
(/sma/) (/sma/)

Healthy and biologically diverse (/sma/assessment-theme/healthy-and-biologically-diverse) / Species (/sma/assessment-theme/species)
/ Fish (/sma/assessment-theme/fish) / Case Study: Sandeels in Scottish waters

Case Study: Sandeels in Scottish waters

Background
Sandeels, Ammodytidae, are small slender fish that are an important component of food webs in the North Atlantic and the most abundant species
group in the North Sea (Sparholt, 1990). They feed on zooplankton, mostly copepods, and in turn are prey to many piscivorous fish, seabirds and
mammals. Of the five species found in Scottish waters, there are two species of lesser sandeel; Ammodytes tobianus which is largely found in
coastal waters from the inter-tidal zone and A. marinus (also known as Raitt’s sandeel) which inhabits deeper waters, particularly between 20 and
80 m (Wright et al., 2000). A. marinus is the most abundant species supporting a large fishery in the North Sea and prior to the mid-2000s, inshore
fisheries off the Shetland Isles and West coast. In the following sections all reference to sandeel biology relate to A. marinus.

As the name suggests, sandeels have a dependence on sand into which they bury at night and during the winter months (Figure 1). Due to this
relationship with a specific habitat the life-cycle of sandeels is unusual for a fish, with life stages that disperse either passively or actively followed by
site fidelity to large patches of sand, termed grounds (see Figure 2). While actively feeding in spring and summer, sandeels tend to remain within 10
km of their grounds (Wright et al., 2019). Sandeels remain buried between September and February, except to emerge between December and
February to spawn their demersal eggs onto sand from which larvae hatch between February and April (Wright & Bailey, 1996; Regnier et al., 2017).
The planktonic larvae are transported by currents for up to 10 weeks until they start to change from transparent to silver as they metamorphose into
juveniles (see pelagic juvenile in Figure 2) that then seek areas of sand (Wright & Bailey, 1996; Proctor et al., 1998; Wright et al., 2019). Suitable
areas of sand are scattered throughout the North Sea and West of Scotland but the size of these tend to decline heading from the south east to the
north west.
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Figure 1: A partially buried sandeel.

Figure 2: Life-cycle of Ammodytes marinus showing the life-stages where the species disperses (blue boxes) or remains (orange boxes) at a
ground.



Stock assessment
Until 2010, ICES assessed sandeels as just one North Sea stock, with the exception of the Shetland Isles. However, since 2011 ICES provides
advice on several stock units following a review of evidence for reproductively isolated sub-populations (ICES, 2010; Wright et al., 1998; 2019). The
largest of the sandeel stocks in Scottish waters is sandeel area 4 and this is the only one with an active fishery. This is found off the north east UK
coast and is mainly targeted by a Danish fishery (Figure 3). This is termed an industrial fishery as the sandeels are processed for their oil and fish
meal for use in many types of food for human and animal consumption.

 

 

Since 2008, Marine Scotland Science (MSS) has conducted an annual dredge survey in December at grounds off the Firth of Forth and Turbot Bank
in SA4. These surveys provide an index of numbers at age from 0 (young of the year) to age 4 and older. The internal consistency of the MSS
survey, measured as the correlation between ages of the same year-class, is high and since 2017 this survey has been used to tune an age based
assessment for the SA4 stock, similar to that used for other commercial fish species (/sma/assessment/commercial-fish). The assessment
estimates the numbers at age and with information on the weight and proportion mature at age provides an estimate of spawning stock biomass
(SSB). As sandeels in SA4 mature both at a smaller size and later age compared to other sandeel stocks it is important to consider this in estimating
SSB (Boulcott et al., 2007). While the assessment uses commercial catch data, the high variability in fishing landings means that the dredge survey
index has a strong influence on the estimate of stock size. The annual assessment and catch advice
(https://standardgraphs.ices.dk/ViewCharts.aspx?key=13304) is available from ICES and covers the period from 1993 to the present. ICES advises
on a total allowable catch (TAC) based on an escapement strategy, whereby a fishery should only be allowed if the stock assessment indicates that
the spawning stock will be above a precautionary spawning biomass level (Bpa) in the following year. Due to the uncertainty in forecasting future
Bpa for short lived species like sandeels a ceiling to the maximum fishing mortality (Fcap) is also set. Owing to the relatively low productivity of
sandeels in SA4 (Boulcott et al., 2007; Boulcott & Wright, 2011; Rindorf et al., 2016) this Fcap is much lower than that for other North Sea sandeel
stocks.

While it is difficult to generalise about the state of the stock over the current assessment period, since 2011, SSB has been above Bpa except for
2015 and 2019 (Figure 4). Fishing mortality was very low from 2005 until the start of the analytical assessment in 2017 and in 2018 it was the
highest since 2004 but then decreased in 2019. The main driver of stock change is recruitment (age 0 abundance), which was high for a few years

Figure 3: Chart showing the extent of ICES assessment area 4 and the various spatial measures for sandeels within Scottish waters. Blue lines
show Scottish Marine and Offshore Regions for context.
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in the 1990s but very low in the mid-2000s. A large year-class in 2009 led to a recovery of the stock and there has since been a large 2014 and
moderate 2019 year-class.

