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1. Swansea Bay Herring – new encounter model 

1.1 Spawning herring behaviour – basis of new model  
 

1.1.0.1 The encounter model of spawning herring constructed for Swansea Tidal Lagoon has 

been updated in the light of new evidence. The most important new evidence is from 

new scientific studies that have been published after the production of the original 

encounter model. The two scientific papers, which formed part of a PhD project in 2013 

(Langård 2013), have recently become available. They were both published in 2015, and 

were based on acoustic tagging studies of Atlantic herring (Eggers et al. 2015, Langård 

et al. 2015). Tagging studies are the most informative type of study for Individual Based 

Models (IBMs). The Fish Encounter Models for the Swansea Tidal Lagoon Project are 

IBMs. As TLSB are aware, there have been no previous acoustic tagging studies of either 

Pacific or Atlantic herring spawning.  This assumption was confirmed by the authors of 

these new studies (Langård 2013). (Note although Atlantic herring and Pacific herring 

are similar they have differences in behaviour.)  Tagging studies link individual 

movements of fish to population level distribution, movement, schooling patterns and 

abundance in the same way that IBMs are designed to do. IBMs and acoustic tagging 

are highly complementary and inform each other directly.  

1.1.0.2 IBMs of herring have been reported in the scientific literature on many occasions prior 

the construction of the encounter models, but these models were directed at school 

patterns and composition (explained in Willis, 2011) and for determining spawning 

location from larval distribution in a technique called ‘back tracking’ (Bauer et al. 2014). 

However these previous studies have not been related to spawning adult behaviour and 

thus have not been employed as prior examples for the encounter models.  

1.1.0.3 New data are also available from surveys undertaken in Swansea Bay during spring 

2015. The primary aim of recent surveys in Swansea Bay was to collect herring larvae 

along fixed transect lines.  The larvae collected was then to be used in a backtracking 

model to identify spawning locations. Surveys were undertaken along fixed transect 

lines in the east, west and central bay, at weekly intervals over a six week period 

commencing in February.  Although anecdotal reports which informed the ES, 

suggested a regular herring spawning population, over the entire survey period 

insufficient larvae were collected.  As such the 2015 survey results establish the low 

abundance of herring in the bay.  This is consistent with historical accounts of this area 

which confirm that there has always been variable or low abundance of herring in this 

area even throughout the period when national abundance was very high in comparison 

with present times (Smylie, 1998).  

1.2 Aims and design of original herring encounter model 
 

1.2.0.1 The original herring model was based on a high level of uncertainty, based on anecdotal 

evidence. The behaviour rules were therefore reduced to the concept that herring were 

able to remember and migrate to a specific geographic location where they had 

previously spawned. The model was built on the assumption that a specific sub-

population of herring habitually spawned within the footprint of the proposed lagoon, 
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would return directly to that location without any behavioural modification related to 

the lagoon or turbines. The model represented complete uncertainty in the way herring 

migrate to their precise spawning location and a high level of uncertainty as to where in 

Swansea Bay they have spawned in the past. The model was designed to hypothesise a 

scenario that led to a very high level of encounter with the turbines and lagoon 

entrance on the basis that any new information that became available would be likely 

to justify a reduction in the predicted encounter and subsequent impact.  

 

1.3 New data and confirmation of existing concepts from recent peer 

reviewed studies 
 

1.3.0.1 Key quotes have been extracted from the new studies, in order to make referencing to 

the precise findings more convenient in the following paragraphs. 

1. “Typically spawning herring aggregate in schools during daytime in pelagic waters 

to avoid predation (Nøttestad et al. 1996, Axelsen et al. 2000), and also perform 

diel vertical migration where shallow habitats are only visited during dark hours 

(Woodhead & Woodhead 1955, Blaxter & Parrish 1965, Eggers et al. 2015)”. 

2. “In shallow waters, however, as found in our study area, spawning herring may 

stay in touch with the bottom at all hours and without dispersing closer to the 

surface during darkness” (Slotte 1998, Eggers et al. 2015).  

3. "Herring lay benthic eggs on shells, gravel, coarse sand and small stones at depths 

down to 250 m (Eggers et al. 2015). Nevertheless, intertidal spawn are viable and 

there are mixed reports of relative survival which depends on predators, gas 

exchange and other factors. Intertidal spawn is transferred to terrestrial 

ecosystems and may represent an important resource (Horn et al. 1998)." 

4. “…small schools may split from the large aggregation for spawning and migrate to 

their spawning grounds” (Eggers et al. 2015). 

