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Hydrilla verticillata Hand Removal:  
A review of suction-assisted hand-harvesting by divers in the Cayuga Inlet, Fall 2011 
Roxanna Johnston, Watershed Coordinator for the City of Ithaca 
Robert Johnson, Aquatic Plant Specialist 
 

INTERIM CONCLUSIONS 
• Additional growth (dense patches and isolated plants) of Hydrilla verticillata was discovered in the Inlet 

south of the Route 79 Bridge after the herbicide permit application had been submitted to the NYSDEC in 
September 2011, and therefore could not be included in the herbicide treatment area. 

• Those areas of the Inlet remained closed after other Inlet sections re-opened, due to the risk of plant 
fragmentation.  Reproductive vegetative turions were found to be developing in late October on the 
untreated hydrilla plants.  Canada Geese removed plant biomass reachable from the surface via feeding, 
decreasing fragmentation concerns.  However, it is suspected that hydrilla can be spread by birds so their 
presence was not necessarily beneficial. 

• Consultation with John McPhedran of the Maine DEP, indicated that late fall efforts to remove tubers could 
be successful.  The Hydrilla Task Force was hopeful that complete removal of all plants and reproductive 
structures could be achieved from the dense bed of hydrilla along the west shore of the South Inlet (Figures 
1, 2) which was found too late to be included in the herbicide treatment. 

• The effectiveness of diver hand-harvesting to remove tubers was tested on October 25th.  Comparison of the 
materials collected by divers with sediment cores collected to estimate tuber density revealed that diver 
efforts removed approximately 1% of hydrilla tubers from the sediment.  

• The management group of the Hydrilla Task Force discussed possible removal options.  DEC’s Office of 
Invasive Species funded hand-removal efforts targeting above sediment vegetation only.  This would still 
address fragmentation concerns, halt development of turions and stop possible bird dispersal. 

• John Menapace’s company, Aquatic Invasives Inc. was awarded the project and completed the work 
between November 29th and December 5th of 2011. 

• Removal of visible biomass was successful. 
• Environmental conditions hampered the removal effort.  Suspension of silt and clay particles by hand- 

harvesting created zero-visibility work conditions.  Cold waters required use of heavy neoprene gloves 
decreasing the ability to detect plants for removal.  The end result was inefficient hydrilla removal and some 
trampling/breakage of plants.   

• Hydrilla is naturally very brittle and similar to its look-alike Elodea, a native.  Hydrilla is not tough like 
Eurasian watermilfoil (Myriophyllum spicatum) a non-native and coontail (Ceratophyllum demersum) a 
common native, both latter species do not breakup as much in the collection onion bags. 

• The mechanical removal process was too ‘aggressive’ for hydrilla – though it is a standard process that is 
widely used and accepted for suction-assisted diver hand-harvesting of Eurasian watermilfoil.  The operation 
requires water pumps to move a large volume of water to maintain adequate suction of materials that the 
divers are processing.  The material placed by the divers into the suction hose along with the water is 
deposited into onion bags with water leaving through the holes in the bag mess.  The bags must have a large 
enough ‘mesh’ size so that silts, clay, leaves and other plant material being collected do not immediately 
clog the bags and block water movement.  This process resulted in the fragmentation of hydrilla and likely 
contributed to washing small plant particles back into the recently cleared area. 
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• John Menapace of Aquatic Invasives Inc will assess the mechanical process to determine if adjustments can 
be made that better suit hydrilla harvesting. 

• As the process is currently designed, it does not meet our needs for hydrilla tuber removal.   
• Based on these initial results, it is uncertain that this method will work for hydrilla removal in general.  

However, a more complete analysis will be done and possible changes in the mechanical processes may be 
proposed that offer more hope for use of this method as an alternative to herbicide treatment in some 
situations.  

