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Abstract

Using both old data sets and recent information there are indications that the estimates
of spawning stock biomass have been over-optimistic for some commercially important
groundfish species. The concept of non-participation had been used for adults, which
undergo gametogenesis but fail to spawn successfully, or which have very low participation
because fecundity is extremely low for an individual, in comparison to others of the same
species. Interannual variability in production of fertilized eggs may also be due to the
presence of adults which do not undergo gametogenesis every year and this situation may
be much more common than has been previously accepted in setting up stock-recruitment
models. Re-calculations of spawning stock biomass for some groundfish species using
lower and more realistic participation rates should provide better understanding of stock-
recruitment relationships.
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Introduction studied for several groups of commercially
important fish species and for flatfish such as
halibut it has been claimed that there is no stock-
recruit relationship (Cushing, 1971) whereas for
addock an inverse relationship has been stated
Ricker, 1954), which was believed to occur
ecause cannibalism of recruits would increase with
. . ; . stock (Beverton and Holt, 1957). Recent reassess-
be included in calculations of spawning stock ) . : .
ments of stock-recruit relationships (Hillborn and

biomass ItIs f|r_st necessary to know at W.hat IOOIn'[Walters, 1992) show some sceptism regarding the
or by which criteria, a fish can be considered an

adult. Usually this partitioning has been achieveoprevalence of non-relatedness as stocks decline,

by determining a size (length) or age at which 509 Wlth the new view being that recruitment over-

of the population are "mature” (Thompson 1916_(1‘|shing can be seen to occur with nearly every
Beacham, 1983), which may give a shar démarcés_pecies studied, except flatfish. Explanation of non-
tion With,this inf’ormation aydgecision car? be maderelatedness, or inverse relationships of stock and
to assign all fish above a certain age or length t¢€cruitment besides cannibalism includes the
spawning stock, which may be subjected tO!3053|b|l|ty that recruitment may appear to be

modification with knowledge of ongoing fishing independent of stock but that there is an out-of-
activity (Fukuda, 1962). The spawning stock canPhase relationship caused by an unspecified
be regarded as units of individuals but generally ig¢nvironmental factor (Hillborn and Walters, 1992).

treated as undivided biomass. Any fluctuation inThis paper will suggest means to clarify the

biomass can be tested for relationships withunrelatedness of some groundfish stock/recruitment
production of recruits. In such a manner spawningralues and the possible environmental situation,

stock biomass/recruitment relationships have beewhich can obscure the relationship.

Despite a long history of amassing data on
spawning potential of commercially important fish
species, the basis for data collection has some de
flaws which have affected the proper estimation o
spawning stock biomass and stock-recruitmen
relationships. In order to identify fish which should
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A major problem in defining stock and were identified by the colour, size and shape of the
recruitment relationships is the allocation of fishgonads as follows (see also Burton and Idler, 1987a,
to spawning stock, which can be a more comple)) (note: gonadosomatic index, GSI is gonadal
matter than previously supposed. Large or old fistweightx 100/body weight):
do not necessarily participate in reproduction in a
regular annual fashion, they may not start orMaIeS:
maintain gametogenesis. Even if gametogenesis isnmature (i.e. never spawned individual)
maintained there may be individual or group — very small testes
fluctuations in gamete output for either males or - GSI <0.2), pink/pale grey
females, a possibility which should be factored into
stock-recruitment modeling, to give conservative
rather than optimistic values for predictions. — medium size testes
Moreover, and perhaps the most serious problem - GSI~ 1.0, grey-brown
for data manipulation, identification of adults and
appropriate differentiation of fish which have never
reproduced from adults which are not currently — large testes
reproductive has given considerable confusion in — GSI ~ 3-11, white
the data-sets. In this paper some of Fhe h|stor|ca]£emales
data has been re-evaluated by using recently
collected information, and recalculations have beedmmature (never spawned)
used to see patterns in apparently non-existing or _  small ovaries
negative stock-recruitment. - GSI ~ 1.0, pink