 

 

Measures to protect sandeels as prey for predators
Protecting seabirds and other predators reliant on sandeels has been the purpose of several management measures in Scotland since 1990
(Wright, 1996). This follows concern about fishery effects on sandeels and their availability to many piscivorous fish, seabirds and mammals
(Monaghan, 1992; Engelhard et al., 2013; Wilson & Hammond, 2019; Hill et al., 2020). Black-legged kittiwake and other seabirds that feed near the
sea surface appear particularly sensitive to the availability of sandeels (Furness & Tasker, 2000) and the breeding success of this seabird often
reflects the population level changes in sandeel abundance (Poloczanska et al., 2004; Eerkes-Medrano et al., 2017; Olin et al., 2020).

Due to the high level of site fidelity once settled (Wright et al., 2019), sandeels may be vulnerable to local depletion and evidence of spatial
differences in mortality at the scale of grounds > 28 km apart has been found (Jensen et al., 2011). While there may be little effect at a stock level,
local depletions even within a year could affect sandeel availability to local predators. As a result, ICES advised that localised depletion should be
avoided in those areas where predators congregate. This is a particular concern because sandeel grounds in Scottish waters tend to be small
(Wright, 1996; Jensen et al., 2011), sandeels are slow growing (Wright et al., 1997; Boulcott et al. 2007; Rindorf et al., 2016) and there are large
predator populations that feed on them.

The fishery that developed off the Scottish east coast in the early 1990s was associated with declines in the breeding success of some seabirds at
adjacent colonies (Rindorf et al., 2000). The north east UK sandeel closure (see Figure 3) was established in 2000, following a UK call to the EU for
a moratorium on fishing and advice from ICES that sandeels supported a number of potentially sensitive seabird colonies in the area and were part
of a reproductively isolated group separate from the other fished aggregations in the North Sea (Wright et al., 1998; Wright et al., 2019). The EU
(EU Regulation 227/2013) closed the fishery as a precaution whilst allowing a small commercial catch (<5,000 tonnes) to monitor changes in
sandeel abundance. The closure has been maintained following subsequent reviews of the effectiveness of the closure (STECF, 2007), which
include a decrease in mortality of age 1 and older sandeels and improved kittiwake breeding success following the closure (Greenstreet et al., 2006;
Daunt et al., 2008). While this closed area does not occupy the full extent of the SA4 stock area it does encompass much of foraging range of
breeding seabirds (Wakefield et al., 2017). However, ICES takes no account of area closures when advising on TACs, so current advice on SA4
catches does not consider that around half of the sandeel habitat in the stock region is closed to fishing.

Due to the ecosystem importance of sandeels they were made a Scottish priority marine feature (/sma/assessment/case-study-priority-marine-
features) and, given their limited movement, one that was considered a search feature priority in the nature conservation Marine Protected Areas
(NC MPA). Three MPAs were designated in 2014, where sandeels were the key search feature; Mousa to Boddam NC MPA, North-west Orkney NC
MPA and Turbot Bank NC MPA (see Figure 3). Sandeel grounds nearer to the Scottish east coast were not considered given the fishery closure
already in place. A fourth aggregation corresponding to a previously fished area off Lewis within the North-east Lewis pMPA, is also under
consideration. The small Mousa to Boddam NC MPA was chosen because this area was shown to be a site favoured by sandeels recruiting to
Shetland (Wright, 1996). All other MPAs were chosen because of their importance as source areas for larval production (Proctor et al., 1998; Lynam
et al. 2013), as has been confirmed using chemical signatures in the otoliths to track movements (Gibb et al., 2017; Wright et al., 2018; 2019; Figure
5). The MPA designation requires that any proposed activity must consider the potential impact on the conservation status of sandeels in the area.
Currently, only the Turbot bank NC MPA covers an area open to sandeel fishing and no management measures have yet been put in place.

Figure 4: Sandeel in Sandeel area 4. Historical development of the stock from the summary of the stock assessment, with 90% confidence intervals.
Assumed recruitment values are not shaded. Fishing mortality (F) is presented for ages 1 – 2.
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Climate change and the future of sandeels
As settled sandeels remain on a sand bank and overwinter for many months without feeding they are very sensitive to their local environmental
conditions (Heath et al., 2012). Due to this behaviour, sandeels are unusual in that warm autumns cause them to delay spawning as they need
stored energy to survive buried in the sand as well as to develop gonads (Wright et al., 2017a,b). Warming does speed up egg development but not
sufficiently to counteract the negative effect on gonad development (Régnier et al., 2018). Temperature is also important to copepod development
and spawning, when not limited by available phytoplankton (Cook et al., 2007). Sandeel larvae usually hatch close to the onset of production of their
copepod prey but poor synchrony between the timing of sandeel hatching and that of their copepod prey leads to low recruitment (Wright & Bailey,
1996; Régnier et al., 2017). In some cases, these adverse conditions for recruitment can be reflected by warm winter sea temperature (Arnott &
Ruxton, 2002) but such a simple measure is not a reliable proxy of the different processes affecting the synchrony between sandeel larvae and their
prey (Eerkes-Medrano et al., 2017). However, using the latest understanding of the different thermal relationships affecting both sandeel and
copepod development (Figure 6a) it has been possible to derive a predictive measure of the temporal overlap between these organisms that
explains much of the inter-annual variation in sandeel recruitment (Figure 6b; Régnier et al., 2019). Moreover, based on future climate predictions
and this model, it is likely that the frequency of years with a poor overlap will increase and so sandeels are likely to decline in Scottish waters.
Further information on sandeels and climate change can be found in the fish section (/sma/assessment/fish) of the climate change assessment and
the Marine Climate Change Impacts Partnership (MCCIP) sandeels and their availability as seabird prey report
(http://www.mccip.org.uk/media/1818/mccip-sandeels-and-their-availability-as-prey.pdf).

