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Conventional ecology lacks a non-contingent theory on the relationship between abiotic, biotic and anthropogenic factors under natural or quasi-natural conditions. As a result, since ecology is the science that studies the
interaction between ecological factors in nested complex systems, we should recognize that ecology needs signiﬁcant enhancements to understand the functioning of ecosystems. This article combines the ecological state
equation (ESE, one of the earliest models derived from the Organic Biophysics of Ecosystem –OBEC), with
abundant ﬁeld data of abiotic factors, biotic factors and human factors from inland water rotifers and crustaceans (1022 samples taken over 21 years), litter invertebrates in laurel forest and pine forest (308 samples), and
marine interstitial meiofauna of sandy beaches (90 samples). This has been done in order to obtain additional
empirical evidence on the intrinsic trend to stationarity in the long run, even in perturbed ecosystems (manmade eutrophic water reservoirs, forest vegetation aﬀected by traﬃc, and coastal ecosystems close to disposal
points of sewage that are fully or partially treated, respectively to the above-mentioned taxocenes), and the
relationship between the above-mentioned ecological factors. Our results indicate that there is a complex natural
arrangement that intertwines the trend to stationarity and the resilience capability of ecosystems with a clear
pattern of hierarchical setup between ecological factors. This is reﬂected by the role of ESE as a trophodynamic
interface in hierarchical statistical models (cluster analysis) because they involve, in the following order of
increasing rank: lower level abiotic factors (a.f.), biotic factors (b.f.), the holistic combination of state variables
included in the ESE and, ﬁnally, higher level human factors (h.f.). In such a way, there is a clear trend to a
hierarchical assemblage in agreement with the evolutionary origin of ecological factors in the deep time, as well
as in regard to the net direction (⟵) of ecological homeostasis: a.f. ⟵ b.f. ⟵ h.f. In this setup, the ESE
accomplishes a key liaison role, because it reﬂects a long run trend to stationarity which allows an essential
degree of ecological stability, as well as our capability to classify ecosystems, in spite of the random inﬂuence of
ecological perturbations in the short run. The above-mentioned set of additional evidence can be regarded as a
step to develop a non-contingent theory about the relationship between abiotic, biotic and anthropogenic factors. Furthermore, since the OBEC, in its origin, deals with only the dynamics of biotic variables, this is the ﬁrst
time that the interaction between one of its main models and other kind of ecological factors is studied yielding
reliable results in the process.
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1. Introduction

ecosystem or taxocene scale. Thus, this article is addressed to two
main goals: (i) Providing a plausible answer to this subject and its
nested nature starting from the combination of theoretical principles
and methods stated by the organic biophysics of ecosystems (OBEC;
see Rodríguez et al., 2017a, p. 45; Riera et al., 2018, pp. 2, 11–12),
and large sets of abiotic, biotic and anthropogenic ﬁeld data. (ii)
Verifying if the pattern derived from the previous item is stable in
connection with the general trend of ecosystems to stationarity (either in the long run or in the large scale) even in perturbed ecosystems (e.g.: man-made eutrophic water reservoirs, forest vegetation
aﬀected by the inﬂuence of traﬃc, and coastal ecosystems close to
disposal points of sewage that are fully or partially treated). Thus, a
key question to achieve these goals is to show the inﬂuence of those
intrinsic factors that produce a spontaneous drift toward stationarity
in ecological systems in comparison with those “extrinsic” or nonbiological factors that produce noticeable oscillations around stationarity (stationarity traits from the point of view of OBEC are deﬁned
in Section 2.1).
Our hypothesis (h) in order to reach the above-mentioned goals is
that, together with gradients that promote energy ﬂows depending on
combinations of a.f. and h.f. acting at the short run, there is a single and
all-pervasive gradient based on b.f. intertwined with each by the ecological state equation (ESE; Eq. (3), below), with a key inﬂuence in
favor of stationarity in any kind of ecosystem in the long run. This very
gradient allows identifying and classifying an ecosystem of a certain
particular kind in comparison with other types of ecosystems. The
plausibility of this hypothesis requires, at least, three empirically tested
results: hi) That the mean value of the quotient between the left and the
right side (LSese/RSese) of ESE would be statistically equivalent to 1 in
the long run without producing the typical linear regression elliptical
scatterplot between dependent and independent variables. The second
result (hii) is based on the fact that gradients unfolded either across
space or over time become sequences of oscillations. These oscillation
sequences including diﬀerent variables can be statistically processed by
means of multiple association statistical techniques1 based on coeﬃcient of variation values:

