
INTRODUCTION
European eel, Anguilla anguilla (L.), which occurs in

the coastal marine and inland waters of Europe, has been a
highly valued fish for centuries. Archaeological studies
indicate that the inhabitants of the western Baltic Sea
coastal region made targeted eel catches as early as 5500
BCE (Schmölcke et al. 2006). Eels still continue to be
heavily exploited. The only current official source of the
annual eel landings from European inland and marine
waters is the fishery statistics published in FAO year-
books. Although experts (Moriarty and Dekker 1997,
Dekker 2003) agree that these data are low-grade, they
show that the eel landings have a declining trend. In con-
trast to fish whose reproductive biology is well known, the
causes of declining eel biomass remain subject to hypoth-

esis and conjecture (Knights 2003). For the past 20 years,
the number of eel migrating from oceanic waters to the
continental Europe has decreased (Dekker 2003), and
experts believe that the principle reason for this is anthro-
pogenic stress (namely: overexploitation, hydroengineer-
ing and pollutions) that has led to reductions in the silver
eel that undertakes spawning migrations (escapement) (for
review see among others: Dekker 2003, Wysujack 2007).
According to Moriarty (1996), exploitation has practically
no impact on reproductive success. Castonguay et al.
(1994) postulated the decline in recruitment of both
European and American eels is caused by unidentified fac-
tors linked to the circulation of oceanic waters.

Polish eel landings reported from marine waters are
mostly from the Vistula- and Szczecin lagoons. Landings
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Background. Eel recruitment and catches have decreased drastically throughout Europe since the beginning of
the 1960s (recruitment) and the 1980s (catches). Until the end of the 1990s, European eel, Anguilla anguilla, the
highest priced fish, was the basis of the fishery in the Polish part of the Vistula Lagoon. The lagoon was stocked
with glass eel from 1970 to 1994 with the aim of enhancing the stock of this species. Due to political and eco-
nomical changes after 1989, national stocking funds were stopped. The aim of the presently reported study was
to estimate the effectiveness of stocking glass eel in the Vistula Lagoon, with regard to the limited reliability of
official landings data.
Materials and Methods. Eel catches in the Polish part of the Vistula Lagoon were reconstructed from landings
statistics. Corrections of Polish landings were only based on grey literature request; political and socio-econom-
ical changes were explained in personal reviews with fishermen and fishery inspectors. The effectiveness of the
stocking was estimated with the simplified method of calculating the accumulated biomass of fish from stocking
with the assumed, constant coefficients F and M (fishery and natural mortality, respectively). The sensitivity
analysis of F and M was estimated using the input of different parameters.
Results. Changes in human history resulted in different biases in official landings statistics. The change in fish-
ermen cooperative organisation and the martial law in Poland, during the period of 1981–1984, resulted in sig-
nificant changes of the eel official landings. The reconstructed catches in this period (1980–1985) do not exceed
30% of the total exploitable biomass of the reserve for silver eel escapement, even under intensive exploitation.
With assumed M and F, the exploitable stock biomass increased sharply to the peak value during the 10 years of
stocking. Uncertainty concerning M for the first year of stocked eel results in a difference in the estimated bio-
mass as high as 700 t.
Conclusions. Under great uncertainties and lack of “hard data”, social science methodologies could help to esti-
mate basic parameters for assessment models. Glass eel stocking at the Vistula Lagoon was effective both for the
enhancement of the eel population and maintenance of an intensive eel fishery.
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have been registered since the end of the nineteenth cen-
tury. Prior to the First- and Second World Wars, the
Vistula Lagoon was stocked with eels from the Elbe estu-
ary in Germany. The mean annual eel landings from the
Vistula Lagoon during the 1933–1939 period exceeded
350 t. Exploitation fluctuations occurred when catches in
the Polish part of the lagoon increased from 100 t after
World War II to 250 t in 1956, after which a decline
occurred. This worried the authorities (eel was exported at
this time and was one of the sure sources of hard curren-
cy) and prompted them to stock these waters. However,
the stocking program in the Polish transboundary area
was not possible to put in operation until 1970.

Long-term observations by the present authors indicate
that registered landings in the statistics differ substantially
from the actual eel biomass removed from the population.
Available statistical information should be regarded as the
minimum catch, which has an undetermined relationship
to the actual quantity of annual eel catches.

