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Restoration Ecology, a New Paradigm  
 
     The use of Restoration or perhaps a better word would be Creation 
Ecology as concept and perhaps a new paradigm for the planted aquarist 
has rarely been considered for aquariums. Why might this be useful? 
Aquarist have particular goals that they hope to achieve and have the 
ecosystem provide certain services. The consideration of goals is the 
most debatable issue in this hobby today. This leads to confusion on 
many levels and the discussion of goals is seldom effectively addressed 
in books for planted aquariums. For example, do planted aquarist want 
fast growth rates? Can aquarist afford the CO2 gas system, lighting or a 
larger tank? Can we maintain and keep up with the ecosystem inputs 
and outputs? What level of horticulture do I hope to achieve? What atti-
tudes do I have about aquatic plants coming in to this hobby? What 
trade offs are present to achieve my goals? How will the other house-
hold members react? These are namely social issues. Yet we are the 
stake holders and must define the ecosystem we create to best serve our 
goals. As we do this, there 
are trade offs, so we often 
look for win=win scenarios 
that allow our habits and 
goals to best fit with the 
services a planted aquarium 
provides. Farmers, property 
owners and public service 
groups have been practicing 
restoration for many hun-
dreds, if not thousands of 
years (Anderson 2005). 
Every aquarist runs into 
problems with their tank and 
wants to restore it back to a 
particular goal or system 
function at some point in the 
aquarium plant hobby. As 
we progress in the hobby, 
we also change and the 
goals and services we desire 
can and often do change as 
well. Thus we may want to 
address our approach with 
change in mind. What are 
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such services? A happy home for fish, invertebrates, bacteria, plants, aesthetics/gardening, win-
ning a plant aquascaping contest, easy to care for, fast growth when we desire it, slow growth 
when we do not, low algae presence, healthy breeding fish, no disease, minimal work, low cost, 
fewer unknowns, these can all be services we desire from an aquarium. It would be naive to 
suggest that one method, or that one light intensity, or that one CO2 levels can meet all the 
goals for such services. So what might be gained from restoration/creation ecology? Generally 
new ways of looking at our aquariums in the context of applied science for horticultural use. 
This is radically different and distinct than that of the older method of using natural ecosystems 
as a model. 
 
Some terms that can help to define the 
concepts may prove useful to aquar-
ists. 
• Resiliency: "the capacity of an 

ecosystem to tolerate disturbance 
without collapsing into a qualita-
tively different state that is con-
trolled by a different set of proc-
esses. A resilient ecosystem can 
withstand shocks and rebuild itself 
when necessary. Resilience in 
social systems has the added ca-
pacity of humans to anticipate and 
plan for the future." Resilience is 
conferred in human and ecological 
systems by adaptive capacity. 

• Another definition of resilience is 
the rate at which a system returns 
to a single steady or cyclic state 
following a perturbation. This 
definition of resilience assumes 
that behavior of a system remains 
within the stable domain that con-
tains this steady state. 

 
     When a system can reorganize, that 
is, shift from one stability state to an-
other, a more relevant measure of eco-
system dynamics is ecological resil-
ience. It is a measure of the amount of 
change or disruption that is required to 
transform a system from being main-
tained by one set of mutually reinforc-
ing processes and structures to a dif-
ferent set of processes and structures. 
The first definition focuses on effi-
ciency, control, constancy, and pre-
dictability - all attributes at the core of desires for fail-safe design and optimal performance. The 
second focuses on persistence, adaptiveness, variability, and unpredictability - all attributes em-
braced and celebrated by those with an evolutionary or developmental perspective. The latter 
attributes are at the heart of understanding sustainability. The first definition, which is more 
traditional, concentrates on stability near an equilibrium steady-state, where resistance to distur-

Page 2 

Barr Report  

 
… what might be gained 

from restoration/creation 
ecology? …. 

 
… We should be mindful to 

suggest that the planted aquar-
ium is a unique ecosystem and 
ecology, different from a natu-
ral system biotope and differ-

ent from an aquatic plant nurs-
ery as well. .... 

