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Introduction 
 
In the Celtic Sea and ICES Division VIIj, to the south and southwest of Ireland, 
herring is an important commercial species and currently Ireland is the only country 
targeting this species in this area.  Herring in this region comprise both autumn and 
winter spawning components.  Commercial fishing has targeted the fish during 
spawning times, though in most recent years fish have been targeted during the 
summer feeding phase too.  In VIIj, fishing has traditionally taken place in October, 
and concentrated in the bays and inlets.  In contrast, fishing in VIIaS has mainly been 
in December to January, though in VIIg the fishery traditionally takes place from 
November to January.  The protracted spawning period of herring and the overlap 
between the two spawning socks in this area (October to February) means that it is 
difficult to design a survey that covers all spawning fish in one specific survey.  
 
The stock structure and discrimination of herring in this area is not fully understood.  
It is known that fish in the eastern Celtic Sea recruit from nursery areas in the Irish 
Sea and tagging studies have shown linkages between these areas also.   For the 
purpose of stock assessment and management these areas have been combined since 
1982.  A project is currently underway to describe stock structure and discrimination 
of herring around Ireland.  The results of this project may have implications for the 
design of this survey and for the stock assessment.  For a period in the 1980’s, egg 
and larval surveys were conducted for herring in this area.  However, since 1989, 
acoustic surveys have been carried out, and currently are the only tuning indices 
available.  In the Celtic Sea and VIIj, herring acoustic surveys have been carried out 
since 1989, and the current survey is the 15th in the series.   
 
In addition to the survey track a small component (Baginbun) was intensively 
surveyed using acoustic and multibeam mapping techniques. The Baginbun area is 
located east of Waterford Harbour in ICES division VIIaS. Baginbun has supported a 
large winter fishery for many years and is one of the most important and well known 
winter spawning areas on the south coast.  
 
This year for the first time the RV Celtic Explorer was to survey the area. This 
allowed a more extensive degree of coverage in the time allocated, the survey was 
further complemented with a number of hydrographic transects concentrating along 
the bays in the west and southwest and also along the southern coastline.  
 



Materials and Methods 
 
Area coverage 
 
The areas covered during the winter 2004 survey started in the southwest at Loop 
Head (Figure 1) at the mouth of the Shannon Estuary (Division VIIb) and extended 
along the southwestern seaboard covering the main bays and inlets (VIIj). The south 
coast was covered in continuity from Mizen Head to Carnsore Point (VIIg and VIIaS). 
A parallel transect design was adopted with transects running perpendicular to the 
coastline and extending up to 35 nmi (nautical miles) offshore. Offshore transects 
were spaced at 4 nmi. A more intensive area of coverage was carried out within 10 
nmi of the coastline, where parallel transects were spaced a 2 nmi. For bays and inlets 
encountered a zigzag transect approach was used to optimise coverage. In total the 
combined survey transect length was in the order of 2,500 nmi.  
 
Baginbun  
 
A secondary survey area component was included into the survey design. The design 
involved transects spaced at 2 nmi perpendicular to the shore and extending out to 10 
nmi offshore, based on the original transects covering the area. Transects were 
surveyed during daylight hours with 2 replicates carried out in addition to the original 
coverage. Each replicate was adjusted to 0.3 nmi from the previous line in an 
eastward direction. A separate biomass estimate was generated from this area which 
included the inshore intertransects in the analysis.  
 
Acoustic data Acquisition 
 
Equipment settings for the acoustic equipment were determined before the start of the 
survey program and were based on established settings employed by FSS on previous 
surveys. The settings used on the Celtic Explorer acoustic array are shown in Table 1.  
 
The acoustic data were collected using the Simrad ER60 scientific echosounder. The 
Simrad ES-38B (38 KHz) split-beam transducer is mounted within the vessels drop 
keel and lowered to the working depth of 3m below the vessels hull or 8.8m below the 
sea surface.  
 
While on the survey track the vessel was cruising using DC twin electric motor 
propulsion, supplied from 1 main diesel engine, so in effect providing “silent 
cruising” as compared to normal operations (ICES, 2002). However, it should be 
noted that during fishing operations normal 2 engine operations were employed to 
provide sufficient power to tow the net.   
   

Acoustic data were observed and recorded onto the hard-drive of the processing unit 
using the equipment settings from previous surveys (Table 1). The “RAW files” were 
logged via a continuous Ethernet connection as “EK5” files to the vessels server and 
the ER60 hard drive as a backup in the event of data loss. In addition, as a further 
back up a hard copy was stored on DVD.  Sonar Data’s Echoview® Echolog (Version 
3.2) live viewer was used to display the echogram during data collection to allow the 



scientists to scroll through echograms noting the locations and depths of fish shoals. 
The equipment was monitored continually by a member of the scientific crew. A 15 
minute log was taken recording time, position from the vessels GPS and any 
comments. This log was used to monitor the time spent off track during fishing 
operations and hydrographic stations plus any general observations. 
 
Calibration of Acoustic equipment 

 
Calibration of the ER 60 was carried out in Dunmanus Bay Co. Cork on the 29th 
November midway through the survey. As described by Foote et al. (1997). The 
ER60 was last calibrated in April 2004.  
 
The 38 KHz transducer was calibrated along with the following frequencies, 18, 120, 
200 KHz. The 18 and 38 KHz frequencies were calibrated using standard target 
copper spheres (63mm and 60mm respectively). The 120 and 200 KHz frequencies 
were both calibrated using a 38.1mm tungsten carbide standard target sphere. The 
herring biomass, along with that of sprat (secondary species) and horse mackerel 
(tertiary species) were generated solely from data acquired through the 38 KHz 
transducer. 
  