There have been several deﬁnitions and detail additions in regard
to the concept of “ecology” (see, e.g.: Haeckel, 1866, p. 8; King and
Russell, 1909; Elton, 1927, pp. 1–4; Eggleton, 1939; Friederichs,
1958; Kormandy, 1978; Margalef, 1991). However, whatever the
concept we select, the original cornerstone idea is that there are
biotic factors (b.f.) in constant eco-evolutionary interactions with
each other as well as with pre-biosphere abiotic factors (a.f.). A.f.
have been gradually modiﬁed by biological activity and human inﬂuence over a very large span of time. Finally, the ecosystem is the
structural and functional unit in this “ecological realm” (Margalef,
1963, 1991, 1993).
In a macro-interpretation of life evolution, each one of the abovementioned successively added layers is named by Knoll and Bambach
(2000) as a “megatrajectory”. Every new megatrajectory is characterized
by a process of diversiﬁcation or information accumulation. In general,
the main trend is that every new added layer modiﬁes and regulates all
the previous ones in an irreversible way, but keeping an inextricably
connection with them (Knoll and Bambach, 2000). The above-mentioned arrangement leads to the well-known nested nature (like the
layers of an onion, see Valentine and May, 1996; Wu, 1999; Holling,
2001; Wu and David, 2002; Sachs and Simms, 2006; Miller, 2008; Riera
et al., 2018) of planetary functioning as a whole. From the evolutionary
point of view, the relationship a.f. ↔ b.f. is just in the middle of a much
more complex hierarchical evolutionary arrangement that embraces
from the prebiotic environment of our planet in its very beginning, to
the ambit of anthropogenic or human factors (h.f.: anthroposphere, see
Kuhn and Heckelei, 2010) placed on its opposite limit nowadays. Thus,
the interaction a.f. ↔ b.f. is a sort of hinge or pivot that plays a crucial
role in the stability of this complex system by linking two functional
edges with each other.
In general, if we ask about the interaction between a.f., b.f., and h.f.
to a signiﬁcant sample of ecologists, the majority of them would response that this relationship is contingent. That is to say, it is very
variable and requires ad hoc studies because there is no general pattern
in this regard. This is the expected situation in a science so young that
we could say, after consulting abundant literature (see, e.g.: Watt,
1971, p. 569; Hurlbert, 1971; Simberloﬀ, 1981; Hall and DeAngelis,
1985; Fagerström, 1987; Weiner, 1995; Lawton, 1999; Spellerberg and
Fedor, 2003; Belovsky et al., 2004; Pilkey and Pilkey-Jarvis, 2006;
Ginzburg et al., 2007; Campbell, 2008; Rossberg, 2008; Moore et al.,
2009; Angilletta and Sears, 2011; Joseph et al., 2013; Scheiner, 2013;
Rodríguez et al., 2017a; Riera et al., 2018), that ecology has all the
typical traits of a science with a chronic and long-lasting lack of a truly
reliable paradigm, in the Kuhn (1962) sense of the term.
The situation in regard to the relationship between a.f. and b.f. is
described by Hall (1988 pp 8–9), in the following terms: “What is the
relative importance of biotic vs. abiotic factors in determining the basic
properties of species and of ecosystems, and their dynamics over time?…For
example, a common starting point in many analytic models is that the distribution and abundance of a species is a function only of other species.”
About the second part of this statement, let us suppose we are studying
the ecological dynamics of a single plant species x living in an ecosystem that includes 400 species. The list of a.f. impinging on x is relatively short in comparison with the list of potential b.f. (399 species).
So, at ﬁrst glance, b.f. seem to be more important than a.f., and it is well
known that large species sets are more reliable as ecological indicators
than isolated species or a singular a.f. (Odum, 1972). Furthermore, the
ecological role a.f. is in many cases under the inﬂuence of b.f. (hence
the term “bio-geo-chemical cycles”), a mechanism that fails mainly due
to the disturbing inﬂuence of h.f.
However, the ﬁrst part of the previous statement (i.e.: “What is the
relative importance of…) has no deﬁnitive answer so far, mainly at the

