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1. SUMMARY 2. INTRODUCTION 

Samples were collected from the forestomach 
and colon of North Atlantic fin whales (Bal- 
aenoptera physalus) landed at the commercial 
whaling station at HvalfjSrdur, Iceland during 
three whaling seasons. Techniques were used to 
enrich for and enumerate anaerobic bacteria, 
methanogens, and sulfate reducers. Anaerobic 
bacteria ranged from l0 s to 101° per ml of digesta 
in the colon, and from 10 5 to 10 9 per ml of 
digesta in the forestomach. Methanogens and 
sulfate-reducing bacteria were found in the major- 
ity of forestomach and colon samples, with 
sulfate-reducing bacteria usually occurring at 
higher concentrations. Enteric bacteria, Vibrio, and 
Listonella spp. were found in the colon. Volatile 
fatty acids were detected in significant concentra- 
tions in the forestomach of many of the whales. 
These results support previous findings which sug- 
gest that a microbial fermentation occurs in the 
forestomach of baleen whales. 

* To whom correspondence should be addressed. 

The mammalian order Cetacea which includes 
the whales, porpoises and dolphins is divided into 
two living suborders. The suborder Mysticeti con- 
tains the baleen whales, and the suborder 
Odontoceti includes the toothed whales. Baleen 
whales feed largely on krill. The krill are trapped 
by the baleen plates and then pass through a 
multichambered stomach typical of all cetaceans. 

The purpose of this study was to examine the 
microbiology of the forestomach and colon con- 
tents of healthy baleen whales. Since most of the 
previous microbiological studies of cetaceans have 
been done with captive or stranded odontocetes, 
the normal microflora of mysticetes in the wild is 
poorly understood. For this study North Atlantic 
fin whales were examined since these animals were 
available through a commercial whaling operation 
in Iceland. 

One additional aspect of this investigation was 
to evaluate whether a microbial fermentation oc- 
curs in the forestomach of fin whales. Though 
some believe the forestomach of whales serves 
simply as a storage chamber [1-3], recent results 
suggest that it may be functionally analogous to 
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the forestomach of land ruminants in which a 
microbial fermentation occurs [4]. Evidence for 
this hypothesis was derived from the discovery of 
significant amounts of acetic, propionic and 
butyric as well as other volatile fatty acids in 
forestomach samples of gray (Escherichtius robus- 
tus) and bowhead (Balaena mysticetus) whales. 

3. MATERIALS AND METHODS 

3.1. Fin whale harvesting 

Fin whales were taken by catcher boats owned 
by the Icelandic whaling company, Hvalur H.F., 
and towed back to the shore station located at 
Hvalfj~Srdur, where the animals were flensed. 
Catcher boats traveled 80-160 km off the west 
coast of Iceland during the summer whaling sea- 
son and usually harpooned two whales each trip. 
To maintain the quality of the whale meat an 
incision is made in the abdominal cavity at sea to 
permit sea water (9-10°C)  to cool the internal 
organs. All catcher boats adhered to a strict time 
limit for the interval between time when the whale 
was taken and when it was delivered to the sta- 
tion. Scientists were permitted to remove samples 
shortly after the whale arrived at the station. Fin 
whales were sampled during the 1983, 1984, and 
1985 Icelandic whaling seasons. 

3.2. Sampling protocol 

At the shore-based station, incisions were made 
through the outer wall of the forestomach and 
colon and approx. 300 ml of contents was placed 
in sterile beakers. The samples were taken to the 
nearby Icelandic Whale Research Center. Using a 
10-ml disposable syringe, modified into a 'micro- 
corer' by removing the tapered end, 7 ml of con- 
tents was removed from the beakers. A sterile 
spatula was used to stuff the forestomach contents 
into the syringe. The 7-ml sample was mixed with 
28 ml of pre-reduced diluent and blended in a 
sterile 37-ml Waring blender for 30 s. Sterile dis- 
posable 1-ml syringes and pre-reduced diluent were 
used to dilute the blended samples. Various media 
were inoculated to permit the enrichment and 

enumeration of different kinds of anaerobic 
bacteria. In addition, during the 1983 season, di- 
gestive tract contents were examined for enteric 
bacteria and vibrios. 