The aim of the study was to determine the effective-
ness of glass eel stocking conducted during the
1970–1994 period.

MATERIALS AND METHODS
Study area. The Vistula Lagoon is a brackish water

basin at the southern coast of the Baltic Sea, with a surface
area of 838 km2; 39% of this area is located within the
Polish borders (Fig. 1). The physical conditions of the basin
for fish assemblage habitats are variable, including salinity
(ranging from 0.1 PSU in the south-western part to 4.5 PSU
near the Polish–Russian border), intensity of water, bottom
sediment mixing, and the content of organic matter in the
water (for review, see Pliński 2005). The catchment area of
23 871 km2 and the volume of water inflowing from the
main rivers (Pregoła, Pasłęka, and Elbląg) ensure that water
exchange occurs in this basin every six months. The only
permanently open passage from the lagoon into the Baltic
Sea is the Pilava Strait (approximately 400 m wide). The
lagoon’s shallowness (mean depth of 2.7 m), polymixing,
and variable hydrology render it susceptible to invasions of
alien species. In the past two decades, the ecosystem has
become host to species such as Marenzelleria neglecta in
the benthic zone, Palaemon elegans, Rhithropanopeus har-
risii in the epibenthic zone, and Cercopagis pengoi in the
plankton (Ezhova and Spirido 2005, Jażdżewski et al. 2005;
to name just a few).

Stocking data. The amount and characteristics of
stocked eels were taken from SFI (Sea Fishery Institute in
Gdynia) archives and cross-referenced with archives from
the Regional Sea Fisheries Inspectorate in Gdynia (Table 1).

Catch data. The basis for reconstructing real catches
from official landings statistics (Table 2) was field inter-
views with fishermen from all of the fishing bases in the
Polish part of the lagoon and local fisheries inspectors.
Using methodology taken from social science, the results
were triangulated with other sources of data:

• Open publication in Polish journals, periodicals, and
electronic media;

• Presentations and protocols from the Polish–Russian
mixed commission on Vistula Lagoon and working
groups on fish stock assessments;

• Unpublished annotations of previous lagoon scien-
tists who worked at the Sea Fisheries Institute in Gdynia.

The Russian landings were considered accurate due to
the lack of information concerning the nature of bias in
that case. Data and additional information on eel fishery
were given by FGU (Federal’noe Gosudarstvennoe
Uprawlenie= Federal State Agency) Zapbalrybvod in
Kaliningrad, in agreement with the Polish–Russian Treaty
on the Vistula Lagoon fishery management rules.

Mortality coefficients. The state of fisheries and
environmental variables influencing the natural mortality
were assumed to be non-variable in the series of years
analyzed. The mortality coefficients F and M (fishery and
natural mortality, respectively) are constant during an
interval of one calendar year with changes in mortality
rates between the years. It was assumed that the natural
mortality in the first year after the introduction was the
highest of glass eel mortality and then decreased to almost
negligible. These assumptions were made based on expe-
rience and unpublished observation only and should be
considered as the “best guess” in the situation due to lack
of suitable data. The sensitivity analyses with different
values of M were made to show the influence on stocked
biomass assessments (Table 3).

Based on knowledge of MLL (minimum landing length)
and mean length-at-age data (Table 4), it was assumed that,
during the first four years, the stocked eels were not subject
to fishery mortality. MLL until 1986 was 45 cm. TL after
that year increased to 50 cm. These length classes comprised
75% of 5 to 6 age groups (Tomasz Nermer, unpublished).
Then, the fishery coefficients for age groups 5 to 8 were
assumed to be ranked by increasing values, according to
mean length-at-age and gear selectivity.

The cessation between yellow and silver stage was
assumed for the age group 10 (years after introduction). As
the eels are known to not mature simultaneously, not all of
the silver stage eels are the same age, the fishery mortality
coefficient for 10-year-old fish and older was assumed at
the level of F = 0.91. The analysis was done for 17 age
groups after introduction, based on age-readings from fish-
ery catches where 99% of individuals were found to be
from 5 to 16 years old. The share of males in the popula-
tion was assumed to be almost zero. Direct sampling of
unsorted catches during the period of 1954–1986 (Jerzy
Filuk, unpublished), 1991–2001 (Wladyslaw Borowski,
unpublished) and 2006–2007 (Tomasz Nermer, unpub-
lished) confirmed that, in the length class under 27 cm TL,
males were found incidentally.

