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Abstract

The worldwide spread of bigheaded carp (Hypophthalmichthys spp.) is considered an
ecological threat and problem in many countries. The aim of this study was to consider the
likelihood of bigheaded carp reproduction in Lake Balaton and its catchment area (Hungary).
The within-year trends of gonadosomatic index values show that female bigheaded carp
increase ovary masses from spring until midsummer, after which a decline is typical. This

trend may indicate bulk egg release, but the lack of a sharp drop in fecundity (number of eggs
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in the ovary) values during and after the potential spawning period suggests that a general and
considerable ovary evacuation does not likely explain the declining gonadosomatic index
values. Rather, it is more probable that female bigheaded carp resorb their eggs, supported by
the presence of atretic oocytes in the ovaries after the potential spawning season. In turn,
postovulatory follicles were present in the posterior ovary segments of 2 individuals,
indicating that mature eggs were released by some females. The evidence of sporadic egg
release does not necessarily imply that successful reproduction has occurred, however. The
genetic analyses showed remarkable deviation from Hardy-Weinberg equilibrium within the
stock, suggesting that bigheaded carp do not constitute a natural reproductive community in
Lake Balaton. Thus, the present bigheaded carp stock in Lake Balaton likely derives primarily

from external origin (i.e., from the surrounding fish ponds).
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reproduction

Introduction

Bighead carp (Hypophthalmichthys nobilis Richardson 1845) and silver carp (H. molitrix
Valenciennes 1844) are native to the large lakes and rivers of China and the Asian territories
of Russia. These fishes and their hybrids (collectively referred as bigheaded carp or filter-
feeding Asian carp) have been introduced to several countries worldwide since the 1950s
(Jennings 1988, Kolar et al. 2007). The usual goals of bigheaded carp introduction and
stocking outside of their native range were to increase fish production and to improve the
water quality in eutrophic and hypertrophic waterbodies, under the assumption that these fish
species (especially silver carp) reduce eutrophication by removing phytoplankton from the

water column (Cremer and Smitherman 1980, Xie and Liu 2001). A number of studies cast



doubt on this idea, however, and report that bigheaded carp are conducive to elevated
dissolved nutrient concentrations in the water column, reduce zooplankton rather than
phytoplankton biomass, and often contribute to the deterioration of water quality (e.g., Matyas
etal. 2003, Lin et al. 2014).

Bigheaded carp were introduced to Lake Balaton (Hungary) in 1972 to increase fishery
yields and control serious planktonic eutrophication. Before the initial stockings, silver carp
fingerlings were imported to Hungary in the 1960s from the former Soviet Union and China,
but bighead carp individuals concurrently arrived in Hungarian hatcheries (Kolar et al. 2007).
Introduced fish arrived in Lake Balaton presumably from a pure genetic line culture of silver
carp in 1972, but later events are somewhat unclear. Marian et al. (1986) noted that Hungarian
researchers had started an extensive program to hybridize bighead carp and silver carp. As a
result of this attempt, the original and pure fish strains became “contaminated” with the genes
of the other species. Accordingly, it cannot be assured that only pure silver carp were stocked
into Lake Balaton during the 1970s and 1980s. Instead, it seems more probable that
broodstocks in Hungarian hatcheries consisted of hybrid bigheaded carps with silver carp
phenotypic traits, and mostly these fish were used to stock Lake Balaton. At present, most if
not all of the bigheaded carp in Lake Balaton are Hypophthalmichthys hybrids (Boros et al.
2014, 2015); in this study we thus refer to all captured fish simply as “bigheaded carp.”

The persistent bigheaded carp stocking did not significantly improve the water quality of
Lake Balaton, and hence it was stopped and banned in 1983. Bigheaded carp biomass
remained high after 1983, however, and has not declined during the past decades despite the
intensive and continuous size-selective fishery that lasted until 2013 (Weiperth et al. 2014).
Two reasonable theories can explain the source of new fish and the provenance of the present
bigheaded carp stock in Lake Balaton. First, it can be assumed that fish escape regularly from

surrounding aquaculture operations during water discharges or in flooding events, allowing



various size-classes of bigheaded carps to arrive in Lake Balaton through the connected
watercourses. The second option is that bigheaded carp may be able to reproduce in the lake
or in the watershed, but this assumption contradicts the generally accepted opinion (Kolar et
al. 2007) that these species require relatively long (at least 100 km), undammed, free-flowing
rivers for successful spawning and reproduction.