“ When a system can 
reorganize, that is, 

shift from one stability 
state to another, a 

more relevant measure 
of ecosystem dynamics 

is ecological 
resilience. ...” 

Applying Restoration Ecology to Planted Aquariums for Management 

Monkeyflower and Clover along a small stream 
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bance and speed of return to the equilibrium are used to measure the property. This type of resilience has 
been defined as engineering resilience. 
 
     The second definition emphasizes conditions far from any steady-states, where instabilities can flip a 
system into another regime of behavior - i.e. to another stability domain. In this case resilience is meas-
ured by the magnitude of disturbance that can be absorbed before the system changes its structure by 
changing the variables and processes that control behavior. This type of resilience has been defined as 
ecological resilience. These two aspects of a system's stability have very different consequences for 
evaluating, understanding and managing complexity and change. Sustainable relationships between peo-
ple and biota require an emphasis on ecological resilience, because the interplay between stabilizing and 
destabilizing properties is at the heart of aquatic ecosystem restoration and sustainable development of 
such systems. 

Podostemaceae family 
 
     Think about what types of conditions can cause a planted aquarium to 
move from an optimal state to a degraded state. Now consider what is re-
quired in terms of effort to change that aquarium back to the nice fully func-
tional state, with no algae, healthy plant growth and good fish health. It took 
little effort to allow things to become degraded. However, getting things 
back to the fully functional state takes a lot more effort. So there is a large 
initial amount of effort required to return to that state. If the system was 
maintained routinely and pruned, dosed, stable CO2, light etc, then it has a 
much higher resilience. Much less effort is required to maintain the fully 
functional state if this approach is done. But……….we are human. We ne-
glect things, lack motivation, become lazy, forget and all the human social 
aspects that play a huge role in the success of the hobby. Much like dogs, 
there are no bad dogs, only bad dog owners, the same is true for planted 
aquariums, the methods do not fail, we do. 
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Figure 1. This simple model shows some of the key 
points in restoration and h0ow we might think about 
things for aquariums in the same manner. 
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     The two contrasting aspects of stability- essentially one that focuses on maintaining effi-
ciency of function (engineering resilience) vs. one that focuses on maintaining existence of 
function (ecological resilience)- are so fundamental that they can become alternative paradigms 
whose devotees reflect traditions of a discipline or of an attitude more than of a reality of na-
ture. Resilience has been used in limnetic ecology for two separate phenomena. In one, it refers 
to the hysteretic persistence of supportive capacity in the face of a managed reduction in the 
resource supply, giving perplexing delays in the recovery of lakes subject to treatment to re-
verse the symptoms of eutrophication. In the other usage, resilience is the homeostatic damping 
of the effects of chaotic environmental variability on community structure, certainly within 
quantifiable thresholds, in all aquatic ecosystems. A simple energetic model of ecosystem func-
tion is developed in order to assimilate the two types of resilience. Although provisional terms 
are coined to emphasize their distinction, only structural resilience describes a general property 
of systems and, which, moreover, assists an understanding of their health and ascendancy. Re-
sourcing resilience owes to the separation of the loading and the growth responses in particular 
kinds of water body but otherwise reveals little that is not already well known. No strong case 
can be made for persisting with the latter usage and certainly not without the qualification. 
 
Modeling: 

Figure 2. A conceptual model 
for a planted aquarium  eco-
system state changes from 
health to degraded and the 
amount of effort to restore to 
the healthy state again. A 
much larger amount of effort 
is required to restore the func-
tion of the planted aquarium 
ecosystem once it has been 
disturbed. While effort will be 
required to return the system 
to the “natural” state or goal, 
reduced algae risk and healthy 
plant growth, ease of mainte-
nance, social habits of the 
owners are simple goals that 
will aid in achieving this 
“natural” state and will pro-
vide a progressive stepping 
stone to allow the system to be 
closer to the “natural” resilient  
restored state. With further 
restoration ofCO2 enrichment 
stability, routine steady dos-
ing, reduced light (within rea-
son-100micromoles/m^2/sec 
to 200 micromols/m^2/sec), 
better substrate, increased wa-
ter change frequency and vol-

