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Abstract 

Herring iarvae were sampied during the LHLS m the ICES area !Va from 1990 to 1997. Larva\ growth was 

dt:iermined based on oioiiih microstructure anaiysis from iarvae of 7-25mm standard length. rhe data were 

correlated to the North Ailantic Osciiiat.ion (NAO) anå the int1ow of Atiantic water (AW) at the same period. 

The study showed a strong correlaiion between posiiive NAO years with a higher intlow of A W and 

subsequently highcr larva l growth rates. wliich could be an inJicalion of favorabie growth conditions. 
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introduction 

The prospects of global warming and ciimatic change have reawakened the interest of 
_co- 1 • l • l • ' • • - • • • • • • • • - . • 

many usm:nes Diotogtsis tn aetectaote corretattons Detween recruttment and abtottc tactors. 

Climatic change may be a cause of iong term aiterations in a particuiar fish stock 

abundance or in its geographicai distribuiion, whiie shorter period environmentai changes 

may be responsible for year·to-year variability in the recruitment of the young fish 

(Shepcrd et al. 1984). The mechat1isms whereby environrnental changc rnight atiect 

recruitment include dircct physiological iesponses in the young fish to changes in 

temperature and salinity or alteration of timing of tOod production cycles in relation to the 

feeding requirements of the young fish (Turrel 1992). 

The North Atlantic OsciHation (NAO) is one of the major modes of c!imatic variability of 

the Northem Hemisphere. It exerts a strong contro! on the climate~ especial!y in the winter 

months. The NAO has stren!!thencd durinl! the ]a.,t vears. reachim• a historical maximum in '-' u -'-----,---------o-------------------- ---------

the early 1990's. It has kept a positive tendency until 1996, when one of the most negative 

indexes of the last years was observcd (Jones et. al 1997). 

The hypothesis that changes on the sea surface temperatures (SST) in the North Sea occur 

as a resuii of iocai atmosphere-ocean processes was investigated by Becker & Pauiy 

( 1996). They found a co~fficient of correlation between NAO and SST of 0.6 for the 

Cential North Sea attd 0.4 fOr the northern North Sea. It tneans that changes in SST are 

largely explained by the local aii-sea chariges that are depending on the North Atlantic 

atmospheric circulation. However, the most part of the heat obtaincd in the northem }.J"orth 

Sea is from oceat1ic origin. During an investigation on the 1'-Jorth Sea heat budget~ Becker 

(1981) derived a11 average heat gain of 8 wm- 1 due to the advective transport from the 

North Atlantic. Thus'; any change in strength and position of the North Atlantic current 

system will therefore int1uence the oceanographic conditions m the >Jorth Sea. 

Consequently, we can expect that changes in environmental conditions through the years of 

the study period might affect to the growth conditions and to the success of a given cohort. 

Sheperd et ai. (i 984) found a correiation between recruittnent and temperature for nine 

species in the North Sea. Corien (i 990) suggesis that most of the observed changes in fish 

stocks could be explained by the tht::ury assurning a long term reduction of the inflow of 

Atlantic \Vater (A\V) to the North Sea during the pcriod l960-i980, and an increase ofthis 

inflo"vv in later years. Success in rccruitmcnt is related to the circulation pattems 1n the 

North Sea due to the larva! transport piocess foi herring (Bartsch et al. J 989). 
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Svendsen et al (1991) showed that an anomaly in large scale atmospheric climate, causing 

local anomalies of climate parameters such as air-sea heat cxchangc, combined with 

physical and oceanic parameters may be of prime importance for the recn.titment success 

partly ihdirectly through their effect on primar; and Secondary production. Cha..'1ges in the 

residual circu!ation of a she1f sea may influence the composition of the available food to 

the larvae by a!tering the advection of the p!anktonic stag es, for cxatnple. 