This study aimed to assess the likelihood of bigheaded carp reproduction in a large and
shallow freshwater lake that lacks tributaries apparently feasible for spawning. Results of
histological examinations, measurements on ovaries, and genetic analyses of the stock in Lake
Balaton were considered to define the source of bigheaded carp recruitment that has

maintained the stock’s biomass at a relatively constant level throughout the past decades.

Study site

Lake Balaton is the largest shallow lake in Central Europe. It is situated in the Transdanubian
region of Hungary and has a surface area of 596 km”, an average water depth ~3.3 m, and a
catchment area of 5775 km”. Lake Balaton has 51 inflows of various sizes (one river and
several smaller canals, streams, or brooks) and only one outflow, the Si6-canal. Although
some of the inflows are relatively long (Fig. 1), it is questionable that these could serve as
potential spawning and hatching grounds for bigheaded carp. The aforementioned
watercourses are typically shallow, and several dams or other barriers prevent bigheaded carp
migration upstream over longer distances. A number of aquaculture operations (the largest is
Marcali-reservoir; Fig. 1) are found in the watershed of Lake Balaton stocked regularly with
bigheaded carp (Hancz and Varga 2014) and could be potential sources of several invasive,

nonnative fish species (Saly et al. 2011, Erds et al. 2012).



Methods
Sampling and sample processing
Fish were captured from the eastern basin of Lake Balaton (Fig. 1) in 2011 (Mar—Nov) and
2013 (Apr—Oct) by the Balaton Fish Management Non-Profit Ltd, using size-selective gillnets
(12 cm knot-to-knot mesh-size). Fish sampling was paused in July and August, according to
local regulations. In addition, ovary sample collection for histological analyses was not
possible in June and October 2011. We collected 112 bigheaded carp, 58 of which were
female. After catching, fish were sacrificed rapidly (by severing the central nervous system),
and then ovaries were removed from the abdominal cavity and tissue samples for DNA
analysis were collected from the dorsal fins.

Standard body lengths (Ls), total body lengths (Lt), total body mass (W), and ovary mass
(W) were measured. Fulton’s condition factors (K; Nash et al. 2006) were calculated as

follows:

K = W(g)/Lt’ (cm) x 100 . (1)

Gonadosomatic index (Ig; the gonad’s mass as a proportion of the total body mass) of female

individuals was calculated as follows:

Ig, % = (Wo, kg/Wr, kg) x 100 . )

To estimate fecundity, 3 subsamples (50 mg each) were taken from the medial-posterior
segments of ovaries (n = 29; Fig. 2), and the number of eggs per unit ovary mass was counted
under binocular microscope. Subsequently, total fecundity (Fr; total number of eggs per

ovary) and relative fecundity (Fgr; Fr divided by the individual’s body mass) were calculated.



In addition, histological examinations were performed on the ovaries of fish (n = 23)
caught in 2011. Samples were taken from 3 different regions of ovaries: the anterior (closest
to the head), the medial, and the posterior (closest to the genital pore; Fig. 2).

Samples of gonads were fixed in Bouin’s solution for 24 hours and then were dehydrated
through a series of ethanol solutions (70% to 95 %), immersed in xylene and finally
embedded in paraffin blocks. The samples were sectioned (5—6 pm thickness) with a rotation
microtome model RM 2155 (LEICA Microsystems, Wetzlar, Germany) and subsequently
stained with haematoxyline and eosin (POCH S.A., Gliwice, Poland). Maturation of gonads
was determined according to the Sakun and Butskaya (1963) scale and classified into 6 stages.
Stage I: Oogonia are visible, after which oocytes enter a period of meiotic prophase and
remain in diplotene stage, completely filling the germ cells with yolk. Stage II: The gonad
contains mostly previtellogenic oocytes that gradually increase in diameter, and a number of
nucleoli are located on the periphery of the nuclear membrane in the nuclei of cells. On the
periphery of previtellogenic oocytes, single epithelial cells can be observed, forming the
developing follicular membrane. Stage I1I: Visible oocytes can be observed in the ovaries
with vacuoles in their cytoplasm, accumulating nutrients gradually. This phase is the
beginning of trophoplasmatic growth, which corresponds to the vitellogenic period. Stage IV:
This phase is the end of trophoplasmatic growth, in which oocytes are filled with nutrients.
Stage V: Ovulation occurs, and the nucleus of the oocyte moves to the micropyle, forming the
animal and vegetative poles. Stage VI: During this post-ovulatory period, ovaries are partially
or completely empty and contain postovulatory follicles beside maturing and matured
oocytes.