Stock biomass estimation. The relationship between
the number of eels stocked in the lagoon in subsequent years
and the number of introduced eels that survived until the fol-
lowing calendar year was estimated with the equation

Nt + 1 = Nt · e–Z

where: Nt + 1, the number of fish in the population that sur-
vived until the end of the year for which estimations were
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Year Weight
[kg]

Number of
individuals

Mean ind.
length [cm]

Mean ind. weight
[g] Comments

1970 1630 4 890 000 6.0 0.33** Glass eel
1971 800 2 400 000 No data 0.33** Glass eel
1972 1150 3 450 000 7.0 0.33** Glass eel
1973 800 2 400 000 No data 0.33** Glass eel
1974 2140 6 420 000 10.5 0.33** Glass eel
1975 1600 4 800 000 No data 0.33** Glass eel
1976 1500 4 500 000 6.6 0.33** Glass eel
1977 1500 4 500 000 7.5 0.33** Glass eel
1978 1760 5 280 000 7.2 0.33 Glass eel
1979 2590 7 770 000 7.6 0.39 Glass eel
1980 1050 3 150 000 7.5 0.38 Glass eel
1981 2030 6 090 000 7.9 0.43 Glass eel
1982 1630 4 890 000 7.6 0.4 Glass eel
1983 800 242 000 20.9 13.5 Reared eel import from Italy *
1984 1150 3 450 000 6.0 No data Glass eel
1985 No stocking
1986 1880 5 640 000 7.2 0.31 50% mortality during transport
1987 2000 6 000 000 7.3 0.32 Glass eel
1988 1000 3 000 000 6.3 0.27 Glass eel
1989 300 900 000 7.2 0.31 Glass eel
1990 No stocking
1991 400 1 200 000 No data 0.33** Glass eel
1992 500 1 500 000 No data 0.33** Glass eel
1993 No stocking
1994 300 900 000 No data 0.33** Glass eel

Y

Table 1
Glass eel stocking data for the Vistula Lagoon (numbers in brackets indicate reared eel)

* 50% 5-year-old and 50% 6-year-old.
** no data on field measurements, mean wieght for model.

Fig. 2. Official eel landings for the Vistula Lagoon within 1948–2006 (Polish- and Russian data combined)
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made; Nt , number of fish in the population at the end of
the preceding year for which estimates were made;
Z – total mortality (F + M).

The mean weight of age groups was taken from data using
the von Bertalanffy equation, based on eel sampling during
2006–2007 (Tomasz Nermer, unpublished), (Table 4).

RESULTS
Probably due to its transboundary status the Vistula

Lagoon has been treated as the internal marine waters by
Polish authorities. This had consequences on special reg-
ulations regarding the fisheries work permit issued by the

Marine Administration. Another consequence was the
lack of funding for eel stocking. The fish stocking was
planned centrally by the Ministry of Agriculture and
Rural Development. Unfortunately the internal marine
waters were at that time under jurisdiction of another
Ministry. The inland waters in Poland were stocked as
early as 1952, and glass eels were first released into the
lagoon in 1970. Due to the currency problems (the Polish
złoty was not exchangeable in western Europe), the glass
eels were imported with the exchange for adult eels taken
from cooperatives catches. The Russian administration
never participated in the cost of stocking at the Vistula
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Year Official landings Reconstructed
catches In plus coefficient*

1970 90.4 126.56 0.4
1971 67.0 93.8 0.4
1972 50.3 70.4 0.4
1973 27.9 39.1 0.4
1974 96.0 134.4 0.4
1975 112.8 157.9 0.4
1976 151.7 212.4 0.4
1977 144.2 201.9 0.4
1978 201.3 281.8 0.4
1979 242.0 338.8 0.4
1980 396.1 396.1 0
1981 268.5 350 Fixed value
1982 207.2 350 Fixed value
1983 100.7 350 Fixed value
1984 118.6 350 Fixed value
1985 204.7 327.5 0.6
1986 169.0 270.4 0.6
1987 145.7 233.1 0.6
1988 164.3 262.9 0.6
1989 179.5 287.2 0.6
1990 157.8 252.5 0.6
1991 126.2 201.9 0.6
1992 127.3 203.7 0.6
1993 94.7 151.5 0.6
1994 103.4 165.4 0.6
1995 103.6 165.8 0.6
1996 108.0 172.8 0.6
1997 75.5 120.8 0.6
1998 74.4 119.0 0.6
1999 100.3 160.5 0.6
2000 70.1 112.2 0.6
2001 60.6 96.9 0.6
2002 34.2 54.7 0.6
2003 51.5 82.3 0.6
2004 21.2 34.0 0.6
2005 23.3 37.3 0.6
2006 14.1 22.6 0.6
2007 10.6 17.0 0.6

