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ABSTRACT

Aims/objectives: Mediterranean Sea is one of the most severely affected by alien marine
invasions regions worldwide. The reported alien species in the Mediterranean Sea
represent approximately 6% of the known biodiversity which is estimated to approximately
17000 species. The number of species increases with a rate of one new record every 1.5
weeks. The Sally Light-foot crab, Percnon gibbesi (H. Milne Edwards, 1853) is a primarily
algivorous crab of the shallow infra-littoral rocky shores. Percnon gibbesi increased
rapidly its distribution in the Mediterranean Sea. In this paper, we will use a mathematical
framework based on the theory of records to identify if Percnon gibbesi is sporadic. A
record is a result or some measurement in a given chain of events that exceeds
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everything that has been encountered previously. Then, we first describe the distribution
of Percnon gibbesi on site in the Mediterranean Sea, Greece, and after we perform a test
to identify if the specie is rare

Study Design: Number of records.

Place and Duration of Study: Department of Applied Mathematics and Department of
Biology, Institute of Applied and Computational Mathematics, between February 2013 and
November 2013.

Methodology: We apply a new statistical method in marine ecology to study the evolution
of some new marine species for which few information are available. We would determine
if some species are isolated (sporadic) based on record method. A specie is recorded or
have a record if the number of occurrence of this specie exceeds the last registered
number. The observations can be presented with a high variability that may come from
some random phenomena such as the transfer, the environment or others.

Results: We consider the inverse of the waiting time between two observed successive
species, Percnon gibbesi in the Mediterranean Sea Greece. The first case is founded in
Greece in 2001 and the last in 2012. Based on the record method we can easily check
the evolution of Percnon gibbesi in Greece is a species that spreads with the time.
Conclusion: We presented a new method of detection of the beginning of a species
marine based on the number of observed records from the first observations. The
properties of this method consist first on its convenience for any number n of observations
since the distribution of the number of records is exactly calculated for each n, and its
robustness since this distribution is independent of the cumulative distribution function
involved in the distribution of {ASn}.

Keywords: Number of records; Sporadic Mathematics subject classification; 53C25; 83C05;
57N16.

1. INTRODUCTION

In recent years, researchers have become more and more interested in records. Many new
and interesting applications of the theory of records has been discovered and explored. A
record is simply an achievement, a result or some other kind of measurement in a given
chain of events that exceeds everything that has been encountered previously. Thus, a new
record is always something remarkable which attracts attention nevertheless the occurrence
of this record is considered good or not. Records show the boundary of what has been
possible so far. This is why the records become more important than other measurements.
For example, the famous book Guinness World Records holds its own record as the best-
selling copy righted book in history [1]. Records are also of great interest in sports, especially
in athletics and in swimming records, Olympic-or world-records, are always something
special and observable [2,3].

An area, where records are also important is the context of global warming. The question,
how a changing climate affects the number of recorded temperatures we encounter has
bothered both the general public and researchers [4]. However records also play an
important role in other sciences like physics [5], biology [6] and economy [7]. Moreover, it
was recently possible to analyse and model the statistics of records in stock prices [8]. The
theory of records in time series of independent and identically distributed (i.i.d.) random
variables was already developed many years ago [9].
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In this paper, we apply the records to observe the evolution of some new marine species for
which few information are available. We would determine if some species are isolated
(sporadic) by using the methods of records. More precisely, a species is recorded or have a
record if the number of occurrence of this specie exceeds the last registered number. The
observations can be presented with a high variability that may come from some random
phenomena such as the transfer, the environment or others. These can be one-dimensional,
like (the number of new species observed in a period of time in the whole region or an
interval of time between the occurrence of the observation of two species), or multi-
dimensional (i.e. the number of observations in a period per region).

Percnon gibbesi is an opportunistic feeder, which feeds primarily on algae such as
filamentous algae, calcareous algae, corticated macrophytes, and folios algae [10] at the
shallow (0-8m) infra-littoral rocky shore but also on invertebrates such as pagurid crabs,
polychaeta, mollusks (mainly gastropods), other crustacean species and jelly fish [11]. It can
be found only in rocky bottoms, especially on boulders with no or no dense vegetation and it
has a mainly pre-noctural activity. Meanwhile, it creates dense populations which displace
other indigenous crabs, like the warty crab, Eriphia verrucosa. The success of its invasion
and establishment in the Mediterranean sea seems to be based on (a) the flexibility on the
food source, (b) the high prolificacy of the spider crab, (c) the large duration of the larval
stage [12] which allows the long dispersal of the species, (d) the exceptionally large
megalopa from which a robust first crab stage is produced [13], (e) favorable environmental
conditions, especially due to the warming of the Mediterranean Sea, in particular after 1998
[14], and (f) absence of substantial competition [15] and predation.