 

Figure 5: Section of a sandeel otolith showing the pits ablated by laser for elemental analysis corresponding to different life-phases of the fish. Scale
bar 50 μm. Otoliths were sampled from sandeels at grounds from around Scotland and the North Sea. The elements barium, manganese, strontium,
magnesium, rubidium and zinc were estimated by an inductively coupled plasma mass spectrometer. Comparison of the element concentrations at
pit 1 - hatch indicated some mixing prior to settlement. There was little change in element concentrations in pits 2 - 4 indicating that sandeels
remained in the area they settled (Gibb et al., 2017; Wright et al., 2018).

https://marine.gov.scot/sma/assessment/fish
https://marine.gov.scot/sma/assessment/fish
http://www.mccip.org.uk/media/1818/mccip-sandeels-and-their-availability-as-prey.pdf
http://www.mccip.org.uk/media/1818/mccip-sandeels-and-their-availability-as-prey.pdf


Links and resources

Arnott, S. (/sma/biblio?f%5Bauthor%5D=4122) & Ruxton, G. (/sma/biblio?f%5Bauthor%5D=3895), 2002. Sandeel recruitment in the North Sea: D
and trophic effects (/sma/content/sandeel-recruitment-north-sea-demographic-climatic-and-trophic-effects). , 238. Available at: http://www.int-
res.com/abstracts/meps/v238/p199-210/ (http://www.int-res.com/abstracts/meps/v238/p199-210/).

Boulcott, P. (/sma/biblio?f%5Bauthor%5D=4119) et al., 2007. Regional variation in maturation of sandeels in the North Sea (/sma/content/regio
sandeels-north-sea). ICES J Mar Sci, 64(2), pp.369 - 376. Available at: https://academic.oup.com/icesjms/article/64/2/369/2182485
(https://academic.oup.com/icesjms/article/64/2/369/2182485).

Boulcott, P. (/sma/biblio?f%5Bauthor%5D=4119) & Wright, P. (/sma/biblio?f%5Bauthor%5D=1286), 2011. Variation in fecundity in the lesser sand
regional management (/sma/content/variation-fecundity-lesser-sandeel-implications-regional-management). Available at:
https://www.cambridge.org/core/journals/journal-of-the-marine-biological-association-of-the-united-kingdom/article/abs/variation-in-fecundity-in-th
implications-for-regional-management/24D8E849B6DABE9F874EAF283F369848 (https://www.cambridge.org/core/journals/journal-of-the-marin
of-the-united-kingdom/article/abs/variation-in-fecundity-in-the-lesser-sandeel-implications-for-regional-management/24D8E849B6DABE9F874EA

Cook, K.B. (/sma/biblio?f%5Bauthor%5D=2147) et al., 2007. Naupliar development times and survival of the copepods Calanus helgolandicu
finmarchicus in relation to food and temperature (/sma/content/naupliar-development-times-and-survival-copepods-calanus-helgolandicus-a
Res, 29(9), pp.757 - 767. Available at: https://academic.oup.com/plankt/article/29/9/757/1580681 (https://academic.oup.com/plankt/article/29/9/7

Eerkes-Medrano, D. (/sma/biblio?f%5Bauthor%5D=3890) et al., 2017. Are simple environmental indicators of food web dynamics reliable: Ex
temperature relationship (/sma/content/are-simple-environmental-indicators-food-web-dynamics-reliable-exploring-kittiwake). , 75, pp.36 - 47. 
https://www.sciencedirect.com/science/article/abs/pii/S1470160X16307129?via%3Dihub (https://www.sciencedirect.com/science/article/abs/pii/S
via%3Dihub).

Engelhard, G.H. (/sma/biblio?f%5Bauthor%5D=2577) et al., 2013. Body condition of predatory fishes linked to the availability of sandeels (/sm
predatory-fishes-linked-availability-sandeels). , 160(2), pp.299 - 308. Available at: https://link.springer.com/article/10.1007%2Fs00227-012-2088
(https://link.springer.com/article/10.1007%2Fs00227-012-2088-1).