It should be noted that the beam models were not updated during the survey, as the 
calibration was carried out mid-survey and the survey track was not completed.  This 
would have been inconsistent with the rest of the survey data. Beam models were 
updated once the survey was fully completed. The appropriate calibration correction 
factor was then applied to the data before the final biomass was calculated. Results of 
the calibration (RMS values) were well within Simrad guidelines for all frequencies. 
 
Biological Sampling 
 
A single pelagic midwater trawl with the dimensions of 19m in length (LOA) and 6m 
at the wings ends and a fishing circle of 330 m was employed during the survey 
(Appendix 1).  Mesh size in the wings was 3.3 m through to 5 cm in the cod-end. The 
net was fished with a vertical mouth opening of approximately 15 m, which was 
observed using both a cable linked “BEL Reeson” netsonde (50 kHz). The net was 
fitted with a Scanmar depth sensor. Spread between the trawl doors was monitored 
using Scanmar distance sensors, all sensors being configured and viewed through a 
Scanmar Scanbas system. 
 
All components of the catch from the trawl hauls was sorted and weighed; fish and 
other taxa were identified to species level. Fish samples were divided into species 
composition by weight. Species other than the herring were weighed as a component 
of the catch. Length frequency and length weight data were collected for each 
component of the catch. Length measurements of herring, sprat and pilchard were 
taken to the nearest 0.5 cm below. Age, length, weight, sex and maturity data were 
recorded for individual herring within a random 100 fish sample from each trawl haul, 
where possible. All herring were aged onboard. The appropriate raising factors were 
calculated and applied to provide length frequency compositions for bulk of each 
haul.  
 



Decisions to fish on particular echo-traces were largely subjective and an attempt was 
made to target marks in all areas of concentration not just high density shoals. No 
bottom trawl gear was used during this survey. However, the small size of the 
midwater gear used onboard and its manoeuvrability in relation to the vessel power 
allowed samples at or below 2m from the bottom to be taken in areas of clean ground. 

Acoustic data analysis 
Acoustic data was backed up every 24 hrs and scrutinised using Sonar data’s 
Echoview® (V 3.2) post processing software for the previous days work Partitioning 
of data into the above categories was largely subjective and was viewed and agreed 
upon by 2 scientists experienced in viewing echograms.    
 
The Sa values from each log interval were partitioned into the 4 categories after 
inspection of the echograms. Categories identified on the basis of trace recognition 
and trace recognition were as follows: 
 
1. “Definitely herring” echo-traces or traces were identified on the basis of captures of 
herring from the fishing trawls which had sampled the echo-traces directly, and on 
large marks which had the characteristics of “definite” herring traces (i.e. very high 
intensity (red), narrow inverted tear-shaped marks either directly on the bottom or in 
mid-water and in the case of spawning shoals very dense aggregations in close 
proximity to the seabed).  
 
2. “Probably herring” were attributed to smaller echo-traces that had not been fished 
but which had the characteristic of “definite” herring traces. 
 
3. “Herring in a mixture” were attributed to SA values arising from all fish traces in 
which herring were thought to be contained, owing to the presence of a proportion of 
herring within the nearest trawl haul or within a haul which had been carried out on 
similar echo-traces in similar water depths.  
 
4. “Possibly herring” were attributed to small echo-traces outside areas where fishing 
was carried out, but which had the characteristics of definite herring traces. 
 
The “EK5” files were imported into Echoview (Version 3.20) for echo post-
processing. The echograms were divided into cells using a time/distance grid of 15 
minutes. Cells define sets of sample values of an echogram, from which integration 
variables can be calculated through echo integration. Echo integration was performed 
by selecting marks or scatter, which belonged to one of the four categories above. 
Regions were drawn around the various marks and the software calculates Sa values 
for the selected regions. Sa values were obtained by drawing regions around schools 
and then defining the regions as one of the four categories. The echograms were 
analysed at a threshold of -70 dB and where necessary plankton was filtered out by 
thresholding at –65 dB.   
 
The allocated echo integrator counts (Sa values) from these categories were used to 
estimate the herring numbers according to the method of Dalen and Nakken (1983).  
 
The following TS/length relationships used were those recommended by the acoustic 
survey planning group (Anon, 1994): 



 

  

 Herring                       TS =   20logL – 71.2 dB per individual (L = length in cm)     

 Sprat                           TS =   20logL – 71.2 dB per individual (L = length in cm)     

 Mackerel                    TS =   20logL – 84.9 dB per individual (L = length in cm)     

 Horse mackerel TS =   20logL – 67.5 dB per individual (L = length in cm)     

The TS length relationship used for gadoids was a general physoclist relationship 

(Foote, 1987): 

 Gadoids                      TS =   20logL – 67.5 dB per individual (L = length in cm)  

 

The analysis produced density values of numbers and biomass per nautical mile 
squared for each 15 min log interval. The survey area was stratified into sub-divisions 
using analysis areas of 0.25° of latitude by 0.5° of longitude (Figures 2,3 and 4). 
Inshore intertransects were not included in the analysis for the main survey are. 
However, they were included as part of the Baginbun subarea analysis. Average 
density values for each area sub-division were then multiplied by the corresponding 
area. The areas were calculated by using a Lambert Azimuth projection in “Arcinfo” 
Geographical Information System. Total estimates and age and maturity breakdowns 
were calculated.  
 
Biomass was calculated from numbers using length-weight relationships determined 
from the trawl samples taken during the survey for each of the analysis areas. 
 