Y

Table 2
Official and reconstructed eel catches from Polish part of Vistula Lagoon

* coefficient increasing official landings to estimated catch (based on person-
al reviews).



Lagoon. The stocking was continued until 1994, with the
exception of 1985, 1990, and 1993 (Table 1). After 1989,
the funding rules had to change, and fishermen agreed to
take some part in the stocking costs, but not long after, the
price for glass eel sharply increased and the stocking
stopped definitely.

Eel landings in the Vistula Lagoon showed extensive
fluctuations during the post-war period (Fig. 2). The
largest landings were recorded in the 1950s, while the
smallest were the most-recent ones. A similar decrease in
the catches occurred at the end of the 1960s. The sharp
increase in the catches started at the next decade with the
peak of ~ 400 t in 1980. Stabilisation at the level of 300 t
lasted until the beginning of the 1990s, and then the land-
ings showed a decreasing trend until now.

The reliability of official landings data changed during
the analysed period. Until 1989, Poland followed the rules
of centrally planned economy. This means that most of
the landings came from fisheries cooperative units. The
management of those cooperatives tended to minimize the
landings plans for each worker for each year. In reality,
the fishermen treated these plans as an undesirable obliga-
tion, because the price of eel was higher in the open mar-
ket. Usually, the landing plan for eel was fulfilled as soon
as possible, after which time landings were not recorded
in cooperative statistics. Our interviews estimated the
amount of unofficial catch as high as 30%–40% of official
landings for the period of 1970–1980 and 70%–100% for
the most recent period (1984–present). Another problem
with the official landing statistics were some outliers
existing within 1980–1984. Extremely high eel landings
were recorded in 1980, which may be explained by the
concurrent reorganization of the cooperative units and
establishment of new cooperative enterprises. It is very
likely that the fishermen from those new cooperatives
were more interested in achieving good official results.
The next four years, during the period of 1981–1984, was
a time of martial law in Poland, which was announced
after several strikes in state-own enterprises. Although the
fishermen enquired about this period did not remember

any special restrictions in the transboundary area, it is
commonly known that there were limitations with the
existing economy rules. The authorities drastically limited
bank cash withdrawals and the goods to be bought were
very scarce. Foodstuffs such as meat, sugar etc. were
rationed (coupons). Food manufacturers or providers were
commonly asked to sell their products “under the table”
without official statistics. The most unstable political situ-
ation was observed in the period of 1981–1984. Finally, by
the end of the 1990s the centrally planned economy, man-
aged by the communist party, was forced to yield ground
to the free market economy of the democratic society. It is
clear that under the circumstances described above the
landings from 1981–1984 could not be treated as equally
reliable as the values representing preceding- or subse-
quent years. Based on relative stability of landings after
1984, we assumed the fixed value of 350 t as the Polish
landings in the period mentioned above (Table 4).
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Year in 
lagoon

M F

assumed Used for comparison assumed Used after Dekker 2000
for “elsewhere”

1 1.0 1.5/ 2.0/2.3 0 0
2 0.7 — 0 0
3 0.07 — 0 0
4 0.04 0.138 0 0
5 0.04 0.138 0.01 0.10
6 0.04 0.138 0.28 0.10
7 0.04 0.138 0.43 0.10
8 0.04 0.138 0.59 0.10
9 0.04 0.138 0.59 0.10

 10 0.04 0.138 0.59 2.87
> 10 0.04 0.138 0.91 2.87

A

Table 3
Coefficients of mortality used for calculations and sensitivity analysis

Age
group

Mean
length

Mean
weight

4 47 255
5 51.6 292
6 56 367
7 62.7 528
8 70.1 742
9 76.7 1069

10 80.4 1218
11 82.7 1293
12 83.7 1263
13 87.5 1509
14 91 1821
15 91 1728
16 94.7 1982

Table 4
Mean length and weight-at-age in the catches

(Nermer, unpublished)



The estimated biomass of the eel population from the
stocking performed in the 1970–1994 period reached the high-
est value in the mid 1980s (Fig 3). Based on assumed mortal-
ities (F and M) values, the peak of “exploitable biomass”
(fish 5 years old and older) exceeded 1000 t during the
period of 1982–1985. Then, the biomass decreased below

500 t in 1989. After a slight recovery during the period of
1990–1994, the exploitable biomass (resulting from
stocking) dropped down to zero in 2007.