σ
c v = ⎜⎛ ⎟⎞ × 100
⎝ μ⎠

(1)

where σ: standard deviation and μ: mean. This use of cv is justiﬁed given
that it is a dimensionless indicator of dispersion, in such a way that it
can be used to compare variables expressed in diﬀerent measurement
units. So, if there is a clear hierarchical pattern of homeostatic inﬂuence
between ecological factors, the clustering of cv of LSese/RSese and a.f.
will tend to include LSese/RSese in a group apart from a.f., indicating
that LSese/RSese has an oscillation dynamics at a higher hierarchical
level than a.f. hiii) The very statistical techniques mentioned in hii, but
by involving b.f., would also include LSese/RSese in a group apart from
the rest of b.f., and it would be connected with them at a higher hierarchical association level in combination with h.f.
The expected results according to hi, hii and hiii, would support the
idea that LSese/RSese is a suitable integral reﬂection of more particular
sets of ecological factors with a lower level of speciﬁc inﬂuence on the
ecosystem functioning. In addition, the veriﬁcation of these results
would support the existence of a pattern of nested connection between
a.f., b.f. and h.f. which can be evaluated even at the small scale (taxocene level).

1
I.e.: Techniques without a clear distinction between a dependent or “passive” variable
and independent or “active” variables which are not hierarchically arranged (e.g.: multiple linear regressions). However, this is not the case in most of the ecological systems in
which “passive variables” are often scarce. Thus, cluster analysis seems to be the most
appropriate statistical tool in this case.
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2. Materials and methods

typical value of ke(e) per taxocene:

2.1. Theoretical foundation about the biophysical intrinsic gradient that
supports ecological stationarity

2Np

It is well-known that the ﬂow of trophic energy plays an essential
role in ecosystem functioning (Lindeman, 1942; Margalef, 1963; Odum,
1968; 1972; Fretwell, 1987; Fenchel, 1988; Hall et al., 1992; Higashi
et al., 1993; Kemp and Boynton, 2004). The key issue in this regard is
that energy ﬂows are impossible without some kind of gradient (i.e.: a
Δx about a given variable x). Several examples in favor of the key inﬂuence of gradients of b.f. on trophic energy ﬂows in comparison with
the inﬂuence of a.f. can be cited: 1) The are fully functional ecosystems
in areas which, from the geophysical point of view, seem to be very
isotropic. So, some kind of underlying Δx of b.f. should be acting in
these cases. 2) Margalef (1992) establishes an equivalence between the
decreasing light gradient from canopy to soil in rainforests, and the
same gradient between surface and depths in the open sea. However,
the former one of these two cases mainly depends on b.f. (canopy ﬁltering action), meanwhile the latter one mainly depends on a.f. (water
depth). 3) It would be impossible to identify and classify ecosystems if
their typical traits only depend on stochastic ﬂuctuations of a.f. These
set of examples indicates that there should be a general underlying
inﬂuence, based on intrinsic b.f., which gets back ecosystems even from
extreme random oscillations to a basic stationary state.
Given the above-mentioned connection between gradients and energy ﬂow, it is easier and more relevant to use the ﬂow of trophic energy as an indirect indicator of underlying gradients than the direct
measurement of gradients themselves. Thus, the key issue is applying a
suitable proxy for measuring trophic energy. By applying the universal
fulﬁllment of ﬁrst law of thermodynamics (i.e., that energy never disappears, but only changes from one form to another), the OBEC assumes that eco-kinetic energy per individual (Eq. (2)) is the most appropriate proxy to assess trophic energy in practice, in a similar way in
which kinetic energy is calculated in classical mechanics (E = ½m·v2;
where m: physical mass, and v: physical velocity), but replacing physical variables by their ecological equivalents.

where Np: total number of individuals per plot; Hp: species diversity per
plot according to the Shannon (1948) information index
S
(H = − ∑i =p 1 Nni ln Nni , where Sp: total species number per plot, ni: number