Furness, R.W. (/sma/biblio?f%5Bauthor%5D=3813) & Tasker, M. (/sma/biblio?f%5Bauthor%5D=3814), 2000. Seabird-fishery interactions : quant
seabirds to reductions in sandeel abundance, and identification of key areas for sensitive seabirds in the North Sea (/sma/content/seab
quantifying-sensitivity-seabirds-reductions-sandeel-abundance). Marine Ecology Progress Series, 202, pp.253-264. Available at: http://www.int-
res.com/abstracts/meps/v202/p253-264/ (http://www.int-res.com/abstracts/meps/v202/p253-264/).

Gibb, F. (/sma/biblio?f%5Bauthor%5D=1013) et al., 2016. Connectivity in the early life history of sandeel inferred from otolith microchemistry
(/sma/content/connectivity-early-life-history-sandeel-inferred-otolith-microchemistry). , 119. Available at:
https://www.sciencedirect.com/science/article/pii/S1385110116301022?via%3Dihub (https://www.sciencedirect.com/science/article/pii/S1385110

Figure 6: (a) Median difference in sandeel and copepod egg production timing (mismatch) in relation to the rate of declining temperature during
sandeel ovary development and February temperature, which is positively related to the peak in copepod egg production; (b) the relation between
overlap in the period of copepod egg production and sandeel hatch times and year-class strength (see Régnier et al., 2019 for further details). An
overlap of 1.0 is a perfect match in the timing of copepod and sandeel hatching and is linked to low mismatch. Inset shows sandeel oocytes,
naupliar stage of copepod and larval sandeel.

back to top

Literature and Data sources

https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4122
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4122
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3895
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3895
https://marine.gov.scot/sma/content/sandeel-recruitment-north-sea-demographic-climatic-and-trophic-effects
https://marine.gov.scot/sma/content/sandeel-recruitment-north-sea-demographic-climatic-and-trophic-effects
https://marine.gov.scot/sma/content/sandeel-recruitment-north-sea-demographic-climatic-and-trophic-effects
http://www.int-res.com/abstracts/meps/v238/p199-210/
http://www.int-res.com/abstracts/meps/v238/p199-210/
http://www.int-res.com/abstracts/meps/v238/p199-210/
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4119
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4119
https://marine.gov.scot/sma/content/regional-variation-maturation-sandeels-north-sea
https://marine.gov.scot/sma/content/regional-variation-maturation-sandeels-north-sea
https://marine.gov.scot/sma/content/regional-variation-maturation-sandeels-north-sea
https://academic.oup.com/icesjms/article/64/2/369/2182485
https://academic.oup.com/icesjms/article/64/2/369/2182485
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4119
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4119
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=1286
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=1286
https://marine.gov.scot/sma/content/variation-fecundity-lesser-sandeel-implications-regional-management
https://marine.gov.scot/sma/content/variation-fecundity-lesser-sandeel-implications-regional-management
https://marine.gov.scot/sma/content/variation-fecundity-lesser-sandeel-implications-regional-management
https://www.cambridge.org/core/journals/journal-of-the-marine-biological-association-of-the-united-kingdom/article/abs/variation-in-fecundity-in-the-lesser-sandeel-implications-for-regional-management/24D8E849B6DABE9F874EAF283F369848
https://www.cambridge.org/core/journals/journal-of-the-marine-biological-association-of-the-united-kingdom/article/abs/variation-in-fecundity-in-the-lesser-sandeel-implications-for-regional-management/24D8E849B6DABE9F874EAF283F369848
https://www.cambridge.org/core/journals/journal-of-the-marine-biological-association-of-the-united-kingdom/article/abs/variation-in-fecundity-in-the-lesser-sandeel-implications-for-regional-management/24D8E849B6DABE9F874EAF283F369848
https://www.cambridge.org/core/journals/journal-of-the-marine-biological-association-of-the-united-kingdom/article/abs/variation-in-fecundity-in-the-lesser-sandeel-implications-for-regional-management/24D8E849B6DABE9F874EAF283F369848
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=2147
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=2147
https://marine.gov.scot/sma/content/naupliar-development-times-and-survival-copepods-calanus-helgolandicus-and-calanus
https://marine.gov.scot/sma/content/naupliar-development-times-and-survival-copepods-calanus-helgolandicus-and-calanus
https://marine.gov.scot/sma/content/naupliar-development-times-and-survival-copepods-calanus-helgolandicus-and-calanus
https://marine.gov.scot/sma/content/naupliar-development-times-and-survival-copepods-calanus-helgolandicus-and-calanus
https://marine.gov.scot/sma/content/naupliar-development-times-and-survival-copepods-calanus-helgolandicus-and-calanus
https://academic.oup.com/plankt/article/29/9/757/1580681
https://academic.oup.com/plankt/article/29/9/757/1580681
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3890
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3890
https://marine.gov.scot/sma/content/are-simple-environmental-indicators-food-web-dynamics-reliable-exploring-kittiwake
https://marine.gov.scot/sma/content/are-simple-environmental-indicators-food-web-dynamics-reliable-exploring-kittiwake
https://marine.gov.scot/sma/content/are-simple-environmental-indicators-food-web-dynamics-reliable-exploring-kittiwake
https://www.sciencedirect.com/science/article/abs/pii/S1470160X16307129?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1470160X16307129?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1470160X16307129?via%3Dihub
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=2577
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=2577
https://marine.gov.scot/sma/content/body-condition-predatory-fishes-linked-availability-sandeels
https://marine.gov.scot/sma/content/body-condition-predatory-fishes-linked-availability-sandeels
https://marine.gov.scot/sma/content/body-condition-predatory-fishes-linked-availability-sandeels
https://link.springer.com/article/10.1007%2Fs00227-012-2088-1
https://link.springer.com/article/10.1007%2Fs00227-012-2088-1
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3813
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3813
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3814
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3814
https://marine.gov.scot/sma/content/seabird-fishery-interactions-quantifying-sensitivity-seabirds-reductions-sandeel-abundance
https://marine.gov.scot/sma/content/seabird-fishery-interactions-quantifying-sensitivity-seabirds-reductions-sandeel-abundance
https://marine.gov.scot/sma/content/seabird-fishery-interactions-quantifying-sensitivity-seabirds-reductions-sandeel-abundance
https://marine.gov.scot/sma/content/seabird-fishery-interactions-quantifying-sensitivity-seabirds-reductions-sandeel-abundance
http://www.int-res.com/abstracts/meps/v202/p253-264/
http://www.int-res.com/abstracts/meps/v202/p253-264/
http://www.int-res.com/abstracts/meps/v202/p253-264/
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=1013
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=1013
https://marine.gov.scot/sma/content/connectivity-early-life-history-sandeel-inferred-otolith-microchemistry
https://marine.gov.scot/sma/content/connectivity-early-life-history-sandeel-inferred-otolith-microchemistry
https://www.sciencedirect.com/science/article/pii/S1385110116301022?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1385110116301022?via%3Dihub