We performed genetic analysis to assess the potential deviation from the Hardy-Weinberg
equilibrium and the rate of inbreeding within the stock. Tissue samples (» = 108) from the

dorsal fins were stored in 96% ethanol at —20 °C until DNA isolation, and DNA was extracted



using the Qiagen DNeasy Blood and Tissue Kit (QIAGEN, Hilden, Germany) following
manufacturer instructions. We used 10 autosomal microsatellite markers (HmoO1, Hmo02,
Hmo03, Hmo13, Hmo33, Hmo34, Hmo36, Hmo37, Hmo39, and Hmo40; Gheyas et al. 2006)
to assess the potential deviation from Hardy-Weinberg equilibrium. Microsatellite analyses
were carried out as described by Gheyas et al. (2006), with some modifications (primers were
fluorescently labeled with FAM, TET, and HEX fluorescent dyes and the length of different
microsatellite alleles were assessed by running the multiplexed PCR products against
GeneScan, 500 TAMRA, Applied Biosystems, Foster City, CA) by a 3130 Genetic Analyzer
(Applied Biosystems, Foster City, CA). Results were visualized using GeneMapper 4.0
software (Applied Biosystems, Foster City, CA). The inbreeding coefficient for each locus

was evaluated using the software Fstat 2.9.3 (Goudet 2001).

Statistical analyses
The relationships among I, Fr, and Fg (response variables) and body size (Ls, Wrt), sampling
date, and K (descriptor variables) were tested with analysis of covariance (ANCOVA), by
using sampling date as factor (categorical variable) in the models. To avoid collinearity, the
effects of descriptor variables were tested individually in separate models. Beta coefficients
(i.e., the standardized regression slopes) were determined for each descriptor variable to
compare the relative strength and direction of their relationships with Ig, Fr, and Fg.
Statistical analyses were performed with StatSoft Statistica 7.0 and evaluated at p <0.05
significance level.

MICRO-CHECKER 2.2.3 software (Van Oosterhout et al. 2004) was used to check the
molecular genetic data for allelic dropouts, null alleles, and other possible genotyping errors.
The observed and expected heterozygosity for all loci and assessment of deviation from the

Hardy-Weinberg equilibrium were calculated by Markov Chain Monte Carlo exact test (Guo



and Thompson 1992). GENEPOP on the web was used for calculations, (Raymond and

Rousset 1995, Rousset 2008).

Results

Main body parameters and gonadosomatic index

The Lg of the sampled fish ranged from 0.80 to 1.18 m (average [S.D]; 0.96 [0.07] m), their
W varied between 12.80 and 35.00 kg (19.80 [4.40] kg), and W ranged between 0.81 and
7.00 kg (3.54 [1.18]).

Female bigheaded carp I ranged from 6.2 to 29.4 (17.9 [4.7]). Average I was typically
low in early spring and increased remarkably until reaching peak values in June in both 2011
and 2013 (Fig. 3). Afterward, I values declined gradually toward late summer and autumn
and reached similar values to those found in the spring. This trend was typical in both 2011
and 2013. ANCOVA models confirmed that sampling date was a significant factor in

influencing Ig (p < 0.01; Table 1), but Ls, Wr, and K had no significant effect on Ig (Table 1).

Fecundity
Total fecundity of females ranged from 8.2x107 to 3.7x10° eggs (2.2x107 [8.2x107]),
whereas Fr varied between 42.4 and 176.8 (104.2 [41.3]). There was no significant

relationship between descriptor variables (Ls, W, and K) and Fy and Fr (Table 2 and 3).