Herring weight (grams) = 0.001* L 3.601  (L = length in cm)  
Sprat weight (grams) = 0.003* L 3.383  (L = length in cm)  
Horse mackerel weight (grams) = 0.015* L 2.800  (L = length in cm) 
 

Habitat mapping of spawning grounds 
 
A known herring winter spawning ground (Baginbun) along the south coast was 
mapped using the Simrad EM 1002 (95 KHz) mulibeam echo sounder. This system is 
designed for high resolution seabed mapping. Bathymetric and backscatter data were 
collected using positional data collected from the commercial fleet and from previous 
surveys to define the outer limits of the spawning area.  
 
The area mapped was located to the east of Hook Head in Co. Waterford in an area 
called Baginbun (VIIaS). This is an important winter spawning ground and supports a 
large fishery over the winter months.  In total the winter spawning area in Baginbun 
accounts for over 80 nmi² and is characterised by water depths of between 15-35m. 
Parallel transects running east to west and vice versa were used, with transect spacing 
dependant being on water depth. 
 
 



Hydrographic data collection 
 
Hydrographic stations were carried out during the survey at predetermined locations 
along the track (Figure 1). Data on temperature, depth and conductivity were collected 
using a Seabird 911 rosette sampler at 5m subsurface and 5m above the seabed. This 
was broken down into 11 transects of 18 nmi in length and one of 15 nmi with 3 
equidistant CTD stations on each transect. In the southwest, the Shannon estuary, 
Dingle, Kenmare and Bantry bays were covered. Along the south coast, Cork and 
Waterford harbours were covered in addition to six more areas to provide continuity 
to the data. The data for the bays in the southwest was treated on a bay-by-bay basis, 
whereas south coast transect data was combined to produce an overall profile of 
ambient conditions both at the surface and at depth. A separate bay transect was 
carried out in the Baginbun area. This was carried out to compliment seabed 
multibeam data being collected in this area. 

Marine Mammal and Seabird Observers 
 
During the survey a compliment of two observers kept a daylight watch on marine 
mammal sightings from the crow’s nest (18m above sea level) and a seabird count 
from monkey Island (15m above sea level).  
 
For cetacean observations, watch effort was focused on an area dead ahead of the 
vessel and 45o to either side. Sightings in an area up to 90o either side of the vessel 
were recorded. The area was constantly scanned during these hours by eye and with 
binoculars.  Ships position, course and speed were recorded, environmental conditions 
were recorded every 15 minutes and included, sea state; visibility; cloud cover; swell 
height; precipitation; wind speed & wind direction. For each sighting the following 
data were recorded: time; location; species; distance; bearing; number of animals 
(adults, juveniles and calves) and behaviour. Relative abundance (RA) of cetaceans 
was calculated in terms of number of animals sighted per hour surveyed (aph). RA 
calculations for porpoise, dolphin species and minke whales were made using data 
collected in � Beaufort sea state 3. RA calculations for large whale species were made 
using data collected in � Beaufort sea state 5. 
 
The seabird observer who recorded survey effort, environmental conditions (e.g. 
glare, water depth, wind strength, swell height), positional data, and sightings of the 
various species encountered to one side of the vessel’s trackline. The survey method 
requires that the vessel was travelling on a straight course, at a constant speed of 5-15 
knots, and in sea conditions no greater than those of Beaufort Force 6. The observers 
was situated on the vessel’s monkey-island at a platform height of ~15m. The 
observer conducted visual scans with the naked eye in a 90° bow-to-beam sector 
forward of the ship, concentrating on a 300m-wide strip, from which seabird density 
estimates may be calculated. Water-resistant binoculars (LEICA 10x42) were used to 
confirm features such as species identification, group size and behaviour. 
 
 
 
 
 
 



Results 

Herring stock size 
 
The estimated stock size from the current survey was 12,700 t (Table 4), representing 
119 million individuals (Table 5).  This estimate was composed principally of 
aggregations in the southwest (VIIj) and inshore areas on VIIg.  The estimated SSB 
was 10,000 t, representing 74 million individuals (Table 6).  The SSB was a high 
percentage of overall estimated biomass but comprised a smaller percentage of total 
numbers.  This reflects the greater mean weights of mature fish (Table 7).  The stock 
estimate, disaggregated by length and age, is presented in Table 8.  Table 9 shows the 
estimate in terms of echo-traces classified as definitely or probably herring and 
herring in a mix.   
 
Herring distribution 
 
A total of 27 trawl hauls were carried out over the course of the survey (Figure 1 & 
Table 2). Of this, 11 contained herring and 3 contained over 50% of herring by weight 
of catch.  
 
Single high density herring echo-traces were somewhat elusive during the course of 
the survey (Figure 2). In the Shannon region (VIIb-j) no herring were encountered in 
the first 7 hauls carried out, either as single shoals or as a mixed catch.  
 
Singular marks of spawning herring were only found in one very discreet area, 
Dunamus bay (Haul 12). Aside from this the only herring encountered in this area 
were juveniles mixed with sprat in Kenmare bay (Haul 9).  
 
The mid to eastern region of the south coast is an area associated with winter 
spawning herring. The bulk of herring encountered during the survey were found in 
this area. In particular the areas outside of Cork Harbour (the Daunt Rock) and also to 
the east of Waterford Harbour, namely Baginbun. The latter area provided the most 
significant herring biomass over the whole area surveyed.  
 