The paper is organized as follows. In section 2, we present a brief of the theory of records.
Then, we define the record as a sum of independent random variables. This is important
especially in the presence of rare events that are independent and not regular
simultaneously. In the section 3, we study the distribution of the number of records when the
random variables are independent and identically distributed, which will be used as a
statistical test. In section 4, we evaluate the first moment of the records which is
approximately in the complexity of In (n). In section 5, we use a hypothesis test to identify if
Percnon gibbesi is sporadic or not by studying the case in Greece.

2. METHODOLOGY AND HYPOTHESIS

The theory of records and the order statistic are extremely related. In statistics, the k-th order
statistic of a statistical sample is equal to the k-th smallest value. Important special cases of
the order statistics are the minimum and the maximum value of the sample. Formally, let
consider a time series {X17,...,Xn} of random variables which can, for example, be a series of
temperatures, stock prices, sports results or some other kind of measurement process.

For a sample of size n, the n-th order statistic is given by Mn=max(X1,..., Xn). The theory of
records handles the exact distributions of some statistic (the number of records values and
instants of records) that are not depending on the distribution of the observations. Also this
method is able to evaluate the probability distribution for a small sample of observations.

The aim of this work is to develop a mathematical framework for evaluating the frequency of
the sally light foot crab Percnon gibbesi in the Mediterranean Sea, then the application of a
non parametric test on some real world data collected from Greece to identify that Percnon
gibbesi is sporadic or not.
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We consider a renewal process {Sn}n=0 on R* that represents the successive occurrence
time of a new specie. For example S, represents the time of the first occurrence of the
species. Let consider {ASn}nz1 be the difference between two successive times of
occurrence of the species i.e. ASh=Sn-Sn-1 for n=1,2,.... The set of ASn for n=1,2,... form
a time series of random variables that are independent and identically distributed.

In the framework of random variables independent identically distributed {ASn}, the quick
evolution of the species corresponds to the smallest values of ASn. This is why we find the
similar values of the time, i.e. Sn and Sn-1 are close to each other. Hence, we use the
inverse (AS,)™! in statistical test since we are looking for the highest records. In other words,
when Sn approaches to Sn-171 then the difference will be small, thus the inverse that
represents the records increases.

For example, the Table 1 shows an example of computing the waiting time (ASn) and its
inverse (ASn)'1 between two successive cases of the observation of specie in a region.

Table 1. Example of calculating the waiting time (AS,,) and its inverse (AS,,)~?!

Observed time S, Month/Year AS,=S,—Sn1 (AS,)™1 = 1/AS,,
S, 06/2001 Trivial record Trivial record
S, 07/2002 395 0.002
53 04/2004 640 0.001

2.1 Probability Distribution of the Number of Records

Let consider Mn=max(X1,X2,...,Xn) the maximum of the sequence of i.i.d. random Variables
{Xk}k=n, where Xn=(ASn)’1. Let define the number of records R such as

R= i 5; (CXY
=1

where §j is the indicator function of the records defined as follow:
. -1 -1 -1
5 = {1 if AS;" > max (ASy 7, ..., AS7) (32)
0 elsewhere

Returning to the Table 1, we have (ASZ)'1:O.002, (AS3)'1=0.001 and (AS4)'1=0.008. The first
case of observation gives d1=1 (since the specie is found). Since (AS3)" is smaller
than(AS2)™" then 53=0. Hence, R=1 and we continue in the same way, let consider (AS4)™
=0.008, this is greater than the maximum of the inverse time observed then 64=1 and the
number of records becomes R=2. Studying the distribution of the number of records helps us
to show the independency between the observations. This is given by:

s(n, 1)

P(R=1)= -

(33)

Where {s(n,r)} is the Stirling number. This can be defined by comparison of the following
polynomials [16]:
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ﬁ(s - = i s(n,r)s” (34)
j=0

r=0

Moreover, Glick [16] gives a simplified expression for the distribution of records. This
expression is obtained by recursion and given by:

p,-(R=r)=(1—;1,)@-_1(13=r)+(;1_)p,-_1(R=r—1) (35)

For all 21 and j22 where the initial probabilites are P;[R=0]=0 and P,[R=1]=1. The
simulations shown in Fig. 1 illustrate a comparison between the probability distributions of
the number of records for different values of n. We can also remark that the mode of the
distribution, that is the highest frequency, increases with n and the distribution spreads to the
left. Table 2 gives the probability to observe at least r records among n variables. This table
is used to compute the significance level to test the sporadic species.

