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Is this fish, A adonis considered a “Shredder”? Yes! Wood gnawing 
plecos increase the rate of decomposition of driftwood by allowing the 
fungi more access to the cellulose.  Some are very suitable for planted 
tanks, while some in the Panaque genus are less suited when larger.  
 
One of the goals of this section is to introduce non pest fungi to the 
aquarist. Aquatic fungi play important roles in aquatic ecosystems and 
often are largely ignored by both hobbyists and even Limnologist. 
Aquatic fungi have historically been assumed to play an insignificant 
role in aquatic ecosystems and little research was done until the last 15 
to 20 years. For example, at stream sites in Portugal, aquatic fungi ac-
counted for more than 94% of the total microbial net production and the 
totals contribution of fungi to overall leaf carbon loss (29.0 to 38.8%) 
greatly exceeded that of bacteria (4.2 to 13.9%) (Pascoal and Cássio, 
2004). So what are “aquatic fungi”? “Aquatic fungi” would include all 
transient aquatic fungi, spores from terrestrial fungi that are disperse via 
water and true aquatic fungi that have their entire life cycle submersed 
in water. Penetrating their substrates (leaves, stems, plant matter, roots, 
associations with plants and algae) aquatic fungi release enzymes that 
break down the ligno-cellulose of plant cell walls, the pectins that hold 

cells together, and starch stored in plant 
tissues. The fungi then use the resulting 
simple sugars and amino acids to grow. 
In carrying out their enzymatic activities, 
these fungi contribute to the decomposi-
tion of dead plant material and serve as 
food for invertebrate grazers (this rela-
tionship is ignored by hobbyists). 
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The largest fraction of plant biomass in streams comes from leaf fall in natural systems. These 
leaves include a wide range of “endophytic” terrestrial fungi of which there are two groups: the 
“mitosporic” fungi consists of “asexual” states (which implies mitosis rather than meiosis, 
“meiosporic” would be produced sexually) of mostly ascomycetes and some basidiomycetes. 
These two groups are generally divided into two main classes: hyphomycetes, and coelomy-
cetes. Hyphomycetes produce conidia directly from vegetative structures (hyphae) or on distinct 
conidiophores. Coelomycetes produce conidia within asexual fruit bodies called pycnidia. The 
main aquatic groups are as follows: 
 
• Ingoldian hyphomycetes (aquatic hyphomycetes) 
Aeroaquatic hyphomycetes: the dematiaceous (dark colored) and hyaline (light colored) 
hyphomycetes and coelomycetes. 
 
As leaf litter falls into aquatic systems, it becomes colonized by “ingoldian” fungi and through 
ecological succession, replaces the terrestrial fungi. The Ingoldian hyphomycetes most com-
monly occur on dead leaves (Baerlocher, 1992) and wood, much like our driftwood in aquari-
ums (no, it does not last forever! It’s slowly rotting!) (Shear, 1992). 
They mediate energy flow and nutrient cycling in streams (Baldy et al., 1995) and act as inter-
mediaries of energy flow between leaf litter and invertebrates (Baerlocher and Kendrick, 1976; 
Suberkropp, 1992). So far, about 290 species are reported from leaves and wood in freshwater 
habitats worldwide (Shearer et al. unpublished). 

Open top aquariums are beautiful, add another window into the aquar-
ium and much easier to garden! They are also able to high equipment 
effectively, can you see the over flow in the middle or any wires or 
tubes in the tank? 
 