Herring stock composition  
  
Survey results indicate the stock to be composed of ages between 0-6 years (winter 
rings). The southwestern region was composed of a higher number of juveniles 
present in mixed catches with sprat. In the southeastern region the number of 
juveniles was markedly lower. The dominant year class overall was found to be 3-
year olds of the 1999/2001 year class, by weight and by numbers (Tables 4 & 5). 2 
and 3-year fish were found to be the second and third highest encountered 
respectively. Results from the 2003 survey show the dominant year class (2-year old 
fish) to have progressed and are represent now as 3-year olds in the stock (Griffin, 
2003).   
 
Percentage length frequencies derived from trawl samples that were used to generate 
the stock profile (Figure 5 and Table 3) and can be visualised as 3 distinct modes, 
small juveniles (0+ winter rings), juveniles to mature fish (1 winter rings) and mature 
adults (2 winter rings). 



 
The stock was found to be dominated by mature fish, by both weight and by numbers 
(Table 6). The number of spent fish encountered was relatively low indicating that the 
peak spawning period was yet to take place. Herring maturity for survey data is based 
on assumptions that all herring with winter rings 1-2 are classed immature. Those of 
3, 4, 5 & 6 are considered mature and those of 7, 8 & 9 winter rings are spent. 

Baginbun  
 
The mean estimate of TSB for herring within the Baginbun (Figures 6 & 7) was found 
to be 37,000 t relating to an SSB of 36,500 t (277 million individuals). The TSB 
values calculated from transect replicates ranged between 1 and 87,000 t.  
 
The estimate associated with continuity of the main survey track was 24,000 t (TSB) 
relating to an SSB of 23,900 t (182 million individuals). However, all estimates are 
based on the inclusion of inshore intertransects and therefore cannot be included in the 
overall estimate of abundance. 
 
Stock composition within the subarea was determined using 2 trawl hauls (Hauls 26 & 
27) and was composed entirely of mature individuals of 2 to 6-year olds.  Haul 26 was 
composed of mainly non spawning fish (stage 4 of an 8 point scale) and contained fish 
of between a wide size range. Haul 27 was carried out less than 6 nmi from the first 
and was composed almost entirely of actively spawning fish of a larger more uniform 
size range (stage 6), as shown in Figures 5 and 6. 
 
Other pelagic species 
 
Horse mackerel was considered as the secondary species for abundance estimation in 
VIIj.  The estimated stock size of horse mackerel over the entire survey area was 
10,000 t, representing 77 million individuals (Table 9).  Horse mackerel were 
dominant in the Shannon area (hauls 1-7). 
 
In the southwestern area sprat and juvenile herring in a mix dominated.  Sprat were 
the most abundant species in that area.  The estimated stock size of sprat over the 
entire survey area was almost 15,000 t, representing 552 million individuals.   

Hydrography 
 
A total of 36 hydrographic stations were carried out during the survey (Figure 1). 
Each of the bays surveyed along the southwest coast was both geographically and 
topographically distinct. As a result each bay was treated individually and a vertical 
profile of both depth and salinity was taken (Figure 8). For the south coast transects 
the data were combined to produce a horizontal profile of salinity and temperature 
(Figure 9).  
 
As the surface data were recorded at 5m subsurface the most distinct effects of 
freshwater plumes cannot be seen clearly. The Shannon estuary receives water from 
the Irelands largest river, and catchment area. The influence of freshwater input 
penetrates to a depth of 45m and quickly disappears beyond 15 nmi offshore. In 
Dingle bay, a similar situation is observed, both in terms of temperature and salinity. 



The mouths of both areas are wide and directly exposed to both wind and sea states 
from all but southerly and easterly directions. Both areas were surveyed at different 
states of the tide, the Shannon during the flood tide and Dingle during slack water 
(low water). However, it should be noted that tidal range was low as the survey time 
coincided with the peak of the neap tidal cycle. 
 
Kenmare Bay was found to have a similar profile to that of Bantry Bay. Distinct cold 
freshwater wedges were noted from CTD data. In the latter the effects of which were 
more distinct. Both bays were surveyed at low water as the tide was beginning to 
flood. In addition, the geographical shape and aspect of these individual long finger 
like bays. Kenmare and Bantry bays are more sheltered and penetrate further in land 
than the Shannon and Dingle areas so the effects of freshwater are more pronounced 
due to the lack of mixing. Also of note was the very calm weather conditions 
experienced during the time frame in which the bays were surveyed.  
Horizontal profiles of the south coast were taken at surface (5m) and 20m subsurface. 
Surface temperature plots show a large warmer water offshore cell in the southeast of 
the survey area. Salinity plots show this area to have a similar make up to the 
surrounding water. Without further stations to the east it is difficult to accurately 
determine where this water comes from with any degree of confidence. Freshwater 
inputs from Cork and Waterford Harbours are evident from the profiles. Freshwater 
input from Waterford Harbour is strong in both surface (5m) and subsurface (20m) 
plots. Indications from freshwater inputs along the south coast show a pronounced 
westward drift, this is also noted in the offshore warm water cell. 
  
Habitat mapping of spawning grounds 

During the available time frame, of 72hrs, approximately half (40 nmi���of area of this 
spawning ground was surveyed (Figure 10). The mapping of this area is an ongoing 
project and will be continued on subsequent surveys in this area. It was decided to 
concentrate on the inshore area first as this is known to contain the greatest 
concentration of spawning fish from historic records. This area also took the longest 
to survey as the mean water depth was below 20m. When the EM1002 beam angles 
were extended to as wide as possible without loosing data clarity (140°), this 
accounted for an effective beam swath of approximately 80m and as a result progress 
was slow.   
 
Primary results indicate a distinct shallow inshore area of bedrock penetrated by 
faults. The fault areas are interspersed with channels which appear to be filled with 
course sand and gravel. Gravel and course sand was found to be the dominant 
substrate types further offshore.  
 