umes, simple awareness,  herbivores and higher trophic levels, higher oxygen levels, surface 
movement, good filtration, routine pruning and light vacuuming of the sediment will have a 
progressively higher success rate and be able to rebound and have increased resiliency.  
Put another way, this is the precise description of aquarium “balance” and stability. 
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Figure 3. Here we see a typical pattern for an algae bloom. The humps along the path down and up may represent different trophic 
levels (e.g. algae, plants, tiny invertebrates, shrimp, fish health) water clarity, percent water change and frequency etcetra. Some 
states are relatively easy to restore, while others may take a long time and great deal of effort. If the sediment was disturbed and no 
water change was done, then this may occur. If we add more light and CO2 and nutrients to the system, what do you think the likely 
hood of a degraded system impact occurring might be? Greater? Less? Suppose we added less light intensity and repeated that same 
treatment. How might that change things in terms of this diagram?    Would it be harder or easier to push the planted aquarium sys-
tem over the threshold to the algae bloom? Most would agree that more light would reduce the resiliency of the system and add a 
destabilizing element to the management of the aquarium. This need not be algae blooms either, it might be a dosing routine, CO2 
variation, plant health, any particular goal you want to maintain and restore if it’s lost.  

 
Figure 4. Here is an example of two different types of degradation processes 
in the aquarium, say one is BBA(A) and the other rapid one is Green water
(B). Or another possible application is (A) low light and (B) is high light 
when a disturbance is done to the system. 
 
Threshold: 
 
     A threshold is a point at which the ecosystem passes a point that it can no 
longer self correct itself and maintain that state. More precisely it is a bound-
ary between two states where the relationship between variable change be-
tween one state and another is larger than predicted. Thus we may and very 
often do see non linear changes in our aquariums. Things are going along 
fine and then wham! The tank has a nasty algae bloom. Then returning to 
that original state may require a great deal of resources and energy. Basically 
the larger the humps on the graphs in Figures 1 and 2, the harder it is for the 
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system to change to the next state or valley. If the humps are large on both sides, then the system have a lot of self corrective ability. 
If the system has small little humps, then it can be quite fragile. One of the main goals of this article is to illustrate this concept. By 
focusing on the individual components like CO2 stability, nutrient stability, proper lighting, we can make these humps higher and 
provide greater stability and better services. 
 
Precariousness: 
 
     While many aquarists suggest that “their sys-
tem works”, they may have a high degree of 
precariousness due to limitation of PO4, or CO2, 
or low light. The goal here is to show that things 
can still work and provide the services that the 
owner desires, but that the system and resiliency 
can be improved, often many times over. This 
requires the aquarists the know how CO2 stabil-
ity, nutrients stability and lighting influence 
things over a wide range. Unfortunately, few 
aquarists are willing to test and manipulate 
things once they hit their sweets spots and even 
fewer know why their system is working and 
even fewer know how much resiliency they have 
or how close to a threshold they might be. By 
manipulating a well functioning stable system, 
we may test the resiliencies. Then we will know 
at least a few of the possible causes that lead to 
degradation. Using a degraded system and trying 
five different things at once does not suggest 
which or if all of them contributed to restoration 

(if the restoration is even successful). We need a reference site 
to compare to and well run aquarium that is doing well is ideal 
for this. But there lies the problem, most aquarists who benefit 
from such information and knowledge are impatient, unable to 
produce a reference tank to begin with, are very frustrated, 
and often blame innocent factors for their woes. These are the 
folks that are trying to manipulate things, generally not the 
folks with stable planted aquariums. If a test is done and no 
control is present, it is very difficult if not impossible to inter-
pret the results. Yet many of the aquarists with algae or poor 
plant growth often try to do so and argue their points in vain. 
By reducing the precariousness by reduced light intensity, we 
may offer help to these folks by providing better resiliency 
and stability by reduced demands on CO2 and nutrient load-
ing. However, whether they chose to do so is their own 
choice. Many assume that they require high intensity and 
make other assumptions about limiting nutrients and algae 
that lead to a more precarious threshold. If we make hypothe-
sis, we should be willing to test them and see if they are valid 
and can be falsified. Once a stable system is achieved, then 
that makes a good starting point to test other parameters inde-
pendently. Restoration allows us to use many integrative ap-
proaches and various parameters to build into our methods 
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Liverwort in a very low light stream deep in a redwood forest 