Eep = ½mep×Ie2,

( m I )=
1
2

2
ep e

Np ke (e)

p

Hp

∨ 2Np (Eep) =

Np ke (e)
Hp

∨ 2EeTp =

Np ke (e)
Hp

,

(3)

p

of individuals of species i per plot, and Np = Σni); ke(e) = mep × Ie2 ×
Hp, is the theoretically expected value (e) of ecological equivalent of
Boltzmann constant (kB). ke(e) emerges due to a typical gradient of b.f.
on a 2D scalar space Hp, mep ↔ Ie2. This scalar space is partitioned in
three main contiguous functional sectors with alternative increments
(↑) or decrements (↓) of b.f. in every ecosystem under stationary conditions: Sector 1: (mep↓, Ie2↑, Hp↓). Sector 2: (mep , I e2, Hp) . Sector 3:
(mep↑, Ie2↓, Hp↑). Therefore, mep × Ie2 × Hp → constant = 1.3806504E ± φ ecoJoules × nat/individual, with φ = …,‒3,
‒2, ‒1, 0, 1, 2, 3,…; always an integer number typical, although not
exclusive, of a given taxocene.
So, ke(e) emerges due to a trade-oﬀ between biomass and dispersal
activity in function of ΔHp in the ecosystem space. This gradient of b.f.
has one main eﬀect: 1) It keeps the ecosystem trapped inside a prostationary ecological potential well despite the random disturbing inﬂuence of a.f. and h.f., because the net variations of eco-kinetic energy
(Eq. (2)) that are necessary to allow ﬂuctuations of species diversity
(i.e., either backward or forward ecosystem evolution) are impossible in
any of the two edges of ΔHp. That is to say, Ie2↑ but mep↓ when Hp↓; and
mep↑ but Ie2↓ when Hp↑; in contrast with the fact that mep and Ie2 must
change in the same sense to promote a net variation of Eq. (2). Such a
variation, in turn, is an essential requirement to allow species diversity
ﬂuctuations in the large scale given that getting new information requires net energy consumption from the outside (Tribus and McIrvine,
1971). Consequently, the key point is to use an operative way to assess
the above-mentioned gradient in order to distinguish between pro-stationary inﬂuences due to b.f. and anti-stationary inﬂuences due to a.f.
and h.f. (see our hypothesis and its presumptive supporting results ‒hi
to hiii‒ in Section 1). According to Rodríguez et al. (2016a), this goal
can be achieved by means of the quotient between the left side (LS) and
the right side (RS) of ESE (Eq. (3)):

(2)

where mep: mean biomass per individual per plot (p), and Ie: an aggregate indicator of dispersal activity (either passive or active) per individual per plot, with physical and statistical traits similar to those of v
in order to replace v by Ie without producing signiﬁcant failures in the
extrapolation of principles of classical mechanics and statistical physics
to ecosystem ecology. For additional details about Ie, see Rodríguez
et al. (2013a, pp. 9-10).
The analytical equivalence between trophic energy, Eep and E is, in
the ﬁrst instance, only a plausible assumption. The key point is that
there are ﬁfteen previous articles (Rodríguez et al., 2012, 2013a,b,
2015a,b,c,d, 2016a,b,c, 2017a,b,c,d; Riera et al., 2018) that support the
reliability of Eq. (2) as a proxy for trophic energy due to its clear
connections with well-known eco-evolutionary subjects. Eq. (2) means
the operative assessment in practice of a largely misunderstood magnitude (trophic energy, normally replaced by incomplete indicators
–dry biomass, wet biomass, carbon dioxide ﬁxation, J/kg measured by
calorimetry –because none of them includes the particular investment
of energy in realized dispersion). Furthermore, Eq. (2) is a comfortable
solution from the ﬁeld work point of view, because it also means that
trophic energy can be assessed starting from ﬁeld data samplings
themselves, without using any kind of technical device.
The empirically observed mean values of Eq. (2) can be combined
with the respective theoretically expected mean values (right side of Eq.
(3), bellow) in order to obtain an ecological state equation (ESE: Eq.
(3); according to Rodríguez et al., 2012; 2013a,b) that is valid for any
kind of taxocene, with the single requirement of using the appropriate

i) If 2Np

( m I )=
1
2

2
ep e

Np k e (e )
Hp

(quotient LSese/RSese = 1): the observed

mean value of total eco-kinetic energy per plot coincides with the
expected one according to the calculation of ke(e) due to the abovementioned trade-oﬀ, and the ecosystem is under stationary conditions.
Np k
ii) If 2Np 12 mep Ie2 > He (e) (quotient LSese/RSese > 1): the observed