Greenstreet, S.P.R. (/sma/biblio?f%5Bauthor%5D=1369) et al., 2006. Variation in the abundance of sandeels Ammodytes marinus off southea
evaluation of area-closure fisheries management and stock abundance assessment methods (/sma/content/variation-abundance-sandee
southeast-scotland-evaluation-area-closure). ICES J Mar Sci, 63(8), pp.1530 - 1550. Available at: https://academic.oup.com/icesjms/article/63/8
(https://academic.oup.com/icesjms/article/63/8/1530/714676).

Heath, M. (/sma/biblio?f%5Bauthor%5D=4101) et al., 2012. Review of climate change impacts on marine fish and shellfish around the UK an
(/sma/content/review-climate-change-impacts-marine-fish-and-shellfish-around-uk-and-ireland). , 22, pp.337 - 367. Available at:
https://onlinelibrary.wiley.com/doi/abs/10.1002/aqc.2244 (https://onlinelibrary.wiley.com/doi/abs/10.1002/aqc.2244).

Hill, S. (/sma/biblio?f%5Bauthor%5D=4109) et al., 2020. Reference points for predators will progress ecosystem‐based management of fishe
(/sma/content/reference-points-predators-will-progress-ecosystem-based-management-fisheries). , 21. Available at:
https://onlinelibrary.wiley.com/doi/full/10.1111/faf.12434 (https://onlinelibrary.wiley.com/doi/full/10.1111/faf.12434).

ICES, (/sma/biblio?f%5Bauthor%5D=489) 2010. Report of the Benchmark Workshop on Sandeel (WKSAN) (/sma/content/report-benchmark-wo
International Council for the Exploration of the Sea. Available at:
http://www.ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2010/WKSAN/wksan_2010.pdf
(http://www.ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2010/WKSAN/wksan_2010.pdf).

ICES, (/sma/biblio?f%5Bauthor%5D=489) 2019. ICES Standard Graphs (/sma/content/ices-standard-graphs). Available at: http://standardgraphs.ic
(http://standardgraphs.ices.dk/stockList.aspx).

Jensen, H. (/sma/biblio?f%5Bauthor%5D=3820) et al., 2011. Inferring the location and scale of mixing between habitat areas of lesser sandee
from the fishery (/sma/content/inferring-location-and-scale-mixing-between-habitat-areas-lesser-sandeel-through-information). , 68, pp.43 - 51.
https://academic.oup.com/icesjms/article/68/1/43/631084 (https://academic.oup.com/icesjms/article/68/1/43/631084).

Lynam, C.P. (/sma/biblio?f%5Bauthor%5D=2578) et al., 2013. Spatial patterns and trends in abundance of larval sandeels in the North Sea: 1
(/sma/content/spatial-patterns-and-trends-abundance-larval-sandeels-north-sea-1950-2005). ICES J Mar Sci, 70(3), pp.540 - 553. Available at:
https://academic.oup.com/icesjms/article/70/3/540/916327 (https://academic.oup.com/icesjms/article/70/3/540/916327).