5. “…herring may not be tightly linked to specific spawning locations along the coast, 

but may vary their preferred spawning grounds according to changes in 

environmental conditions” (Eggers et al. 2015). 

6. “There was no clear evidence for either natal or repeated homing to this specific 

area; however, [two sub-groups of] herring showed a tendency to stay near the 

coast” (Eggers et al. 2015). 

7. “These observations represent the first documented case of different components 

being present in a spawning school and provide strong indications of regular 

interbreeding” (Johannessen 2009). 

8. “The results indicate a development from low variability in individual positioning 

and strong school coherence before spawning, to high variability during spawning 

that could reflect individual states of maturation” (Langård et al. 2015). 

9. “…while spawning at the school level has been found to be completed within a few 

days” (Langård 2013). 

10. “Pre-spawning state showed high fidelity to a certain site and stayed within a 

narrow vertical range below the thermocline at night with a deeper wider range 

during the day…This location may be understood as a ‘base camp’ close to the 

spawning grounds adjacent to the deepest basin in the system, permitting vertical 

escape.” (Langård 2013). 
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2.0  The new model  
 

2.0.0.1 The new encounter model is based on the facts presented above and from new study 

results. For ease of reference the information in this following section is referenced to 

the above numbered information (e.g. (3)). The 2015 ichthyoplankton survey results (to 

be presented in a separate report) confirmed the lack of herring within Swansea Bay. 

This is consistent with historical reports of a low significance for herring in Swansea Bay 

area, even when the national population was close to peak levels of abundance. 

Nevertheless the evidence of 'absence' in Swansea Bay as recorded in this years' 

surveys, is information which informs the modelling process and suggests that there is 

not a separate sub-population that regularly spawns in this location. This concept of 

separate sub-populations of herring has been discussed in the scientific literature 

extensively. Recent studies have confirmed that interbreeding takes place (7) and this is 

consistent with a lack of spawning fidelity to a particular site which has been confirmed 

in the new tagging studies (5, 6). Thus, in modelling terms, it can assume that the 

population being modelled is a population which would spawn across the area of 

Swansea Bay as a whole and is not restricted to attempting spawn habitually at a 

particular place.  This lack of site fidelity which has been suggested by past information 

about Swansea Bay (Smilie, 1998), is very clearly demonstrated in new studies is of 

fundamental importance to the modelling process (5,6,7).  

2.0.0.2 New tagging studies show that herring spawn at night, and are not influenced in their 

migration timing by the tides (1). Thus the model can reflect diurnal migration to 

spawning sites, and return to ‘pelagic’ areas during the day (1) (this means deeper areas 

away from the coast). It is well established that herring can spawn on any hard 

substrate down to 250m in depth but are also known to spawn on the intertidal and 

shallow surfaces in Swansea Bay (3). Thus the model only examines spawning targets 

across known features on the shallow and intertidal areas within the bay. It should be 

assumed that there will be many other deeper spawning sites, however, since little is 

known of their number and location the model has been restricted to the known sites. 

The relative attractiveness of these areas is unknown and thus the model is based on a 

uniform random distribution of target selection between individual model fish (4). It is 

established that herring will spawn on artificial hard surfaces, including the Port Talbot 

lagoon wall, and therefore the model incorporates spawning targets on the proposed 

marine wall.  

2.0.0.3 Herring may stay close to the bed (2), this means that they may be less impacted by 

tidal currents than they would if they stayed high in the water column. This is due to the 

way currents change with depth in shallow coastal regions (Willis, 2011). This ability to 

avoid exposure to tidal currents is excluded from the model, as it is unknown how much 

influence it might have, and full exposure is the worst case likely to lead to higher 

impact. Thus a random vertical distribution in the water column has been assumed, 

which remains constant for each model fish until a change in light when the vertical 

distributions are recalculated to form a different uniform random distribution in depth.  

2.0.0.4 Herring make distinctive sounds which are thought to be part of their communication 

during schooling and spawning and it has therefore been assumed within the model 

that they can form schools in dark and turbid water and, being well adapted to acoustic 

cues, they can identify areas of shallow and deeper water. In modelling terms, herring 
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acoustic adaptations give a plausible mechanism whereby they can move to and from 

deeper water in a well-directed way in schools in day and night at any depth (8). This is 

confirmed in the new tagging studies. Related to this aural sensory capability, herring 

are known to be influenced by acoustic deflectors and the technology is used to prevent 

herring being entrapped in cool water intakes to power stations in the UK. No 

avoidance behaviour is incorporated in this model. 