(

)

p

mean value of total eco-kinetic energy per plot is higher than the
expected one according to the calculation of ke(e), and the ecosystem is under pro-successional non-stationary eutrophic conditions given that the increase of species diversity needs a net increase of energy input.
Np k e (e )
iii) If 2Np 12 mep Ie2 < H
(quotient LSese/RSese < 1): the observed

(

)

p

mean value of total eco-kinetic energy per plot is lower than the
expected one according to the calculation of ke(e), and the ecosystem is under anti-successional non-stationary oligotrophic
conditions given that a net decrement of energy input reduces
species diversity.
It is well-known that, in general, sun-light energy by itself is not a
limiting factor to ecosystem development. On the contrary, anthropic
inﬂuences, the availability of some chemical elements, as well as some
limiting physical non-living factors, interfere with the physical-chemical combination of light and substances during the photosynthetic
process that sustains ecosystem metabolism. Thus, conditions (ii) and
(iii) should act mainly due to the indirect incidence of a.f. and h.f. But,
25
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explained in Sections 2.1 and 2.3.1, are included in the panels (from (a)
to (e)) of Fig. 1. A ﬁrst remarkable point is that the scatterplots of these
panels do not have the elliptical shape typically expected from any
consistent statistical correlation. Second, in all the cases the mean value
of LSese/RSese per taxocene is statistically equivalent to 1 (stationary
conditions) in the large scale in spite of large ﬂuctuations either > 1
(eutrophic conditions) or < 1 (oligotrophic conditions) in the small
one. Only panel 1d (rotifers) shows an exception in a lapse of 4 years
(1994‒1998: 71 plots), of a total of 21 years (71 plots/511 plots ×
100 = 13.89% of the total sampling period). In this lapse, LSese/RSese
mean = 14.689 Je, a situation in agreement with item (ii) in Section
2.1. However, in the remaining 86.11% of the sampling period for rotifers LSese/RSese mean = 1.070 Je (p = 0.396 > > 0.05 vs. 1), in
agreement with item i in Section 2.1. These set of results is in agreement with the expected empirical result hi (general trend to stationarity
in the large scale) in connection with our central hypothesis of work (h)
in Section 1. However, the above-mentioned exception from 1994 to
1997 in panel 1.d deserves additional analysis (see Section 4).

if our hypothesis is valid, condition (i) should rule in the large scale
(i.e.: approximately constant mean value of LSese/RSese ≈ 1 either over
time or across space, without deploying the typical linear regression
elliptical scatterplot between dependent and independent variables), as
long as ecosystems are not impinged by sudden overwhelming disturbances.
2.2. Sampling of taxocenes and assessment of environmental factor values
See Appendix A in Supplementary material.
2.3. Statistical procedures
2.3.1. Exploring the intrinsic trend to stationarity despite the random
inﬂuence of a.f., b.f. and h.f.
The respective values of ke(e) for every taxocene included in this
study have been evaluated in previous publications (Rodríguez et al.,
2013a, 2016c, 2017c). So, the quotient LSese/RSese per plot (according
to items i–iii in Section 2.1), was calculated by using ﬁeld data from:
marine interstitial meiofauna of sandy beaches from Tenerife Island
(“mif”: 90 plots); litter invertebrates in laurisilva and pine forest from
Tenerife Island (“lli” & “pli”: 170 plots and 80 plots, respectively,
throughout a sampling stage of 2 years); and inland water rotifers and
crustaceans from Acton Lake, Ohio, U.S.A. (“rot” & “crust”: 511 plots
each one, throughout a sampling stage of 21 years). See additional
details in Appendix A.
LSese/RSese values per plot were ordered following either a time
progression (i.e., date sequences for rot and crust) or a combined progression of ordinal spatial criteria and date in the cases of mif, lli and
pli, with the goal of obtaining the respective sequences of trophodynamic oscillations. The average values of LSese/RSese for the oscillation
sequences of these 5 taxocenes were compared with 1 (single sample ttest; Dell Inc, 2015) in order to know if trophodynamic stationarity
predominates in the large scale in spite of the direction and amplitude
of LSese/RSese ﬂuctuations due to the random inﬂuence of a.f., b.f. and
h.f. in the small scale.