Marine Mammal and seabird observations 
 
The seven species of cetacean identified were; harbour porpoise, common dolphin, 
bottlenose dolphin, white-beaked dolphin, minke whale, fin whale and humpback 
whale (Table 10). A number of sightings of unidentified dolphin species and 
unidentified whale species were also made. Sightings of common seal (Phoca 
vitulina) and grey seal (Halichoerus grypus) were also made close to shore and within 
the bays of west Cork (Figure 11). Weather conditions were exceptional for this time 
of the year, making observations and positive identifications much easier. 



 
Twenty-one coastal bird and seabird species were recorded during the 17-day seabird 
survey (Table 10). By far the most frequently encountered seabird species was the 
black-legged kittiwake. This non-scavenging form of feeding was generally restricted 
to the waters southwest of Cork Harbour (depth~80-95m), and was occasionally 
associated with concentrations of large whale species (e.g. fin whale and humpback 
whale). These feeding episodes may have centred on concentrations of sprat, which 
regularly dominated associated hauls southwest of Cork Harbour. Other species 
involved during these frenzied feeding episodes included herring gulls, great black-
backed gulls, common guillemots and northern gannets. Northern gannet numbers 
were highest in the nearshore regions of west Cork and around Hook Head. The low 
concentrations of northern gannets recorded in close proximity to the Skellig (Co. 
Kerry), Bull Rock (Co. Cork) and Saltees (Co. Wexford) gannetries reflect the 
migratory nature of Europe’s largest seabird species (Mackey et al., 2004). The 
occasional sighting of sooty shearwaters marked the end of the annual migration of 
this pelagic species across the North Atlantic to their breeding colonies located on 
islands east of South America. Low to moderate numbers of the great northern diver, 
a regular winter visitor to Irish coastlines from arctic breeding grounds, were recorded 
off the south Kerry and Wexford coasts. Irregular records of other migratory species 
recorded during the survey included the great skua, arctic skua, manx shearwater and 
lesser black-backed gull.  
 
 
 
   
 
   
 

 
 



Discussion 
 
Exceptionally good weather conditions prevailed during years survey. This allowed 
for the complete coverage of the entire survey track and also facilitated extra work to 
be carried out including, hydrographic stations and increased mapping of spawning 
grounds. 

The acoustic time series of abundance and biomass estimates for this stock is highly 
variable with much noise in the data.  The overall trend appears to be downward since 
the mid-1990’s. The current acoustic stock size estimate for herring is the lowest in 
the time series (Table 11).  The standard operating procedure for ICES assessments of 
stock is to use the abundance of 2 to 5 ringers only.  Furthermore, acoustic estimates 
of SSB are not used, because of poor model diagnostics.  Therefore, the most 
important information from the current survey are the abundance at age data.   

In evaluating this survey time series it is important to consider the differing times of 
the individual surveys and the individual sample design.  In earlier years, two surveys 
were conducted, in order to cover both the autumn and winter spawning components 
(O’Donnell et al. in prep).  After a break, in 1997/1998, acoustic surveys were 
resumed, though in recent seasons only one survey was conducted.  The current 
survey was conducted about 1 month later than in 2003 (October/November) and the 
two previous surveys were conducted in September.  Though the results of individual 
surveys are not directly comparable, they offer the only fisheries independent tuning 
data available.  Unless a viable alternative is found for surveying herring in the Celtic 
Sea and VIIj, the current approach will continue.   

The current survey was conducted at a time that is best suited to surveying winter 
spawning components.  Autumn spawning fish would have left the spawning grounds 
before the mid November and most likely were not registered during the current 
acoustic survey.  The low occurrence of spent fish in the biological samples suggests 
that the survey timing was appropriate for targeting winter spawners.   
 
The problem of trying to estimate the relative abundance a stock with a protracted 
spawning period of four months (October to January) composed of autumn and winter 
spawning fish within a single distinct time window of 3 weeks is clearly evident. 
 
During the course of the survey the Celtic sea herring fishery was closed for the 
remainder of the year due to quota restrictions. The loss of up to date positional data 
on herring whereabouts and movements from the fleet was unfortunate but 
unpreventable. Positional data from the pelagic and demersal fleets working in the 
area are used anecdotally during the survey. 
 
While surveying areas of high sprat abundance, fish were found to be meshed in the 
net. The marks observed entering the net were not represented by the catches attained. 
It is thought that marks were often made up of small sprats that were escaping through 
the codend liner (50mm). A fact echoed by the commercial fleet, which were targeting 
sprat in the same areas and were reporting small poor quality catches. It is 
recommended that a finer mesh liner, to capture these smaller fish be inserted into the 
net for future surveys. Some problems occurred with hauls containing a sprat and 
jellyfish mix when this came to integration. As no known TS strength for these 



invertebrates was known it was very difficult to accurately assign a biomass to marks 
containing such a mix.   
 
Using the Celtic Explorer has allowed a multi-disciplinary approach to be applied 
effectively for the first time to this program. The use of multibeam mapping 
techniques will provide data on the important spawning grounds frequented by this 
stock. Preliminary results from the hydrographic data suggest a different mixing 
pattern than first thought. Further investigations including an appraisal of historic data 
from this area and a redesign of the CTD program for the 2005 survey is 
recommended. 
 
Strong links between the occurrence of pelagic fish, namely sprat and herring, were 
associated with the increased numbers of marine mammal and seabird sightings 
within the survey area. Further investigations including an ecosystem approach to this 
survey are also recommended.            
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Table 1. Settings for the Simrad ER 60 echosounder, employed during the Celtic Sea and VIIb-aS 
herring acoustic survey, December 2004. 
 