3.3. Examination of colon contents for members of 
the Enterobacteriaceae 

For isolation of bacterial species belonging to 
the family Enterobacteriaceae, contents from the 
colon were inoculated onto MacConkey Agar 
(Difco) and incubated at 37°C. From one whale, 
the contents from the small intestine were also 
examined. Representative colonies were picked and 
restreaked onto MacConkey Agar. The oxidase 
test [5] was performed on all of the MacConkey 
Agar isolates to eliminate oxidase-positive organ- 
isms. This was followed by a screening procedure 
[5]. Selected isolates were identified using the API 
20E system (Analytab Products, Plainview, NY, 
USA). 

3.4. Examination of forestomach, small intestine, 
and colon contents for mesophilic members of the 
Vibrionaceae 

For the Vibrionaceae, samples of colon con- 
tents were swabbed onto TCBS Agar (thiosul- 
fate-ci t rate-bi le-sucrose agar) (Difco) and in- 
cubated at 37°C. From one fin whale, samples 
were also taken from the forestomach and second 
stomach. After purification of representative col- 
onies on TCBS Agar, a limited taxonomic screen- 
ing was performed using the following media and 
tests: 0 /129 (BDH Chemicals Ltd.) sensitivity at 
10 ~tg and 150 /~g concentrations per sensitivity 
disk; oxidase test; catalase test; growth on CLED 
(cystine-lactose-electrolyte deficient) medium (with 
Andrade indicator; Oxoid) containing 0% and 1% 
NaC1; lysine decarboxylase, arginine dihydrolase, 
and ornithine decarboxylase using Moeller De- 
carboxylase Base (Difco); acid production from 
L-arabinose, lactose, maltose, D-mannitol, sucrose, 
and glucose; indole production; Voges-Proskauer 
test; and production of urease using urea agar 
base (Difco). Media were supplemented with 1% 
NaC1 to permit growth of the halophilic vibrios. 
Media and procedures for the vibrio identification 
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are outlined by Fumiss et al. [6] and West and 
Colwell [7]. 

3.5. Enumeration of viable heterotrophic anaerobes, 
methanogens, and sulfate-reducers 

Media and diluent to permit enumeration of 
the stringent anaerobes were prepared in Seattle 
and transported to Iceland. Except where noted 
below media were sterilised in glass tubes contain- 
ing butyl rubber stoppers. Media were prepared 
using techniques outlined by Hungate [8] and the 
Virginia Polytechnic Institute Anaerobe Manual 
[9]. Gases used for preparation of the anaerobic 
media were deoxygenated using a heated copper 
column. In Iceland, N 2 used for gassing and rins- 
ing, syringes was deoxygenated by bubbling the 
gas through a titanium citrate solution [10]. Before 
inoculation with the diluted samples, media were 
reduced with the addition of a reducing agent, 
(cysteine-HCL-NaES, sodium dithionite). Sterile 
disposable 1-ml hypodermic needles and syringes 
were used to dilute the samples and inoculate the 
media. All media for the stringent anaerobes con- 
tained a half-strength artificial seawater base 
(ASW1/2), which included: 12.0 g NaC1, 3.5 g 
MgSO 4 • 7H20 , 2.6 g MgC1- 6H20 , 0.55 g CaC12, 
and 0.35 g KC1 in 1000 ml of distilled H20. All 
concentrations for media components listed below 
are per 1000 ml ASW1/2. All inoculated media 
were incubated at 37 ° C. Minor changes were made 
in media composition between sampling seasons 
and are described below. 