The eggs and larvae of fishes are of particular intercst because it is gcnerally held that 

younger stages are more susceptible to potentially harm ful environmcntal cffccts than older 

individuals, and because they are so important for the recruitment of new fish into the 

population (Blaxter 1992). The larva! phase of many manne t!shes is characterized by a 

very highmortality. The transition period from cndogcnous to exogenous feeding has been 

considered a particuiariy criticai period in the tish iife history. If the iarvae do not 

encounter sufficieniiy high densities of food during this period, they are bound to die from 

starvaiion (Hjort 19 i 4 ). 

According -to the hypVthesis linking grOwth and niortality rates in young fish (Shcpcrd & 

Cushing 1981, Houdc 1987, 1989, ~v1i1lcr et al. l988l Ricc at al. 1993, Cushing and 

Honvood 1994) a survlval advantage is accrued to fish vvhich move quickly through a 

"mortality 'vvindo\v" tha:t is a period of several months during which as much as 99,99% of 

a cohort may die. l~• .. rapid growth rate through the lar.'al a.11d juvenile stages is thought to 

increase the probabi!ity of surviva! due to all enhanc-ed "ability to feed and aVoid predators 

(Rice et aL 1993, Cushing & Horwood l 994) 

In this study, growth ratcs were estimated based on the otolith mtcrostructure analysis, 

which has proven a vaiuabie tooi in growth studies (Campana and Jones i 992). Herring 

iarva otoiiths (sagiua) deposite an increment (ring) daily (after the yoik sac consumption), 

which permits somatic and otoiith growih rates esiimation. As increment wiuih (distance 

between two consecuilvc incn:ments) reHects the growtll pattern of fish (Geffen 1982, 

rvfoksness & \Vespestad 1989, ~v1oksness 1992) individual growth iatcs cail be calculatcd. 

The proposal of this study was to investigate the possible connectlon bet\veen variations in 

the l'Jorth ~A .. tla.11tic Oscillation, the inflo\v. of Atlantic \Vater into the northem Nort .. h Sea, 

hydrographical conditions and their possible influences on herring larva! growth. 

Material and Methods 

Herring larvae were collected during the International Herring Larvae Sutveys (IHLS) at 

Shetland-Orkneys area (l CES area IV a) from 1990 to 1997. The samples were tak en us ing 
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a "Nackt-Hai" plankton sampler with a mesh stze of 300f!m (Nellen & Hempe! 1969) at 
---- ___ ,_. __ 11 ,_ l •• • • .• .• • •• ...., --· •. - • -~ ~ 

gt:ugrapm<:auy nxeo smuons m me nortnem North ~ea (ttg.IJ. lemperature and sahmty 

were recorded by a sensor attached to the gear. Herring larvae were preserved in 96% 

ethanol. The standard length (front the snout to the end of the notochord) was measured 

Ul'1dcr a stereo-microscope to the nearest O.l n1n1. i..Jo correction for larvai shrinkage due to 

preservation in ethanol wa~ made. The otoliths (sagitta) of 50 larvae per smnpled year, in 

the size ran.ge of 7-23 mm, werc rcmovcd and placed on glass slides (Camparla 1992). 

~y1easurements on the oto!iths werc perforrned using a digitizcd computer video system 

(Leuttron) \Vith a CCD camera (Sony XC-77CE) connected to a microscope (Lcitz Labor 

Lux S) at lOOOx magnification and immersion oiL Otolith readings v·;ere analyzcd using an 

adaptation of the "Oto program'' by Herwig Heilmann (IFM Kiel) (Campana J& Nei!son 

1985, Jones 1986, Munk et al. 1991, Buhler & Clemmesen in prep.), 

Somatic growth rates and otolith growth rates were analyzed by linear regressions ba~ed on 

larva! aging, length and otolith radius measurements. Individual otolith growth rates were 

caicuiated based on daily mean increment width. Biological data were associated to the 

hydrographicai features recorded during the sampling stations, the int1ow of Atlantic water 

(A W) and North Åiiantic Osciiiation (NAO) data. 

The NAO data presented in this study were kindly suppiied by Dr. Phii Jones (Jones 1997). 