Echo sounder:   Simrad ER 60 
Frequency:   38 kHz 
Transducer:   ES 38B- Serial 
Absorption Coefficient: 0.067 dB/Km (manual) 
Pulse length:   1.024 m/s 
Bandwidth:   2.425 KHz 
Transmitting Power:  2000 W (Max) 
Angle Sensitivity:  21.9 dB 
2- way beam angle:  -20.6 
Gain:    25.98 
SA  Correction:   -0.67 
3 dB Beam Width: 
  Alongship:  6.96� 
  Athwartship:  7.04� 
Max Range:   500m 
 
 
Table 2. Celtic Sea and VIIj herring acosutic survey 2004.  Position, water depth, depth of trawling and 
percentage species composition of fishing hauls. 
                        
No. Date Lat. Lon. Time Bottom Target Catch Herring Mackerel Scad Sprat 

  N W  (m) (m) (t) % % % % 
                        
            
1 26/11 52 40.9 10 6.86 1020 87 15 2.30 - - 100  
2 27/11 52 30.04 10 18.39 0248 108 20 2.20 - - 7 4 
3 27/11 52 35.39 10 40.7 1620 125 40 3.50 - - 100 - 
4 28/11 52 16.37 10 42.18 0705 108 20 - - - - - 
5 28/11 52 8.69 10 41.54 0952 117 20 2.84 - 78 - + 
6 28/11 52 13.7 10 47.16 1305 120 20 0.04 - - - - 
7 28/11 52 26.71 10 2.74 1647 127 15 - - - - - 
8 29/11 52 1.32 10 12.69 0540 41 6 1.70  4 + 4 
9 29/11 51 45.23 10 0.56 1722 54 10-40 0.02 9 2 - 45 
10 30/11 51 37.1 10 11.43 2315 55 40 1.86 - - - 100 
11 30/11 51 32.98 9 42.18 1005 44 4 0.03 37 - - 61 
12 30/11 51 32.15 9 49.6 2005 48 10 1.00 100 - - - 
13 01/12 51 20.48 9 21.1 2055 71 50 0.03 - - - 100 
14 02/12 51 23.97 9 16.98 0505 65 30 - - - - - 
15 02/12 51 21.36 9 7.34 1030 22 8 0.01 1 1 - 67 
16 03/12 51 29.78 8 57.13 0455 70 10-25 0.02 - - - 100 
17 03/12 51 26.55 8 42.34 0950 93 15 0.04 - - - 100 
18 04/12 51 34.86 8 32.81 0435 68 10 0.04 - - - 12 
19 04/12 51 19.72 8 0.5 1305 90 20 0.02 - 5 - 28 
20 05/12 51 22.97 7 34.46 1330 90 5 0.03 5 20 - - 
21 05/12 51 46.2 7 56.1 1745 55 20 0.03 3 2 - 87 
22 08/12 51 55.11 7 31.42 0908 48 10 0.03 + - - 41 
23 08/12 52 6.89 7 24.46 2235 20 15 0.06 8 1 - 70 
24 09/12 52 5.04 7 15.03 0730 40 20 0.05 2 - - 47 
25 09/12 51 58.76 7 10.31 1110 55 8 0.03 + - - 45 
26 10/12 52 8.85 6 50.79 1045 18 0 2.00 99 + - - 
27 10/12 52 10.79 6 42.75 1725 22 15 3.00 99 + - - 
                        

 



Table 3.  Celtic Sea and VIIj herring acosutic survey 2004.  Length frequencies (%) used in 
calculating the abundance estimate. 
      
            
cm H 9 H 20 H 11+12 H 24 H 26+27 
      
13.5 2       
14 7       
14.5 11       
15 16       
15.5 4     3  
16 11     6  
16.5 9     9  
17 4     21  
17.5 2     30  
18        24  
18.5          
19          
19.5          
20        3  
20.5 2      1 
21        3 2 
21.5         4 
22         3 
22.5         3 
23 2 9 1  2 
23.5 2 9 2  3 
24 4 9 4  5 
24.5 2    7  11 
25 2 9 14  13 
25.5 4 9 19  20 
26 4 18 20  13 
26.5 7 18 15  10 
27 2 18 9  5 
27.5       6  4 
28       3  1 
28.5       0  0 
29       1  0 
29.5       0  0 
30          
            
      
 
 
 
 
 
 
 
 
 
 
 



Table 4.  Celtic Sea and VIIj herring acosutic survey 2004. Biomass (t) by age group, for each 
area from Celtic Sea and VIIj herring acoustic survey in 2004. Age in winter rings.   
            
Area 0 1 2 3 4 5 6 7 8 9+ Total 
            
32E1 6 - 559.4 1835.0 2176.3 1073.1 244.5 42.7 - - - 5931.065 
31E2 2 - 24.3 76.5 88.5 43.1 5.7 - - - - 238.095 
32D9 6 145.9 57.5 156.6 147.4 52.1 11.2 - - - - 570.541 
32E2 4 - 307.2 122.9 - - - - - - - 430.126 
32E0 4 99.7 39.3 107.0 100.7 35.6 7.6 - - - - 389.902 
32E0 7 - 72.6 1255.2 1847.7 1198.6 271.8 97.1 - - - 4742.971 
33E2 9 411.5 49.6 - - - - - - - - 461.028 
            
Total 657 1,110 3,553 4,361 2,403 541 140 - - - 12,764 
% 2 3 9 10 6 1 0 - - - 31 
            
 
Table 5.  Celtic Sea and VIIj herring acosutic survey 2004.  Numbers (millions) by age group for 
each area from Celtic Sea and VIIj herring acoustic survey in 2004. Age in winter rings.   
            