Figure 5. This is yet another model of how a disturbance may influ-
ence the ecosystem.  Of interest is the new equilibrium, that algae 
state that you cannot get rid of. Many end up with that situation and 
give up in the hobby as a result. 
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more stability, more resiliency, easier trade offs and ultimately, a 
more enjoyable hobby. 
 
Are we creating nature? 
 
     This question poses a perplexing issue for some aquarists, they 
often attempt to model their system on natural undisturbed aquatic 
ecology. This is like modeling the landscaping a person’s yard or 
agriculture on a natural pristine community. While an aquarist 
might strive to recreate natural systems, it’s never going to 
achieve the same function as a river in the tropics. Nor is a farm 
going to reproduce the natural wild rice habitat, the goals are radi-
cally different. The farm has its own separate “farm” ecology, 
that’s not “nature” either. Our aquariums are similar in this re-
spect, they represent their own separate ecological “ecosystem”. 
While some things may cross over between these ecosystems, 
much of it is not even remotely close. Thus aquarists should ap-
proach their aquariums as a created ecosystem that is not like na-
ture, rather it’s own separate area of study, Aquarium Ecology and 
horticulture. 

     Farm Ecology, Landscape Ecology, Restoration Ecology all 
rely on the human influence and manipulations both good and 
bad. The same is true for Aquarium Ecology.  We greatly enhance 
the growth like a farmer in agriculture. We landscape as 
“aquascapers”, using plants and materials to suit am aesthetic 
“goal”. We restore degraded system from overloaded fish waste, 
algae blooms, poor plant growth and health. We try to use natural 
biota to enhance our own desires and goal, of which there are 
many. 
 
So how about the substrate? 
 
     Conservation biology’s focus on rare or endangered species 
limits the number of manipulative studies that can be performed. 
Many aquarists feel their tank is similar, they have a lot of time 
and money invested in it and are unwiling to take a risk to test a 
hypothesis.  As a consequence, conservation studies (and such 
aquarists) tend to be descriptive, comparative and unreplicated 
(Young 2000). However, the highly manipulative nature of resto-
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A small waterfall amongst verdant ferns and alder 

Fern Canyon, northern CA, USA. 
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ration ecology and 
aquariums allows the 
researcher to more rigor-
ously test hypotheses. 
The aquarists can test 
their hypotheses in the 
tanks and see how well 
they can restore their 
tanks after a disturbance 
based on their models. 
Ecosystem function de-
scribes the foundational 
processes of natural sys-
tems, including nutrient 
cycles and energy fluxes. 
These processes are the 
most basic and essential 
components of ecosys-
tems. An understanding 
of the full complexity 
and intricacies of these 
cycles is necessary to 
address any ecological 
processes that may be 
degraded. 
It is rarely just NO3, or 
just that they forgot to do 
a water change that 
week. 
A functional ecosystem, 
that is completely self-
perpetuating (i.e. no 
management required, a 

NON CO2 method is the closest equivalent that we might have 
in our hobby), is the ultimate goal of restorative efforts. For 
aquarists however, some reasonable trade offs are accepted for 
management. Because these ecosystem functions are emergent 
properties of the system as a whole, monitoring and manage-
ment are crucial for the long-term stability of an ecosystem. 
Thus we must keep up and be consistent with the care of our 
aquariums. 
 
The social and economic aspects of planted aquariums 
 
     This topic is virtually never discussed but it drives virtually 
everything that the planted aquarists does in the hobby. What 
aspects drives our approaches and tools in the hobby? What as-
pects of culture in the hobby play a role? 
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Figure 6. As the sediment ages, it becomes clogged with detritus and biofilms. Thus it may loosed some 
of it’s resiliency and function. Plant roots and pruning can maintain some of this and the rate of decompo-
sition and loading of detritus also play a large role. Deep gravel vacuuming about every 12-24 months can 
enhance a planted aquarium and prevent algae and improve over all health.  Thus we can restore the sub-
strate back to it’s starting original state and function. 