— 88— n—10
—a— =20
==

k-1 - 0

Fig. 1. Comparison of several probability distribution of the number of records

Table 2. {Pn(R2r)}r<9 derived from(3.3) for various values of n

n\r 1 2 3 4 5 6 7 8 9

10 1 09 0.6171 0.2939 0.0945 0.0203 0.0029 0.0003 O

20 1 095 07726 04978 0.2470 0.0944 0.0280 0.0065 0.0012
30 1 0.9667 0.8346 0.5999 0.3475 0.1614 0.0605 0.0185 0.0047
40 1 0975 08687 0.6627 0.4182 0.2163 0.0922 0.0326 0.0097
50 1 098 08904 0.7060 0.4712 0.2617 0.1212 0.0472 0.0156
100 1 099 09382 08124 0.6194 0.4082 0.2315 0.1133 0.0482
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2.2 Moments of the Number of Records

Following Renyi [17], the sequence of the indicators of records {§j}j=1 is independent. The
distribution is then given by:

1
P(§=1)= 7 (4.1)
The number of records in the interval [1,n] has approximately a complexity of O(Inn). In other

words, when n increases the appearance of new records becomes improbable. This can be
explained by:

n

E(R) :Z}l ~Inn (4.2)

=1

where E(R )is the mean of the number of records. In statistics, we can define the species
that are Rare with respect to their time of appearance. Then the instants of records increase
as an exponential function en [9]. Hence, the period of time separating two successive
records must be as long as possible to allow the observation of the evolution of the new
specie. The time separating records lies with n. In other words, more the time runs, the more
the records become infrequent. Fig. 2 presents the mean of the number of records as
function of n.

8 . Mean of the number of records

D 1 1 1 1 | 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

Fig. 2. In a sequence of 1000 observations we expect to observe about 7 records.

2.3 A Real World Data Application

In order to study the evolution of Percnon gibbesi, we consider the inverse of the waiting
time A(Sn)'1 between two observed successive species. Percnon gibbesi is observed in
several regions in the Mediterranean region as in ltaly, Spain, Greece, Turkey [11]. Here in
this section, we will illustrate the method explained below on some real world data. We will
consider, as an example, a region in the Mediterranean Sea, Greece. We apply the records
method to figure out that the observed species of Percnon gibbesi are sporadic or not from a
small number of observed species. The first case is founded in Greece in 2001 and the last
in 2012. Notice that we are using monthly data between 2001 and 2012. Fig. 3 presents the
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inverse of the waiting time for which we observe 6 records. We can evaluate the probability
of the number of records for the six observed records using the formula (3.3). Then, we use
the number of record test at a risk level a=5%, where a is the probability to identify that
Percnon gibbesi is not sporadic. Fig. 2 presents the mean of the number.
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Fig. 3. Successive observed records for the inverse time waiting (ASn)-1.

Table 3. Probability distribution and cumulative probability distribution of the number
of records in Greece for n=15 and 1=r<7

R 1 2 3 4 5 6 7
B,(R=71) 0.0667 0.2168 0.2999 0.2378  0.1221 0.0433 0.011
B.(R>71) 1 0.9333 0.7166 0.4167  0.1789 0.0567 0.0134

In particular according to Table 3, we compute the probability distribution for each value of
the records between 1 and 7 and we can deduce Pn(R=4)=0.4167 for n=15. Therefore the
species are sporadic.

Then we evaluate the cumulative probability Pn(R2r) to determine the critical region in which
we consider that Percnon gibbesi is not sporadic. To identify that Percnon gibbesi is
sporadic, we compare the value of the probability with a level risk a=0.05. Here, we observe
that Pn(R 26)=0.0567 is the nearest value to a=0.05. Moreover, if we observe more records
values, we can easy check the evolution of Percnon gibbesi with a probability less than 0.05
(i.e. Pn(R 27)=0.0134). Consequently, we can conclude that Percnon gibbesi in Greece is a
species that spreads with the time.
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3. CONCLUSION

In conclusion, we have presented a new method in statistical marine ecology based on
the number of records to determine the sporadic species from the first observations.
This method have major advantages and is totally robust since the distribution of the
statistical test is exactly calculated for each value of n, and this distribution is
independent of the cumulative distribution function involved in the distribution of
observations. According to the classical theoretical result which shows that the number
of record becomes large enough, then a few records are easily observed in sporadic
cases, for small, but as increases, it becomes very difficult to observe additional
records. The record approach is particularly suitable for a small number of observations
since it does not take into account the smallest data which may be particularly small for a
new event. However, when becomes larger, it could be interesting to take into account
more observations and not only the record values.
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