The sensitivity analysis using different values of M
and F showed that the model results depended more on
assumed M values, especially on mortality in the first
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Fig. 3. Biomass estimates of stocked eel and caught eel in the Vistula Lagoon
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Fig. 4. Sensitivity analysis of exploitable eel biomass for alternative M and F values
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year in lagoon. Changes in that parameter (Fig. 4) result-
ed in major changes in exploitable biomass. The change
of M1 between 1 and 2.3 yielded different estimates
below 700 t in 1984. A change in the M value for the fish
older than 3 years resulted in a slight decrease in the
exploitable biomass. The employment of the F values
proposed by Dekker (2000) affected the increase of
exploitable biomass to the peak values under 1500 t.

DISCUSSION
The Vistula Lagoon has an impressive eel stocking

tradition. In the period prior to the Second World War, the
Vistula Lagoon was stocked with eels measuring from 20
to 30 cm TL, obtained from the naturally migrating
schools caught in the mouth of the Elbe River (Sakowicz
1930). This stocking program was initiated as early as the
beginning of the twentieth century (1910–1915) with 6 t
of bootlace eels. Based on the Prussian catch statistics, the
effects of stocking were most apparent in the 1920s—
landings increased four times after 10 years from the first
stocking. During this same period, Polish scientists agreed
that the most appropriate eel for stocking Polish inland
waters would be the glass eel, mainly due to the high per-
centage of males in the eel stocks at the Elbe River
(Sakowicz 1930). The second stocking action commenced
in 1925 and continued until 1941 (Röhler 1929, 1942).
The effect of this was apparent until the beginning of the
1960s, when Filuk (1965, 1984) observed a drastic
decrease in eel catches. This could also be linked to
decreases in the continental recruitment patterns for glass
eel via the Danish Straits, as there was no monitoring of
recruitment near the Gdańsk Bay area.

According to Filuk and Draganik (1980), economical
stocking effectiveness is determined by the proportion of
the weight of glass eel introduced into the lagoon com-
pared to the weight of catches made during nine years fol-
lowing the stocking, which was 1 : 120. Comparing the
size of annual stocking (number of fish) with the weight
of the annual landings after several years had passed,
Draganik (1998) concluded that the highest relation
between the number of fish introduced into the lagoon and
the weight of the landings occurs after six years. The
weakness of this approach was that it ignored the effect on
subsequent catches of the accumulation of eels that were
stocked successively into the lagoon each year.

Reconstructed eel landings from the Vistula Lagoon
were coherent with the biomass of the exploitable part of
stocked eels with the assumed mortalities coefficients.
The balance between exploitable biomass and landings
suggests “the wall” in the fishery. It means that the catch-
es were dependant on glass eel stocking, but only to the
level of some 400 t per year. Much bigger exploitable bio-
mass estimated during the 1980s did not influence catch-
es. The fishery showed decreasing landing trends only
after decreased number of stocked eels and the collapse of
stocking in some years.

The eel fishery in the Vistula Lagoon used mainly
fykenets in the limited time of the year. The most efficient

period was the end of August and September. The physi-
cal capacity of the lagoon’s area did not allow an increase
in fykenet effort beyond some limits. It was the reason to
regulate direct locality of each fisher’s equipment, espe-
cially in the area close to the Russian border. Under
assumptions about stability of the mortality coefficients
throughout the years of the analysis, results indicated the
reserve for preserving eel population and potentially sil-
ver eel escapement even under intensive fishery. The very
basic condition is to enhance population at the high level
of 1.5–2 t of glass eel each year, with its mean under the
level of the physical capacity of the fishery fleet.