 

 

         Figure 1.  Hydrilla bed along west shore of                             Figure 2.  Close-up of Hydrilla in the band 
         Rt. 79 Bridge  9-26-2011  R. Johnson.                                       looking NE from west side of Inlet South of  
                                                                                                                  Rt. 79 Bridge  9-26-2011  R. Johnson. 
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Onion Bag 1 Contents 
as % of Dry weight

12/1/2011

90.3% 
Gravel

9.4%  Tree Leaves

0.1%   Hydrilla + 

0.1%   Ceratophyllum

0.1%  Clam, mussel, 
snail

Hydrilla verticillata Hand Removal:  
A review of suction-assisted hand-harvesting by divers in the Cayuga Inlet 
Robert Johnson, Aquatic Plant Specialist 
 
 

MONITORING RESULTS 

Fragmentation: 
 
Several variations of hand-harvesting and/or suction-assisted 
diver hand-harvesting of Eurasian watermilfoil have been used  
around the Northeast and some might work better than others 
for watermilfoil.  Loss of watermilfoil fragments whilst hand- 
harvesting is common during the growing season.  However, 
fall hand-harvesting of watermilfoil is discouraged because 
the plant is naturally fragmenting as a means of dispersal 
through a process of auto-fragmentation.  Hydrilla is naturally 
more fragile throughout its growth but may also be more so in 
the fall.  In the Cayuga Inlet, and in light of the hydrilla invasion 
we cannot be indifferent to the loss of hydrilla fragments 
and the consequent spreading of the plant (Figure 3). 
 
 
   
 
 
 
 
 

 
 

           
          Analysis of biomass removal: 

 
The contents from two onion bags harvested by 
divers are illustrated in figures 4-6.  Figure 4 
shows the contents of an onion bag filled from an 
area of sparse hydrilla patches.  Figures 5, 6 show 
the contents of an onion bag filled from the 
middle of a dense hydrilla bed.  Figures 7, 8 show 
the results of a rake-toss harvest conducted in a 
12 square meter area in the same dense hydrilla 
bed.   

 
 
 
 
 
 

Figure 3.  Hydrilla plants floating behind the 
suction-assisted diver hand-harvesting 
operation on Dec 5, 2011  R. Johnson.  

Figure 4.  The contents of suction-assisted diver 
hand-harvested onion bag 1 as a percentage of 
the total dry weight.  Bag 1 was collected the 
second day of harvesting from an area of sparse 
hydrilla similar to ½ of the total hand-harvested 
area.  
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Figure 6.  Photo of Suction-Assisted Diver Hand- 
Harvested Bag 2 described in Figure 5, South Inlet 
12-5-2011  R. Johnson. 

Onion Bag 2 Contents 
as % of Dry weight

12/5/2011 24%   Hydrilla + 
crushed leaves

50% 
Gravel 0.4%   Ceratophyllum

1.8%  Clam, mussel, 
snail

24%  Tree Leaves

Raked Contents of
12 sq meter Area  
as % of Dry weight
12/4/2011 33% Hydrilla  

4%  Gravel

1%   P. crispus

1%  snail

61%  Tree Leaves

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 5.   The contents of suction-
assisted diver hand-harvesting from onion 
bag 2 as a percentage of the total dry 
weight.  Bag 2 was collected the last day 
of harvesting from an area of dense 
hydrilla similar to ½ of the total hand-
harvested area. 

 

Figure 7.   The contents of a 12 square meter 
area harvested by rake toss as a percentage of 
the total dry weight.  This area was harvested on 
the penultimate day of harvesting from the area 
of dense hydrilla similar to ½ of the total 
harvested area. 