3.5.1. Anaerobic heterotrophic bacteria 
Medium 10 [11] was modified for the enumera- 

tion of anaerobic heterotrophic bacteria found in 
the digestive tract of fin whales and called 
Cetacean medium (CM), During the 1983 and 
1984 seasons CM contained 0.5 g glucose, 0.5 g 
yeast extract, 2.0 g tryptone, 1.0 ml heroin solu- 
tion, 0.5 g NH4C1, 0.2 g KEHPO4, 10.0 ml vitamin 
mix [12], 1.0 ml resazurin solution (0.1% w/v), 
20.0 g agar. The pH was adjusted with NaHCO 3 to 
6.8. This medium was prepared in screw-cap tubes 
covered with Hungate butyl rubber septa [13] and 
the headspace was filled with N 2 in 19.83 and with 
10% H2//5% CO2//85% N 2 mix in 1984 and 1985. 
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In 1985 the quantity of tryptone in the formula 
was increased to 10.0 g. The medium was heated 
before use to melt the agar and held at 50°C 
before the addition of the diluted sample. After 
addition of the sample the medium was rapidly 
cooled in an ice-water bath and solidified on the 
side of the tube. Media were reduced before inoc- 
ulation with the addition of Na2S-cysteine-HC1 
solution. Bacterial colonies were counted with the 
aid of a dissecting microscope after 3 weeks of 
incubation. 

3.5.2. Methanogenic bacteria enrichments 
Techniques used for the enrichment of 

methanogen bacteria were modifications of those 
presented by Balch et al. [14]. Methanogenic 
bacteria were enriched in the following broth 
medium: 0.5 g NH4C1, 0.2 g K2HPO4, 1.0 ml 
trace dement solution [t.fi], 10.0 mM Mops (4- 
morpholinepropanesulfortic acid), 2.5 g sodium 
acetate, 2.5 g sodium formate, 2.0 g yeast extract 
(Difco), 2.0 g tryptone (Difco), 1.0 ml of a 0.1% 
(v/v) resazurin solution. For the preliminary study 
in 1984, the medium was pressurized to 2 atmo- 
spheres with H 2 gas. In 1985, a 10% CO2/90% H 2 
mixture was used and the Mops buffer was 
replaced with 10.0 mM Hepes (4-(2-hydroxy- 
ethyl)-l-piperazine-ethanesulfonic acid). Before 
use the medium was reduced with a NaES-Cys- 
teine-HC1 solution and sodium bicarbonate was 
used to adjust the pH to 7.0. Enrichments were 
considered positive if methane was detected in the 
headspace using a gas chromatographic technique. 
A 0.2-ml headspace sample was ingested into a 
Poropak R (80-100 mesh) stainless steel column (6 
ft by 0.125 in). The column temperature was set at 
30°C, and the carrier gas flow rate was set at 20 
ml of He per rain. A Carle Analytical Gas Chro- 
matograph (Model 111) with a thermal conductiv- 
ity detector was used. Enrichments were examined 
periodically for a period of 1 month. 

3. 5. 3. Sulfate-reducing bacteria 
Sulfate-reducing bacteria were enriched using 

the following medium: 0.5 g NH4C1, 0.2 g 
KEHPO 4, 1.0 ml trace dement solution without 
iron [15], 10.0 mM Mops, 2.5 g sodium acetate, 5.0 
ml sodium lactate (50% solution), 1.0 g yeast 
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extract (Difco), 1.0 ml resazurin solution with N 2. 
Sodium dithionite and a FeSO 4 • 7H20  solution 
were added before inoculation. Enrichments were 
scored positive when the tube turned a deep black 
color. 

3. 6. pH and determination of volatile fatty acids 

The pH of the stomach and colon contents was 
determined using a pH meter. Using a gas liquid 
chromatograph, the volatile fatty acid (VFA) com- 
position and concentration of the fo res tomach  
contents were determined on samples that had 
been either fixed with formalin or frozen [4]. 

4. RESULTS 

Samples for microbiological and chemical 
evaluation were removed primarily from the fore- 
stomach and colon of fin whales landed at the 
Icelandic whaling station. In addition, a dissection 
of several fin whales was performed. The fore- 
stomach was found to be approximately equal in 
size to the main stomach. The morphology of the 
upper  digestive tract of fin whales was examined 
and is schematically represented in Fig. 1. From 
linear measurements taken of full forestomachs 
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Fig. 1. Upper digestive tract morphology of fin whale, showing 
esophagus (E), forestomach (F), main stomach (M), pyloric 
stomach (P), duodenal ampulla (DA), and duodenum (D). 

from mature fin whales, we estimated the volume 
to be approximately 250-300 1. Fin whales off the 
coast of Iceland were feeding primarily on krill 
(Megacytiphanes noroegica) and rarely upon fish 
(J. Sigurjrnsson, personal communication). Dur- 
ing the 1983 season, a higher proportion of fin 
whale stomachs contained fish that was tentatively 
identified as blue whiting, Micromesistius patassa 
(J. Sigurjrnsson, personal communication). 