Monaghan, P. (/sma/biblio?f%5Bauthor%5D=4336), 1992. Seabirds and sandeels: the conflict between exploitation and conservation in the n
(/sma/content/seabirds-and-sandeels-conflict-between-exploitation-and-conservation-northern-north-sea). Biodiversity & Conservation, 1(2), pp.
https://link.springer.com/article/10.1007/BF00731037 (https://link.springer.com/article/10.1007/BF00731037).

Olin, A.B. (/sma/biblio?f%5Bauthor%5D=4337) et al., 2020. Spatial synchrony of breeding success in the blacklegged kittiwake Rissa tridacty
dynamics of its sandeel prey (/sma/content/spatial-synchrony-breeding-success-blacklegged-kittiwake-rissa-tridactyla-reflects-spatial). Marine
638, pp.177 - 190. Available at: https://www.int-res.com/abstracts/meps/v638/p177-190/ (https://www.int-res.com/abstracts/meps/v638/p177-190

Ounsley, J.P. (/sma/biblio?f%5Bauthor%5D=85) et al., 2019. Regional variation in directed swimming by Atlantic salmon smolts leaving Scott
oceanic feeding grounds - a modelling study (/sma/content/regional-variation-directed-swimming-atlantic-salmon-smolts-leaving-scottish-wat
Marine Science. Available at: https://doi.org/10.1093/icesjms/fsz160 (https://doi.org/10.1093/icesjms/fsz160).

Poloczanska, E.S. (/sma/biblio?f%5Bauthor%5D=3893) et al., 2004. Fluctuations in sandeel biomass at Shetland: implications for the comme
breeding seabirds (/sma/content/fluctuations-sandeel-biomass-shetland-implications-commercial-fishery-and-breeding-seabirds). , 61, pp.788 
https://www.researchgate.net/publication/230648157_Fluctuations_in_sandeel_biomass_at_Shetland_implications_for_the_commercial_fishery_
(https://www.researchgate.net/publication/230648157_Fluctuations_in_sandeel_biomass_at_Shetland_implications_for_the_commercial_fishery

Proctor, R. (/sma/biblio?f%5Bauthor%5D=148), P.J., W. (/sma/biblio?f%5Bauthor%5D=4340) & Everitt, A. (/sma/biblio?f%5Bauthor%5D=4341), 199
transport of larval sandeels on the north-west European shelf (/sma/content/modelling-transport-larval-sandeels-north-west-european-shelf
Oceanography, 7(3‐4), pp.347 - 354. Available at: https://onlinelibrary.wiley.com/action/showCitFormats?doi=10.1046%2Fj.1365-2419.1998.000
(https://onlinelibrary.wiley.com/action/showCitFormats?doi=10.1046%2Fj.1365-2419.1998.00077.x).

Régnier, T. (/sma/biblio?f%5Bauthor%5D=3415), Gibb, F.M. (/sma/biblio?f%5Bauthor%5D=3416) & Wright, P.J. (/sma/biblio?f%5Bauthor%5D=3372
trophic mismatch in a winter- hatching species: evidence from lesser sandeel (/sma/content/importance-trophic-mismatch-winter-hatching
sandeel). Marine Ecology Progress Series, 567, pp.185 - 197. Available at: https://www.int-res.com/abstracts/meps/v567/p185-197/ (https://www
res.com/abstracts/meps/v567/p185-197/).

Regnier, T. (/sma/biblio?f%5Bauthor%5D=3853), Gibb, F.M. (/sma/biblio?f%5Bauthor%5D=3905) & Wright, P.J. (/sma/biblio?f%5Bauthor%5D=1014
effects on egg development and larval condition in the lesser sandeel, Ammodytes marinus (/sma/content/temperature-effects-egg-devel
condition-lesser-sandeel-ammodytes-marinus). , 134, pp.34 - 41. Available at: http://www.sciencedirect.com/science/article/pii/S1385110117302
(http://www.sciencedirect.com/science/article/pii/S1385110117302538).

Régnier, T. (/sma/biblio?f%5Bauthor%5D=3410), Gibb, F.M. (/sma/biblio?f%5Bauthor%5D=3411) & Wright, P.J. (/sma/biblio?f%5Bauthor%5D=3412
temperature effects on recruitment in the context of trophic mismatch (/sma/content/understanding-temperature-effects-recruitment-contex
9(1), p.15179. Available at: https://www.nature.com/articles/s41598-019-51296-5 (https://www.nature.com/articles/s41598-019-51296-5).