 

 

Figure 8.  Photo of Raked Sample described 
in Figure 7, Harvested South Inlet 12-4-2011  
R. Johnson. 
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Onion bag 1 Diver Harvested Date collected Wet weight (gm) Dry weight (gm)
Total contents 12/1/2011 12068 7103.4
Hydrilla + crushed leaves 6.9
other plants (Ceratophyllum) 4.6
Oak Leaves, etc 670.9
Clam, Zebra, snails 8.1
Stone 6412.9

Onion bag 2 Diver Harvested
Total contents 12/5/2011 9850 2054.4
Hydrilla + crushed leaves 496.3
other plants (Ceratophyllum) 9.2
Oak Leaves, etc 483.3
Clam, Zebra, snails 38.7
Stone 1026.9

Raked 12 sq meter area
Total contents 12/4/2011 6685 407.5
Hydrilla 133.3
other plants (P. crispus) 2.3
Oak Leaves, etc 250.4
Snails 5.3
Stone 16.2

Soil particles adhered to the plant material during the suction-assisted diver hand-harvest process.  This fraction 
of soil could not be separated from the plant material without degrading the sample and may amount to a 
significant percentage of the plant biomass by weight for Onion Bags 1 and 2.  While this contributes to an error 
in the dry weight estimates, they are probably as good as can be obtained given the fragile nature of the plant 
and the characteristics of the other materials collected.  Dry weights from the suction-assisted diver hand- 
harvesting and rake-toss harvesting are compared in Table 1.                                                
                                                                    
Table 1.    Dry weight of collected materials from the suction-assisted diver hand-harvesting of hydrilla in the 
South Cayuga Inlet.  Onion Bag 1 was collected the second day of harvesting, Onion Bag 2 collected the last day 
of harvesting and a 12 square meter area was harvested by a throw rake on the day previous to the last harvest 
day from an un-harvested area. 

 

 

  

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
The dry weight of hydrilla in the 12 square meter area raked prior to harvesting by divers (Table 1) was 
compared to two plots raked after the diver harvesting was completed to estimate the effectiveness of 
removing above-sediment vegetative hydrilla mass by suction-assisted diver hand-harvesting.   The first plot of 
12 square meters was a timed harvest of 1 hour using the rake-toss method prior to suction-assisted diver hand-
harvesting of the area.  Two additional 12 square meter plots were harvested using the rake-toss method for a 
timed 1 hour each after suction-assisted diver hand-harvesting was completed on the area.  These plots were 
located approximately 20m on either side of the original rake-toss plot.  All three sites were located in the dense 
hydrilla bed south of the Route 79 Bridge on the west shore of the Inlet.   
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The purpose again was to determine the relative effectiveness of the suction-assisted diver hand-harvesting 
method with respect to vegetative biomass removal.  The results from the two post harvested raked plots were 
likely influenced by a very irregular sediment surface of deep impressions caused by the walking by the divers 
while harvesting that was not present in the pre harvested rake sampling.  The throw rake likely collected some 
percentage of available material from the top 3/4 inch of sediment because the rake skimmed over the ridges of 
the impressions.  However, results from these rake-toss plots indicates that a significant percentage of growing 
hydrilla remains covered by a thin layer of fine sediment after the suction-assisted diver hand-harvesting was 
completed (Figures 9, 10).   
 

                      
 
      Figure 9.   Photo of Post-harvest Raked Sample 1                           Figure 10.   Photo of Post-harvest Raked Sample 2    
      from 12 square meters collected 12-20-2011.                                 from 12 square meters collected 12-20-2011. 
                                                                                                                                          
Figures 9, 10 show the vegetative mass collected on 12-20-2011 from the two 12 square meter plots in areas 
previously hand-harvested.  Recovery from post harvested plot 1 was 27.2 grams of hydrilla and 50.2 grams 
from post harvested plot 2 for a mean of 38.7 grams.  Contrasting 38.7 grams to 133.3 grams of the pre 
harvested raked plot the data suggests a minimum of 29% of the original hydrilla mass remains in the harvested 
areas.   
 
