
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

Downloaded from orbit.dtu.dk on: Sep 27, 2021

Manual to determine gonadal maturity of Baltic herring

Bucholtz, Rikke Hagstrøm; Tomkiewicz, Jonna; Dalskov, Jørgen

Publication date:
2008

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Bucholtz, R. H., Tomkiewicz, J., & Dalskov, J. (2008). Manual to determine gonadal maturity of Baltic herring.
National Institute of Aquatic Resources, Technical University of Denmark. DTU Aqua-rapport No. 197-08
http://www.difres.dk/dk/publication/files/24032009$19708_gonadal_maturity_of_herring.pdf

https://orbit.dtu.dk/en/publications/54ed01a8-dd6d-4a8c-8728-582f9184426d
http://www.difres.dk/dk/publication/files/24032009$19708_gonadal_maturity_of_herring.pdf


Manual to determine gonadal maturity of herring (Clupea harengus L.)
DTU Aqua report no. 197-08 
ISSN 1395-8216 
ISBN: 978-87-7481-090-2 

Cover photo: Cordula Schmitz 
Cover design and print: Schultz Grafisk  
Printed October 2008 

Citation: Bucholtz, R.H., Tomkiewicz, J. & Dalskov, J. (2008) Manual to determine gonadal maturity of 
herring (Clupea harengus L.). DTU Aqua-report 197-08, Charlottenlund: National Institute of Aquatic 
Resources. 45 p. 

The manual can be purchased as a laminated version for field application by contacting DTU Aqua, 
aqua@aqua.dtu.dk 

The manual can also be downloaded from 
http://www.aqua.dtu.dk/Publikationer/Forskningsrapporter.aspx 

DTU Aqua reports 
DTU Aqua reports are published by DTU Aqua, National Institute of Aquatic Resources and contain results 
from research projects etc. The views and conclusions are not necessarily those of the Institute. 

The reports can be borrowed from the Institute’s libraries. The newer reports can also be downloaded from 
www.aqua.dtu.dk. Most of the reports are in Danish.



3

Preface

This manual was developed with the purpose to improve the quality of maturity data of 
herring (Clupea harengus L.), and thereby the basis for estimation of spawning stock 
biomass applied in stock assessment and management as an indicator of stock 
reproductive potential. The maturity scale presented includes eight maturity stages for 
each sex. The macroscopic maturity stages are based on a histological evaluation of 
gonadal development. The manual and analyses were based on samplings of herring 
obtained from the central and western Baltic.  

The macroscopic stages are illustrated in different ways in order to reduce differences in 
subjective judgement and thereby increase the accuracy of stage identification using the 
approach of Tomkiewicz et al. (2002). In addition, light microscopy of oocytes is suggested 
as a means of immediate verification, while histological criteria are included as a means for 
subsequent validation. The histological classification criteria are included and similarly 
illustrated. 

The manual will provide the basis for an improvement of the quality of the data collected 
according to the EU fisheries data collection regulation (DCR). Furthermore, the manual 
will be an important tool for ongoing work by ICES PGCCDBS (Planning Group for 
Commercial Catches Discard and Biological Sampling) on standardisation and quality 
assurance of fisheries data collection. Sampling, analyses and the elaboration of the 
manual was primarily supported by DTU Aqua.  

Sampling was conducted during the Baltic International Trawl Survey (BITS) and we 
acknowledge the following people at DTU Aqua, who participated in the sampling, 
histological analyses, and/or provided constructive feedback on previous versions of the 
manual: Kirstine Underbjerg Larsen, Inger Hornum, Lotte Worsøe Clausen, Stina B. 
Stenersen Hansen, Susanne Hansen and Henrik Mosegaard. We appreciate the 
collaboration with Gerd Kraus (Johann Heinrich von Thünen-Institut, Federal Research 
Institute for Rural Areas, Forestry and Fisheries, Hamburg, Germany), who helped us 
obtaining spawning herring. We thank Edward A. Trippel (St. Andrews Biological Station, 
St. Andrews, Canada), Olav Kjesbu (Insitute of Marine Research, Bergen, Norway) and 
Gavin Power (Galway-Mayo Institute of Technology, Galway, Ireland) for a useful dialogue 
about characteristics of the maturity stages and suggestions for improvement of the 
manual.   