Non-reproductive adult

Reproductive adult

Materials and Methods Non-reproductive adult

— long flat ovaries

Material is derived from historical data sources - GSI ~ 2.0 dull red
for halibutHippoglossus hippogloss§$hompson, )
1916; Kohler, 1967) and Atlantic ca@adus morhua Reproductive adult
(Graham, 1924; Anon. 1948; Beacham, 1983). — long rounded ovaries

— GSI ~ 4-15 yellow

Failure of an adult to reproduce (non-
participation) was analyzed on the basis of a) failure Some of the cod data were derived by
to achieve gametogenesis for a particular reprofecalculating from Graham (1924) using his 1922
ductive season b) failure to complete gametodata and obtaining GSI, where GSI <1.00
genesis c) failure to achieve fertilization. Data forprespawning was assumed to mean a large female
these were best for a), rare for b) and speculatives non-reproductive. The assumption that a low GSI
for c). For a) | have been using my own data for(<1.00) can be taken to equate with the non-
two species, Atlantic cod@adus morhup and reproductive adult status is ultra-conservative
winter flounder Pleuronectes americanysfor the  compared to values used for winter flounder, see
latter | have been using previously unpublished databove and Burton and Idler 1984, 1987a,b, and
for males and published data for females (Burtonmeasured in cod (Burtoet al., 1997). The
1991a). Winter flounder were collected by SCUBAcomparison with winter flounder is useful and
divers from specified locations around the Avalonjustified in that both species have group-
Peninsula, Newfoundland during the winter andsynchronous oogenesis in a similar cystovarian
immediate prespawning period. They wereovary. Data were also obtained on Barents Sea cod
transported in a tank truck to the Ocean Scienceirom Shirakova (1969), for Greenland halibut
Centre (Memorial University) where they were (Reinhardtius hippoglossoidgdrom Fedorov
either immediately sampled or held for a few days(1971), for the burbotl(ota lota) from Pulliainen
before sampling. Holding tanks were 60 gallonand Korhonen (1990). For b) | used data for
(270 litres) with running degassed seawater aR. hippoglossoides(Fedorov, 1971). For c)
seasonal temperature and photo period. Fish weighiertilization rates for captive yellowtail
and fork lengths were measured. Gonad weight anBleuronectes ferrugineusre derived from Manning
status were then assessed. Non-reproductive adulgsid Crim (1998).
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Low participation was calculated on the basis(for high recruitment), 20% (medium) and 10%
of fecundity for determinate spawners winter(low), which are justified by reference to the
flounder and Atlantic cod, and fecundity was apparent participation rates | calculated (see "non-
estimated from GSI for vitellogenic (exogenous,participation" calculations for Atlantic halibut in
yolky) prespawning fish, excluding any femalesResults below) from Kohler's (1967) data for
with hydrated oocytes. The assumption was madétlantic halibut. "Stock" was therefore calculated
that for determinate spawners prespawning the GStlo give a new value of "spawning stock" based on
reflects fecundity. The winter flounder used werevarying participation rates. Recruitment values
caught during the winter and sacrificed shortlywere read directly from the original graphs
afterwards (e.g. within a week). The cod data wergCushing, 1971), except that two data points for the
calculated from Graham (1924) for prespawninghighest recruitment values were beyond the highest
North Sea females or from Penney (MS 1994) forvalue accurately given on the log scale and were
prespawning Northwest Atlantic females. therefore treated equally with the highest value. The
data (Fukuda, 1962) which Cushing (1971) used is
available for years 1911-55, with two alternate sets

Data for two of the flatfish species ("plaice" of values for residual stock and Fukuda's units as
and "halibut") were used, which are presented fomillions of pounds. The plot for plaiceP(euro-
analysis in Fig. 9 of Cushing (1971), confining my nectes platesgavas treated similarly to the halibut
analysis for the halibut, to Area 2 (Cushing, 1971) but all recruitment values were read from the scale.
Cushing's data for halibut was of Pacific halibut, Cushing derived the values from Beverton (1962),
i.e.Hippoglossus stenolepifrom the Northeastern in which the data were given only in graph format
Pacific (Fukuda, 1962), using two areas separately(no units provided) for unspecified years including
Area 2 (southern grounds) and Area 3 (westerrthe 1930s up to at least 1949.
grounds). The plaice in Cushing's (1971) Fig. 9 was
North Sea plaice, i.ePleuronectes platessa Results
(Beverton, 1962). The values were read off for
"stock" for both species from Cushing's (1971) Fig.Maturity estimates in the past