The counts of viable anaerobic bacteria in the 
forestomach samples ranged from 105-109 per ml 
and from 108-101° per ml in the colon (Table 1). 
Forestomach samples also generally appeared to 
be slightly acidic. Volatile fatty acids were de- 
tected in all samples and ranged in concentration 
from < 1-247 mM. The forestomach samples were 
not uniform in appearance and several samples 
appeared to be diluted with seawater which may 
enter the forestomach during death of the whales 
or during transit of the whales back to the tensing 
station. Many whales had stomachs completely 
filled with seawater and void of krill. The fore- 
stomachs of these whales were not sampled. Al- 
though the VFA concentration varied between 
samples, the total straight-chain (normal) VFAs 
were found in higher concentrations than the total 
branched-chain (iso) VFAs (Table 2). Acetic acid 
was found in highest concentration in all of the 
samples. The other normal-chain VFAs found were 
propionic, butyric, and valeric acids; the iso-VFAs 
included isobutyric, isovaleric, and isocaproic 
acids. 

Forestomach and colon samples were also 
examined for sulfate-reducers and methanogens. 
Table 3 presents data for the colon samples. In 
1984, 3 of the 5 forestomach and 5 of the 7 colon 
samples were positive for at least one of these 
groups. In 1985 attempts were made to quantitate 
the levels of these bacteria in the forestomach and 
colon. Sulfate-reducers and methanogens were 
examined in the 10 -1, 10 -3, and 10 -5 dilutions of 
samples. Slight modifications of both media were 
made to improve the recovery of sulfate-reducers 
and methanogens. In 1985, only sulfate-reducers 
were found in the 10 -1 dilution of forestomach 
samples from 2 whales. However, both methano- 
gens and sulfate-reducers were found in all colon 
samples. Sulfate-reducers were found in the 10 -5 
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Table 1 

Characteristics of fin whales that were sampled; counts of anaerobic bacteria, pH and total volatile fatty acid (VFA) concentration in 
forestomach samples; counts of anaerobic bacteria and pH of colon samples 

Fin whales were assigned a number and measured in units of feet at the whaling station. The body weights of these whales could not 
be determined. In a separate study (C.H. Lockyer and T.D. Waters, personal communication) conducted by Sea Mammal Research 
Unit (Cambridge, U.K.) the body weight of a 61-ft male fin whale (No. 42, landed in 1984) was 36900 kg and a 52-ft male fin whale 
(No. 107, landed in 1985) was 25300 kg. N.D. = Not determined 

Characteristics of whales 

Whale No. 

Forestomach samples Colon samples 

Sex Length Hours after Viable anaerobic pH Total VFA Viable anaerobic pH 
(ft) death sampled bacteria per ml (mM) bacteria per ml 

1983 Season 
108 M 48 20 2×108 6.7 9 
111 M 62 22 N.D. 6.9 50 
112 M 54 22 N.D. 7.5 1 
117 M 61 23 2x105 6.9 1 
118 F 58 19 N.D. N.D. N.D. 
119 M 58 22 N.D. N.D. N.D. 
120 F 60 21 6 × 106 6.5 2 
121 F 68 22 N.D. N.D. N.D. 
122 M 54 18 2.1 × 106 6.2 2 
123 M 62 21 N.D. N.D. N.D. 
124 F 73 20 2.6 × l0 s 6.6 23 

