfum

posiarior metapophysis anterier metapophysis

haemal Spine

Watson 1986

VENTR AL
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Appendix 2. Notes on spraint preparation and interpretation.

Collection and preparation of spraint samples is dealt with in detail in a number of the references,
particularly Conroy et al. (2005). The aims of the CCOP did not require rigorous separation or
ageing of spraints but if this is necessary known spraint sites can be cleared of older spraints and
monitored regularly for fresh activity. CCOP samples were frozen after collection for convenience
but they can also be dried prior to processing if DNA analysis is not required. Spraints were
soaked in either dental cleaner (Steradent) or a saturated solution of biological washing powder
(Biotex) for 1 or 2 hours before agitation and rinsing under running water in a cheap tea strainer.
Some particularly dirty samples were re-treated and/or placed in an ultrasonic bath for 2 minutes
before sieving. Samples were air-dried on clean paper before analysis under a x10 dissecting
microscope on a black card background. Identifiable components were glued to black card using
entomological cement (Insect body cement, Watdon Ltd.) Before photography using a Sony T5
digital camera.

No attempt was made to assess the relative importance of the prey items in individual samples.
Firstly, no efforts were made to ensure each sample was a single spraint, secondly it is difficult if
not impossible to identify every prey item in a spraint or to be sure how many individuals are
represented, especially for larger prey which may be incompletely eaten and heavily damaged. It
is possible to extrapolate prey sizes from suitable remains but these may not be present in every
sample. Smaller prey may be quantified to some extent by counting jaw structures or otoliths (and
dividing by 2) to come up with a minimum number of individuals.

Otters use spraint to mark territory and, as such, often deposit a series of small spraints at
frequent intervals. The gut transit time is rapid but variable (Ruff 2007). They also move over large
areas. Therefore it is not possible to be sure that a sample represents a particular meal or even
feeding area. For the purposes of the CCOP this was not important but it needs to be considered if
spraint analysis is being used to address more detailed dietary questions.

Appendix 3: Abbreviations used in the text.
AFORO Analisi de Formes d’Otolits website.

BB Bonebase website

CC Cornwall Council

CWT Cornwall Wildlife Trust

EA Environment Agency

FB Fishbone website

IFCA Inshore Fisheries and Conservation Authority
NBN National Biodiversity Network

RDB Red Data Book

WRT West Country Rivers Trust
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