Relative abundance of aquatic hyphomycete species on decomposing 
alder leaves (a common wetland tree species) at four sites in the Ave 
River at the time of sporulation peaks 
 
In an experimental test with leaves of Salix, weight decline of willow 
leaves inoculated with the fungi Alatospora acuminata, Anguillospora 
longissima, Lemonniera aquatica and Tetracladium marchalianum 
increased with time (although they varied according to the fungal spe-
cies) (Chergui and Pattee, 1991). In the test, weight loss, increase in 
nitrate and phosphate content of the leaves were highest with Lemon-
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niera and smallest with Tetra-
cladium. The greatest consump-
tion was by Melanopsis feeding 
on leaves conditioned by 
Lemonniera.this Gastropod had 
an assimilation as high as 75%. 
The rate of biomass loss also 
appears to be higher in tropical 
and sub tropical systems when 
compare to similar temperate 
ecosystems (Chergui and Pat-
tee, 1991). This study may sug-
gest inoculation with Lemon-
niera aquatica maybe useful for 
new aquatic plant tanks as well 
as a variety of shredders such as 
shrimp, snails and other macro 
invertebrates. This type of spe-
cific detail provides much more 
information in plant leaf cy-
cling, it suggest the actual roles 
of invertebrate interactions and 
their link with fungi, 
Some thing seldom considered 
by hobbyists.  

Endomychorrhizae 
 
 
Distibution: 
 
Like many of terrestrial leaf 
fungi, aquatic decomposers also 
tend to be cosmopolitan and 
distributed worldwide. Such low specificity of a substrate suggests such fungi are not picky about what types of plants or material 
they decompose. This also would suggest that the same types of fungi one might find in natural systems are also present in aquatic 
plant aquariums although very little identification has even been done in this respect. Thus it remains unknown which types are in-
volved but it would be unlikely that the species and processes would differ dramatically from natural systems. Even still, this may be 
a good place to start when predicting and identifying such species and looking at the ecology in planted tanks. Many planted aquari-
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How does the role of  CO2 affect plant g rowth in m oderate, h igh, and excess light conditions ... 
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% of conidia at site:  

Sites: 
Species 

L1 L2 L6 L7 
Alatospora acuminata Ingold 2.1 1.4 1.7 2.4 
Alatospora pulchella Marvanová *a *   
Anguillospora crassa Ingold  1.2  * 
Anguillospora filiformis Greath. 0.7 18.8 10.7 15.3
Articulospora tetracladia Ingold 13.6 20.7 6.0  
Clavariopsis aquatica De Wild 4.6 1.7 13.5 10.9
Clavatospora longibrachiata (Ingold) Marvanová 
and Sv. Nilsson 

25.7 0.4 15.4 14.9

Culicidospora aquatica R. H. Petersen   *  
Cylindrocarpon sp. 8.3 9.5 3.7 5.9 
Dimorphospora foliicola Tubaki 9.5    
Flagellospora curta J. Webster 10.4 32.8 23.4 11.3
Heliscella stellata (Ingold and V.J. Cox) Marvanová * * 0.4 * 
Heliscus lugdunensis Sacc. and Thérry 0.3 7.0 8.4 4.4 
Heliscus submersus H. J. Huds. 0.7   1.3 
Heliscus tentaculus Umphlett * * * 0.2 
Lemonniera aquatica De Wild. 2.4 1.3 * 1.8 
Lemonniera sp. (cf. filiformis R. H. Petersen ex 
Dyko) 

 1.0  0.7 

Lunulospora curvula Ingold *  0.4 8.0 
Mycofalcella calcarata Marvanová 1.7 * * 2.9 
Tetrachaetum elegans Ingold 7.8 0.9 5.3 3.1 
Tetracladium marchalianum De Wild. 0.7   0.3 
Tricellula sp. 0.7    
Tricladium chaetocladium Ingold 9.0 1.8 * 1.3 
Tricladium splendens Ingold  0.5  * 
Tripospermum myrti (Lind) S. Hughes * 0.8  * 
Tripospermum camelopardus Ingold   * 0.2 
Triscelophorus sp. * 0.3 1.9 0.3 
Varicosporium elodeae W. Kegel 0.7  4.9 7.6 
Sigmoid 1 (40-60 μm) * *  * 
Sigmoid 2 (15-25 μm) 1.3  4.8 1.6 
Sum 100 100 100 100 
No. of species at sporulation peak 18 16 14 20 
Total no. of species 25 21 20 25 
 

TABLE 1. 
a*, present on other sampling dates. 
Appl Environ Microbiol. 2004 September; 70(9): 5266–5273.  
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ums tend to have higher oxygen levels and aquatic fungi being aerobic, tend to be adapted for 
higher O2 levels than many bacteria.   
 