Analysis of turion and tuber removal: 
 
Tubers collected from the diver onion bags and the rake-toss plots were small recently produced tubers just 
under the sediment surface and no more than 1 inch down in the sediment.  In greenhouse tests, 100% of the 
tubers germinated within two days after removal from the Inlet indicating that these small tubers were viable 
almost immediately.  Most near sediment surface tubers are less than a ¼ the size of the onion bag mesh 
openings so even if tubers were collected in the suction harvest process they were unlikely to be contained in 
the collection bags.  Turion and tuber harvest results from all three 12 square meter rake-toss plots are 
compared to those collected from a much larger area by the suction-assisted diver hand-harvested onion bag 2 
(circled in figure 11).  Numbers of turions and tubers were significantly lower in the onion bags than those 
collected by the rake-toss method.  Hydrilla leaves were also sparse in the onion bags.  The rake-toss method 
collected hydrilla with more leaves attached to the stem.  Most of the hydrilla remaining in the onion bags 
consisted of chopped up stems and almost no leaves.   
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Figure 11.  Diver removed turions and tubers (Diver bag 2 circled) are from an area at least 3X greater than the 
12 square meter areas of the one pre and two post rake-toss removal results of turions and tubers respectively. 

 

Any new information coming to our attention that shows suction-assisted diver hand-harvesting has worked 
well and did not spread hydrilla will be reviewed before a final decision is made on the future use of suction- 
assisted diver hand-harvesting.  Information on all hand-harvesting efforts is actively being sought. 
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Hydrilla verticillata Hand Removal:  
A review of suction-assisted hand-harvesting by divers in the Cayuga Inlet 
John Menapace, Owner:  Aquatic Invasives Inc, on-site contractor 
Roxanna Johnston, Watershed Coordinator for the City of Ithaca:  Italicized inserts 
 

PROJECT SUMMARY 
 
There were 2 site visits to determine scope of work 
The first visit with Bob and Holly – Approximate date:  Late October 
The second visit was with 1 diver and a helper to determine the best removal method the plant was still visible 
at the surface. 
 
Request for bid for Leslie – Approximate date:  Early November 
1st bid was submitted 
2nd bid requested due to possibility of the water being lowered by the canal corporation and other methods of 
removal being employed ie raking. 
2nd bid submitted 
Email form Leslie we were the low bidder – Approximate date:  Mid November 
 
3rd Site visit. Plant had died back and no longer at the surface/ laying on the bottom Third visit was with 
Roxanna, Bob, John, and Leslie, to review methods. – November 16th 
 
Setup boats and equipment for project. 
 
Tuesday  Nov 29 Pre dive to locate hydrilla patches. 2 divers 3 hours each 
 
Wed Nov 30 2 divers 3 hours each + 1 boat tender remove 8 bags of hydrilla sparse patches. Started at the north 
end near the bridge approximately and moves to the south approximately 350 ft 
 
Thursday the wind shifted and started at the South end near the first house 2 divers 3 hours each + boat tender. 
Removed 9 bags of hydrilla sparse patches approximately 416 ft 
 
Friday started from north at the end of Wednesday’s removal. 2 divers 2.5 hours (started snowing) + 1 boat 
tender. Removed 5 bags very sparse. Approximately 401 ft. 
 
Monday continued from Friday’s removal. 2 divers removed 24 bags very thick area. Approximately 705ft. and 
removed patch in front of first house at the end of the park. 
 
All removal was done with a 24ft pontoon boat fitted with two 6hp venturi pumps with 50 ft suction hoses that 
pump removed hydrilla material to 40# onion bags on the deck of the boat. When full the onion bags are closed 
and stacked on the boat. Then new bags are hooked onto the hoses. 
Boats are equipped with compressors for diver air. Divers wear dry suits and full face masks with communication 
to boat. 
  
A silt screen net was set up behind and down wind of the boat to capture loose fragments the were breaking 
away as the divers walked on the bottom or were missed by the suction hose 
Visibility is near zero much of the time. The divers do most of the work by feel. It is more difficult to feel the 
plant in the very cold weather due to the thick gloves the divers wear. 
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We tried raking the weed but the water was still too deep and there was no way to capture the fragments that 
broke off during the raking process. The current and the wind can move the fragments in two different 
directions. Raking could work in shallower water with very accurate silt screening. 
 
We dove and cleared Approximately 1900 feet along the canal.     
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