The inflow of Atlantic water (A W) in the northen1 North Sea was calculated based on a 

3D-model from the }.J'orwegian project :t-.JOR\VECON (Skogen 1993) and \Vas kindly 

provided by Dr. Einar Svendsen (Skogen & Svendsen unpubl.). In oidei to cvaluatc the 

effect of the strengthening of the NAO in the last years on the hydrographical elements in 

the North Sea, a comparison behveen the NA.O and inflov.r of ,A~tlantic \vater (i1 .. \V) \Vas 

performed. 

Results 

NAO and the voiume of Å W infiow appear to be strongiy correiated (Fig.2). A high 

positive NAO seems to be associated with a higher infiow of Å W in the northem North Sea 

while a negative 1-~AO 1S assuctated with a iower inflow of A W. There is an indication that 

the NAO feature (positive or negative) during the winter n-10nths regulates the atnount of 

A \V which enters in the North Sea (Fig.3). The years 1990, 1993 arid 1997 showed a 

\Vinter period marked by a positive NAO index and, conscqucntly, a highcr inflow of A \V, 

which a!so cou!d explain the high inflov.r in 1997 in spite of the negative annual mean. On 

the other halld, 1991 a.'ld 1996 \Vere characterized by a winter period with negative NAO 

index values and distinguished by relative ly lo\vcr inflo\vs. 
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A.nalysis Of STD (Salinity ind Temperature vs. Depth) profil es (Fig.4) shov;ed a re!ative!y 

homogenotis temperature distribution over the study period \Vith exception of 1991, which 

w~~ a warmer year. In 1990, 1993 a..11d l 997 there was a riotab!e presence of a thermocline 

although a mixed water column wou!d be norma!!y expected for this period (Le, the 

thermocline breaks up at the beginning of autu'mn ( Lcvitus !9R9). 

Comparisons between the sampling years showed a slight trend tor a bigher somatic 

growthrates (Fig.5a) as well as larger larva[ sizes in the years 1990, 1993 and 1997. This 

trend was stronger for the otolith growth rates, where growth rates were much higher in the 

years i990, i993 and i997, but iow in i99i (Fig.5b). 

The hatch check (first ring) was wider (about 1.2 J.Lm) ln the year-classes 1990, 1993 and 

i 997. These yeårs show ed an avcrage otolith daily deposition increasing from l.2;:tm at the 

c entre to 2.1 j.ln1 at the o u ter edge, whilc in 1992 and 1994 the increment width increased 

from 1.1 to 1.6 p.m. In 1991 the mean increment width was approximately l. l p.m with 

practically no daily increasc in iricrement -vvidth (fig.6). 

Comparison of the NAO and inflov·; values and larva! herring growth rates showed a clear 

link between years of a strongly posttlve NAO afld a higher inflow with a tendency for 

higher larva! growth rates. 

Discussion 

The present study reveaied a strong correiation between NAO and the inflow of A W in the 

northem North Sea throughout the years. The strengihening of the wesierly winds due to a 

positive NAO in winter months seems to promote the oceanic iransport into the ~..rorth Sea. 

A weakening of the wesierlies due to a negative NAO Inay be related to a lower intlo\v. 

~v1any authoiS would agiee that a highcr inflo-vv of A \V is advantageous for the North Sea 

The A \V contributes not only to the ·heat storage but also indirectly to t.~e high productivity 

of this area. The relationship bet\.veen streng! y negative l'Lå .. Q indexes and the lo\v inflow 

of /i .. W is not dear. One cou!d suggest that the \veakening of the westerlies could influence 

tl,e ocean i c trat1sport by c.hanges in the current system. Levitus ( 1989) observed that during 

the negative p hase of the NAO in the 1970s, the temperature and salinity changes implied 

base-wide rearrangement in the water dens i ty as a function of depth leading to a weakening 

of the Gulf Stream transport. Temperature anomali es can cause changes in timing of peak 

spawning and dislocation of spawning from traditional spawning grounds. Studying the 

pre-spawning herring movements in the Shetland-Orkneys area, Maraveiias (i 997) found 

that regions of deep thermocline (> 30m) were associated with high herring biomass and 
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that the highest average of pre-spawning herring abundance was mainly observed in waters 

with SST between l l" and i 2°C. These observaiions support the hypothesis that the 

temperaturc pro file of the water colutnn and the geographic iocation are significant factors 

that might modulate prcscnce and relative abundance of herring larvae within the northem 

North Sea ecosystem. 