When plant growth is strong and producing high concentrations of oxygen, the cycling by aero-
bic aquatic fungi is also increased. Along with bacteria, a well run planted tank may be greatly 
enhanced and stabilized by such fungi due to intense plant growth and it’s by product, oxygen. 
Such observations are common in planted aquariums: higher clarity, less detritus, better fish 
health, better cycling of the natural balance. If too much fish waste, plant material, die off of 
plant leaves, parts occurs, this can dramatically influence the rate at which these cycling aquatic 
fungi are able to process the waste. They will also draw upon far more oxygen from the water 
and lower oxygen concentration. Thus maintaining consistent strong plant growth is likely the 
main key to provide stable cycling in planted aquariums. Additionally, micro invertebrates rely 
heavily on aquatic fungi and are linked in cycling waste and materials in planted aquariums. If 
something greatly disturbs this “balance” between stable strong plant growth, fungi, bacteria 
and the micro invertebrates, the system can quickly degrade. At slower aquatic plant growth 
rates, this balance is relatively easily achieved. Non CO2 or Carbon enriched planted aquariums 
tend to balance well and stay stable for much longer time frames on average. 
As plant growth rates are also increased, it becomes much more a challenge to maintain and 
stay on top of this balance. To resolve this, some export other than plant material is generally 
required. Most aquarist tend to do frequent water changes to remove both dissolved organic 
matter as well as detritus build up. This inflow of fresh water and export of organic material 
removes the biological oxygen demand in fast growing aquariums. 

These tanks have of GH of 25 and KH of 12 using EI and good CO2 levels. Very hard water 
can still have nice results. 
 
Dispersal: 
 
Aeroaquatic hyphomycetes address dispersal by forming massive coiled conidia which trap air. 
These float away after the rains come o the water’s surface the following season and make con-
tact with new dead leaf litter. These fungi are usually found in stagnant ponds, ditches, or slow 
flowing water and are capable of vegetative growth on submerged leaves and woody substrates 
under semi-anaerobic conditions. Thus far, about 90 species have been reported from leaves and 
wood in freshwater lotic and lentic habitats worldwide (Shearer et al. unpublished). Most of the 
fungi that decompose aquatic vegetative matter tend to colonize very fast and within about 7 
days sporulate.  The “chytrid’s” the Chytridiomycota only disperse in water. A few are fish 
pest. They may be found in terrestrial and transient aquatic systems as well. Chytrid DNA is 
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closely associated with processes of removal of picoplankton in lakes and large water bodies. Some chytrids are known to parasitise 
cyanobacteria and single celled algae. Thus these poorly studied fungi appear to be potential biological control agents of important 
aquatic toxigenic microbes, and indicators of eutrophication. 

 
Ascomycota and Basidiomycota. The 
fungi can enzymically degrade the litter 
and are probably far more common on 
the leaves than bacteria, at least in the 
early stages of decomposition. The 
fungi form conidia while ever leaf litter 
is available. 
 
Fungi and invertebrates: 
 
The size of the population of Ingoldian 
fungi is also controlled by inverte-
brates. These animals graze on leaves, 
preferring colonized leaves, presumably 
because they have higher protein, lipid 
and mineral phosphate content due to 
the fungi, and because the leaf has been 
markedly predigested. Invertebrate 
competition markedly increases the rate 
of litter breakdown, and litter usually 
disappears rapidly from streams. How-
ever, it is argued that the presence of 
fungi is essential to the invertebrates 
because the fungi increase the nutritive 
value, providing essential nutrients not 
available in leaf material. For example, 