1984 Season 
106 F 60 20 N.D. N.D. N.D. 
107 M 57 21 1.5 x 107 7.4 < 1 
112 F 60 23 4.8×107 6.8 1 
113 F 47 25 N.D. N.D. 3 
114 F 61 23 N.D.. N.D. N.D. 
115 M 61 27 N.D. 6.2 5 
116 F 60 19 3×108 6.6 21 
119 M 53 22 N.D. N.D. N.D. 
121 F 60 22 1.6×107 N.D. <1 
140 F 63 16 1.7×109 6.9 7 

1985 Season 
89 M 60 25 N.D. N.D. N.D. 
92 F 59 26 N.D. N.D. N.D. 

101 F 52 25 approx. 107 6.8 247 
103 F 56 19 N.D. N.D. N.D. 
105 M 56 18 1.3 × 109 6.8 98 
109 F 65 24 N.D. N.D. N.D. 

approx. 109 6.5 
N.D. N.D. 
N.D. N.D. 
N.D. N.D. 
2.1 × 108 7.4 
1.0 × 109 6.4 
5.5×108 7.1 
6.3×108 6.3 
4.8X109 6.2 
3.2x109 6.5 
1.8xl09 6.8 

6.9×109 6.2 
2.8x109 6.4 
1.5×101° 6.7 
N.D. N.D. 
4.0 x 109 6.6 
N.D. N.D. 
N.D. N.D. 
8.2x109 6.6 
9.0 x 109 6.2 
2.7 x 109 6.4 

6.8×108 6.7 
4.2×109 6.5 
N.D. N.D. 
4.4 × 109 6.3 
5.4×109 6.6 
2.6×10 s 6.4 

dilution in all colon samples. The dilution at which 
methanogens were detected in the colon varied 
among whales: 2 of 5 whales contained methano- 
gens at the 10 -5 dilution, 2 more at 10 -3, and all 
whales at the 10 -1 dilution. Since the 10 -5 dilu- 
tion was the highest dilution tested, methanogens 
and sulfate-reducers may occur at higher con- 
centrations in the colon of some fin whales. 

65 oxidase-negative isolates from MacConkey 
Agar were examined in the Enterobacteriacea 

screen. The majority of the cultures were urease- 
positive (50/65). Nearly half of the isolates showed 
reactions typical of Proteus vulgaris [5]. The fol- 
lowing species were found: P. vulgaris, Enterob- 
acter cloacae, Escherichia coli, Morganella morganii, 
Citrobacter freundii, Serratia spp. and Hafnia al- 
oei. The quality of the identifications by the API 
20E computer-based system was considered to be 
excellent or very good for the majority of identi- 
fied isolates, except for some E. cloacae isolates. 
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Tab le  2 

Mole  percentage  of  volati le fa t ty  acids in fo res tomach  samples  of  N o r t h  At lant ic  fin whales that  conta ined  more  than  1 m M  of total 

volati le fat ty acids 

Ave rag e  mol% V F A  are ca lcula ted for the fin whales,  and  previous  results of  analyses  of  gray  and  b o wh ead  whales fo res tomach  

contents  are  shown for  compar i son .  

Wha le  No.  N o r m a l  V F A s  I so-VFAs  

Acetic  Propionic  Butyric Valeric I sobutyr ic  Isovaleric  I socaproic  

1 9 8 3 S e a s o n  

108 62 6 

111 70 15 

112 79 7 

117 77 5 

120 76 7 

122 66 10 

124 65 13 

1984 Season 

113 68 10 

115 70 8 

116 53 8 

140 67 8 

1985 Season 

101 51 7 

105 64 9 

Ave rag e  percentages  

Fin  whales 67.2 8.9 

G r a y  whales b 61 13 

Bowhead  whales  b 61 10 

11 _ a 5 7 4 

10 - 1 3 - 

6 - - 8 - 

5 - 5 8 - 

7 - 4 6 - 

8 - 7 9 - 

12 - 2 6 1 

18 - - 4 - 

6 - 3 10 2 

20 1 6 7 3 

21 - < 1 4 - 

19 2 6 8 6 

19 - < 1 6 - 

12.6 < 1  3.0 6.6 < 1  

16 < 1 3 5 1 

15 1 4 5 1 

a N o t  detected.  

b D a t a  f rom Herwig  et al. [4]. 