9. Although Cushing was apparently treating Thompson (1916) who studied Pacific halibut,

stock as equivalent to spawning stock blonmasswas unable to access fish throughout the expected
the equivalence may not be real because "stock

) . ; spawning season, but obtained sufficient mature/
may have included large juveniles or non- )

- spent females to provide graphs of age and length
participatory adults. Therefore, the values were o :
adjusted as shown below. at maturity: the plpt for age at maturity shows that

although mature fish are recorded at age VII, 50%
maturity is not seen until age XlI, and this stagger
continues, with age XV still only showing 90%

Adjusted spawning stock biomass values weramaturity. The 100% maturity level is not reached
substituted into stock-recruit curves for the twountil age XVII, by which age few fish are present;
flatfish species, halibutHippoglossus stenolepis from one area (Frederick Island) of three studied,
and North Sea plaic#(euronectes plates3(afrom  no females above age Xlll are recorded, and off
Cushing (1971). For the substitutions in the halibutKodiak Island the oldest females are age XVIII.
curve (Area 2, southern grounds) based on Pacific
halibut, Fukuda (1962), the recruitment was Kohler (1967) provides tables of Atlantic
arbitrarily divided into three categories, by taking halibut (males = 310, females = 292) classified
the number of data points and dividing by three,as immature, ripe-running or spent-recovering for
setting the highest 11 points as "high" and so onspring and for late summer/autumn. It was clear that
The product is: high (50-100,11 points), mediumthe term "immature" was used uncritically as it
(38-50,13 points) and low (18-35, 12 points). Theincludes large fish, for both males and females. The
simple prediction was made (discounting anysize range for "immature" fish for both sexes was
complicating factors for compensation or 16-110 cm with very few fish of either sex (2 males
depensation at extremes of stock) that recruitmenand 9 females) in the larger size classes. Few fish
would correlate positively with stock when stock (30 males and 18 females) were actually classified
was correctly allowed to reflect reproductive as reproductive i.e. ripe-running or spent-
participation. Participation rates were set at 50%ecovering. Even in the size range >91 cm length

Spawning stock biomass estimates

Stock-recruitment relationships
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25% of the males (5 fish) were still classified asNon-participation

immature, while 50% (13 fish) of this size-class of
females were also classed as immature even thou
the smallest reproductive fish (male and female)
were in the 41-50 cm size-class. | assume therefore
that this author could not differentiate non-
reproductive adults from juveniles, which had never
spawned.

Atlantic cod records (Anon., 1948) show that
there had been considerable uncertainty about
maturity stages in the past for this fish. Large fish
originally classed as immature have been
subsequently reclassified (Fig. 1), but it is not clear
whether this was done on any other basis than large
size.

Graham (1924) studied North Sea cod, and the
records show uncertainty about allocation of fish
to classes for reproduction. Graham mentions
barren cod, but he does not quantify them, nor even
explain his reason for knowing or suspecting their
existence. Graham also states that "it is impossible
in practice to distinguish small spent fish, either
male or female, from immature fish.”" In an
extensive analysis of male and female cod obtained
in January and March 1923, Graham (1924) lists
499 mature males and 155 immature males, with
324 mature females and 164 immature females.
Within the immature classification he includes
females up to 97 cm long and males up to 89 cm
long.

Beacham (1983) shows maturity ogives (length
versus% mature) for Scotian Shelf Atlantic cod
(Subdiv. 4Vs); in 1959-64 for both males and
females, large fish were not necessarily 100%
"mature”, of 11 data points for males of lengft0
cm only three showed 100% maturity, the rest
showed 75-95% maturity. For females of lengti®
cm in the same time frame 12 data points showed
six at 100% maturity with the remainder at 85-95%
maturity. However, as the time series progressed,
more large fish data points were at the 100% level
and by 1975-79 there were no outliers for fish >70
cm; all data points were on the 100% level. Similar
trends were seen for Subdiv. 4Vn and Div. 4W but
Div. 4X retained some "immature” fish in the large
size-classes up to 1979.