Histology

The anterior segments of gonads were dominated by previtellogenic oocytes in March, but
oocytes in the early vitellogenic stage were also found, indicating that the maturation process
had started in early spring (Fig. 4a). Concurrently, the medial parts of gonads contained

relatively high amounts of connective tissues and fat deposits (Fig. 4b), showing the



anomalies of retrogression processes during the previous spawning season. The posterior
segments (Fig. 4c) showed that most individuals were near the vitellogenic maturation stage;
60% of the examined bigheaded carps were at II/III and 40% at III/IV stage (Table 4). In the
ovaries from April, at least 2-3 generations of trophoplasmatic oocytes in different
vacuolisation stages (e.g., endogenic and exogenic vitellogenic oocytes) were found (Fig. 4d—
f). The extent of ovary maturation changed slightly in April compared to the previous month,
with posterior ovary parts also in II/IIl and III/IV maturation stage, but the ratio was reversed;
one-third of sampled fish ovaries were in stage II/IIl and two-thirds in III/IV (Table 4). In
May, the maturation of ovaries could be classified in the IV, IV/V, and V/VI stages (Table 4),
and several vacuolised, vitellogenic (Fig. 4g), and matured oocytes (Fig. 4h and i) were found.
Postovulatory follicles were present in the posterior ovary segments of 2 individuals (Fig. 41).
In September, several matured oocytes were found in all ovary parts, indicating the capability
for protracted spawning (Fig. 4j-1). The posterior ovary segments, however, were
characterized by diverse maturation stages (Table 4.); one individual was in the after-
spawning stage (VI), one was in the early maturation stage (II/Il), and 2 were in an
intermediate stage between trophoplasmatic growth and nutrient accumulation (III/IV).
Finally, previtellogenic (Fig. 4m), vacoulised (Fig. 4n), and matured oocytes with atretic
oocytes (Fig. 40) were found in the ovaries in November. At this time, posterior ovary
segments showed that oocytes were near the end (III/IV) or at the end (IV) of trophoplasmatic

growth in this month (Table 4).

Genetic analysis
Expected heterozygosity values (H.) ranged from 0.59 to 0.91 (Table 5) on different loci
within the collected sample group with an average of 0.77, whereas observed heterozygosity

(H,) ranged from 0.35 to 0.87 with an average value of 0.68. The expected and observed



values differed significantly in Lake Balaton’s stock in case of all markers (Table 5),
establishing that the stock is not in Hardy-Weinberg equilibrium. The inbreeding coefficient

typical for the stock (0.106) indicates moderate inbreeding.

Discussion

The aim of this study was to evaluate the evidence for and against bigheaded carp
reproduction in Lake Balaton and to assess whether the individuals in the present stock are the
offspring of the bigheaded carps stocked in the 1970s and 1980s or if the recruitment arrived
from external sources. Although the bigheaded carp stocking to Lake Balaton was completed
in 1983, these fish still have a massive stock in the lake, equal to about one-third of the total
fish biomass (Tatrai et al. 2009). A recent study (Boros et al. 2014) noted that the present
bigheaded carp stock in Lake Balaton cannot have originated directly from the last official or
earlier stockings because the oldest fish caught in the lake over the past few years was only 16
years old. During the past decade 9- tol4-year-old bigheaded carp dominated the fisheries
catches, and it is unlikely that fish older than 32 years could be present in substantial
numbers. Moreover, the average age of fish captured by size-selective gillnets have not
changed considerably during the past decade, and fishery yields remained relatively high and
constant (Weiperth et al. 2014), implying a steady source of recruitment independent of the
stockings in the 1970s and 1980s.

The within-year trends of I change show that female bigheaded carp in the lake increase
their ovary masses gradually from spring until midsummer, after which a decline is typical.
This trend could indicate the release of eggs during the potential spawning period that
normally occurs between spring and summer in the temperate climate zone (Papoulias et al.
2006, Kolar et al. 2007). The lack of a significant relationship between fecundity (both Fr and

Fr) and sampling date, however, and the absence of bigheaded carp with empty ovaries
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suggest that ovary evacuation (e.g., considerable egg release) is not a likely explanation for
the declining Ig. A more probable explanation is that by the end of spawning season, females
resorb their eggs, resulting in fluctuating Ig but no seasonal difference in fecundity values.
This assumption is supported by the results of histological analyses, which detected atretic
oocytes in the ovaries after the spawning season. A similar phenomenon was described by
Papoulias et al. (2006) in the Missouri River and by DeGrandchamp et al. (2007) in the
Ilinois River, where female bigheaded carp maintained high I values throughout the summer
and resorbed their eggs at the end of the spawning season in some years. Thus, the retention
of eggs may result in follicular atresia and can be induced by unfavorable environmental
conditions during the spawning period.