Tab le  3 

Enr i chmen t s  for sulfa te-reducers  and  me tha noge ns  in colon 

samples  f r o m  fin whales  

1985 enr ichments  were examined  at 3 different  dilutions. 

Wha le  No.  Me t hanogens  Sulfate-reducers  

1984 Season 

106 

107 

112 

114 

119 

121 

140 

1985 Season 

Di lu t ion  

89 

92 

103 

105 

109 

m m 

+ 

+ + 

+ 

+ + 

+ 

1 0  - 1  1 0  - 3  1 0 - 5  10 -1 10 -3  1 0 - 5  
+ + + + + + 

+ + + + + + 

+ + -- + + + 

+ -- _ + + + 

+ + -- 4- + + 

Tab le  4 

Resul ts  of b iochemical  and  physical  tests to tentat ively identify 

TCBS agar  isolates as V. parahaemolyticus, V. alginolyticus, and 

L. damsela 

Test  V. para- V. algino- L. dam- 
haemo- lyticus sela 
lyticus 

G r o w t h  on TCBS Agar ,  3 7 ° C  + + + 

Requi re  NaCI  for g rowth  + + + 

Oxidase  test + + + 

Argine  dihydrolase  - - + 

Lysine decarboxylase  + + D a 

Orni th ine  decarboxylase  + D - 

0 / 1 2 9  sensitivity + ,  150 b + ,  150 b + ,  10 b 

Acid  product ion:  

L-arabinose D + + 

Lac tose  - - - 

Sucrose - + - 

Indole  - D - 

Voges-Proskauer  - + + 

Urease  D - + 

a D = result m a v  differ  be tween  isolates, b u~' 
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Table 6 

Enterics and vibrios found in the gastrointestinal tract of cetaceans 

Bacterial species Cetacean species Common name Reference 

Enterics 
Edwardsiella tarda 

Escherichia coli 

Klebisiella / Enterobacter aerogenes 
( A erobacter aerogenes ) ~ 
Morganella morganii 
( Proteus morganii) c 

Proteus sp. 
Proteus mirabilis 

Proteus rettgeri 
Yersinia enterocolitica 

Vibrios 
Vibrio alginolyticus 

Phocoena phocoena Harbor porpoises [22] 
_ a Porpoises b [23] 
Globicephala melaena Long-finned pilot whale [24] 
- Porpoises b [23] 
- ' wild porpoise' [25] 
- Porpoises b [23] 
G. melaena Long-finned pilot whale [24] 
- Dolphins [26] 
- Porpoises b [23] 
Tursiops truncatus Bottlenose dolphin [27] 
G. melaena Long-finned pilot whale [24] 
- Porpoises b [23] 
- Porpoises b [23] 
-- Dolphins [26] 

G. melaena Long-finned pilot whale [24] 
7". truncatus Bottlenose dolphin [27] 

a - ,  not reported. Some authors referred to the examined animals only by common name or combined results of different species. 
b Porpoises included Delphinus delphis (common dolphin) and Lagenorhynchus obliquidens (Pacific whiteside dolphin). 
c Species name listed in original paper but changed for table because of more recent reclassification. 

In  these cases, the ident i f ica t ion  was cons idered  to 
be acceptable .  Ten isolates could  not  be  ident i f ied  
using the A P I  20E system. 

In  1983, the digest ive conten ts  f rom 6 whales  
were examined  for  mesophi l ic  species of  the 
Vibr ionaceae .  78 isolates ob ta ined  f rom the TCBS 
agar  were tenta t ive ly  ident i f ied  as be longing  to 
Vibrio parahaemolyt icus,  Vibrio alginolyticus, and  
Listonel la damsela. Table  4 lists the results  of  
b iochemica l  or  phys io logica l  tests to ident i fy  the 
TCBS agar  isolates as V. parahaemolyt icus ,  V. al- 

ginolyticus, or  L. damsela. T h e  results  of  key  taxo-  
nomic  tests and  sys temat ic  eva lua t ions  of  vibr ios  
by  o ther  invest igators  [17-19] was considered.  A 
large percentage  of  the vibr ios  were found  to be  
urease-posi t ive,  inc luding  m a n y  of  the V. para-  

haernolyticus isolates and  all of  the L. damsela  

isolates.  
Tab le  5 summar izes  the results  of  the examina-  

t ion of the digest ive t ract  samples  for  Ente rob-  
ac ter iaceae  and  Vibr ionaceae  isolates.  