Failure to achieve gametogenesis for a
particular reproductive season

Winter flounder Pleuronectes americanjys
Non-reproductive winter flounder, from wild
populations calculated for three consecutive
years showed values from 10-30% for females
(Burton, 1991a) and 5-35% for males.

Greenland halibut Reinhardtius hippo-
glossoide¥. Fedorov (1971) showed 9.5% non-
breeding females and 2.8% sterile fish.

Cod (Gadus morhup For North Sea cod,
Graham (1924) showed prespawning femates (
= 54) in 1922 in the size range >50 cm, 59%
were non-reproductive. Shirakova's (1969) data
for young cod showed 99% spawning for 5-
year-old females in 1961, with a drop to 89%
spawning for the same cohort the next year.
Likewise the 1957 male cohort attained 99%
spawning in 1961, which dropped successively
to 94% spawning in 1962 and 92% spawning
in 1963.

Halibut (Hippoglossus hippoglossusFrom
Kohler's (1967) data for Atlantic halibut it
seems clear that a lot of the fish listed as
immature in the higher size-range were actually
non-reproductive adults. For the total 239
females >41 cm, a size at which reproduction
can occur, there were only 7.53% reproductive
fish. At the greater size of >61 cmm € 120)
only 14.17% females were reproductive. For the
largest females >91 crm & 26) only 50% were
actively reproductive. To achieve the 100%
reproduction level for females it is necessary
to exclude all but the very large fish (>111 cm,
n=29).

Burbot (Lota lotd). Pulliainen and Korhonen
(1990) found that the gadid burbot from the
northern most Baltic area off Finland can have
a high level of non-maturing fish in the large
size-classes. Both males and females were
capable of reproduction at size-classes 32-30
cm, but even at sizes >50 cm 30% females and
13% males were non-maturing.
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c)
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Failure to complete gametogenesis sizes, but does not give any values for lengths of
fish caught. Inspecting available length and age data
FEdOTOV (1971) records mass gamete res,. pacific halibut, Thompson's (1916) data from
sorption _by Qreenland_ h?‘"b“t females e North Pacific show high variation for length-
(Reinhardtius hlppogl_ossmd)asn response to_ at-age. Converting Thompson's data from inches to
temperature anomalies; but this _S|tuat|or_1 'Sem for three locations, seven year-old fish were 61
rep_o_rted for a summer spawning p_e”Odcm, 66 cm or 81 cm in length. Applying this to
auxiliary to the main winter spawn. It is not , jo oo (1971) data, for females >61 cm 14.5%

clear whether Fedorov believed some fish towould be reproductive; the data cannot discriminate

have two spaw_nings per year but he does Stalfyr the >66 cm level, but for the >81 cm size 39%

that once a ﬂShbhaS undlerg(_)ne a Mmass Tegqy1d be reproductive. Given some variation in size

so[)ptlon 't may su lsequenF y m"|s|s_|_0n§ or mr?redistribution and mean fecundity interannually it is

Zuaoje;quenlt an"nu_a _spaV\k/]nmgS - His data S t()) roposed that in any given year a correction of from
~370 1emaies "missing the summer spawn 10% to 50% of total stock could represent the real

re-sorption. spawning stock participating in reproduction for

Failure to achieve fertilization halibut.

For captiveP. ferrugineusndividual mean (for Stock-recruitment relationships

batches) fertilization rates can vary from 87%

. . _ The stock recruitment plot from Cushing (1971)
to 5% (Manning and Crim, 1998), with two

individuals <10%. Individual batch Iq and for Area 2 Pacific halibut from Fukuda (1962)
Individuals <10%. Individual batches could gy, 64 no clear evidence of a positive relationship

show 0% fertilization, with huge variation for ..o stock and recruitment supporting in
any individual female; one fish with 17 batCheSCushing's view the idea that récruitment was

had from 0-87% fertilization and another with independent of stock, over "the range of fishable

stock". By re-analyzing the stock values, and by
restricting the stock to likely reproductive fish as
opposed to the entire stock fished (Fig. 2), the new

16 batches had 1-32% fertilization. For two
consecutive yearsn(= 11, 10) the mean
fertilization was 38% and 57%.