Technical University of Denmark 
National Institute of Aquatic Resources 
Charlottenlund, October 2008 
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Introduction
Herring populations 
Herring commonly migrate between feeding areas and spawning grounds every year. 
Baltic herring typically spawn in bights or estuaries on shallow water banks (Rajasilta et al. 
1993), while other herring populatons seek deeper water banks (Runnström 1941, Parrish 
& Saville 1965). Herring are divided into stocks, populations and races according to 
morphological characteristics and where and when they spawn (ICES 2003). Herring 
populations mix with each other during spawning or feeding seasons and individuals 
belonging to different populations can often only be distinguished by meristic characters 
such as otolith microstructure and shape or genetic analyses (Bekkevold et al. 2005, 
Podolska 2006, Clausen et al. 2007).  

Herring sampled in the Baltic Sea have been used as examples in this manual. In the 
central Baltic Sea, herring spawning in spring (March-April) dominates, but herring 
spawning in autumn (September-October) are also present. In the western Baltic Sea, the 
spring-spawning Rügen herring migrates to feeding areas as far away as the North Sea, 
but also local residing populations exist (Aro 1989, Bekkevold et al. 2005, Clausen et al.
2007). 

Reproductive biology 
Herring is iteroparous with determinate fecundity and group-synchronous oocyte 
development (Murua and Saborido-Rey 2003). In other words, herring can spawn several 
times during a lifetime, the amount of eggs to be spawned in a given year is determined 
early in the maturation phase, and the recruited oocytes develop synchronously. All eggs 
are spawned during one spawning event covering a relatively short time period. The eggs 
are very sticky and adhere to the substrate, which in the Baltic Sea may be filamentous 
algae or aquatic plants such as pondweed (Rajasilta et al. 1993), and in the North Sea 
more commonly small stones or gravel (Parrish & Saville 1965). The eggs are fertilised by 
the male herring swimming close to the female and releasing milt over the eggs (Holliday 
1958).  

Sampling of gonads and fresh mounts 
Gonads used to develop the maturity scale were sampled onboard two research cruises in 
the Bornholm Basin of the Baltic Sea during November 2004 and March 2006, and from 
commercial catches in Kiel Bight in May 2006. Samples from different times of the year 
provided gonads in different developmental stages of the reproductive cycle. The sampling 
considered fish length in order to cover different sizes of herring within maturity stages. Of 
each sampled fish, length and body weight were recorded and the gonad was weighed and 
photographed together with the fish prior to preservation in a 4% buffered formaldehyde 
solution. 

From a subset of samples, fresh mounts of ovarian tissue from females in different 
developmental stages were photographed to illustrate the characteristics of un-preserved 
oocytes. Kjesbu (1991) applied a similar approach photographing fixed oocytes in whole-
mount preparations of cod ovarian tissue. In the present analysis, samples from the same 
ovaries were preserved and analysed histologically for verification of oocyte development. 
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Histological analysis and classification  
The sampled ovaries and testes were analysed histologically in the laboratory. A section of 
the middle part of one gonad lobe was selected and embedded in paraffin, sectioned at 7 
µm and stained using H&E.

Gonadal development is a continuous process, but specific histological characteristics can 
be used to classify stages of gonadal development during the reproductive cycle. The 
histological analyses of reproductive status considered previous work on herring by 
Bowers and Holliday (1961) as well as a guide to macroscopic and microscopic maturity 
stages of Atlantic herring by Landry and McQuinn (1988).   

The microscopic criteria applied in the classification of ovarian development are  
based on oocyte  characteristics such as the formation of cortical alveoli, degree of yolk 
accumulation and nuclear migration. For males, criteria   such as the presence/absence 
and relative proportion of spermatogonia, spermatocytes and spermatozoa were applied. 
The criteria applied to classify maturity histologically are given in the illustrated guide to 
histological classes on pages 10 and 11. 