5. D I S C U S S I O N  

A major  p r o b l e m  in s tudying  the mic rob io logy  
of  baleen whales is ob ta in ing  samples.  Several  
a t t empt s  were m a d e  to sample  the fo res tomach  
and  colon of  fin whales  immedia t e ly  after  harvest  
by  ca tcher  boa t s  at  sea, bu t  this task proved  to be 
exceedingly  diff icul t  and  dangerous .  Thus,  it  was 
necessary  to rely on  the re turn  of  ca tcher  boa t s  to 
the  shore-based  s ta t ion at  HvalfjiSrdur. Despi te  
this  long per iod,  i.e., 16-25  h be tween dea th  and  
sampl ing  (Table  1), it should  be no ted  that  the 
fo res tomach  and colon contents  were cooled by  
the ambien t  seawater  ( 9 - 1 0 ° C )  dur ing  the t r ip to 
the stat ion.  

The  presence of  volat i le  fa t ty  acids, the relat ive 
p r o p o r t i o n  of  the indiv idual  volat i le  fa t ty  acids, 
and  the s ignif icant  levels of  v iable  anaerob ic  
bac te r ia  in the fo res tomach  is suggestive of  a 
mic rob ia l  fermenta t ion .  These results  are con-  
sistent  with results  f rom our  previous  s tudy [4] in 
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which we examined the levels of bacteria stained 
with acridine orange and the VFAs that were 
present in fixed forestomach samples from 
bowhead and gray whales. The levels of bacteria 
and VFAs varied between individual whales. Some 
of these differences may be attributed to the time 
of last feeding, partial dilution of the contents 
with seawater, differences in the microbial flora 
between whales, and the heterogenicity within a 
large forestomach. 

In this study, we also wanted to determine 
whether methanogens and sulfate-reducers served 
metabolically as terminal acceptors for electrons 
generated during a microbial fermentation. In the 
forestomach samples, methanogens were detected 
in only one sample, and the sulfate-reducers were 
found in 4 of the 7. Finding the sulfate-reducers 
and methanogens in several of the forestomach 
samples is consistent with, but not a requirement 
for, a microbial fermentation. Certainly, a fore- 
stomach fermentation completely analogous to 
that found in terrestrial plant-consuming rumi- 
nants in which methanogens occur is highly un- 
likely, because of the differences in composition of 
food eaten by baleen whales and terrestrial herbi- 
vores. Protein and lipid are the principal compo- 
nents of krill, while carbohydrate occurs in very 
low concentrations [20]. A portion of the krill 
protein appears to be hydrolyzed and fermented 
as suggested by the presence of the branched-chain 
VFAs in the chromatographic analysis. What 
about the lipids? Krill lipid is dominated by phos- 
pholipids and triacylglycerols [20]. Many of the 
fatty acids are unsaturated. Perhaps, as in land 
ruminants, both microbial lipolysis and hydro- 
genation of unsaturated fatty acids is occurring. 
Oxidation of fatty acids is also possible, but would 
probably be unimportant because of the slow 
growth of bacteria that are known to perform this 
activity [21]. 

The colon contents of fin whales contained 
10s-101° viable anaerobic bacteria per ml. The 
release of this number of bacteria into pelagic 
waters could have a significant impact on the food 
available for zooplankton and microflagellates that 
consume bacteria. Perhaps 1013-1015 bacteria (300 
1 of fecal material × (108-101° cells) m1-1) could 
be released by a single fin whale in a day into a 
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marine environment containining a 'background' 
of approx. 105 bacteria per ml. 