In addition to water temperature, other environmental factors affect the reproduction
success of bigheaded carp. For instance, several authors reported that flowing (current
velocity 0.3-3 m/s) and turbid water (visibility 10—15 cm) stimulates spawning in
Hypophthalmichthys spp. and provides favorable conditions for egg hatching (Verigin et al.
1978, Jennings 1988, Kolar et al. 2007, Deters et al. 2012). These conditions are not typical
for most of the lakes, but Lake Balaton is unique in this sense because the environmental
conditions favorable for inducing bigheaded carp spawning may co-occur in some years.
Because of the high surface-to-volume ratio of the lake, wind-generated turbulence can easily
mix the entire water column, periodically causing high turbidity and strong currents (Padisak
et al. 1990). These conditions, accompanied by optimal water temperature, may stimulate egg
release, similar to that observed in May 2011. Postovulatory follicles were present in the
posterior ovary parts of 2 individuals, revealing that a few mature eggs were released by some
females.

The previously mentioned lack of strong linkage between fecundity and sampling date,

however, suggests that considerable and bulk release of eggs is not typical for female
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bigheaded carp in Lake Balaton. In addition, the evidence of sporadic egg release does not
necessarily mean the successful reproduction/recruitment, which would additionally require
insemination of the eggs and then survival of the eggs and young fish. To date, there is no
direct evidence for mating or for the presence of substantial numbers of bigheaded carp
fingerlings in Lake Balaton. We cannot, however, rule out the chance of occasional success of
complete natural reproduction because Hypophthalmichthys spp. are highly adaptive and their
reproductive requirements may undergo substantial changes when introduced to a new
environment (Kolar et al. 2007, Coulter et al. 2013).

Only a few and less detailed studies are available that report successful bigheaded carp
reproduction under lacustrine conditions. For example, silver carp reproduced in the
Gobindsagar Reservoir, India (Sehgal 1989, 1999), and Tang (1960) reported that bigheaded
carp spawned in Taiwan in a reservoir with only short tributaries, but the details are unclear.
These findings mandate that we reconsider and refine a previous notion that
Hypophthalmichthys spp. reproduce exclusively in large rivers. Prevailing theory assumes that
semi-buoyant eggs of bigheaded carp must be held in suspension by turbulence, or otherwise
the eggs will sink and die embedded in the sediments (Kolar et al. 2007). Yi et al. (2006),
however, found that bigheaded carp eggs survived and hatched in Petri dishes with only daily
water changes and no currents. Similarly, Kolar et al. (2007) reported that field-collected
bigheaded carp eggs hatched successfully in unaerated bags filled with water and sediment.
Moreover, George et al. (2015) studied the hatching success of grass carp (Ctenopharyngodon
idella Valenciennes 1844) eggs under experimental conditions and found that survival rates
were relatively high (15% to 35 %) in treatments where eggs rested on a sand bed and lower
but still notable (5% to 10 %) when eggs were partially buried in sediment. This finding could
be important because bigheaded carp and grass carp have similar (semi-buoyant) types of

eggs. The fact that some grass carp eggs hatched successfully without being suspended in the
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water column suggests that bigheaded carp eggs might survive and hatch under lacustrine
conditions.

Nevertheless, the genetic analyses showed remarkable deviation from Hardy-Weinberg
equilibrium within the stock in Lake Balaton, suggesting that bigheaded carp do not constitute
a natural reproductive community. Moreover, the analyses revealed a relatively high degree of
inbreeding. These findings support the assumption that the studied bigheaded carp arrived
from the nearby fish ponds through connected watercourses. These ponds have been stocked
with fish from hatcheries, where deviation from the Hardy-Weinberg equilibrium and
inbreeding usually occur (Eknath and Doyle 1990, Primmer et al. 1999). A further and also
considerable argument that supports the occurrence and importance of bigheaded carp
immigration to Lake Balaton is that Specziar et al. (2009) and Er6s et al. (2012) found young
(1+ and 2+ age-group) bigheaded carp in the inflows of Lake Balaton after periods of high
precipitation in the lake’s watershed that resulted in the release of water from the fish ponds.