3.2. Exploring the nested nature of functional arrangements of ecological
factors
The results shown in the panels of Fig. 2 support the nested functional arrangements of ecological factors by following the above-mentioned hierarchical order: a.f. ⟵ b.f. ⟵ h.f. (see Section 1) under the
general stabilizing inﬂuence of the relationship between both sides of
the ESE (see Section 2.1, items i to iii) acting as a “trophodynamic interface” between a.f. and h.f.
4. Discussion
There is a plausible explanation for the span from 1994 to 1997 of
panel 1d (rotifers) in which LSese/RSese mean = 14.695 > > 1. A
multiple regression analysis (N = 71 plots) between LSese/RSese as a
dependent variable and OAT, Chlo, NVSS and P as independent variables yields the regression equation: LSese/RSese = ‒10.15 +
(0.68·OAT) ‒ (0.05·Chlo) ‒ (0.84·NVSS) + (0.23·P); with p < 0.05 for
NVSS and P. That is to say, a combination of low levels of non-volatile
suspended solids (NVSS) and high levels of phosphorus (P) can produce
more transparent waters allowing a deeper penetration of light as well
as a higher availability of a limiting nutrient (P) for photosynthesis:
Acton Lake, in which our long-term sampling of rotifers and crustaceans
was performed, is the typical case of a highly eutrophic human-made
water reservoir which receives large subsidies of water rich in nutrients
from extensive surrounding tillage areas, often in a very episodic
manner depending on the timing and intensity of storms (Winner et al.,
1962). The signiﬁcant combination of a.f. (low NVSS and high P) in the
previous regression equation can increase the abundance of phytoplankton per m3 with the corresponding stimulus to rotifer development (LSese/RSese > > 1), given that many rotifers are active predators of phytoplankton species. Obviously, this is only a plausible
inference, because we did not record direct data of phytoplankton
species abundance.
Fig. 2a is a typical case of the above-mentioned nested order of
homeostatic inﬂuences in regard to the relationships between a.f., b.f.,
and ESE: a wide spectrum of a.f. linked to substratum granulometry (i.e.,
the continuum from cv,VFs to cv,Cb) are clustered at a relatively compact
mean hierarchy level of 32.43 ± 12.9σ (i.e., clustering levels from left
to right: (38.22 + 15.79 + 43.00 + 20.25 + 49.11 + 38.71 + 21.91)/
7 = 32.43). This average hierarchy level is, in turn, under the association
level between byproducts linked to the disposal of sewage that are fully or
partially treated (organic matter ‒cv,OM‒ and nitrogen ‒cv,N‒; average
hierarchy level = 63.39 ± 11.46σ). Finally, this arrangement as a whole
is encompassed by the combined inﬂuence of pure trophodynamic factors
(biomass, dispersal activity, abundance and species diversity, see Eq. (3))
intertwined with each other by the balance between observed and

2.3.2. Exploring the nested nature of functional arrangements of ecological
factors
The coeﬃcients of variation (cv) of oscillation sequences of LSese/
RSese either per transect or per time lapse (month or year) of every
taxocene (mif, lli, pli, rot, and crust) were calculated and included in
the respective cluster analyses (amalgamation rule: unweighted pairgroup average; distance measure: 1 ‒ Pearson r; Dell Inc, 2015) together
with the cv values of: (a) nitrogen (N), carbonates (Cb), organic matter
(Om), gravel (Gr), very coarse sand (VCs), coarse sands (Cs), medium
sand (Ms), ﬁne sand (Fs), very ﬁnd sand (VFs), and silt and clay (SC) in
the sampling of mif; (b) percentage of tree cover per plot (Tc%), height
of the tree canopy per plot (Th, in meter), percentage of leaf litter cover
per plot (Lc%), depth of the leaf litter layer per plot (Ld), and the adjusted value per plot of the annual average daily frequency of vehicles
that pass through each road (Vdfa) in the samplings of lli and pli; (c)
outside average temperature (OAT), chlorophyll content in water
(Chlo), non-volatile suspended solids (NVSS), and total phosphorus (P)
in the samplings of rot and crust.
3. Results
3.1. Exploring the intrinsic trend to stationarity despite the random
inﬂuence of a.f., b.f. and h.f.
The values of a.f., b.f., h.f., as well as the calculations in regard to
Eq. (3) and items from (i) to (iii) in Section 2.1 per taxocene are included in Appendix B. This appendix also includes the descriptive statistical parameters as well as the results of Eq. (1) for every ecological
factor per taxocene. The values of LSese/RSese per taxocene, as it is
26
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Fig. 1. General trend to stationarity in ecosystems assessed by means of the quotient between the left (LS) and the right (RS) side of Eq. (3). (a) Marine interstitial
meiofauna of sandy beaches (mif), 90 samples. (b) and (c) Litter invertebrates in laurisilva and pine forest (lli and pli, 170 and 80 samples, respectively). (d) and (e)
Inland water zooplankton (rotifers and crustaceans: rot and crust, respectively; long-term study ‒21 years‒; 511 samples in both cases).