2.0.0.5 The ‘base camp’ concept of pre-spawning aggregation (9) is incorporated in the new 

model (rather than a previous ‘random approach’) and although there are no places of 

comparable depth within the Severn Estuary, (with a thermocline for instance) it has 

been assumed that such pre-staging sites would be close enough to Swansea Bay to 

allow a spawning migration within a single night but in the deepest section of water 

(depths over 20 m deep have been chosen). 

2.1 Parameters and behaviour 

 

2.1.1 Variable parameters for herring (similar to previous defaults): 
 

• Speed:  1.5 body lengths per second 

• Body length:  0.3 +/- 0.05 m 

• Navigational Frequency: 240 s 

• Directional accuracy:  0.1 π per 60 s.  

• STRIKERv.4™ standard integration, 1000 resamples, using VS Andritz turbines, 

mean impact rate for ebb and flood tide. 

• Initialise 10,000 fish 1 hour around spring high tide (7
th

 March 2012, 11.09 am) in 

depth over 25 m, 1 hour before spring high (randomly distributed in off-shore box.) 

• Fish are uniformly randomly distributed in depth in the water column, re-

calculated at each change of light. 

2.1.2 Behavioural rules: 

 

• In daylight swim toward initialisation point, in night swim toward (randomly 

assigned) spawning target. Continue for 3 days. 

• No avoidance behaviour to the turbines, sluices or possible acoustic deflectors is 

incorporated. No movement is allowed through sluices or turbines when water 

velocity through these is below a low threshold. 

•  

Table 1. Summary parameters. Rows from Fish Encounter Modelling Appendix 9.3 Table 4 in grey. 

Species Scenario 

identifier 

Mean 

swim 

speed m/s 

SE 

swim 

speed 

Min swim 

speed 

Max 

swim 

speed 

Mode 

Herring adult  TEM-A04 0.45 0.02 0.4 0.51  Homing zone 

Herring adult V2  TEM-A04 0.45 0.07 0.2 0.72  target / return 
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2.1.3 Results 
 

Mortality: 1837 +/- 38 per 10,000. (18% +/- 0.4%) 

Video presentation of model run is available: TEM-A04 herringV2.avi 

Species Scenario 

identifier 

�o. 

encountering 

turbines 

Turbine 

Passes 

Difference 

in/out 

Mean 

mortality 

% 

SE 

Mortality 

% 

Herring adult (as per ES)  TEM-A04 6368 9065 0 26.69 0.34 

Herring adult V2  TEM-A04 2605 7293 0 18.37 0.4 

Herring adult V2 neap TEM-A04n 2982 8109 0 16.17 0.4 

 

3.0 Discussion 
 

3.0.0.1 The initialisation state (Figure 1) is designed to sample the broad area of assumed 

inhabitation in the ‘base camp’ situation, rather than to mimic realistic patterns of 

school dispersion. In reality it is assumed that herring will school relatively tightly at this 

time, but since it is not known where, all potential sites are sampled.  

 

Figure 1. Initialisation of herring spawning model. The model herring are black dots, dry intertidal is sand coloured, the area 

of existing spawning is black dashed line polygon, spawning targets are small magenta open circles, spring low tide is faint 

dotted black line, tide phase is shown as red dot on blue line at base of figure, daylight/night is shown as yellow circle (goes 

black at night), and positions of ancient fish traps are red lines. The axis tick marks are OSGB grid in m, and the colour scale 

bar is in m depth. The figure shows the initialised positions of the herring are bounded by a large offshore rectangle (to the 

south and west) and predominantly by the 20 m depth contour to the north and east. The location of the initialisation is 

designed to sample all the potential positions of the ‘base camp’ from which spawning herring are assumed to travel to 

spawn each night, and to which they attempt to return each day. 
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3.0.0.2 Fish navigate to spawning targets on the shoreline of Swansea Bay and on the proposed 

lagoon wall. Their navigational parameters remain unchanged as they spawn. The 

herring therefore swarm around the spawning targets but they do not ‘stop’ or change 

their behaviour in any way, and they remain at the mercy of the tides (Figure 2). 

 

Figure 2. Spawning herring model during spawning and during approach to spawning target sites. The model herring are 

black dots, dry intertidal is sand coloured, the area of existing spawning is black dashed line polygon, spawning targets are 

small magenta open circles, spring low tide is faint dotted black line, tide phase is shown as red dot on blue line at base of 

figure (history of this run is white dots), daylight/night is shown as black circle (goes yellow at day), and positions of ancient 

fish traps are red lines. The axis tick marks are OSGB grid in m, and the colour scale bar is in m depth. The model herring are 

shown swarming around the spawning targets. Their navigational parameters are unchanged and thus their fidelity with 

the spawning target is random and based on their navigational parameters, they remain subject to tidal currents at this 

time. 