Area 0 1 2 3 4 5 6 7 8 9+ Total 
            
32E1 6 - 6.85 14.65 16.14 6.97 1.56 0.25 - - - 46.4 
31E2 2 - 0.26 0.64 0.66 0.29 0.04 - - - - 1.9 
32D9 6 7.21 0.70 1.32 1.15 0.36 0.08 - - - - 10.8 
32E2 4 - 3.57 1.43 - - - - - - - 5.0 
32E0 4 4.93 0.48 0.90 0.78 0.25 0.05 - - - - 7.4 
32E0 7 - 0.64 9.66 13.11 7.65 1.71 0.51 - - - 33.3 
33E2 9 13.54 0.87 - - - - - - - - 14.4 
            
Total 26 13 29 32 16 3 1 - - - 119 
% 22 11 24 27 13 3 1 - - - 100 
            
Table 6.  Celtic Sea and VIIj herring acosutic survey 2004. Biomass (t) and 
numbers (millions) by maturity stage.  
          

  Tonnes   Millions 
Area Immature Mature Spent Total   Immature Mature Spent Total 

32E1 6 1018 4680 232 5931  9.7 34.9 1.8 46.4 
31E2 2 45 181 12 238  0.4 1.4 0.1 1.9 
32D9 6 241 310 20 571  8.2 2.5 0.2 10.8 
32E2 4 235 156 39 430  2.7 1.8 0.5 5.0 
32E0 4 165 212 13 390  5.6 1.7 0.1 7.4 
32E0 7 505 4059 178 4743  3.9 28.0 1.3 33.3 
33E2 9 461 0 0 461  14.4 0.0 0.0 14.4 
          
Total 2670 9600 494 12764  45 70 4 119 
% 6 23 1 31  16 26 1 44 
          
      SSB (t) 10,094       Millions 74.3 



Table 7.  Celtic Sea and VIIj herring acosutic survey 2004. Mean length and mean weight at age 
(winter rings). 
         
  Mean length (cm)   Mean weight (g)   
Age Immature Mature Spent  Immature Mature Spent  
         
0 16.1 - 16  26.9 - -  
1 22 23 24  70.0 96.8 96.0  
2 25.3 25.4 26  112.1 130.4 120.3  
3 25.9 25.9 26.3  123.9 147.0 137.8  
4 27 26.6 27.0  138.8 154.0 138.0  
5 - 27.2 0.0  - 165.4 -  
6 - 27.8 0.0  - 163.0 -  
7 - - -  - - -  
8 - - -  - - -  
9+ - - -  - - -  
                  
         
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 8  Celtic Sea and VIIj herring acosutic survey 2004.  Abundance estimate by age and length.

cm 0 1 2 3 4 5 6 7 8 9+ Abundance 
(10^6)

Mean weight 
(g)

13 0.37       0.37 12.5
13.5 0.56       0.56 14.3
14 1.31       1.31 16.2
14.5 1.69       1.69 18.4
15 2.06       2.06 20.7
15.5 2.81       2.81 23.2
16 4.50       4.50 26.0
16.5 5.62       5.62 28.9
17 4.50       4.50 32.2
17.5 2.06       2.06 35.6
18 0.19       0.19 39.3
18.5        43.3
19.5  0.25      0.25 52.2
20  0.76      0.76 57.0
20.5  0.76      0.76 62.2
21  1.77      1.77 67.7
21.5  2.02      2.02 73.6
22  1.01      1.01 79.9
22.5  1.77      1.77 86.5
23  1.26 0.39     1.66 93.4
23.5  1.51 0.59 0.41    2.52 100.8
24  0.76 1.58 0.62    2.96 108.6
24.5  1.01 2.17 2.07    5.25 116.8
25   5.33 4.96 0.26   10.55 125.5
25.5   6.31 6.62 1.03   13.96 134.6
26  0.25 8.09 6.82 1.29 0.46  16.92 144.2
26.5  0.25 3.75 4.76 4.14 1.38  14.27 154.2
27    3.31 4.14   7.45 164.8
27.5   0.39 1.45 2.84 0.69 0.38 5.75 175.8
28    0.41 1.29 0.69 0.38 2.78 187.4
28.5    0.21 0.26   0.47 199.6
29    0.21 0.26 0.23  0.69 212.2

Total 25.68 13.38 28.60 31.85 15.51 3.44 0.76 119.22

Biomass 657 1110 3553 4361 2403 541 140

Mean L 15.99 22.34 25.47 25.88 26.88 27.10 27.75

Mean W 26.41 86.06 134.70 142.69 162.87 167.72 181.64



Table 9.  Celtic Sea and VIIj herring acosutic survey 2004. Stock biomass and abundance 
estimates for herring, sprat and horsemackerel. 
         
  herring   sprat   horse mackerel 
 millions biomass (t)  millions biomass (t)  millions biomass (t) 
Total estimate         
Definitely    552.4 4,594  99.9 10,007 
Mixture 70.9 6,595  66.8 659    
Probably 48.3 6,169  999.7 9,422  0.3 34 
Total estimate 119.2 12,764  1,618.9 14,675  100.2 10,042 
Possibly 28.2 2,009  394.8 3,392  44.1 4,086 
Possible estimate 147.4 14,773  2,013.7 18,067  144.4 14,127 
         
SSB estimate         
Definitely         
Probably 38 5,106       
Mixture 36 4,988       
         