Close up of the liverwort/moss. 
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     Most aquarists realize that there are traditions and conventions, many of which have been over turned in the hobby. This can cre-
ate conflict. Many aquarists are not empirical and thus tend to be namely observational with their aquarium ecosystems. Aggressive 
questioning (on topic) is often frowned upon in the hobby yet the basis for scientific inquiry. Those unfamiliar with such differences 
may be caught in the fray and misunderstand the debate. Cost play a huge role for many planted aquarists. Reef aquarists have an 
entirely different set of cost expectations on the other hand. 

 
 

     One of the primary goals this series of articles seeks to ad-
dress is a look at such uncertainty, subjective perceptions and 
many ways of framing a question. How can we assess and test to 
get the answers to our questions? Are we really objective? What 
factors help the aquatic plant community? What trade off are 
aquarists willing to make? Water changes? Adding CO2? Dos-
ing nutrients? Testing? Research? 

 
So what are some of the goals in the social economic planted 
Aquarium hobby? 
 
• Keeping and raising rare and endangered fish and plant spe-

cies 
• Farming plants 
• Aesthetics 
• Increase capacity to provide more specific functiosn such as 

more fish, less NH4, higher O2 levels 
• Self sustaining system (and./or one that will adjust to a 

changing environment) 
• Cultural and spiritual goals 
• Economic goals 
• Recreational 
• Personal preference 
• Learning, research 
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Figure 8. Again we return to this similar graph, good leadership 
for getting the aquarium back into shape can help a great deal, 
both from the owner and from the folks that offer good advice. 
Planning to investigate these unknowns and uncertainties is a key 
method to advancing this hobby socially and scientifically. It 
reduces the work load and gives comparative approaches. What 
are the main questions folks want to ask and know about? Not 
just the newer folks with algae problems, but the folks that have 
thought about the underlying issues? Do we have a system that 
can help folks get the answers they need and have the information 
made available to them?  
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     When we design a test and look at 
answering  question, some good points to 
consider are: 

 
 
Testing and concluding thoughts: 
 
     This will help us to look at many fac-
tors, not just for example: the concentra-
tion at one point in time. Rather, at many 
points before during and after an algae 
bloom or plant stunting. Once an aquarist 
masters the basic growth of a species of 
plant, they can start to experiment with 
the left over cuttings which often multiply 

rapidly. In doing so they are honing their skills and learning. Observational skills are good as well, however testing is not that hard 
and requires very little in many respects, such as adding PO4 and seeing it does not induce algae. We may use a dosing calculator 
and teaspoon to prove that high levels of PO4 do not induce algae. It does not answer what does induce algae, but it does rule out 
that hypothesis through falsification. Then you may look elsewhere for the cause and rule other things out as best you can. Applying 
the restoration model you have many also be tested to see how well your predictions hold for that system. 
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Small peat bog in Yomsemite at 8000ft elavation. Utricularia vulgaris is common at 
high altitudes as well as Sphagnum moss and is a similar habitat to northern high latitude 
tundra climate.  

A frog and a bladderwort (U. vulgaris) growing in the bog pool A close up of U. vulgaris 



 

     Your goal may change but keep the goal in mind when ap-
proaching this hobby. It will determine the success and the 
approach you will want to take. We are human and this plays 
perhaps the largest factor in the success of these ecosystems in 
aquariums ecology. We should be mindful to suggest that the 
planted aquarium is a unique ecosystem and ecology, different 
from a natural system biotope and different from an aquatic 
plant nursery as well. What is in nature is not always the same 
goals as we have in our aquariums nor is it “optimal”, it’s 
merely where that plant can survive and reproduce at that point 
and time. Social ideas influence our approach, assumptions and 

economic considerations greatly. Most planted aquarists seek more resiliency, more latitude, more flexibility in their methods, a 
good background and understanding in restoration ecology may help a great deal to that end. 
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