3.0.0.3 Existing areas of known spawning (Figure 9.12 Identified herring spawning grounds 

within Swansea Bay – Tidal Lagoon Swansea Bay - Environmental Statement: Fish, 

including Recreational and Commercial Fisheries) were used to position the targets. In 

reality the targets within the lagoon are unlikely to be targets in the future. The 

evidence suggests that herring only have approximate targets for spawning and these 

are re-assessed each year by a spawning population that may not have used the area 

before (Eggers et al. 2015, Langård et al. 2015). There has been some scientific 

exploration of the concept that older herring lead younger herring to known spawning 

areas (Huse et al. 2002). In this case it can be assumed that less attractive sites, or more 

dangerous sites, would quickly become either known and avoided, or avoided due to 

the lack of successful scouts. In either case the impact of the proposed works would be 

less. The known spawning sites on the intertidal of Swansea Bay are most likely the 

product of a spawning population of herring swimming into the Bay in approximate 

orientation with the shoreline. A combination of swimming and tidal currents would 

then draw the spawners along the shoreline from east to west over the areas of hard 

substrate; where some spawn. In this case the model, by assuming some fish target 

spawning areas beyond the lagoon wall, will overestimate the mortality. Nevertheless, 



   

Technical Note: Swansea Bay Herring - new encounter model   Page 7 

herring explore complex lagoons and shorelines for potential spawning sites (Eggers et 

al. 2015). This type of model of spawning in shallow water demonstrates how stone and 

timber fish traps built on the beaches of Swansea Bay may have been effective for 

trapping herring (Figure 2). On occasion such traps were so effective that they became a 

public health hazard during the herring spawning season (Smylie 1998). 

 

Figure 3. Detail of the herring model showing the spawning herring within Swansea Bay being constrained by the ebbing 

tide. The model herring are black dots, dry intertidal is sand coloured, the area of existing spawning is black dashed line 

polygon, spring low tide is faint dotted black line, and positions of ancient fish traps are red lines (scanned from aerial 

photographs and old records). The axis tick marks are OSGB grid in m, and the colour scale bar is in m depth. The figure 

dramatically demonstrates how effective the fish traps would have been in trapping fish attempting to spawn on the 

intertidal as the tide retreated. Herring were not the only targets of these traps, but historic records suggests that traps, 

such as these, were extremely effective for trapping herring. 

 

4.0 Background information 
 

4.0.0.1 Importance of herring abundance in the past, quoted from Smylie (1998). 

“So far in our intended journey around the Welsh coast we have remained in Tenby, that 

capital of the herring fishery along the south coast. Short incursions can be made 

toward the east, although historically, as we have seen, the herring was of no 

significance. One slight exception might be Port Eynon, on the Gower Peninsula, where 

there are the remains of a salthouse built to extract salt from the sea. The bay 

supposedly abounded with similar salthouses and herrings are supposed to have been 

landed and cured here, although the village is more renowned for its oysters, crabs and 

lobsters than it is for herring. Also…herrings were landed at Swansea and mention is 

made in the 1878 ‘Report of the Sea Fisheries of England and Wales’ of herring been 

taken in the bay at Swansea in September, although pollution from the smelting works is 

said to have ensured this didn’t happen often.” (Smylie 1998). A more modern 
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interpretation of this would be that Swansea Bay is on the edge of the natural range of 

this species and therefore that abundance in this location exhibited very high natural 

variation (even higher than the normal high variation for this species that would be 

exhibited at the centre of the range). This effect is known as ‘range collapse’ and 

therefore the explanation related to the smelting works should be treated with caution. 

4.1 General description of spawning:  

 

4.1.0.1 Haegele 1985: Spawning grounds are located in high-energy environments, either 

nearshore for spring spawners or in tidally active areas for fall spawners. Spawn is 

deposited on marine vegetation or on bottom substrate, such as gravel, which is free 

from silting. The eggs are tolerant to temperatures in the range of 5–14 °C and salinities 

in the range of 3–33‰. Egg mortality results mostly from suffocation due to high egg 

densities and silting, predation, and, in intertidal spawn, from stresses imposed by 

exposure to air and from egg loss by wave action. 

4.2 Herring sounds 
 

4.2.0.1 Wahlberg and Westerberg (2003): The pulsed chirp is not known to be produced by any 

other marine animal and may be a good fingerprint for identifying schools of clupeid 

fish by natural predators, fishery scientists and fishermen. 
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