commented in the previous paragraph. For example (in panel 2c)
cv,Vdfa has an intermediate association level between a lower level of
b.f. and a higher level of cv,LSese/RSese; exactly the opposite pattern to
panel 2b. However, this result has a plausible explanation: pine forest
vegetation is signiﬁcantly less compact than laurel forest vegetation;
thus, its level of “shielding” either in front of traﬃc inﬂuence (cv,Vdfa),
or in front of the inﬂuence of any other kind of ecological factor, should
be lower in comparison with laurel forest vegetation. This combination
of factors allows that the inﬂuence of cv,Vdfa penetrates deeper into the
cluster arrangement in panel 2c, until an association level below

theoretically expected values of the ESE (cv,LSese/RSese; hierarchical association level = 100.0).
The above-described nested arrangement is, in general, also valid in
the cases of panels (b), (d) and (e), Fig. 2. The main diﬀerence takes
place when some h.f. (e.g., cv,Vdfa: the adjusted value of the mean daily
frequency of vehicle traﬃc per year) is included, because in such a case
(e.g.: panel (b) in Fig. 2) h.f. takes up a clustering level higher than that
of cv,LSese/RSese, by fully encompassing the expected increasing inﬂuence order a.f. ⟵ b.f. ⟵ h.f.
Nevertheless, it is clear that there could be exceptions to the pattern
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Fig. 2. Trend to a general nested setup of abiotic, biotic and anthropogenic gradients (in that increasing order of hierarchical level), starting from the values of
environmental indicators corresponding to the same taxocenes included in Fig. 1. cv: coeﬃcient of variation, see Eq. (1) and its meaning in regard to the goals of this
manuscript in Section 1. Meaning of the variables per cluster in Section 2.3.2.

spreadsheet “lli”, columns W, X and Y), the total value of eco-kinetic
energy per plot below the mean value of cv,LSese/RSese = 1.036 is
51.239% (see calculation in cell Y78) of the total value of eco-kinetic
energy per plot above the mean value of cv,LSese/RSese = 1.036
(Fig. 1b). According to this comparison, litter invertebrates in pine
forest perform their trophodynamics with a deﬁcit of eco-kinetic energy, in the average, of ‒28.98% (22.259%−51.239% = −28.98%) in
comparison with litter invertebrates in laurel forest, despite both taxocenes are under similar stationary conditions in the large scale (Fig. 1b

cv,LSese/RSese, indicating a stronger anthropogenic impact on the development of litter invertebrates of pine forest (pli). In fact, according
to the calculations in Appendix B, spreadsheet “pli”, columns W, X and
Y; the total value of eco-kinetic energy per plot (ΣEeTp = Σ columnW)
below (oligotrophic conditions) the mean value of cv,LSese/
RSese = 1.232 (Fig. 1c) for litter invertebrates of pine forest is 22.259%
(see calculation in cell Y43) of the total value of eco-kinetic energy per
plot above (eutrophic conditions) the mean value of cv,LSese/
RSese = 1.232. Meanwhile, in the case of lli (see Appendix B,
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back ecosystems even from strong oscillations to a basic stationary
state. Besides, our results are also in agreement with the nested arrangement of increasing homeostatic ranking a.f. ⟵ b.f. ⟵ h.f. which
emerges in connection with the above-mentioned pro-resilient biotic
gradient.
This article should also be regarded as an “acid test” applied to one
of the main models included in OBEC; in the ﬁrst place, because the
OBEC is based on only four biotic primary variables (fresh biomass or
body weight, dispersal activity, abundance, and species diversity), and
this is the ﬁrst time that an OBEC model (Eq. (3)) is correlated with
abiotic factors, anthropogenic factors and other biotic factors, yielding
reliable results in the process. In the second place, because the abovementioned model had not been tested so far with data from a long-term
study (21 years) performed in an artiﬁcial ecosystem (Acton Lake)
under strong anthropic inﬂuences from extensive peripheral areas of
tillage.