In preliminary examinations of whale colon 
samples, growth of enteric bacteria was not de- 
tected on 10 -6 dilutions on MacConkey Agar. 
Only low dilutions ranging from 1/5 to 10 -2 
consistently yielded growth on MacConkey Agar. 
Additionally, for some whales, bacteria were enu- 
merated aerobically using a medium similar to 
Cetacean Medium, but lacking NaHCO 3. Aerobes 
and facultative anaerobes enumerated by this pro- 
cedure ranged between 104 and 105 per ml for fin 
whales 122 and 123, considerably less than the 109 
concentration determined for the obligate an- 
aerobes. Therefore, we conclude that the aerobic 
and facultative anaerobic bacteria (including the 
enterics) comprise an extremely low percentage of 
the lower gastrointestinal microflora of fin whales. 
Further work is needed to characterize and iden- 
tify the predominant anaerobic bacteria. 

Many of the same species of enterics and vibrios 
found in North Atlantic fin whales have been 
reported in other cetaceans (Table 6). Johnson 
and Fung [23] found many of the same enteric 
bacteria in the anus of 24 captured porpoises, 
while Buck [24] recovered only 2 enteric species, 
E. coli and P. mirabilis, from the anus of a juvenile 
pilot whale before the animal was introduced to 
captivity. Many of the enteric bacteria isolated 
from the fin whale are considered opportunistic 
pathogens that play an occasional role in intesti- 
nal or extraintestinal disease, primarily as sec- 
ondary invaders rather than primary pathogens. 

K parahaemolyticus, K alginolyticus, and the 
closely related L. damsela were found to be part 
of the normal gastrointestinal microflora of fin 
whales. Since only a limited number of phenotypic 
characteristics was examined for each vibrio iso- 
late, and genetic analyses (e.g. DNA homologies) 
were not performed, the identification of the 
vibrios in the study is considered tentative. Never- 
theless, the results suggest that marine mammals 
may serve as a reservoir for mesophilic vibrios. L. 
damsela is reported to be pathogenic for 3 fish 
species, the blacksmith (Chromis punctipinnis), the 
garibaldi (Hypsypops rubicunda) and the spiny 
dogfish (Squalus acanthias), and was isolated from 
a brown shark (Carcharhinus plumbeus) [17,18]. K 
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parahaemolyticus and V. alginolyticus have been  
s tud ied  for  years  and  are  known  to be po ten t i a l  
pa thogens  for humans  [16]. In  some estuaries,  
these mic roorgan i sms  are  associa ted  with  p l ank-  
tonic  c rus taceans  dur ing  the wa rmer  pe r iods  of  
the year  and  survive in the sed iments  dur ing  the 
winter .  In  the colder  mar ine  waters  of  the tem- 
pe ra t e  and  po la r  regions of  the world,  the warm,  
nu t r ien t - r ich  env i ronmen t  found  in the gas t ro in-  
tes t inal  t ract  of  mar ine  m a m m a l s  may  be a m o n g  
the few hab i t a t s  where  some mesophi l ic  mar ine  
vibr ios  survive and  mul t ip ly .  

The  presence of  urease-pos i t ive  mic roorgan-  
isms, such as P. oulgaris, m a y  be  notewor thy .  P. 
vulgaris m a y  cause p r ima ry  and  secondary  infec- 
t ions in o ther  mammals .  Proteus spp.  are of ten  
found  in u r ina ry  t ract  infect ions.  A con t r ibu t ing  
fac tor  to the pa thogen ic i ty  of  Proteus in the 
u r ina ry  t ract  is the ac t iv i ty  of  urease in p roduc ing  
a m m o n i a  with a resul tant  rise in pH.  Morganella 
m a y  also serve a pa thogen ic  role  in u r ina ry  t ract  
infect ions.  M a n y  of  the V. parahaemolyticus iso- 
la tes  and  all of  the L. damsela isolates were also 
u rease -pos i t i ve .  T h e  role  of  u r e a s e - p o s i t i v e  
o rgan isms  in the in tes t ine  is not  clear, though  
these bac te r ia  may  assist  in the hydro lys i s  of  urea  
or  more  likely, their  ma jo r  role m a y  be  the oxida-  
tive deamina t ion  of  amino  acids  [28]. 
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