invertebrate “shredders” discriminate among the leaf species normally found in the streams (Graca, 2001). “Shredders” refers to in-
vertebrates that dramatically increase the fragmentation of plant parts. Is this preference related to differences in leaf toughness, plant 
nutrient content of leaves and the presence of secondary compounds? Shredders will also consume leaves preferentially after the 
establishment of a well-developed microbial community( . This preference may be the result of changes in leaf matrix carried out by 
the microbial community or the presence of fungal hyphae with a 
higher nutrition value than the leaves themselves. Terrestrial leaves 
are not the only leaves present obviously in planted aquaria, the 
aquatic plant leaves are also degraded by fungi and further proc-
essed by these same shredder populations (Suren and Lake, 1989). 
When given a choice between 3 levels of decomposed leaves as 
well as fresh and boiled from two species of submersed aquatic 
macrophytes, all three grazers went after the most decomposed leaf 
state (5 out 6 test). Thus is may be suggested that it is not the 
leaves, but rather the microbial communities that provide the nutri-
tion for the various invertebrate grazers. 
 
Aquarist often add various tree and herbaceous leaves to their tanks 
for the leeched tannins, food for shrimp/fish and for natural decora-
tions like driftwood. Fungi certainly need to considered in this con-
text for aquariums. In may not matter which type of leaf is added, 
rather which type of fungi is growing. The lack of substrate speci-
ficity within the aquatic fungi would suggest that most leaf litter 
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A tidepool showing the colorful diversity of marine plants in California. 

Typical Manzanita in California near Napa, this is where some 
of the driftwood is made along with the wine. 
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would suffice. Care must be given to the effects of fungi on oxygen levels in aquariums, they have the potential to deplete O2 levels 
much like bacteria in overloaded systems. When these two groups are reduced and limited due to a lack of oxygen for a given or-
ganic matter loading rate, the system can break down and the aquarist can have a poorly balanced tanks. High plant production via 
good lighting, nutrients and ample CO2 produces large amounts of oxygen(well in excess of 100% saturation levels) and can amplify 
fungi, microscopic invertebrate “shredders” and bacteria beyond what are sometimes found in natural systems. Indian Almond 
(Terminalia catappa) leaves have become popular in the last couple of years (date: Jan, 2007). Aquarist citing evidence of biomass 
disappearing and attributing it solely to the shedders such as shrimp species with Terminalia catappa may be over simplistic, the 
research on leaf decomposition and fragmentation is clearly more complex than this. Oak leaves where and are still added for similar 
reasons and claims. 

The much sought after Skeleton shrimp, Caprella sp and the blood shrimp.  These are marine species. 
Below is a link to a paper done in terrestrial systems with Terminalia catappa leaves and fungi: 
 http://www.reviberoammicol.com/2001-18/131132.pdf 

Research on Tilipia (Oreochromis niloticus) suggest 
that the ground up leaves of Terminalia catappa and 
then soaked in water (are fungi decomposing the 
leave parts?) prevent a number of pathogens 
(Chitmanat et al, 2005). If so, this suggest a leaf ex-
tract is all that is required rather than the fungi-leaf 
community. Not having dirty leaves rotting in the 
tank may be very desirable for aquarist and would 
also remove/reduce the role of fungi in fish and 
shrimp disease resistance and health. Such informa-
tion may be useful for the production of fish tonics, of 
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Crystal red shrimp on wood. 

One of the best shredders: the Amano shrimp 
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which there are many with little more than snake oil claims rather than scientific support and citations. Clearly shrimp and other de-
sirable invertebrates are seen picking and shedding leaves, but the question remains: in preference and health due to the materials of 
leaves themselves or the fungal community and their associated break down by products? Based on what’s been suggested in the 
research presented here, it would seem most likely it’s the fungi rather than the leaves and the chemicals released which is through 
decomposition. 