STD profiles recorded during the sa..T.pling stations for otolith analysis indicated tt1.e 

presence of a thermoc!ine in 1990, J 993 and 1997. li .. s the thermal stratification develops 

during the summer months (April - August) one might expect that such hydrographical 

features have already developed prior to the sampling. The later presence of stratificatlcn 

during !hese vears comoared to the wcll mixed water column fmmci in nthPr vP~ro rnu!d 
~ ~ . - ---- ~---·----- ------ --- ------ ,/--~ -~ 

indicate that intense processes ofbreaking oftherrnal stratification and unwellim• were still • ......, - ,- ------o --- ----

taking piace, which could mean an increase of the primary production and slower 

decreasing of the transition zones between isothermally mixed and stratified waters. In 

other words, it is possibie that the seasonai dcgcneration of the front, which varied in 

timing from year to year depending on the iocai weather conditions, was deiayed in the 

years 1990, 1993 and 1997, which seemed to be advantageous for the iarvae from these 

areas. Probably, the continuan~e of the stratification over a ionger period was related to the 

inflow of A \V. The northen-. 1-~orth Sea bottom watt:r is surrounded by a discreie and 

persistent inflow duiing the summer. In autumn, when the vertical r11ixing increases across 
tho::> nnrthørn 1\.T.-....th ~=" );+-f-lu ro.4-"+-J.....,. ....... ;~: ......... ! J.....-..t-t-.-. ....... ........ +-~- -~m-~--- 'T'L ..... ._ _____ --._ ____ _ co.L-
uu ... H'L.HLoo."..ou ~"V-LLil u .... u, IILU..._, VI UJ..._, V11,5Uia.t UUllVlll WdU:;;;I IC::II dill~. lill[; U;:;;llliJC:ldlUl~ Ul Ull[; 

the winter (Turrel 1992). 

The biologicai relationshio hetween the lamer larva l <i7"< at hat~hin" wici"r h~t"h-checks .._.. , -- ---- ----o------ -----------------···o, ··---· ------- ---

and higher growth rates found in the year-classes I 990, I 993 and 1997 and the stratified 

water layer found at this area, in the same years, is not clear. It has been suggested !hat pre­

spawning aggregations of hcrring foilow the movements of zooplankton to deeper and 

cooler waters beneath the therrnociine during summer (Maraveiias & Reid i 997) and it is 

possible that such areas are u sed by rcpeated spawners not o ni y due to the presencc of food 

resources but also fOr spawning. The larval ~izes at hatching are related to the egg sizes, 

'vvhich are directly influenced by the size of the mother. First time spawm:rs produce 

sma11er low qua1ity eggs and have different spawning tin1es than repeated spawners 

since recently maturc and middle aged fish invest proportionally more 

energy resources into grov·.rth than into reproduction (Calow 1979). In contrast, laiger 

females ( repeated spawners) spa\vn larger eggs from \Vhich larger lar;ae 

Additionally; the temperature exerts inf1uence on egg's incubation time and on !a...'""',ral size at 

hatching, thus lower temperature wi!! produce slight!y !arger !arvae at hatching and higher 

temperatures will produce slightly smal!er larvae (Blax.ter 1992, Biihler & Clemmesen in 
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prep.). Larger eggs produce largcr lar~ae vvhich tend to have higher survival changes 

because mortality in the sea is inversely related to body s1ze (Peterson & \~Vroblenski 

!984). 

In conclusion; the present study showed that the strengthening of the positive NAO indexes 

in the last years has contributed to higher inflow of Atlantic water into the northern North 

Sea. Consequently, this may have contributed to an improvement of the hydrographical 

conditions in the herring's spawning area in the northern North Sea in 1990, 1993 and 

1997. These may be responsible for the increascd larva! otolith and somatic growth rates, 

which couid be indicativc of hetter iarvai condition . 