Rindorf, A. (/sma/biblio?f%5Bauthor%5D=4342), Wanless, S. (/sma/biblio?f%5Bauthor%5D=4343) & Harris, M.P. (/sma/biblio?f%5Bauthor%5D=434
changes in sandeel availability on the reproductive output of seabirds (/sma/content/effects-changes-sandeel-availability-reproductive-outp
Ecology Progress Series, 202, pp.241 - 252. Available at: https://www.int-res.com/abstracts/meps/v202/p241-252/ (https://www.int-res.com/abstr
252/).

https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=1369
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=1369
https://marine.gov.scot/sma/content/variation-abundance-sandeels-ammodytes-marinus-southeast-scotland-evaluation-area-closure
https://marine.gov.scot/sma/content/variation-abundance-sandeels-ammodytes-marinus-southeast-scotland-evaluation-area-closure
https://marine.gov.scot/sma/content/variation-abundance-sandeels-ammodytes-marinus-southeast-scotland-evaluation-area-closure
https://marine.gov.scot/sma/content/variation-abundance-sandeels-ammodytes-marinus-southeast-scotland-evaluation-area-closure
https://academic.oup.com/icesjms/article/63/8/1530/714676
https://academic.oup.com/icesjms/article/63/8/1530/714676
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4101
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4101
https://marine.gov.scot/sma/content/review-climate-change-impacts-marine-fish-and-shellfish-around-uk-and-ireland
https://marine.gov.scot/sma/content/review-climate-change-impacts-marine-fish-and-shellfish-around-uk-and-ireland
https://onlinelibrary.wiley.com/doi/abs/10.1002/aqc.2244
https://onlinelibrary.wiley.com/doi/abs/10.1002/aqc.2244
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4109
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4109
https://marine.gov.scot/sma/content/reference-points-predators-will-progress-ecosystem-based-management-fisheries
https://marine.gov.scot/sma/content/reference-points-predators-will-progress-ecosystem-based-management-fisheries
https://onlinelibrary.wiley.com/doi/full/10.1111/faf.12434
https://onlinelibrary.wiley.com/doi/full/10.1111/faf.12434
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=489
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=489
https://marine.gov.scot/sma/content/report-benchmark-workshop-sandeel-wksan
https://marine.gov.scot/sma/content/report-benchmark-workshop-sandeel-wksan
http://www.ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2010/WKSAN/wksan_2010.pdf
http://www.ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2010/WKSAN/wksan_2010.pdf
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=489
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=489
https://marine.gov.scot/sma/content/ices-standard-graphs
https://marine.gov.scot/sma/content/ices-standard-graphs
http://standardgraphs.ices.dk/stockList.aspx
http://standardgraphs.ices.dk/stockList.aspx
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3820
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3820
https://marine.gov.scot/sma/content/inferring-location-and-scale-mixing-between-habitat-areas-lesser-sandeel-through-information
https://marine.gov.scot/sma/content/inferring-location-and-scale-mixing-between-habitat-areas-lesser-sandeel-through-information
https://marine.gov.scot/sma/content/inferring-location-and-scale-mixing-between-habitat-areas-lesser-sandeel-through-information
https://academic.oup.com/icesjms/article/68/1/43/631084
https://academic.oup.com/icesjms/article/68/1/43/631084
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=2578
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=2578
https://marine.gov.scot/sma/content/spatial-patterns-and-trends-abundance-larval-sandeels-north-sea-1950-2005
https://marine.gov.scot/sma/content/spatial-patterns-and-trends-abundance-larval-sandeels-north-sea-1950-2005
https://academic.oup.com/icesjms/article/70/3/540/916327
https://academic.oup.com/icesjms/article/70/3/540/916327
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4336
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4336
https://marine.gov.scot/sma/content/seabirds-and-sandeels-conflict-between-exploitation-and-conservation-northern-north-sea
https://marine.gov.scot/sma/content/seabirds-and-sandeels-conflict-between-exploitation-and-conservation-northern-north-sea
https://link.springer.com/article/10.1007/BF00731037
https://link.springer.com/article/10.1007/BF00731037
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4337
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4337
https://marine.gov.scot/sma/content/spatial-synchrony-breeding-success-blacklegged-kittiwake-rissa-tridactyla-reflects-spatial
https://marine.gov.scot/sma/content/spatial-synchrony-breeding-success-blacklegged-kittiwake-rissa-tridactyla-reflects-spatial
https://marine.gov.scot/sma/content/spatial-synchrony-breeding-success-blacklegged-kittiwake-rissa-tridactyla-reflects-spatial
https://www.int-res.com/abstracts/meps/v638/p177-190/
https://www.int-res.com/abstracts/meps/v638/p177-190/
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=85
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=85
https://marine.gov.scot/sma/content/regional-variation-directed-swimming-atlantic-salmon-smolts-leaving-scottish-waters-their
https://marine.gov.scot/sma/content/regional-variation-directed-swimming-atlantic-salmon-smolts-leaving-scottish-waters-their
https://marine.gov.scot/sma/content/regional-variation-directed-swimming-atlantic-salmon-smolts-leaving-scottish-waters-their
https://doi.org/10.1093/icesjms/fsz160
https://doi.org/10.1093/icesjms/fsz160
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3893
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3893
https://marine.gov.scot/sma/content/fluctuations-sandeel-biomass-shetland-implications-commercial-fishery-and-breeding-seabirds
https://marine.gov.scot/sma/content/fluctuations-sandeel-biomass-shetland-implications-commercial-fishery-and-breeding-seabirds
https://marine.gov.scot/sma/content/fluctuations-sandeel-biomass-shetland-implications-commercial-fishery-and-breeding-seabirds
https://www.researchgate.net/publication/230648157_Fluctuations_in_sandeel_biomass_at_Shetland_implications_for_the_commercial_fishery_and_breeding_seabirds
https://www.researchgate.net/publication/230648157_Fluctuations_in_sandeel_biomass_at_Shetland_implications_for_the_commercial_fishery_and_breeding_seabirds
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=148
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=148
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4340
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4340
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4341
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4341
https://marine.gov.scot/sma/content/modelling-transport-larval-sandeels-north-west-european-shelf
https://marine.gov.scot/sma/content/modelling-transport-larval-sandeels-north-west-european-shelf
https://onlinelibrary.wiley.com/action/showCitFormats?doi=10.1046%2Fj.1365-2419.1998.00077.x
https://onlinelibrary.wiley.com/action/showCitFormats?doi=10.1046%2Fj.1365-2419.1998.00077.x
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3415
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3415
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3416
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3416
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3372
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3372
https://marine.gov.scot/sma/content/importance-trophic-mismatch-winter-hatching-species-evidence-lesser-sandeel
https://marine.gov.scot/sma/content/importance-trophic-mismatch-winter-hatching-species-evidence-lesser-sandeel
https://marine.gov.scot/sma/content/importance-trophic-mismatch-winter-hatching-species-evidence-lesser-sandeel
https://www.int-res.com/abstracts/meps/v567/p185-197/
https://www.int-res.com/abstracts/meps/v567/p185-197/
https://www.int-res.com/abstracts/meps/v567/p185-197/
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3853
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3853
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3905
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3905
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=1014
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=1014
https://marine.gov.scot/sma/content/temperature-effects-egg-development-and-larval-condition-lesser-sandeel-ammodytes-marinus
https://marine.gov.scot/sma/content/temperature-effects-egg-development-and-larval-condition-lesser-sandeel-ammodytes-marinus
https://marine.gov.scot/sma/content/temperature-effects-egg-development-and-larval-condition-lesser-sandeel-ammodytes-marinus
https://marine.gov.scot/sma/content/temperature-effects-egg-development-and-larval-condition-lesser-sandeel-ammodytes-marinus
http://www.sciencedirect.com/science/article/pii/S1385110117302538
http://www.sciencedirect.com/science/article/pii/S1385110117302538
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3410
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3410
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3411
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3411
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3412
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3412
https://marine.gov.scot/sma/content/understanding-temperature-effects-recruitment-context-trophic-mismatch
https://marine.gov.scot/sma/content/understanding-temperature-effects-recruitment-context-trophic-mismatch
https://www.nature.com/articles/s41598-019-51296-5
https://www.nature.com/articles/s41598-019-51296-5
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4342
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4342
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4343
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4343
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4344
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=4344
https://marine.gov.scot/sma/content/effects-changes-sandeel-availability-reproductive-output-seabirds
https://marine.gov.scot/sma/content/effects-changes-sandeel-availability-reproductive-output-seabirds
https://www.int-res.com/abstracts/meps/v202/p241-252/
https://www.int-res.com/abstracts/meps/v202/p241-252/
https://www.int-res.com/abstracts/meps/v202/p241-252/