Reproductive cycle and maturity stages 
The developed and validated maturity scale includes eight stages per sex, which are 
described on pages 12 to 13. The maturity stages can be grouped into five phases: I. 
Juvenile; II.-IV. Maturation; V.-VI. Spawning; VII. Spent-regeneration; and VIII. Abnormal. 
The figure below illustrates the stages and phases in relation to the reproductive cycle:  

The description of macroscopic criteria was developed by comparing the histological 
results with the photographic records of the gonads. The macroscopic stages are 
described and illustrated on pages 14 to 29 and 30 to 45 for females and males, 
respectively. For females, the development is further illustrated using light microscopy 
photos of fresh mounts. In the unpreserved oocytes, it is possible to identify e.g. the 
presence of cortical alveoli and accumulated yolk granules. This method can be applied at 
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Figure 1. Developmental stages and phases defined histologically and macroscopically from ovaries and testes 
of herring sampled in the Baltic Sea. 
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sea using a light microscope for a rapid evaluation to distinguish whether a female is 
immature, in spent-regeneration stage or -maturing, and to ascertain that vitellogenesis 
has begun as suggested by Kjesbu (1991).

Manual design 
Histological maturity classes 
The histological classes are described for females and males on two separate pages. Only 
class I to VII are included in this description. For each class, information is given about the 
composition of cell types in the specific class and for females emphasizing the developing 
group of oocytes. Each class is illustrated by two photographs. The image to the left of the 
text is an overview of a larger area of the gonad section, while the image to the right is a 
close-up. For both males and females the overview photograph illustrates the different 
reproductive cell types present in the maturity class and the overall structure of the 
reproductive tissue. The characteristic oocytes for the specific female maturity class are 
shown in the close-up image, while for males it is simply a closer view of the composition 
of gamete types present in the specific maturity class. 

Macroscopic maturity stages  
The description of stages provides information about the extension of the gonad in relation 
to the body cavity as well as the width of the gonad at the widest point. Relative size, 
shape, consistency and structure are the most important characteristics distinguishing 
maturity stages. Differences in colour between maturity stages that occur during 
development due to yolk and sperm formation are also described as well as the hydration 
of oocytes. The colour is a more prominent trait in females than males, as the variation in 
colour between testes in different maturity stages is more subtle than for ovaries. The most 
significant macroscopic characteristics of ovaries are the visibility and opaqueness of the 
oocytes, while for males it is the volume of the testes compared to the body cavity as well 
as the appearance of the sperm duct and milt. The male reproductive cycle in general 
exhibit a smoother transition between stages than the female cycle.  

Illustrations 
Each maturity stage is illustrated by two examples indicating the variation in appearance 
within the specific stage. In most cases, the first example is a specimen early in the 
specific maturity stage and the second later in the stage. The exceptions include stages II 
and III for females and stage II for males, where the first example is a juvenile undergoing 
its first maturation and the second example a repeat spawner in maturation. The first 
example is therefore often a smaller specimen than used in example two. 

Each stage includes at least one photograph illustrating the appearance of gonads in the 
body cavity (except male stage II), a photograph of the gonad next to the fish and one or 
more close-ups of gonad structure or tissue. For each female stage a light microscopy 
photograph additionally illustrates the developmental characteristics of oocytes in fresh 
gonad tissue. The squares on the blue background used in the photographs measure 
1x1 cm.

Figures 2 and 3 illustrate descriptors used to explain the position and morphological 
structures within ovaries and testes, respectively. The description dorsal and ventral parts 
of the lobes refer to their position in the body cavity of a fish. The lobes unfold when the 
gonad is removed from the body cavity, which makes macroscopic characteristics easier 
detectable. The left lobe (viewed from anterior and the ventral side of the fish) is normally 
the larger of the two. 
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Text boxes and close-ups
Two text boxes accompany each example. The larger text box highlights important 
characteristics and provides tips for easy recognition of the stage in question. These 
characteristics are illustrated by close-ups of the gonad and additionally for females, light 
microscopy photographs of fresh mounts of ovarian tissue. The smaller text box shows 
information about the illustrated specimen including total length (LT), total body mass (MB), 
gonad weight (MG), gonadosomatic index (GSI = MG/ MB*100), the sampling month and 
year (M) and the fish identification number (ID). 
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Figure 2. Descriptors used in the manual to explain the position of morphological structures, such as the 
oviduct. The location of the main artery is also depicted. Dorsal and ventral part refers to the position of 
the lobes in the body cavity of the fish. 
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Figure 3. Descriptors used in the manual to explain the position of morphological structures within herring 
testes, such as the spermatoduct. The location of the main artery is also depicted. Dorsal and ventral part  
refers to the position of the lobes in the body cavity of the fish. 