Acknowiedgments 

\Ve thank the crew of the re·search ships "Alkor~' and "Posti;idon" for help during the many 

surveys and specially, tv1r. Gunnar Joakiinson for his contribution in this work. The authors 

are gratcful to Dr. Suc ~v1itchcl for commcnting on the rcvicnr in draft and English 

correctimi.s. 

References 

Bartsch. J., Brander. K .• Heath. M .. Munk. P .. Richardson. K. & Svendsen. E. 1989. Modell ing the advection 

ofherring larvae in the North Sea. Nature 340 (6235): 632-636. 

Hlaxter. J.H.S 1992. The effect of temperature in larva! fis hes. Neth.J.of Zool. 42(2-3 ):336-357 

Becker. G. & Pauiy, Ni. i996. Sea surface temperature changes m the Nonh Sea and iheir causes. ICES 

'"•---<'-' ~-. nn...,. nn.n 
J .lvtar .;:,cJ.,J .J: {){) t-1')':1(). 

Becker, G. A. 19R l. Beitffige zur Hydrographie und \Vårme Bilanz der Nordsee. Deutsche Hydfographische 

Zeitung, 34: 167~262. 

Calow. P. 1979. The cost of reproduction- a physio!ogica! approach. BioL Rev. 54: 23-40~ 

Campana. S. and Jones. C. 1992. Analysis of otolith microstructure data. Can. Spee. Pub. Fish. Aqua!. Sei. 

117:73-100. 

Campana,S. & Neilson, J. 1985. Microstructure of Fish Otoliths. Can.J.fish.Aquat.Sci . .42: lO 14-1032. 

7 



Corten, A. 1990. Lung-ierm trends in peiagic fish stocks of the North Sea and adjacent waters and their 

possiblc connection to hydrographi~.: changes. Neth. j_ Sea Res. 25: 227-235. 

Cushing, D. H & HorJ.tood, J. Vl. 1994. The growth and death o l fish iarvae. journai of Piankton Research, 

16: 291-300. 

Geffen, A~ 1982. Oto!ith ring depositlon in re!at!on to growth rate in herrlng (Clupca harcngu~) and turbot 

(Scophtalmus maxi mus) larvae. Mar.Bio!. 7!: 3! 7-326. 

Hjort, J. 1914. Fluctuations in the great fisheries of northcrn Europe viewed m the light of biolog!cal 

research. Rapp. P.-v. Reun.Cons.Penn.Tnt.Explor.Mer..20: 1-228. 

Houde, E.D. 1987. Fish early life dynamics and recruitment variability. American Fisheries Society 

Simposium, 2: 17-29. 

Houde, E.D. i989. Comparative growth. mortaiity, and encrgetics of marine fish larvae: temperature and 

- l" _j l .-. ,. ' lV' ' ............ .-.~ ·-· --~~ 
iiTJPJieu 1amuuma1 enec{S. tiSil.tlUII .• lSJ: 4/ J-4-Y). 

Jones. C. 19&0. Detennining age of larval fish with the otolith incremt:nt lt:chnique. Fish. Bull. U.S. 84: 9 i-

104. 

Jones, P.D .. Jchscn T. and \Vheeler. D. 1997 Extension of North Atlantic Oscillation usmg eaily 

instmmenta! pressure observations from Gi!bratar and south=west lcc!and, 17. 1433-1450. 

Levitus, So 1989, Interpentada! variabi!ity oftemperature and sa!inity in the deep North i\t!antic, 1970-1974 

versus 1955-1959. J. Geophys. Res C Oceans~, 94: (l l): 16125- 16 !3!. 

Maravelias, C. 1997. Trends in abundancc and geographic dis.tribution of North Sea hcrring in relation to 

env~ronmental factors. Mar.Ecoi.Prog.Ser. 159: 151-164. 

Maraveiias. C. & Reid, D. 1997. Identifying the effect" of occanographic features and zoop\ankton on 

prespawning herring abundance using generaiized additive modeis. Mar.Ecoi.Prog.Ser. i47: i-9. 