Rindorf, A. (/sma/biblio?f%5Bauthor%5D=3854) et al., 2016. Spatial differences in growth of lesser sandeel in the North Sea (/sma/content/spa
lesser-sandeel-north-sea). , 479, pp.9 - 19. Available at: http://www.sciencedirect.com/science/article/pii/S0022098116300247
(http://www.sciencedirect.com/science/article/pii/S0022098116300247).

To view full details of the literature source, click the title. Where literature has a DOI, you can click on the DOI link to be taken directly to the source
material.

2 (/sma/assessment/case-study-sandeels-scottish-waters?page=1)

next › (/sma/assessment/case-study-sandeels-scottish-waters?page=1)

last » (/sma/assessment/case-study-sandeels-scottish-waters?page=1)

Contact (/sma/content/contact-marine-scotland) Copyright (/sma/content/copyright)

Privacy and Content Disclaimer (/sma/node/15215)

1

https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3854
https://marine.gov.scot/sma/biblio?f%5Bauthor%5D=3854
https://marine.gov.scot/sma/content/spatial-differences-growth-lesser-sandeel-north-sea
https://marine.gov.scot/sma/content/spatial-differences-growth-lesser-sandeel-north-sea
https://marine.gov.scot/sma/content/spatial-differences-growth-lesser-sandeel-north-sea
http://www.sciencedirect.com/science/article/pii/S0022098116300247
http://www.sciencedirect.com/science/article/pii/S0022098116300247
https://marine.gov.scot/sma/assessment/case-study-sandeels-scottish-waters?page=1
https://marine.gov.scot/sma/assessment/case-study-sandeels-scottish-waters?page=1
https://marine.gov.scot/sma/assessment/case-study-sandeels-scottish-waters?page=1
https://marine.gov.scot/sma/content/contact-marine-scotland
https://marine.gov.scot/sma/content/copyright
https://marine.gov.scot/sma/node/15215