Low participation

The winter flounder GSI for reproductive

females shows some individual variation in the
prespawning season, in four different years (15,

150 A

14, 10, 15) the mean and range were 14.24 (9.8— 100 4
20.09), 13.56 (7.83—-23.57), 11.89 (6.5-22.8) an%
13.24 (9.35-18.15). The cod GSI shows considere
able variation in prespawning; for North Seaz
females (1922)n = 21, the mean was 5.32, with ac
range of 1.54-11.81. For cod off Newfoundland
(February, 1992)n = 9, the mean was 5.92 with a
range of 2.5-10.12.

50 A

10

Spawning stock biomass estimates 1

Starting with usual estimates of spawning stock
biomass, the values can be modified by applyingFig. 2.
estimates of non-participatory adults, and perhaps
also effects of low participation. For Pacific halibut
where spawning stock is apparently taken (Fukuda,
1962) to include even influxes of young fish
("chickens", 7 year-olds) it is reasonable to apply
corrections to the data. For Fukuda, stock is implied
to be equal to spawning stock but he calculates
residual stock from landed fish including small-

® High Participation
o Medium Participation
v Low Participation
o o
°
°
8 o .O °
vy o & ©
w
v
10 20 30 40
Stock

Pacific halibutKlippoglossus stenolepistock
recruitment relationship (in logs) from Cushing
(1971) after Fukuda (1962), recalculated with
varying participation rates (50%, 20%, 10%)
based on levels of recruitment (high, medium,
low), obtained arbitrarily. The two highest
recruitment data points were difficult to read
on the original plot (>100 on a log graph, with
a scale terminating at 100) and were therefore
rendered as 100.
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plot changes drastically in comparison to theunable to show dependence for such species even
original. The new plot (Fig. 2) shows a possiblethough it could be demonstrated for other groups
dependency of recruitment on stock when "stock'of teleosts. Particularly clear stock-recruitment
is spawning stock biomass as calculated from fishedependence was seen in plots obtained for
stock; the correlation is positive = 0.844,p = anadromous salmonids (Cushing, 1971), which is
<0.001. A similar but weaker relationship is foundinteresting because the stock analyzed had only
for North sea plaice if the same adjustment is madéeen of migrating fish, and therefore reproductive
for stock, from stock (fishable) to spawning stockfish. Stock analysis for groundfish, however, has
biomass (Fig. 3). The original graph in Cushingbeen based on landings, the values of which may
(1971), based on Beverton's (1962) data supporthen be used to calculate residual stock (Fukuda,
Beverton's conclusion that recruitment was1962), but which do not allow for the fact that not
independent of stock "over the range of stockall fish in a stock are actively or maximally
fished." When, however, the stock value isreproductive in any one year.

recalculated (as for Fig. 2) to give stock as

"spawning stock biomass" based on possible The recalculation of two of Cushing's flatfish
participation rates then there is a positivestock-recruitment graphs was performed to test
correlation between recruitment and stockyat  whether the concept of varying participation rates

0.407,p = 0.1-0.05. could show order in the apparently independent
relationship. By substituting new values for
Discussion spawning stock into the old stock values a

] S dependent relationship could be obtained,
Recruitment variability may be dependent onpaticylarly in the case of halibut. The substitution
many other factors such as food and predatiofaq peen obtained by using participation rates based
directly affecting larval and juvenile survival rather y, Atlantic halibut (re calculations based on
than variability in stock, as indicated by Millet  kohler's 1967 data) and applying them to Pacific
al., (1991). However analysis of stock relative topjibut. Also halibut may be an extreme case of
spawners in the stock may help understand why,on_participation” and it may have been rash to
some stock-recruit relationships have been SQpply halibut participation rates to plaice.
difficult to clarify. Flatfish species have been Unfortunately there is almost no data on "non-
central to the idea (or "dogma” (Cushing, 1971))y4 ticipation” forPleuronectes platess®ijnsdorp
that recruitment can be independent of stock; a”‘é1990) found high levels (~50%) of females which
Cushing himself when analyzing available data wagjjq not reproduce in a laboratory experiment, but
he thought that such reproductive omission was not
found in wild fish. However, one of his graphs of
10 wild fish showed "spent"” fish at times which would
@ High Participation indicate spawning omission, especially shortly
5 | Stﬁw&?ﬁ;‘gﬁ“"“ o o before the spawning season. Work on the closely
related winter flounder Rleuronectes americanys
® has consistently shown that it is subject to spawning
Q © o oo omission, after experimental food deprivation
Y. v (Tyler and Dunn, 1976; Burton and ldler, 1991b)
1 M and in the wild (Burton and Idler, 1984; Burton,
1991a). However winter flounder might be regarded
as a special case because it undergoes an extensive
winter fast in the northern part of its distribution
range.