and c). This trophodynamic deﬁcit can be a reﬂection of the higher
impact of traﬃc (Vdfa) on litter invertebrates of pine forest due to the
lower shielding eﬀect of vegetation because of its less compact structure.
In addition to the previous considerations in this section, the essential point is grasping more insights about: the trend to ecological
stationarity (i), and the nested relationship between a.f., b.f. and h.f.
(ii). In regard to point i, a comparative analysis between Figs. 1 and 2
indicates that the nested relationship between diﬀerent ecological factors may not have a signiﬁcant inﬂuence on stationarity in the long run.
A concrete value of Hp (a key variable in Eq. (3)) under natural or quasinatural conditions is nothing more than ecological information transmitted in an irreversible way in the form of species diversity throughout
the ecosystem development process in space and time. Therefore, if a
combination of ecological factors acting at random would have a strong
disturbing inﬂuence on such an “ecological message” without an intrinsic counterbalance based on the trend of LSese/RSese to 1, nature
would be so unstable that life evolution would be very diﬃcult. This
highlights the importance of the general trend to stationarity shown in
Fig. 1. This insight is in agreement with an old statement by Margalef
(1963, p. 363) about the capability of ecosystems to neutralize or
dampen the random oscillations of ecological factors: “The properties
associated with the structure of the ecosystem deﬁne the operations to do
with the random inputs, and give more or less regular output patterns.
Analogously, a crystalline body converts a random x-ray input into a regular
diﬀraction pattern”.
In regard to point ii (i.e.: the hierarchical arrangement of ecological gradients that support energy ﬂow), a nested structure acts in a
similar way to the ﬁltering action of a sieving column in regard to
sand: a system with many hierarchical levels is able to catch each
quantum of energy in a more eﬃcient way than a simple system with
a small number of hierarchical levels. For example, despite we have
analyzed rotifers and crustaceans as taxocenes isolated from each
other due to methodological reasons, both groups coexist in nature
and are trophodynamically contiguous to each other (Rodríguez
et al., 2016c). That is to say, the value of ecological equivalent of
Boltzmann constant for crustaceans is ke(e) = 1.3806504E-04 Je·nat/
individual (Rodríguez et al., 2016c, 2017c) and, from the comparison
between the results of Rodríguez et al. (2013a) and the results of
Rodríguez et al. (2015c), the constant of conversion between ke(e) and
the minimum discrete variation of eco-kinetic energy allowed per
individual (i.e., the ecological equivalent of Planck constant: heec) is
1/208.366420758845 = 4.79923778677064E-03. As a result,
heec
crust = 1.3806504E-04 × 4.79923778677064E-03 = 6.62606957E07 Je. In turn, the respective values for rotifers are ke(e) =
1.3806504E-05 Je·nat/individual, and heec
rot = 6.62606957E-08 J e.
In such a way, at the same time that rotifers (due to its lower value
of ke(e)) are in disadvantage in comparison with crustaceans in regard to
the conversion rate between energy and information, they are able to
take advantage of aliquots of energy 10 times below the minimum
ec
energy value usable by crustaceans, since heec
rot ÷ hecrust = 0.1. Thus, in
the opposite direction of the interspeciﬁc relationship between both
ec
taxocenes, the rate heec
rot ÷ hecrust means that the turnover ratio of rotifers, whose value is 10 fold that of crustaceans, is able to successfully
sustain the trophic exploitation of the latter ones, which are very frequent predators of the former ones. This insight is in agreement with
the well-known conventional principle about that the net transference
of energy between contiguous trophic levels in trophic pyramids is, in
the average, a decreasing multiple of ten in comparison with the
available energy in the previous trophic level (see, e.g.: Pauly and
Christensen, 1995).
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