1'-Æ!ler, TJ. Crowdcr, LB .. Rice JA., MarshaH EA. 1988. Laival :sizc and recruitment mechanisms 111 fishes: 

to\vard a conceptual framework. Can. I. Fish. Aquat. Sei .. 45: 1657-1670. 

Moksness. E. & Wespestad. V. 1989. ,a~geing and back-ca!culation growth rate in Nor~cgian sprmg 

spawning herring (C!upea harengus pa!!asi) !arvae by reading daily oto!ith increments. Fish. Bu!!..87: 509-

518. 

8 



!v'!oksness, E. !992. Differcnce~ in oto!ith micro1:;tmcture and bOdy growth rate of North Sea hcrring (Clupea 

harengu[-0 L.) !arvae in the period 1987- 1 OQO TrJ:;"(.! T ,......",. ~;;.:,...; Li O· 11'L Yl.(\ 
~..'V..'o ,..._._,u .",.,,...,.,,u..,,,, l..'o ..., .. _. ""'-''-'• 

Ne\len,W~ & Hempe!,G. l 970. Tria!s on the efficiency of plankton sampler "Hai" and the modified Gulf V 

plankton sampler"Nackthai". Her. Dl. Wiss. Kommn. Meeresforsch.,20 (2):141-154. 

Munk, P., Heath, M., Skaarup. B. 1991. Regional and seasonal differences in growth of larva) North Sea 

herring (Ciupea harengus 1..) estimated by otolith microstructurc analysis. Cont.Shelf.Res .. Il (7): 641-654. 

Peterson, l. & Wroblewski. S. 1984. Mortality rate of fishes m the pelagtc ecossystem. Can .. L Fish. Aquat. 

Sei. 4i: i i i7- i i20. 

Rice. j,A .. iviiiier, TJ, Rose K.A .. Crowder, L.B .. Marschali. .E.A. Trebilz. A.S., De Angelis D.L. 1993. 

Growth rate variation and larval survival: infercnccs from na individual-based size-dependent predation 

Sheperd, J. & Cushing, O.H. !98!. /-"~ mechanism for density-dependent surviva! of !arva! fish as the basis of 

a stock recruitment re!at!onsh!p. J. Como. Ex p!. ~1er. 39: !60-! 67. 

Sheperd, J., Pope, J., & Cousens. R. !984. Variation~ in fish stocks and hypotheses conceming their links 

with el i mate. Cons.int.Explor.Mer., 185: 255-267. 

Skogen, M.D. 1993. A users guide to NORWECON (the NORWegian ECOiogical Model System). 

Technical report 6. Institute of Marine Research, Div. of Marine Env., Pb 1870 N-5024 Bergen, Norway. 

Solemdal, Per JY97. Maternal effects- a hnk between the past and the future. Journal of Sea Research 37: 

2i3-227 

SvenUsen, E., Saetre, R. & Mork. M. i 99 i. Features of the nofthern North Sea circulation. Cont. Shelf. 

Reseaich 11(5): 493-508. 

Turrel, \\JR. 1992. The East Shetland Atlantic !nflmv. !CES !v1ar Sei Symp 195: ! 27- !43. 

TurreL WR~ 1992 . New Hypotheses concerning the circulation of the northern North Sea and it~ rel3.tion to 

the North Sea fish stock recruitment. lCFS J.Mar.Sci. 49:107-123. 

9 



Fig 1. Sampling stations of herring larvae for otolith analysis in the North Sea. Legend:points 
represent the geographic-a! position of the stations and colours the respactive sampling yeaiS. 
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Fig 2. Bars show annua l mean values for the NAO index 
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!ncremants number 
Fig 6. Mean increment width of each increment (1st,2nd,3th ... ) of 
herrinn l::~~rv:u=!! otnliths. for th~ VA~r<:: nf thø c::t••rl\1 nørinrl r::r .. nr h!:t.r~ 
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give the standard dev!ation. Measurements \·vere done forN= 50 
!arvae per year-c!ass. 
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