Recruitment

0.2

1 10 50 100
Stock In a review (Bull and Shine, 1979) of

Fig. 3. North Sea plaiceP{euronectes platessafock ||'ter_oparous (rep_eat"reprodu.cmg) ammals V.VhICh may

recruitment relationship (in logs) from Cushing skip reproduction”, only six species of fish were

(1971) after Beverton (1962), recalculated with liSted, in comparison to 27 amphibia and 18 reptiles.
varying participation rates, as for Pacific The fish species did not include any fully marine

halibut. teleosts, but we now know that reproductive
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omission can be found in several NorthernBEVERTON, R. J. H., and S. J. HOLT. 1957. On the
pleuronectids and in gadids. Recent papers have dynamics of exploited fish population&ish. Invest.,
also shown that reproductive omission occurs in a  Lond, Ser.2,19: 533 p. ,
Southern gadoidMacruronus novaezelandiae BULL, J. J., and R. SHINE. 1979. Iteroparous animals

L. ) . that skip opportunities for reproductio®m. Nat,
(Livingstonet al., 1997); for females reproductive 114 296-303.

participation varied_interannually fron_1 67% to 82%. BURTON, M. P. M. 1991a. A physiological basis for non-
Another southern fish, the commercially important annual spawning in winter floundeProc. 4th Int.
orange roughyHoplostethus atlanticysalso shows Symp. Reprod. Physiol. Fish64 p.
spawning omission (Belkt al., 1992), with an 1991b. Induction and reversal of the non-
estimate of 45% non-reproductive females for 1990. reproductive state in winter floundePseudo-
pleuronectes americanW¥albaum, by manipulating
Although Pulliainen and Korhonen (1990)  food availability.J. Fish Biol, 39: 909-910.
believe that for burbotlota lota) spawning 1994. A critical pgrlqd for nutrltlpnal control
omission is not nutrition related, their data are based of early gametogenesis in female winter flounder

" L. Pleuronectes americanug. Zool. Lond, 233; 405—
on current conditions rather than the conditions 415

which might have evoked spawning omission. INngYURTON, M. P. M., and D. R. IDLER. 1984. The
general it is possible to relate spawning omission  reproductive cycle in winter floundeRseudo-
to varying food supplies, and experimentally it is pleuronectes americanuy®valbaum).Can. J. Zool,
possible to evoke or reverse the non-reproductive 62 2563-2567.
state in winter flounder (Burton, 1991b, 1994). 1987a An experimental investigation of the non-
Given that varying nutrition will also affect reproductive, post-mature state in winter flounder.
fecundity, there is the possibility that it is feeding ¥ FTQBB;SI,\?O:' 6;."0’.;65?' ductive Status i
success that drives the stock-recruitment rb. vanability of reproductive status in a
. . . population of Pseudopleuronectes americanus.
relationship from the stock side. In the case of

. . Prov.V Congr. europ. Ichthygl Stockholm 1985,
Northwest Atlantic cod, lack of capelimM@llotus p. 207-212.

villosug) at critical points in the reproductive cycle BURTON, M. P. M., R M. PENNEY, S. BIDDISCOMBE.

may affect both fecundity and participation of males  1997. The time course of gametogenesis in

and females. Northwest Atlantic cod@adus morhud..). Can. J.
Fish. Aquat. Sci 54(Suppl.1): 122-131.
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