What does all this mean? The role of dead leaves, plant waste by products and parts are part of a larger continuum. The role of fungi 
and bacteria as well as invertebrates all play a dynamic role in waste remineralization, as well as food sources for higher trophic lev-
els in the food chain. These biological systems are interlinked and interwoven, driving them too fast or starving them at the other 
extreme produces can produce undesirable results perhaps playing a much more significant role in algae blooms and poor plant 
health. Such speculation is plausible given the roles of organic Nitrogen and Phosphorus as well as their inorganic forms. These or-
ganisms control the rates of Nitrogen and Phosphorus mineralization/transformation into bioavalaible forms. Imbalances with NH4 
production, CO2 stability and lowering O2 levels through poor plant health can create poor decomposition rates and poor conditions 

for shredders like shrimp. After 
some time, such systems even out, 
but by then, algae or poor plant 
health has occurred and is tough to 
correct at that point. Some novel 
fungi genera have been found on 
submersed Indian almond leaves: 
“Enridescalsia gen. nov., charac-
terized by synchronous, polytretic 
conidiogenous cells and brown 
euseptate conidia, is described and 
illustrated from submerged, decay-
ing leaves of Terminalia cattapa 
from Cuba” (Ruiz et al, 1997).  
      

Fungi and roots: what lies beneath? 
 
What are mychorrhizae and why should we care? Mycorrhizal root systems 
increase the absorptive the absorbing area of roots 10 to 1000 times thereby 
greatly improving the ability of the plants to utilize the soil resource. Mycorrhi-
zal fungi are able to absorb and transfer 15 major macro and micro nutrients 
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A juvenile Orange Garibaldi, California’s state marine fish in a bed of seagrass with the common green sea anemone.   

Terminalia cattapa 
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necessary for plant growth. Mycorrhizal fungi release powerful chemicals into the soil that dissolve hard to capture nutrients such as 
phosphorous, iron and other "tightly bound" soil nutrients. This extraction process is particularly important in plant nutrition and 
explains why non mycorrhizal plants require high levels of fertility to maintain their health. It was long assumed that aquatic fungi 
played no role in aquatic plant roots and mycorrhizal associations, due in large part to the anaerobic nature of submersed hydro soils, 
but pant roots release oxygen around their rhizosphere thus allowing many of the species of fungi to exist within a highly reduced 
anaerobic location. In the last 20 years, substantial evidence has found a wide range of associations. 
 
Littorella uniflora and Lobelia dortmanna show evidence of colonization by mychorrhizae (Nielsen et al, 2004). Isoetes lacustris 
VA mycorrhiza was discovered in connection with evaluation of root uptake of inorganic carbon and nutrient (Sand-Jensen and 
Søndergaard, 1978). Mycorrhizae may help anchor plant roots in the sediments.  Hydrophytes with mycorrhizal infection may have 
increased rates of nutrient uptake as well (Rickerl et al, 1994).  Vesicular-arbuscular mycorrhizal fungi was shown to enhance phos-
phate uptake in Vallisneria americana versus plants treated with the fungicidal medium Captan. Assimilation of radio labeled P-
orthophosphate into root tissue in short-term incubations showed 85% greater concentration for plants with active mycorrhizae 
(Wigand and Stevenson, 1994 and 1997). Typical aquarium sediments have more much oxygen than many natural aquatic types of 
sediment (these tend to be strongly anaerobic). It maybe suggested based on a wide range of research, methodology and locations 
across the globe that mychorrhizae do play a role in some plant species, and likely others as well, but more study is needed to under-
stand their roles fully. 
 
I noted in 2003 that the aquatic fern Bolbitus possessed some fungi that appeared to be endomychorrhizal. 
 