Not until the 1990s did scientists suggest that glass
eels transported from western European waters might be
less capable of locating the shortest route to the spawning
grounds in the Sargasso Sea (Westin 1998). This would
mean that stocking with glass eel may not effect the size
of the spawning population; thus, the hypothesis that
increasing the glass eel stocking will lead to higher repro-
ductively is doubtful. However, the case of the higher eel
biomass originated from glass eel stocking would be the
basis for a healthy spawning silver eel population; the
way to enhance it should be planned with uncorrupted
stocking and, after some 10 years, to regulate the fishery
efforts in a peak period of silver eel migration
(August–October).

It should be remembered that there is uncertainty with
regard to the mortality coefficient in the calculations. The
examples of change in mortality coefficients showed that
the lack of data concerning natural mortality, especially in
the first year of life after stocking, is crucial for assess-
ment. Such observations should be practiced each year
when stocking to reach inter-annual variability that is
potentially very high. The range of natural mortality given
for bigger eels varied considerably among different stud-
ies. Based on the tagging study at the Polish part of the
Vistula Lagoon, Borowski et al. (1997) estimated mortali-
ty at M = 0.56 (including migration to the Russian part of
the Lagoon, where tag return rates were very weak).
According to Sparre (1979), the value for eels from 35 cm
to 69 cm in length ranged from 0.1 to 1.33 (including the
migration effect). Rassmussen and Therkildsen (1979),
recognizing that the value of natural mortality is strongly
correlated with mean fish weight, reported that, for fish in
the 38–54 cm length class, it is about 0.17. The common-
ly used value in recent models is M = 0.14, as proposed by
Dekker (2000), but the same author found that the natural
mortality could be negligible (Dekker 1989). We assumed
natural mortality for fish older than 3 years was at a low
level (M = 0.04), but changed for M = 0.14, which result-
ed in rather small assessment changes in comparison with
uncertainties concerning the first year of life in the lagoon.

Another question is the ecological capacity of the
lagoon’s water and its tributaries to provide a food basis for
enhancement of the eel population. Eels in the Vistula
Lagoon are mainly benthivorous (Hlopnikov 1992), but
they could be considered to be omnivorous. The shallow-
ness and polimixia created very good conditions for bottom
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fauna and mobile epifauna. In the Polish part, some direct
observations suggest that eels mainly fed on mobile epifau-
na, especially on the newly settled, but common and abun-
dant, species, Rhithropanopeus harrisii (cf. Jażdżewski et
al. 2005). In addition, in the case of bad conditions, eels
could settle in thousands of canals built between the Vistula
River and its arms (Fig. 1). The Vistula Lagoon ecological
capacity to maintain even enormous abundant populations
has been demonstrated by a commonly known case of
black cormorant breeding colony near Kąty Rybackie. No
one could predict the success of the colony initially
amounting to some 5000 pairs in 1995 and attaining the
level of 12 000 pairs, on the beginning of the 21st century
(Kopciewicz et al. 2003). This was possible because of
good feeding conditions for ichtchyophagous animals, even
in the area with intensive fishery.

The eel population resulting from stocking, capable of
maintaining the fishery, definitely ended at the beginning
of the 21st century. Some landings, however, still exist.
The question is the origin of the present population. There
are two potential sources: natural recruitment and eels
from inland waters stocking. Unfortunately, it is not pos-
sible to monitor the natural recruitment via the Pilava
Strait. The monitoring at the rivers of the Polish coast of
the southern Baltic Sea confirmed that juvenile eels are
entering rivers even under present conditions (Wojciech
Pelczarski, personal communication). The Great
Masurian Lakes system, which have been stocked for
many years, is cut-off by numerous dams without fish
passages at the Łyna and Pregoła rivers. The only known
stocking program that could influence the Vistula Lagoon
waters is provided at Drużno Lake (near Elbląg) and adja-
cent waters by anglers associations, but the number of eels
is not high (5–10 kg of glass eel each year).

The knowledge concerning the real level of catches is
more of a social science than a biological one. Until
recently, naturalists treated the official landing values as
unreliable, though they are the only source of “hard data”
about the fishery exploitation. In this situation, the basic
data concerning fishery mortality are very uncertain. Eel
is a flag species, as there is a lack of suitable “hard data”,
and economic issues have always influenced its catches
and the reliability of landings statistics. With such quali-
tative data, the models would more accurately reflect real
changes in the environment.
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