8

Application of the manual 
Limitations
This manual utilises herring in the Baltic Sea. Therefore, the manual may not fully cover 
visual and meristic characteristics of herring populations in other areas. In particular, the 
colour of ovaries can vary among stocks. The width span of gonads in different maturity 
stages should be considered on a relative scale for other stocks, since herring races vary 
considerably in size. Maturity stages are sometimes determined from frozen samples and 
in this case the characteristic traits provided for stages may be difficult to discern.  

A resting stage or skip of spawning stage is not included separately in the maturity scale. 
Such a stage may exist and prevail in other areas and in some periods, but it did not occur 
in the specimens obtained in the present samplings. A gradual transition between spent, 
recovering, and rematuring testes was observed for males, but not for ovaries.  

Lower size limits for sex and maturity determination 
The gonads of herring are relatively long and easily detectable even in very small and 
immature individuals. The characteristic transverse grooves along the ventral side of the 
cylindrical ovaries, which are due to internal septa, compared to the even structure of the 
blade shaped testes makes the macroscopic distinction between the two sexes relatively 
easy. During the three sampling events, no fish under the length of 11 cm was obtained 
and the sex and maturity stage of all specimens could be determined. It seems realistic 
that the sex of even smaller individuals can be judged macroscopically.

Maturity data for stock assessment  
The optimal sampling time to estimate the proportion of spawners and hence herring 
spawning stock size is around 1-2 months before the start of the spawning season. For 
spring spawners in the Baltic Sea, the optimal sampling time is in February-March, while 
for autumn spawners it is July-August. However, establishment of traditional stock specific 
maturity ogives for herring e.g. in the Baltic Sea is hampered by the mixing of spring and 
autumn spawners in the surveyed areas, because immature specimens cannot be 
designated to a specific stock by visual judgement. 

Within seasons, spawners however can often be separated into spring spawners and 
autumn spawners by the degree of maturation. Stage III-VI specimens caught in January 
April will be spring spawners, while stage VII and II specimens will be autumn spawners. 
Likewise stage III-VI specimens caught in July-September will be autumn spawners, while 
stage VII-II specimens will be spring spawners. During October-December and May-June,
the proportion of the stock that will participate in the following spawning season cannot 
accurately be determined. At these times, spent individuals (stage VII) and rematuring 
individuals (stage II) are difficult to separate visually.  These might be distinguished by 
checking the presence/absence of cortical alveoli or yolk granules by light microscopy in 
females, however, the determination will be time consuming and imprecise due also to the 
presence in the stock of less developed first-time spawners. 

We recommend using a spawning probability function that expresses the proportion of 
spawners i.e. proportion maturing specimens in the total population in spring and in 
autumn respectively to obtain more precise estimates of spawning stock size per stock. 
The spawning probability function thus defines the proportion per age or length group that 
can be assumed to spawn in the following spawning season. If the proportion of spawners 
is determined 1-2 months before the spawning season, the spawners will include 
specimens in stages III, IV, V and potentially VI, while the proportion of non-spawners 
includes specimens in stages I, II, VII and VIII.    
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Comparison with other herring maturity scales 
A scale, which was recommended by the ICES Herring Committee in 1963, is used in 
some laboratories. Bowers and Holliday (1961), Landry and McQuinn (1988), Parrish & 
Saville (1963) and ICES 1963 scale are similar and all include a recovering-spent stage 
(VIII) which encompasses the final recovery of the spent gonad as well as the beginning of 
a new maturation cycle. We have split this stage in two, leaving the late recovering in stage 
VII and the rematuring in stage II. Furthermore, we have included a stage covering 
reproductive malfunction (Stage VIII). Table 1 describes the conversion of the scale used 
in this manual to the ICES (1963) scale as well as the scales used for the BITS and IBTS 
surveys. 
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Table 1. Conversion of the maturity scales currently in use. 
Present scale ICES 1963 BITS IBTS
I. Juvenile I. Virgin I. Virgin I. Immature 
II. Early maturation II. Virgin maturing 

VII. Recovering-spent 
III. Mid maturation III. Maturing 
IV. Late maturation IV. Maturing 
V. Spawning capable V. Maturing 

II. Maturing II. Maturing 

VI. Spawning VI. Spawning III. Spawning III. Spawning 
VII. Spent–recovery VII. Spent IV. Spent 

V. Resting 
IV. Spent 

VIII. Abnormal  










































