In conclusion, the present bigheaded carp stock (or at least the vast majority) in Lake
Balaton seems to derive from external origin (i.e., from the surrounding fish ponds) rather
than from natural reproduction. Occasional spawning of bigheaded carp occurred in the lake,
but we found no evidence for successful hatching or survival of fry. Periodical immigration
from the connected fish ponds is possibly accompanied by occasional natural reproduction,
and the recruitment could arrive from these 2 independent sources simultaneously or
alternately; however, immigration is apparently far more significant in maintaining the stock’s

biomass at a relatively constant level throughout the past decades.
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Figure. 1. Catchment area, the main inflows, and the fish sampling locations (marked with
triangles) in Lake Balaton. (I) Lake Balaton; (II) Kis-Balaton Water Protection Reservoir;
(III) Marcali-reservoir. Main inflows of Lake Balaton: (1) Zala River (139 km in length); (2)
Nyugati Canal (17 km + connected brooks); (3) Poganyvdlgyi Canal (40 km); (4) Egerviz

Stream (32 km).

Figure. 2. Ovary of a Hypophthalmichthys sp. individual caught in Lake Balaton showing (a)
anterior segment (closest to the head); (b) medial part; and (c) posterior segment (closest to

the genital pore).

Figure. 3. Seasonal variation of the gonadosomatic index (Ig, %) values in female bigheaded
carp and the water temperatures at each sampling times. Plots marked with the same letter

within the same year do not differ significantly (p < 0.05).

Figure. 4. Cross-sections of bigheaded carp ovaries sampled in Lake Balaton
Descriptions: oa = atretic oocyte; pf = postovulatory follicle; ft = fat deposits (connective and
fat tissues); om = matured oocyte; op = previtellogenic oocyte; ov = vacuolised oocyte; ove =

endogenic vitellogenic oocyte; ovz = exogenic vitellogenic oocyt.
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Table 1. ANCOVA models testing the effects of standard length (Lg), wet body mass (W),
and Fulton’s condition factor (K) on the gonadosomatic index (Ig; n = 49). B = standardized

regression coefficient; R* = adjusted determination coefficient of the model

Ig Covariant Sampling date R

B3 Fi37 p Frozr  p
Ls —0.0734 0.2703 0.6062 3.2148 0.0045 0.3101
Wr —0.0730 0.3061 0.5833 3.2455 0.0042 0.3107
K 0.0633  0.1493 0.7013 3.1827 0.0048 0.3078
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Table 2. ANCOVA models testing the effects of standard length (Lg), weight (W), and
Fulton’s condition factor (K) on total fecundity (Fr; n = 18). B = standardized regression

coefficient; R* = adjusted determination coefficient of the model.

Fr Covariant Sampling date R

B3 Fi2 P Fa12 p
Ls 0.3930 1.8322 0.2008 1.3419 0.3105 0.0257
Wr 0.3744 22607 0.1585 1.2656 0.3364 0.0550
K 0.0546 0.0217 0.8851 0.4915 0.7422 0.1209
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Table 3. ANCOVA models testing the effects of standard length (Lg), weight (W), and
Fulton’s condition factor (K) on relative fecundity (Fg; n = 18). B = standardized regression

coefficient; R* = adjusted determination coefficient of the model.

Fr Covariant Sampling date R

B3 Fi2 p Fa12 p
Ls —0.4108 2.5242 0.1380 0.8650 0.5123 0.2275
Wr —0.3715 2.7694 0.1219 1.2055 0.3583 0.2403
K 0.0812  0.0579 0.8137 0.9100 0.4888 0.0695
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Table 4. Maturation stages found in posterior ovary segments of female bigheaded carp (n =

23).

Month Fish 1 Fish 2 Fish 3 Fish 4 Fish 5 Fish 6
March I/ I/ I/ 1I/1vV 11V —
April /1 v 1I/1V 1I/1V II/111 v
May I\% IV/V V/VIP Vvt — —
September 1I/111 HI/1IV V/VI 1I/1V — —
November III/IV v 1/1Iv v — —

? Quantitative domination of endogenic-vitellogenic oocytes
® Postovulatory follicles were found in posterior part of ovary
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Table 5. Observed (H,) and expected (H.) heterozygosity values of bigheaded carp stock in

Lake Balaton and the significance of difference (p value) H, and H..

Locus H, H. p value
1 0.7359 0.6857 <0.0001
2 0.6604 0.8058 <0.0001
3 0.6038 0.7595 <0.0001
4 0.7196  0.8925 <0.0001
5 0.8426  0.8889  <0.0001
6 0.7593 0.6151 <0.0001
7 0.6887 0.9104 <0.0001
8 0.3585 0.5962 <0.0001
9 0.8785 0.7894  <0.0001
10 0.6132  0.8365 <0.0001
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