SSB estimate 74 10,094       
 
 
Table 10.  Celtic Sea and VIIj herring acosutic survey 2004. Common and Scientific names of bird and 
mammal species observed. 
        
common name Latin name common name Latin name 
    
great northern diver Gavia imner great black backed gull Larus marinus 
northern fulmar Fulmaris glacialis black legged kittiwake Rissa tridactyla 
sooty shearwater Puffinus griseus common guillemot Uria aalge 
manx shearwater Puffinus puffinus razorbill Alca torda 
northern gannet Morus bassanus black guillemot Cepphus grylle 
great northern diver Phalacrocorax carbo Atlantic puffin Fratercula artica 
European shag Phalacrocorax aristotelis harbour porpoise Phocoena phocoena 
black scoter Melanitta nigra common dolphin Delphinus delphis 
Arctic skua Stercorarius parasiticus bottlenose dolphin Tursiops truncatus 
Great skua Stercorarius skua white beaked dolphin Lagenorhynchus albirostris 
black headed gull Larus ribibundus minke whale Balaenoptera physalus 
mew gull Larus canus humpback whale Megaptera novaeangliae 
lesser black backed gull Larus fuscus common seal Phoca vitulina 
herring gull Larus argentatus grey seal Halichoerus grypus 
glaucous gull Larus hyperboreus     
 

 
 

 
 
 
 
 
 
 
 
 



 
 

 
 
 

Season 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 1999 2000 2001 2002 2003 2004
1991 1992 1993 1994 1995 1996 1997 1998 1999 *2000 2000 2001 2002 2003 2004 2005

0 205 214 142 259 41 5 3 - - 13 - 23 19 0 25 26
1 132 63 427 217 38 280 134 - 21 398 23 18 30 41 73 13
2 249 195 117 438 127 551 757 - 157 208 97 143 160 176 323 29
3 109 95 88 59 160 138 250 - 150 48 85 36 176 142 253 32
4 153 54 50 63 11 94 51 - 201 8 16 19 40 27 61 16
5 32 85 22 26 11 8 42 - 109 1 21 7 44 6 16 3
6 15 22 24 16 7 9 1 - 32 1 8 3 23 8 5 1
7 6 5 10 25 2 8 14 - 30 0 2 2 17 3 2 -
8 3 6 2 2 3 9 1 - 4 0 1 0 11 - - -
9+ 2 - 1 2 1 5 2 - 1 0 0 1 23 - - -

Total 904 739 882 1107 399 1107 1253 705 677 252 250 542 404 758 119
Biomass 103 84 89 104 52 135 151 111 58 30 33 80 49 89 13
SSB 91 77 71 90 51 114 146 111 23 26 32 74 39 86 10

Table 11.  Celtic Sea and VIIj herring acosutic survey time series.  Abundance (millions), biomass and 
SSB (thousand tonnes).  Age in winter rings. *The 1999/2000 July survey was not used in  tuning.
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Figure 1. Cruise track and hydrographic stations. Celtic Sea and Division VIIj herring acoustic survey November/December,2004. 
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Figure 2. Post plot showing the distribution of total herring Sa values (top figure) and total biomass 
(thousands of tonnes- red) and numbers (in millions- black) in the bottom figure.  
Celtic Sea and Division VIIj herring acoustic survey, November/December, 2004. 
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Figure 3. Post plot showing the distribution of total sprat Sa values (top figure) and total biomass 
(thousands of tonnes- red) and numbers (in millions- black) in the bottom figure.  
Celtic Sea and Division VIIj herring acoustic survey, November/December, 2004. 
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Figure 4. Post plot showing the distribution of total horse mackerel Sa values (top figure) and total 
biomass (thousands of tonnes- red) and numbers (in millions- black) in the bottom figure.  
Celtic Sea and Division VIIj herring acoustic survey, November/December, 2004. 
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Figure 5. Baginbun cruise tracks (top) and Sa post plots by transect replicate. 
Celtic Sea and Division VIIj herring acoustic survey, November/December, 2004. 
 



 
Figure 6. Percentage length frequencies of herring from survey hauls as used in the biomass 
calculation. Celtic Sea and Division VIIj herring acoustic survey, November/December, 2004. 
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a). Herring mark 13m tall in 18m of water, recorded at 10:20 (Haul 26) 

 
 
 

 
b). Surface sprat marks up to 20m thick in 71m of water, recorded at 21:00 (Haul 13) 

 
 
 

 

 
Scad mark 15m tall located on top of hard bottom feature in 87m of water, recorded at 10:20 (Haul 1) 

 
 

Figure 7. Echograms of main pelagic species surveyed recorded on the Simrad ER 60 and  viewed on 
Echoview software (V3.2) 
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Figure 8. Vertical temperature (left) and salinity (right) profiles of bays on the southwest coast of 
Ireland. Celtic Sea and Division VIIj herring acoustic survey, November/December, 2004. 
Note: Surface data taken from 5m subsurface. � Indicates station position   
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Figure 9. Horizontal temperature (left) and salinity (right) profiles of the south coast of Ireland at surface (5m subsurface) and at 20m.  
Celtic Sea and Division VIIj herring acoustic survey, November/December, 2004. 
+ : Indicate CTD positions on transects, O: The position of large herring marks. 
 
 



 
 

 
 

 
Figure 10. Baginbun herring winter spawning grounds, as mapped using multibeam techniques 
(incomplete). Celtic Sea and Division VIIj herring acoustic survey, November/December, 2004. 
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Figure 11. Distribution and size of group sightings of dolphin and porpoise sightings (top) and whale 
sightings (bottom) during the  Celtic Sea and Division VIIj herring acoustic survey, 
November/December, 2004. 
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