Here’s the full paper on Vals and mycorrhizae and appears to be a good study on the subject:  
http://www.springerlink.com/content/v84446g4qq679883/fulltext.pdf 
 
Dosing Nitrogen and  Phosphorus, solution or a problem?: 
 
Aquatic leaf decomposition tends to be faster at nutrient-enriched 
sites (Gulis and Suberkropp, 2003; Pascoal et al, 2001; Suberkropp 
and Chauvet, 1995), and increased concentrations of nitrogen and/or 
phosphorus have been reported to stimulate both fungal and bacterial 
activities on decomposing leaves (Gulis and Suberkropp, 2003). 
However, elevated nitrogen and phosphorus concentrations are often 
accompanied by oxygen depletion in aquatic systems with human 
induced disturbance from urban regions and agriculture. The fungi 
associated with decomposing leaves in streams appear to obtain a 
significant portion of their nutrients (NO3 and PO4) from the water 
passing over the leaf structure. Results indicate that the chemistry of 
the water may be important regulators of leaf breakdown in streams 
by affecting the activity of decomposer fungi. Thus one of the main 
regulators when aquatic macrophytes are added to the system will be 
O2 production, transport and use by macrophytes and fungi. Aquari-
ums tend to have much more aerobic substrates and high root densi-
ties in established systems. In both the water column as well as the 
sediments in aquariums, higher oxygen levels tend to persist and 
would be suggestive of a large fungi role and maintenance of stable 
plant growth rates. Decomposition experiments conducted in stream 
water media with the addition of defined mineral salts demonstrated 

that [14C]cellulose decomposition was stimulated 50% by the addition 
of either KNO3 or KH2PO4/K2HPO4 and further enhanced (167%) by 
a combination of both versus a control (Aumen et al, 1985). 
 
In Figure 2, a clear increase in decomposition rates appears evident due to KNO3 dosing with a maximum in the 10ppm of NO3 
range. 10-100ppm produced relative similar rates and temperature also increased the rates, with high tropical temperatures producing 
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the highest rates of decomposition. These ranges, 10ppm to about 30-50ppm appear to be maximal for fungi to decompose plant 
waste if enough O2 is present.  

Figure 3 suggest that by allowing the fungi to grow 
unlimited by N, frees them up to process organic 
nitrogen into NH4+ at similar ranges, thus one may 
argue that the role of NH4+ in aquatic macrophyte 
use/uptake and fungi are linked to KNO3 dosing 
interestingly. It has long been observed for well 
over a decade that planted aquariums dosed with 
KNO3 in these same ranges have no measurable 
NH4+. In the future, better test kits, and methods 
using N15 tracers may help to show what processes 
are occurring. It would appear that in planted tanks, 
that the NH4+ is being utilized as fast as it is pro-
duced and that adding KNO3 actually helps produce 
this cation from aquatic plant, leaf (Indian almond 
or otherwise) and algae waste rather than solely 
from fish waste which is the typical assumptive 
source of NH4+ for most aquarist. 

 
Conclusions: 
 
Decomposition studies that monitor the nature and extent of nutrient mineralization or immobilization during leaf litter decay provide 
an understanding of whether certain nutrients are being biologically immobilized within a community, released to downstream sys-
tems, or mineralized. Fungi are integral to these processes and often overlooked by some researchers as well as most hobbyists (other 
than as fish disease pathogens) as a highly significant player in such cycling. By understanding what species, their life histories and 
the ecology, the aquarist may have a better understanding of this elusive “balance” so many seek in aquatic horticulture. It appears 
that increased plant growth with CO2 fertilization, KNO3 dosing and moderate organic matter from fish waste, plant leaves and bac-
terial sloughing provide a good environment for cycling by the fungi. When poor plant growth leads to low O2 levels, these cycles 
and balances break down. 
 
This concept may be extended to bacteria as well. The interaction between these two groups (Fungi and bacteria), as well as the 
plant’s and algae uptake, maybe the elusive balance many aquarist seek. Good stable conditions, stable plant growth over time does 
appear to lead to the best cycling. Maintaining these conditions at high growth rates may be challenging. Finding plant growth stabil-
ity with good plant choice, inoculation of new tanks with “mulm”, routine water quality management (water changes are often the 
easiest method to keep things from getting out of hand) and stable CO2 allow the plants to produce a good stable O2 level. This in 
turns provides a stable environment not only for the fish, but the bacteria and fungi that help cycle the waste. 
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